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EXECUTIVE SUMMARY 

The United States Environmental Protection Agency (USEPA) Region 1, with the concurrence of 
the Massachusetts Department of Environmental Protection (MassDEP), signed an 
Administrative Order by Consent (AOC), effective June 13, 2003, requiring the completion of a 
Remedial Investigation/Feasibility Study (RI/FS) for the Nuclear Metals, Inc. (NMI) Site (the Site) 
located at 2229 Main Street (Route 62) in Concord, Massachusetts.  The AOC followed inclusion 
of the Site on the National Priorities List on June 14, 2001 (66 Federal Register [FR] 32235, 
32241).  The AOC was subsequently amended on February 13, 2008, and again on October 9, 
2012. 

The AOC requires the parties identified as Respondents, with funding from Settling Federal 
Agencies (SFAs), to complete the RI/FS pursuant to authority under, and in accordance with, the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980, as amended 
(CERCLA).  The specific activities, procedures, and criteria by which the RI/FS are to be 
performed are described in the AOC Statement of Work (SOW).  The Respondents retained de 
maximis, inc. (de maximis) to perform the RI/FS. 

The Site has undergone characterization activities under CERCLA.  The results of that 
characterization are presented in the Remedial Investigation (RI) Report (de maximis, 2014).  
USEPA is the lead regulatory agency at the Site, and MassDEP is the support regulatory agency. 

This Feasibility Study (FS) Report was prepared in accordance with the requirements of CERCLA, 
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR Part 300, 
and the Interim Final Guidance for Conducting Remedial Investigations and Feasibility Studies 
under CERCLA (the “RI/FS Guidance”)(USEPA, 1988b); direction received from USEPA; and other 
guidance listed in Section 9 of this FS.  Direction from USEPA specifically required consideration 
in this FS of “green remediation” issues.  Green remediation considers all environmental effects 
of remedy implementation and incorporates options to maximize the net environmental 
benefit of cleanup actions, as further described in Green Remediation:  Incorporating 
Sustainable Environmental Practices into Remediation of Contaminated Sites, Principles for 
Greener Cleanups, and the Superfund Green Remediation Strategy (USEPA, 2008, 2009, 2010). 

The Site includes a 46-acre parcel located at 2229 Main Street in the western portion of the 
Town of Concord, Middlesex County, Massachusetts.  Facility operations at the Site began in 
1958 and ended in early November 2011.  NMI was originally a specialty metal research and 
development facility that was licensed to possess low-level radioactive substances including 
depleted uranium (DU).  From 1957 to October 1972, the NMI property was owned and 
operated by a succession of companies that were engaged principally in specialty metals 
research and development contract work.  The original facility consisted of three principal 
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buildings, designated Buildings A, B, and C.  Building A was used as office space and research 
laboratories, Building B for services, e.g., cafeteria, laboratories, and Building C as the main 
production facility, including foundry equipment for melting metals, extrusion presses and 
metal working equipment, pickling and etching tanks, and electroplating equipment. 

In September 1972, NMI employees purchased the operation.  After the 1972 purchase, NMI 
developed a large scale depleted uranium manufacturing operation.  Building D was 
constructed in 1978 to expand the production capabilities of the facility.  Building E was 
constructed in 1983 and was used to house the radioactive waste processing operations.  In 
1997, NMI was renamed Starmet Corporation (“Starmet”).  As currently configured, the NMI 
property includes eight interconnected buildings, several smaller outbuildings, paved parking 
areas, a Cooling Water Recharge Pond, a former waste Holding Basin, a Sphagnum Bog, and 
areas of fill and/or waste materials.  The NMI property is bordered by Main Street (Route 62) 
and several commercial and residential properties to the north, residential properties to the 
east, and woodland and commercial/industrial properties to the west.  The Assabet River is 
situated approximately 300 feet north of the NMI property. 

USEPA, with the concurrence of MassDEP, entered into a Settlement Agreement and Order on 
Consent for Non-Time-Critical Removal Action (NTCRA), U.S. EPA Region 1 CERCLA Docket No.  
CERCLA-01-2011-004 and its appendices (together, the Settlement Agreement) with 
Respondents and SFAs.  The Settlement Agreement became effective on August 9, 2011.  The 
Respondents retained de maximis to perform the NTCRA, which will result in the removal of the 
on-property buildings and structures.  Under the terms of a Consent Decree with the 
Massachusetts Department of Public Health (MADPH), Starmet vacated the Site in early 
November 2011.  MADPH terminated the radioactive materials licenses on November 8, 2011. 

The RI Report describes the investigations completed to characterize Site conditions.  The Site 
was divided into Areas of Interest (AOIs) for evaluation (see Figure ES-1).  To facilitate the 
evaluation of contaminant concentration data, RI Screening Levels (RSLs) were developed to 
establish numerical criteria with which to compare analytical data results.  The RSLs represent 
the greater of risk-based screening values, background concentrations or analytical detection 
limits, and were used to determine the extent of impacted areas to concentrations that are 
consistent with an insignificant risk, as defined by the CERCLA process. 

SUMMARY OF RI CONCLUSIONS 

The RI evaluated the distribution of site-related constituents in soils, sediment, surface water, 
soil gas, and groundwater, and presents the following conclusions. 

Soil:  With the exception of the Drum Burial Area and the Drain Line Area, the 
delineation of soil contamination is generally defined by the horizontal and vertical 
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extent of DU and polychlorinated biphenyls (PCBs) at concentrations greater than RSLs.  
Other contaminants that were detected at concentrations greater than RSLs are 
bounded by non-detects or concentrations below RSLs, and are within the overall area 
and depth of soil that is contaminated with DU and/or PCBs at concentrations greater 
than RSLs.  Where vertical delineation has not been achieved, it is typically associated 
with soils greater than 10 feet below ground surface, where potential human and 
ecological receptor contact with soil is improbable and RSLs are not strictly applicable.  
At the Cooling Water Recharge Pond (AOI 4) and the Pavement Drain Outfalls (AOI 9), 
the natural physical boundaries support overall delineation of site-related 
contaminants.  Contamination in soils at the Old Landfill (AOI 3) could not be fully 
delineated due to the presence of metallic debris.  This area will be completely 
delineated and addressed concurrent with the removal of the landfill debris.  Soil 
beneath the existing building foundation slabs was not accessible during the RI.  This soil 
is expected to be accessible after the building contents are removed pursuant to the 
NTCRA work that started in August 2011.  Based on experience at other sites, it is 
reasonable to expect that sub-slab soils may have unacceptable levels of contamination, 
so assumptions have been carried through this FS to reflect the anticipated removal of 
impacted sub-slab soil.  Following completion of the RI, DU penetrators were identified 
in soil areas adjacent to Building C during NTCRA work.  A follow up survey of soils and 
pavement was conducted under the NTCRA, which identified 21 locations with either 
DU penetrators in surface soil or elevated radioactivity in pavement surfaces.  All of the 
DU penetrators and immediately surrounding soil were removed in response to the 
survey.  As a result, the areas where DU/soil removal was performed have been added 
to the soil areas for further remediation.  Pavement and soil surrounding Buildings D, C 
and E were also added to the areas/volumes of soil to be evaluated in this FS. 

Sediment:  The extent of contamination in sediments is largely defined by areas where 
copper, PCBs, and/or DU concentrations exceed RSLs.  Other contaminants detected at 
concentrations in excess of RSLs fall within the areas bounded by copper, PCBs, or DU.  
Contaminated sediments at the Cooling Water Recharge Pond (AOI 4) and the 
Sphagnum Bog (AOI 6) are to be removed through dredging, triggered by the PCB, DU, 
and copper concentrations exceeding RSLs. 

Surface Water:  Sampling of surface water has indicated little impact due to site 
conditions.  The exceptions to this are at locations where surface water is relatively 
stagnant and in closer equilibrium with contaminated sediments, for example copper at 
the Cooling Water Recharge Pond (AOI 4).  The nature and extent of surface water 
contamination generally mirrors sediment contamination, particularly for water soluble 
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compounds.  For the Assabet River, statistical evaluation of surface water data upstream 
of the Site with surface water data in the adjacent and downstream reaches of the river 
revealed no statistically significant differences in concentrations of analytes (MACTEC, 
2008).   

Groundwater:  Overburden and bedrock groundwater sampling has provided adequate 
lateral and downgradient delineation of contaminant extent. 

Overburden Groundwater:  In general, the extent of overburden groundwater 
contamination is limited to areas of the Site where concentrations of DU, 
trichloroethene (TCE), tetrachloroethene (PCE), and to a much lesser extent,  nitrate and 
other metals and VOCs exceed maximum contaminant levels (MCLs) and 1,4-dioxane 
exceeds the Preliminary Remediation Goal (PRG) in overburden groundwater (the 
“overburden plume”).  Other contaminants detected in overburden groundwater are 
generally present within the delineated overburden plume or have been detected at low 
concentrations and/or infrequently at other locations.  Most overburden groundwater 
samples at the Site containing elevated concentrations of uranium (above 1 microgram 
per liter (µg/L)) specifically contain DU.  The extent of the DU plume exceeding the MCL 
of 30 µg/L is laterally constrained to a narrow zone extending southeast from the 
Holding Basin to the northwest.  The DU plume extends downgradient to just beyond 
Building D (see Figure ES-2).  The lateral extent of volatile organic compounds (VOCs) 
and 1,4-dioxane is constrained by monitoring wells where VOCs were not detected.  The 
downgradient extent of VOCs and 1,4-dioxane extends to the western side of the 
Assabet River (see Figure ES-3).  Historically elevated nitrate has long since migrated 
through the Site, with only slightly elevated nitrate concentrations currently found 
downgradient of the ST-1 septic system. 

Bedrock Groundwater:  The extent of bedrock groundwater contamination is primarily 
limited to areas of the Site where concentrations of uranium, TCE, 1,4-dioxane, or 
nitrate exceed MCLs or the MassDEP Drinking Water Guideline (for 1,4-dioxane) in 
bedrock groundwater (the “bedrock plume”).  Uranium detected in bedrock 
groundwater consistently has a natural isotopic signature, as opposed to a DU isotopic 
signature.  Uranium concentrations in bedrock groundwater are consistent with 
background conditions across much of the Site.  However, there is a zone of elevated 
uranium concentrations (greater than the MCL of 30 µg/L) extending southeast to 
northwest, from the region downgradient of the Holding Basin to just upgradient (MW-
BS28) of the property boundary (see Figure ES-4).  Based on seven sampling rounds 
since 2005, these concentrations appear to be at steady-state.  Uranium with a natural 
isotopic signature (12.8 µg/L in 2009) has been detected off-site at MW-BS15 at 
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concentrations above background, but below the MCL.  The VOCs TCE and 1,1,-DCE 
along with the semi-volatile compound (SVOC) 1,4-dioxane were detected at 
concentrations exceeding MCLs and the MassDEP Drinking Water Guideline, 
respectively, in bedrock groundwater, but at maximum concentrations lower than in 
overburden groundwater.  The lateral and downgradient extent of the VOC plume is 
delineated by the monitoring well network.  Bedrock groundwater containing 1,4-
dioxane in excess of the PRG extends to the western  side of the Assabet River.  Nitrate 
exceeded the MCL in bedrock groundwater in only one location immediately 
downgradient of the Holding Basin. 

CONCEPTUAL SITE MODEL 

A conceptual site model (CSM) has been developed to show the potential migration pathways 
through which contaminants may have been transported and/or translocated from source areas 
to other environmental media where possible human and environmental exposure may occur.  
The CSM has been developed using information collected from previous investigations performed 
at the Site, information compiled by the project team in preparation of the RI/FS Work Plans, and 
data obtained during the RI field activities conducted from 2004 through November 2012. 

The CSM was developed by characterizing the source materials, waste streams, primary 
receiving media, and contaminant migration pathways.  The RI identified VOCs, SVOCs, PCBs, 
metals, and/or radionuclides at concentrations greater than RSLs in environmental media at 
several of the AOIs.  The primary aspects of the CSM for the Site are: 

• Constituents were released or disposed of in ways that resulted in contamination that 
extends across multiple AOIs.  Specifically, disposal or release of these contaminants 
appears to have occurred through: 

o Direct disposal, spills, or leaks from drain lines (AOI 1 – Holding Basin, AOI 2 – 
Drum Burial Area, AOI 7 – Former Waste Storage Area, AOI 11 – Drain Lines); 

o Disposal of dredging materials and/or land filling (AOI 3 – Old Landfill, AOI 4 – 
Cooling Water Recharge Pond, AOI 8 – Sweepings Piles Area); and 

o Aerial deposition (AOI 14 – Perimeter Soils), and subsequent storm water runoff 
and deposition (AOI 9 – Pavement Drain Outfalls). 

• Among the constituents released by these mechanisms, DU, PCBs, and copper show the 
greatest extent of concentrations in excess of RSLs in soils and sediment. 

• Groundwater data suggest that chlorinated VOCs, 1,4-dioxane, and DU migrated to the 
overburden groundwater; and VOCs and 1,4-dioxane to the bedrock groundwater.  
Isotopically natural uranium is also present in the bedrock groundwater. The 
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groundwater flow is toward the north, resulting in overburden and bedrock plumes of 
VOCs and 1,4-dioxane that extend off the facility property boundary toward the Assabet 
River.  The 1,4-dioxane plume in bedrock extends underneath the Assabet River as 
evidenced by monitoring results from wells located on both sides of the  Assabet River.   

• The Assabet River is a receiving medium for overburden groundwater, but is not a major 
receiving medium for site-related contamination, as only low levels of VOCs have been 
detected in sediment, likely resulting from discharge of shallow overburden 
groundwater.  Sediment contamination in the Assabet River Embayment Area has been 
characterized to primarily include metals.  These metals have not been found to be site-
related, and are found upstream at higher concentrations.  It is hypothesized that this 
contamination has resulted from the deposition of sediment during flooding events 
associated with historical upstream sources. 

SUMMARY OF BASELINE ECOLOGICAL RISK ASSESSMENT CONCLUSIONS 

A baseline Ecological Risk Assessment (BERA) has been completed to estimate the risk of 
ecological harm associated with site-related Contaminants of Potential Concern (COPCs) in 
surface soil as well as surface water and sediment associated with each of the site surface 
water bodies evaluated in the RI.  Ecological risks are characterized using a weight of evidence 
approach that evaluates if the growth, survival, or reproduction of benthic invertebrates, 
amphibians, birds, and mammals could be significantly affected by site-related contamination.  
USEPA uses the results of the BERA to inform remedial decisions. 

The weight of evidence evaluation consists of comparing site data (exposure point 
concentrations) to ecotoxicological benchmark values, comparing measured tissue 
concentrations to critical body burden values, food web modeling, benthic community survey 
evaluations, and sediment bioassays.  Each of these lines of evidence is qualitatively weighted 
in consideration of how uncertain the results of the evaluation may be relative to site-specific 
attributes.  Accordingly, ecotoxicological benchmark evaluations which incorporate little site-
specific information are given a low to medium weight, whereas bioassay data which are highly 
site-specific are given a relatively high weight.  The conclusions of the BERA, based on the 
weight of evidence approach, are summarized below for each of the exposure areas where it 
was determined that ecological risk is likely to be present.  Ecological risk also was evaluated 
and concluded to be unlikely for the Northeast Wetland, the Assabet River Main Channel, and 
the Assabet River Embayment Area. 

AOI 6 – Sphagnum Bog 

• Low/medium weight benchmark comparisons characterized risk to benthic 
invertebrates at AOI 6 – Sphagnum Bog as possible in surface water due to copper. 
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• Sediment benchmark evaluations for PCBs, Aroclor-1254 and Aroclor-1260, suggest that 
risk to the benthic community from these two COPCs is possible in the mineral fraction 
of sediment in the southwest corner of the Sphagnum Bog.  The sediment benchmark 
evaluations also identified molybdenum, mercury and uranium as metals for which risk 
to the benthic community was characterized as possible.  Although the low pH of the 
Sphagnum Bog would render divalent metals more soluble than a neutral pH, it is also 
known that bogs are rich in dissolved organic matter (humic and fulvic acids) that bind 
metals rendering them less available for uptake into aquatic organisms. 

• Based on benthic community survey and bioassay results, eight of the thirteen mineral 
sediment samples from AOI 6 demonstrate that there is no adverse impact to the 
benthic community.  Adverse effects in C. dilutus bioassays at SD-RI-0600100R and SD-
RI-0600900R appear to be explained by elevated sediment metal and PCB 
concentrations at those specific locations, which are within the southwest corner of the 
Sphagnum Bog. 

• Comparison of amphibian tissue COPC concentrations between AOI 6 and the reference 
bog revealed that PCBs and uranium are elevated in frog tissue, although the 
distribution was skewed, i.e., several samples were below the COPC detection limit in 
AOI 6.  All sample concentrations were well below published Critical Body Burden values 
for copper, cadmium, lead and zinc for amphibian tissue. 

• Medium weighted food chain models characterized risk to mallard duck and raccoon at 
AOI 6 as unlikely.  Food chain models suggest that risk to great blue heron is possible 
from beryllium in mineral, peat and moss sediment fractions.  Food chain models also 
suggest that in the mineral and peat fractions, the risk to shrews is possible from 
molybdenum (in all three sediment fractions.  The highest concentrations of beryllium 
and molybdenum were detected in sediment samples SD-RI-06001 and SD-RI-06009 
which also had elevated of other trace metals and PCBs, and sample SD-RI-06032 which 
are located in the southwest corner.  The food chain models, however, assume that 
100% of the metals ingested are absorbed.  Beryllium is poorly absorbed by animals 
(ATSDR, 2002) and molybdenum is not known to biomagnify.  Overall, the conservative 
nature of the food chain models overestimate risk associated with beryllium and 
molybdenum. 

The BERA concluded that risk to the benthic community is possible for the mineral sediment 
within the southwest corner of the Sphagnum Bog.  Therefore, the accessible (open water area) 
mineral sediment portion of the southwest corner of the Sphagnum Bog is evaluated for a 
response action. 
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AOI 4 – Cooling Water Recharge Pond 

Based on the results of the previously completed Screening Level Ecological Risk Assessment 
(SLERA), it was concluded that risks to benthic invertebrates at AOI 4 – Cooling Water Recharge 
Pond are likely due to copper and PCBs based on benchmark comparisons.  Therefore, the BERA 
carried forward the conclusion that sediment in the Cooling Water Recharge Pond would pose 
significant risks, and due to concurrent exceedances of human health risk levels, it was 
presumptively assumed that a response action will be required for this AOI. 

AOI 14 – Site-Wide Surface Soil 

• Low/medium weighted benchmark comparisons characterized risk to plant and 
terrestrial invertebrates in site-wide soils as highly unlikely for all COPCs except uranium 
which was characterized as possible. 

• Medium weighted food chain models characterized risk to mammals as unlikely; food 
chain models for cardinal and American robin characterized risk as possible for Aroclor-
1254 (low to moderate confidence), Aroclor-1260 (low to moderate confidence), and 
zinc (low confidence). 

Based on the weight of evidence and confidence and uncertainties in the data, ecological risk in 
site-wide soils is possible from DU (plants and soil invertebrates), PCB Aroclor-1254 (birds), and 
PCB Aroclor-1260 (birds).  Areas with elevated DU and PCB concentrations in surface soil pose 
human health risks in excess of USEPA risk management criteria, indicating the need to develop 
response actions for these areas. 

Overall, the BERA concluded that mineral sediment within the southwest corner of AOI 6 – 
Sphagnum Bog and sediment within AOI 4 – Cooling Water Recharge Pond should be carried 
forward into the FS for evaluation of response actions.  

SUMMARY OF HUMAN HEALTH RISK ASSESSMENT CONCLUSIONS 

The baseline Human Health Risk Assessment (BHHRA) evaluated human health risks associated 
with the current land use of the Site, as well as three possible future land uses of the Site, 
which include residential, passive recreational, and commercial/industrial.  The BHHRA 
evaluated baseline risks which assume that current and future land uses occur in the absence of 
any remedial actions.  By way of evaluating baseline risks, the results of the BHHRA (with the 
results of the BERA) have been used to inform decisions concerning response actions that may 
be warranted at the Site. 

The results of the BHHRA are expressed as excess lifetime cancer risk (ELCR) and hazard index 
(HI) values, which provide estimates of cancer and non-cancer risks, respectively, for the land 
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use scenarios evaluated.  The results of the risk assessment are used to make response action 
decisions in accordance with the NCP, as follows: 

• A response action is not warranted when cancer risks are 10-6 or lower, and HI values 
are 1 or less; 

• A response action is warranted when cancer risks are greater than 10-4 or HI values are 
greater than 1; and 

• A response action is generally not warranted when cancer risks are between 10-6 and  
10-4; however, such decisions are at the discretion of USEPA and are to be made based 
on site-specific considerations. 

The BHHRA process subdivides the Site into Exposure Areas (EAs) for assessing and 
characterizing risk.  EAs are the geographic areas of the Site where exposures may occur and 
may include one or more AOIs, exposure points, and exposure pathways (Figure ES-5).   

Overall, the conclusions of the BHHRA indicate that when incremental cancer risks (those that 
exclude background risks) are considered, the only EA with a cancer risk that exceeds the upper 
bound of the NCP risk range (10-4) is EA A6 (Industrial Area – East, surface and subsurface soil). 

The BHHRA also concludes that non-cancer HI values greater than 1 are the primary drivers for 
initiating response actions.  Based on the results of the BHHRA, the EAs in which non-cancer HI 
values exceed the NCP threshold of an HI of 1 are: 

• A4 (AOI 14 – North, surface soil), due to PCBs; 

• A5 (Sweepings Piles, surface and subsurface soil), due to PCBs; 

• A6 (Industrial Area – East, surface and subsurface soil), due to DU and PCBs; 

• B2 (AOI 2 and AOI 4 Soils, surface and subsurface soil), due to PCBs; 

• B5 (AOI 1 -  Holding Basin, surface and subsurface soil), due to DU; 

• SW/SD-3 (Cooling Water Recharge Pond, sediment), due to PCBs; and 

• All groundwater EAs, on-property and off-property, due to DU, uranium, arsenic, 
trichloroethene, 1,4-dioxane, and other metals (e.g., cobalt, molybdenum, 
nitrate/nitrite). 

The EAs identified above are carried forward into this FS for evaluation of response actions to 
mitigate the potential risks.  In addition to these EAs, two additional areas will be carried 
forward into the FS: 

• The AOI 3 (Old Landfill) portion of EA B1 due to the presence of metallic anomalies 
within the subsurface soil; and 
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• The area identified as a potential future vapor intrusion exposure pathway shown on 
Figure ES-6. 

For each of these EAs, chemicals of concern (COCs) are identified as the chemicals that 
contribute most substantially to the risks.   

FEASIBILITY STUDY 

As stated in the NCP (40 CFR 300.430(e)(1)), ”the primary objective of the FS is to ensure that 
appropriate remedial alternatives are developed and evaluated such that relevant information 
concerning the remedial action options can be presented to a decision-maker and an 
appropriate remedy selected.”  Accordingly, and consistent with the NCP and RI/FS Guidance, 
the overall objective of this FS Report is to develop and evaluate alternatives that address soil 
and sediment, groundwater, and soil gas contamination which pose potential risks to human 
health and/or the environment throughout the Site, including: 

• Soils that contain contaminant concentrations exceeding acceptable risk levels or 
regulatory criteria; 

• Sediment which contain contaminant concentrations that present potential ecological 
risks or exceed regulatory criteria; 

• Groundwater and saturated soil in the overburden groundwater unit that contain 
contaminant concentrations exceeding acceptable risk levels or regulatory criteria; 

• Groundwater and the fractured consolidated rock matrix in the Bedrock Groundwater 
Unit that contain contaminant concentrations exceeding acceptable risk levels or 
regulatory criteria; and 

• Intrusive soil gas vapors under existing or potential future buildings containing 
contaminant concentrations exceeding acceptable risk levels or regulatory criteria. 

Remedial Action Objectives 

Following the identification of applicable or relevant and appropriate requirements (ARARs), 
Remedial Action Objectives (RAOs) were developed for each medium of concern: 

Surface and Subsurface Soil 

Prevent potential direct human exposure for a future resident (by ingestion, inhalation or 
ionizing radiation) to soils with contaminants that would result in an excess lifetime cancer risk 
greater than the target risk range of 10-4 to 10 6 or a non-carcinogenic HI greater than 1; 

 
Prevent migration of DU from soils in the holding basin that would result in groundwater 
concentrations exceeding ARARs. 
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Sediment 

Protect ecological receptors from exposure to contaminants in sediments indicative of adverse 
effects at the Cooling Water Recharge Pond; 

Protect ecological receptors from exposure to contaminants in sediments indicative of adverse 
effects at the Sphagnum Bog while maintaining the physical and ecological integrity of the bog; 

Prevent exposure for a current trespasser/future resident (by ingestion, dermal contact or 
ionizing radiation) to contaminants in the Cooling Water Recharge Pond sediments that result 
in in an excess lifetime cancer risk greater than the target risk range of 10-4 to 10-6 or a non-
carcinogenic HI greater than 1. 

Groundwater – Overburden 

Prevent potential human exposure (ingestion/dermal contact/vapor inhalation) by a future 
resident to overburden groundwater used as a domestic water supply with COC concentrations 
that exceed ARARs or result in a cumulative excess lifetime cancer risk greater than 10-4 or non-
carcinogenic HI greater than 1. 

Prevent inhalation of indoor air that could be impacted by migration of volatile organic COCs in 
overburden groundwater with resultant COC concentrations which result in a cumulative excess 
lifetime cancer risk greater than 10-4 or a non-carcinogenic HI greater than 1 to a future 
resident /commercial worker, and meet ARARs. 

Limit migration of COCs in groundwater at concentrations that would exceed ARARs or result in 
a cumulative excess lifetime cancer risk greater than 10-4 or non-carcinogenic HI greater than 1 
for a future resident exposed to the groundwater by ingestion, dermal contact, and vapor 
inhalation. 

Restore the overburden groundwater within the contaminant plume, to a level protective of 
human health and the environment and meeting ARARs. 

Groundwater – Bedrock 

Prevent potential human exposure (ingestion/dermal contact/vapor inhalation) by a future 
resident to bedrock groundwater as soon as practicable. 

Limit migration of natural uranium in bedrock groundwater at concentrations that would 
exceed ARARs or result in an excess cancer risk greater than the target risk range of 10-4 to 10-6 
or non-carcinogenic HI greater than 1 for a future resident exposed to the groundwater by 
ingestion or dermal contact. 

Limit migration of TCE and 1,4 dioxane in bedrock groundwater from concentrations that would 
exceed ARARs or result in a cumulative excess lifetime cancer risk greater than 10-4 or non-
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carcinogenic HI greater than 1 for a future resident exposed to the groundwater by ingestion, 
dermal contact, Restore bedrock groundwater throughout contaminated plume to a level 
protective of human health and the environment and meeting ARARs. 

Preliminary Remediation Goals 

The results of the BHHRA indicated that soil at six exposure areas, sediment at one exposure 
area, and groundwater at all exposure areas were associated with ELCR values greater than 10-4 
and/or a HI greater than 1.   

Risk assessment results showed that some exposure pathways contributed risks that were 
insignificant when compared to other exposure pathways.  Specifically, risks associated with 
inhalation exposures to dust and vapor from soil were more than two orders of magnitude 
lower than risks contributed by incidental ingestion and dermal contact exposures. 

The exposure scenarios evaluated in the BHHRA included future resident, future passive 
recreational visitor, future indoor commercial/industrial worker, future outdoor 
commercial/industrial worker, and future construction worker.  These exposure scenarios were 
site-specific, and therefore represented departures from the exposure assumptions that were 
used as the basis of the initial PRGs.   

The exposure factors that are used to calculate PRGs are the same exposure factors that were 
used in the BHHRA to calculate risks for these exposure scenarios.  The PRGs for each of the 
exposure scenarios can be applied to any of the exposure areas for which response actions are 
required (Section 2.4 of the FS); it is not necessary to derive different or separate PRGs for each 
exposure area.  In addition, although most COCs were identified as such based on future 
residential land use risks, PRGs were derived for all COCs, for all exposure scenarios.  This 
approach provides additional information to support risk management decisions. 

Exposure factors and final PRGs are presented in Tables ES-1, ES-2, and ES-3. 

TECHNOLOGY SCREENING AND ALTERNATIVE DEVELOPMENT 

Technologies were screened for their applicability in achieving the RAOs.  The remaining 
technologies were compiled into complete alternatives developed to achieve the RAOs.  The 
alternatives were developed and refined by characterizing factors such as volumes and areas of 
contamination; interactions between media; sizing and configuration of on-site 
treatment/containment systems; duration of activities; treatment rates; spatial requirements; 
distances to off-site treatment and disposal facilities; and regulations.  

The alternatives were then evaluated based on seven criteria required by the NCP as described 
in 40 CFR 300.43(e)(9)(iii): 
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• Overall Protection of Human Health and the Environment; 
• Compliance with ARARs; 
• Long-Term Effectiveness and Permanence; 
• Reduction of Toxicity, Mobility, or Volume Through Treatment; 
• Short-Term Effectiveness; 
• Implementability; and 
• Cost. 

Green remediation has also been included in this comparative analysis.  Two additional NCP 
evaluation criteria, State Acceptance and Community Acceptance, are considered “balancing 
criteria,” and will be fully factored into the analysis of alternatives by the USEPA following its 
receipt of comments on the Proposed Plan. 

Soil and Sediment 

The compilation of retained technologies into remedial alternatives considers the ability to 
meet RAOs for soil and sediment which: 

 “Prevent potential direct human exposure for future resident (by  ingestion  and 
inhalation or ionizing radiation) to soils with contaminants that would result in a 
total excess lifetime cancer risk (ELCR) greater than the target risk range of 1 x 10-4 
to 1x 10-6 or a non-cancer hazard index greater than 1;  

 Prevent migration of DU from soils in the Holding Basin that would result in 
groundwater concentrations exceeding ARARs. 

 Protect ecological receptors from exposure to contaminants in sediments indicative 
of adverse effects at the Cooling Water Recharge Pond; 

 Protect ecological receptors from exposure to contaminants in sediments indicative 
of adverse effects at the Sphagnum Bog while maintaining the physical and 
ecological integrity of the bog; 

 Prevent exposure for a current trespasser/future resident (by ingestion, dermal 
contact or ionizing radiation) to contaminants in the Cooling Water Recharge Pond 
sediments that result in a cumulative ELCR greater than the target risk range of 10-4 
to 10-6 or a non-carcinogenic HI greater than 1. 

The alternatives developed and evaluated include: 

SS-1 No Action 
SS-2 Excavation and On-Site Consolidation of Soils (including Unsaturated Holding 

Basin Soils) and Sediments with Cap and Liner System, In-Situ Stabilization of 
Holding Basin Saturated Soils Using Apatite Injection  
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SS-3 Excavation and Off-Site Disposal of Sediments and Non-Holding Basin Soils, 
Containment with Partial In-Situ Solidification/Stabilization of Holding Basin Soils 
Using Cement Grouting and a Low-Permeability Sub-Grade Cover 

SS-4 Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils, 
Containment with Vertical Containment Wall, Low-Permeability Sub-Grade 
Cover, and In-Situ Stabilization of Holding Basin Soils Using Apatite Injection 

SS-5  Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated 
Holding Basin Soils), and Containment with Full In-Situ Solidification/Stabilization 
of Holding Basin Saturated Soils Using Deep Soil Mixing, and Low-Permeability 
Sub-Grade Cover 

SS-1 No Action 

Under the no action alternative, no additional actions would be taken to address exposure to 
soils or sediments.  Groundwater monitoring and five-year reviews will still be performed as 
part of the no-action alternative, but these are addressed in the groundwater section.  The no 
action alternative will serve as a baseline for comparing the effectiveness of other remedial 
alternatives to be developed for soils and sediments. 

SS-2 Excavation and On-Site Consolidation of Soils (including Unsaturated Holding 
Basin Soils) and Sediments with Cap and Liner System, In-Situ Stabilization of 
Holding Basin Saturated Soils Using Apatite Injection  

Alternative SS-2, depicted in Figure ES-7, includes: 

• Construct an on-site consolidation area; 
• Excavate and place approximately 95,000 cubic yards (cy) of site soils and sediments 

into the on-site consolidation area; 
• Holding Basin 

o Excavate, separate, and place unsaturated zone soils within the consolidation 
area; 

o Stabilize in-situ saturated soils within the Holding Basin footprint; 
o Install a temporary groundwater extraction well downgradient of the Holding 

Basin with ex-situ treatment and on-site discharge; and 
• Restore the site. 

Under this alternative, all site soils and sediments except for the saturated soils below the 
Holding Basin, will be placed within an on-site consolidation area.  The footprint of the 
consolidation area will include the Holding Basin.  Figure ES-8 identifies the preliminary 
locations and depths for the soils that will be excavated throughout the Site.  These locations 
and depths will be finalized in a detailed excavation plan.  Clean soils that are excavated for 
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building the consolidation area will be verified clean through a sampling process and used to 
refill site excavations and bring them up to grade.  Soils excavated for disposal may be 
physically separated through a radiation conveyor/detector to separate clean soil that can be 
used for refill from soil that requires disposal. 

Unsaturated Holding Basin soils will be excavated down to but not below the highest known 
elevation of the water table (approximately 35 feet below ground surface (bgs)), removing the 
most significant depleted uranium (DU) contamination source on the Site.  The unsaturated soil 
volume to be excavated within the Holding Basin is approximately 12,500 cy, with an average 
concentration of 93.3 mg/kg DU.  These soils will be stockpiled during the construction of the 
consolidation area.  Saturated soils within the Holding Basin footprint contain DU down to the 
till layer with an average concentration of 29.5 mg/kg (from 35 feet bgs to approximately 85 
feet bgs).  In this alternative, the saturated soils will be stabilized in-situ using apatite injection.  
Pilot-scale tests performed at NMI provide strong evidence that Apatite II™ would be an 
effective in-situ media to sequester uranium. The media used in both the in-situ passive and ex-
situ active tests was contacted with groundwater and equilibrated with the saturated 
overburden soil. Thus, sub-surface injection of Apatite II™ in reactive zones will dilute the 
media by soil mixing but will not alter its chemical reactivity or its efficacy. Use of Apatite II™ in-
situ, could result in meeting RAOs and provide a sustainable, long-term remedy for uranium in 
groundwater and soils. The media formulation and the injection or mixing methods would be 
determined during the Remedial Design phase through bench and pilot testing.   

A temporary downgradient extraction well with ex-situ treatment will be installed to capture 
and treat uranium impacted groundwater.  The extracted groundwater would be treated on-
site using ion-exchange resins and discharged on-site to surface water.   

Following the removal of building foundations, sufficient property will be cleared to extend the 
Holding Basin excavation to the south to create an area to construct the consolidation area to 
receive site soils and sediments.  The purpose of constructing the consolidation area 32 feet bgs 
is to prevent the creation of a large mound on the property.  The high water table mark is at 
approximately 35 feet bgs. The actual dimensions of the consolidation area are dependent on 
how deep the consolidation area is constructed.  With approximately 90,000 cy of 
contaminated soils to be disposed (including all soils, sediments, foundations, soils beneath 
foundations, and unsaturated Holding Basin soils), the consolidation area would take less than 
2.5 acres of property.  Additionally, the cap could be constructed with a gentle slope at an 
elevation close to the current ground contour.  Following construction of the cap, runoff from 
the consolidation area cap will be directed to the existing Cooling Water Recharge Pond (after 
contaminated sediments have been removed from the pond). 
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The estimated average concentration of DU in the soils to be excavated throughout the Site, 
not counting the Holding Basin, is 11 mg/kg.  Soils and sediments containing PCBs greater than 
50 mg/kg would  be transported off-site for disposal in a TSCA-licensed facility, which would be 
more readily implementable than designing the on-site consolidation area to meet TSCA 
standards and obtaining a waiver to have the greater than 50 mg/kg PCB-affected soils 
disposed within the consolidation area. 

All disturbed areas will be restored to existing grades (where appropriate), top soiled, mulched 
and seeded.  Restoration will include replacing soils to return the area to the pre-existing grade, 
and applying seed, mulch and possibly soil amendments to restore the area, and restoring the 
Bog. 

The primary components of this alternative include: 

• Develop an excavation plan through the use of topographical surveys and data kriging 
tools to define quantities and locations of all soils and sediments to be excavated; 

• Installing a temporary groundwater hydraulic containment well and ex-situ groundwater 
treatment system; 

• Excavating contaminated soils and sediments, including those from the Old Landfill 
(currently estimated as 82,500 cy); 

• Developing a detailed excavation plan for removal of vadose zone soils beneath the 
Holding Basin footprint, including design of sheet piling and/or temporary shoring; 

• Excavating Holding Basin soils down to groundwater (approximately 12,500 additional 
cy) as described in the conceptual excavation plan in Section 4.3.3.1 below; 

• Testing and selecting stabilizing reagent, and design the injection system to stabilize the 
remaining soils in the saturated zone within the Holding Basin footprint; 

• Stabilizing soils within the saturated zone within the Holding Basin footprint; 
• Designing sampling plan to certify clean soils from on-site consolidation excavation area; 
• Designing consolidation area; 
• Constructing liner and leachate collection system for consolidation area; 
• Placing contaminated soils in consolidation area; 
• Solidifying soils if needed to meet paint filter test and compaction requirements for 

consolidation within the facility; 
• Constructing a  cap for the consolidation area, including 4 total feet of cover over liner 

for freeze protection; 
• Restoring excavated areas to obtain original grades; 
• Restoring Sphagnum Bog; 
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• Developing a long-term sampling and maintenance program for groundwater and 
leachate; 

• Coordinate with local, state, and federal agencies to develop property-specific 
institutional control documents; 

• Filing appropriate institutional controls, as further evaluated in Appendix I; 
• Perform long-term inspections to ensure that that the institutional controls  are being 

enforced; and 
• Perform 5-year reviews to monitor the effectiveness of the remedy. 

The results of the detailed evaluation of this alternative against the seven required NCP 
evaluation criteria are presented in Table ES-4. 

SS-3 Excavation and Off-Site Disposal of Sediments And Non-Holding Basin Soils, 
Containment with Partial In-Situ Solidification/Stabilization of Holding Basin Soils 
Using Cement Grouting and a Low-Permeability Sub-Grade Cover 

Alternative SS-3, depicted in ES-9, includes: 

• Excavation of approximately 82,500 cy of site soils and sediments, including those from 
the Old Landfill; 

• Transportation of 99,000 cy  soils to disposal facility (82,500 cy plus 20 percent bulking 
factor); 

• Installation of a temporary downgradient hydraulic containment well with ex-situ 
treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ S/S of soils beneath the Holding Basin. 

• For the Holding Basin 
o Partial S/S and containment of DU-impacted soils in the unsaturated and 

saturated zones beneath/around the Holding Basin by cement based 
solidification (assumed 20-ft thick wall inside perimeter of basin soils).   

o Installation of  a sub-grade low- permeability   cover to limit infiltration;  
o Transportation of  18,500 cy  spoils resulting from S/S process to disposal facility; 
o Placement of clean on-site soils to restore the Holding Basin footprint to grade 

level;  
• Restoration of the site; and  
• Development of Institutional Controls 

Excavated soil and sediments requiring disposal will be solidified, as needed to meet the paint 
filter test, and transferred off-site for disposal at a properly licensed facility. 
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In this alternative, a vertical outer ring of stabilized contaminated soil will be constructed 
around the perimeter of the Holding Basin and a connected horizontal cap of stabilized and 
treated soils with the following assumed functions: 

• Horizontal containment and isolation from lateral groundwater flow; and 

• Vertical cutoff to prevent infiltration of precipitation into the impacted soils. 

This cement-based ground modification concept was chosen over stabilizing the entire 
impacted saturated zone because it will serve the same purpose with better constructability.   

Approximately 23,000 cubic yards of spoils are expected to be generated to stabilize the 
saturated and unsaturated soils.  Approximately 4,200 cy can be used to fill the Holding Basin 
before installing the sub-grade low-permeability cap above that.  The remaining 18,5000 cy of 
spoils will require off-site disposal. 

A low-permeability horizontal barrier will be installed over the Holding Basin footprint to act as 
a barrier layer to limit infiltration into the stabilized soils.  The barrier will be placed at some 
depth below the surface of the excavation area to increase re-use options, with clean soil fill 
placed on top of the barrier to restore the surface of the Holding Basin footprint. 

All disturbed areas, including Holding Basin, will be restored to existing grades (where 
appropriate), top soiled, mulched and seeded.  Restoration will include replacing soils to return 
the area to the pre-existing grade, and applying seed, mulch and possibly soil amendments to 
restore the area, and restoring the Bog. 

The primary components of this alternative include: 

• Development of an excavation plan through the use of topographical surveys and data 
kriging tools to define quantities and locations of all soils and sediments to be 
excavated;  

• Design of a sampling plan to certify clean soils if on-site borrow area is used; 
• Design of a low-permeability, sub-grade cover to be placed below grade within the 

Holding Basin footprint; 
• Installation of a temporary hydraulic containment well immediately downgradient of 

the Holding Basin to capture uranium-impacted groundwater generated during remedial 
construction; 

• Design and operation of  an ex-situ water treatment facility to treat uranium-impacted 
groundwater using ion-exchange (IX) resins; 

• Testing  and selection of a cement mix and designing the injection system to partially 
solidify/stabilize the soils in the unsaturated and saturated zones within the Holding 
Basin footprint; 
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• S/S of soils within the unsaturated and saturated zones within the perimeter of the 
Holding Basin footprint; 

• Excavation of contaminated soils and sediments, including those from the Old Landfill 
(currently estimated as 82,500 cy); 

• Solidification of soils if needed to meet paint filter test and compaction requirements 
for disposal in off-site facility; 

• Transportation of approximately 99,000 cy  soils to disposal facility (82,500 in-place cy 
plus 20 percent bulking factor); 

• Management of  spoils generated during the Holding Basin soil S/S and off-site disposal 
of approximately 18,500 cy; 

• Installation of a sub-grade low-permeability cover over the Holding Basin footprint; 
• Transportation of  approximately 95,000 cy of clean soil to refill excavations and to 

restore the surface of the Holding Basin footprint to grade level, if necessary; 
• Restoration of excavated areas to obtain original grades; 
• Restoration of the Sphagnum Bog; 
• Development of a long-term sampling and maintenance program; 
• Coordination with local, state, and federal agencies to develop institutional controls; 
• Filing appropriate institutional controls, as further evaluated in Appendix I; and 
• Performing 5-year reviews to monitor the effectiveness of the remedy. 

The results of the detailed evaluation of this alternative against the seven required NCP 
evaluation criteria are presented in Table ES-4. 

SS-4 Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils, 
Containment with Vertical Containment Wall, Low-Permeability Sub-Grade Cover, and 
In-Situ Stabilization of Holding Basin Soils Using Apatite Injection  

Alternative SS-4, depicted in ES-10, includes: 
• Excavation of approximately 82,500 cy of site soils and sediments, including those from 

the Old Landfill; 
• Disposal of all excavated soils and sediments off-site; 
• Installation of a temporary downgradient hydraulic containment well with ex-situ 

treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ stabilization of soils beneath the Holding Basin. 

• Holding Basin 
o In-situ stabilization of all soils beneath Holding Basin; 
o Installation of vertical containment wall; 
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o Installation of sub-grade, low-permeability cover;  
o Use of clean off-site soils to bring to grade; 

• Restoration of the Site; and 
• Development of Institutional Controls. 

Alternative SS-4 includes the excavation and removal of approximately 82,500 cy of site soils 
and sediments based on the selected PRGs.  A vertical containment wall will be constructed to 
be keyed into the bedrock (approximately 90 feet bgs).  This will minimize water from 
infiltrating to the remaining soils within the Holding Basin footprint, minimizing leaching 
potential of the remaining uranium to the groundwater. 

The 82,500 cy of contaminated soil and sediments will be solidified if needed and transferred 
off-site for disposal at a properly licensed facility.  Restoration will include replacing soils to 
return the area to the pre-existing grade, and applying seed, mulch and possibly soil 
amendments to restore the area, the Bog also will be restored.   

The primary components of this alternative include: 

• Developing an excavation plan through the use of topographical surveys and data 
kriging tools to define quantities and locations of all soils and sediments to be 
excavated;  

• Designing sampling plan to certify clean soils if on-site borrow area is used; 
• Designing a low-permeability, sub-grade cover to be placed below grade within the 

Holding Basin footprint; 
• Installing a temporary hydraulic containment well immediately downgradient of the 

Holding Basin to capture uranium-impacted groundwater generated during remedial 
construction; 

• Designing and operation of an ex-situ water treatment facility to treat uranium-
impacted groundwater using ion-exchange (IX) resins; 

• Further testing application rate for use of apatite stabilizing reagent, and design 
injection system to stabilize the soils beneath the Holding Basin; 

• Excavating contaminated soils and sediments, including those from the Old Landfill 
(currently estimated as 82,500 cy); 

• Solidification of soils, if needed, to meet paint filter test and compaction requirements 
for disposal in off-site facility; 

• Transporting 99,000 cy  soils to disposal facility (82,500 cy plus 20 percent bulking 
factor); 

• Stabilizing soils beneath the Holding Basin; 
• Installing vertical containment wall around perimeter of Holding Basin; 
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• Installing sub-grade low-permeability cover system; 
• Transporting 99,000 cy of clean soil to re-fill excavations; 
• Restoring excavated areas to obtain original grades; 
• Restoring Sphagnum Bog; 
• Developing long-term sampling and maintenance program; 
• Coordinating with local, state, and federal agencies to develop institutional control 

documents, as further evaluated in Appendix I; 
• Filing institutional controls; and 
• Performing 5-year reviews to monitor the effectiveness of the remedy. 

The results of the detailed evaluation of this alternative against the seven required NCP 
evaluation criteria are presented in Table ES-4. 

SS-5 Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated Holding 
Basin Soils), and Containment with Full In-Situ Solidification/Stabilization of Holding 
Basin Saturated Soils Using Deep Soil Mixing, and Low-Permeability Sub-Grade Cover  

Alternative SS-5, depicted in ES-11, includes: 

• Excavation and off-site disposal of approximately 95,000 cy of site soils and sediments, 
including the Old Landfill; 

• Transportation of 114,000 cy  soils to disposal facility (95,000 cy plus 20 percent bulking 
factor); 

• Disposal of soils and sediments off-site; 
• Installation of a temporary downgradient hydraulic containment well with ex-situ 

treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ stabilization of soils beneath the Holding Basin. 

• For the Holding Basin 
o Excavation and off-site disposal of approximately 12,500 cy of DU-impacted soils 

in the unsaturated zone beneath the Holding Basin; 
o S/S of approximately 20,000 cy of DU-impacted soils in the saturated zone 

beneath the Holding Basin by cement-based soil mixing; 
o Management of spoils generated during the Holding Basin soil stabilization and 

provide off-site disposal of approximately an additional 12,700 cy; 
o Installation of low permeability cover layer below grade to limit infiltration; and 
o Placement of clean on-site soils to restore the Holding Basin footprint; 

• Restoration of the Site; and 
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• Development of Institutional Controls. 

Excavated soil and sediments will be solidified, if needed, and transferred off-site for disposal at 
a properly licensed facility.  The excavations will need to be refilled with clean fill that is either 
borrowed from an area on-site, or brought on-site from an alternate borrow site.  The existing 
air space in the Holding Basin footprint (approximately 8,500 cy) will be used to place spoils 
from the in-situ stabilization process, where practical.  At least 10 feet of clean soil will be used 
to fill any remaining air space and to restore the surface of the Holding Basin footprint to grade. 

Saturated soils within the Holding Basin footprint are known to contain DU down to the till 
layer with an average concentration of 29.5 mg/kg (from 35 feet bgs to approximately 85 feet 
bgs).  In this alternative, the saturated soils will be stabilized in-situ with a cement/grout 
mixture, as determined during detailed design. 

Approximately 28,700 cubic yards of spoils are expected to be generated if cement is used to 
stabilize the saturated and unsaturated soils.  Approximately 16,000 cy can be used to fill the 
Holding Basin before installing the sub-grade low-permeability cap above that.  The remaining 
12,700 cy of spoils will require off-site disposal. 

A low-permeability barrier will be installed over the Holding Basin footprint to act as a barrier 
layer to limit infiltration into the stabilized soils.  The barrier will be placed as deep as possible 
within the excavation area to increase re-use options, and at least 10 ft of clean soil fill be 
placed on top of the barrier to restore the surface of the Holding Basin footprint. 

Disturbed areas will be backfilled to existing grades (where appropriate), covered with top soil 
and mulch, and seeded to restore natural vegetation.   

The primary components of this alternative include: 

• Develop an excavation plan through the use of topographical surveys and data kriging 
tools to define quantities and locations of all soils and sediments to be excavated 
(currently estimated as 95,000 cy); 

• Develop a detailed excavation plan for removal of vadose zone soils below the Holding 
Basin footprint, including design of sheet piling and/or temporary shoring, if needed; 

• Design a sampling plan to verify soil quality if an on-site borrow area is used; 
• Design a low-permeability, sub-grade cap to be placed below grade within the Holding 

Basin footprint; 
• Install temporary extraction well immediately downgradient of the Holding Basin to 

capture highly impacted groundwater that may result from removing the temporary cap 
and allowing infiltration through Holding Basin soils and groundwater displaced during 
in-situ stabilization of soils beneath the Holding Basin; 
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• Design and operate an ex-situ treatment facility for the treatment of impacted 
groundwater using ion-exchange (IX) resins; 

• Test and select stabilizing reagent (cement type), and design the injection system to 
stabilize the soils in the saturated zone within the Holding Basin footprint; 

• Stabilize soils within the saturated zone within the Holding Basin footprint; 
• Excavate contaminated soils in the unsaturated zone below the Holding Basin; 
• Excavate shallow contaminated soils and sediments from the remainder of the Site; 
• Solidify soils if needed to meet paint filter test and compaction requirements for 

disposal in off-site facility; 
• Transport 1114,000 cy soils to disposal facility; 
• Install low permeability barrier layer over Holding Basin footprint; 
• Transport approximately 99,000 cy of clean soil to refill excavations and restore the 

surface of the Holding Basin footprint; 
• Restore excavated areas to obtain original grades; 
• Restore the Sphagnum Bog; 
• Develop a long-term sampling and maintenance program; 
• Coordinate with local, state, and federal agencies and property owners to develop 

property-specific institutional controls documents; 
• File deed restrictions and/or other appropriate institutional controls, as further 

evaluated in Appendix I; and 
• Perform 5-year reviews to monitor the effectiveness of the remedy. 

The results of the detailed evaluation of this alternative against the seven required NCP 
evaluation criteria are presented in Table ES-4. 

Groundwater 

The compilation of retained groundwater technologies into remedial alternatives considers the 
ability to meet RAOs for each of the three separate groundwater plume categories: 

• DU in overburden; 
• VOCs and 1,4-dioxane in overburden and bedrock; and 
• uranium in bedrock. 

Supplemental analyses were conducted, and are presented in Section 5 of this FS, to aid in 
combining the retained technologies into viable remedial alternatives.  These additional 
analyses included (1) an MNA evaluation for VOCs and advection of 1,4-dioxane in overburden 
and bedrock and uranium in bedrock, (2) research into the feasibility and adequacy of using 
apatite-based media and zero valent iron (ZVI) for in-situ DU sequestration, (3) hydraulic 
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conductivity testing to support estimation of pumping rates for the remedial alternatives, and 
(4) evaluation of the benefit of isolating the residual DU beneath the Holding Basin.   

The DU plume is limited in its current extent, has a well-characterized source zone with high 
source concentrations, is contained within the overburden, and if no action is taken, will persist 
at concentrations above acceptable drinking water levels and eventually migrate off-site.  The 
VOC and 1,4-dioxane plumes are characterized by low contaminant concentrations that are 
shallow on-property and deep off-property, are widespread and sometimes discontinuous, do 
not have clearly identified source areas, and already have migrated off-property.  The uranium 
plume in bedrock is deep, the bedrock has low permeability, and the plume appears to be at 
steady-state with little potential for off-property migration above the MCL.  Thus, remedial 
alternatives for each of the three plume categories will consider in different ways:  (1) source 
control; (2) management of migration; and (3) restoration of the plume areas. 

Due to the expected longevity of the DU plume, the known source, and modeling that shows 
the ability of source isolation to limit off-site migration, source control was considered in the 
development of alternatives for the DU plume.  Additionally, because the plume is wholly 
within the overburden, in-situ remediation for DU in groundwater was retained as an 
alternative because in-situ technologies can be passive remedies likely to be effective with low 
long-term costs.  The more commonly implemented remedy of ex-situ treatment was also 
retained as an alternative for DU. 

Because no source is known for VOCs or 1,4-dioxane, a source control process option was not 
considered a viable remedy component.  Because the VOC, nitrate and 1,4-dioxane plumes are 
widespread and discontinuous in some areas, and the aquifer is aerobic, in-situ bioremediation 
was not retained, nor were other in-situ remedies including in-situ oxidation.  Further 
complicating the VOC and 1,4-dioxane evaluation is the fact that the VOC and 1,4-dioxane 
plumes are in both deep overburden and bedrock.  However, the plumes are more than 30 
years old and there is some evidence of ongoing natural attenuation.  Thus, the ex-situ 
treatment and MNA remedies were retained as alternatives for VOCs; and ex-situ treatment for 
1,4-dioxane. 

No source for uranium in bedrock is known, and thus a source control process option for 
uranium in bedrock was not retained.  The in-situ process options retained for DU in 
overburden were also considered for the bedrock uranium, although low permeability and 
discretely fractured bedrock could make adequate distribution of amendments extremely 
difficult.  Because the plume is well delineated and currently at steady state, MNA was retained 
as a viable alternative.  A ex-situ treatment alternative was also retained for detailed 
evaluation. 
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Remedial alternatives retained for detailed analysis include: 

DU (overburden): 
• DU-1 No Action 
• DU-2 Source Isolation (Holding Basin Cap and Vertical Barrier) with Ex-situ 

treatment 
• DU-3 Source Isolation (Holding Basin Cap and Vertical Barrier) with In-Situ 

Treatment 

VOCs and 1,4-dioxane (overburden and bedrock): 

• VOC-1 No Action 
• VOC-2 Ex-situ treatment 
• VOC-3 Monitored Natural Attenuation 

Uranium (bedrock): 

• UROCK-1 No Action 
• UROCK-2 Ex-situ treatment 
• UROCK-3 In-Situ Treatment 

Depleted Uranium Alternatives 

DU-1 – No Action 

Under the no action alternative, no additional actions would be taken to address DU in 
overburden groundwater.  Five-year reviews will be performed as part of this alternative.  The 
no action alternative serves as a baseline for comparing the effectiveness of other remedial 
alternatives for DU in overburden groundwater. 

DU-2 – Source Isolation (Holding Basin Source Control) with Ex-situ treatment 

The ex-situ treatment alternative (DU-2) for DU in overburden groundwater includes:  
(1) implementation of a Holding Basin source control remedy to limit infiltration through 
Holding Basin soils; (2) groundwater extraction from an overburden extraction well and ex-situ 
treatment of extracted groundwater; and (3) implement institutional controls to prohibit future 
use of impacted groundwater.  Implementation requirements and cost for the cap and vertical 
barrier wall are fully covered in soil alternatives SS-3, SS-4, and SS-5.  It is estimated that one 
groundwater extraction well pumping at approximately 15 gallons per minute (gpm) could 
contain the depleted uranium plume.  Groundwater elevations and groundwater quality would 
be monitored to ensure that the capture zone of the extraction system adequately contains DU 
concentrations exceeding the MCL from migrating and to understand concentration trends 
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within the DU plume over time.  System influent and effluent concentrations would be 
monitored to evaluate the extraction system effectiveness and to ensure compliance with 
permits to discharge the treated groundwater (likely to the Assabet River).  It is assumed that 
the system would operate for approximately 30 years and monitoring would occur out to 200 
years to meet Nuclear Regulatory Commission (NRC) ARARs.   

DU-3 – Source Isolation (Holding Basin and Vertical Barrier) with In-Situ Treatment 

The source isolation with in-situ treatment alternative (DU-3) includes:  (1) implementation of a 
Holding Basin source control remedy to contain Holding Basin soils; (2) in-situ treatment 
(sequestration) of DU using apatite and ZVI in-situ reactive zones (ISRZs); and 
(3) implementation of institutional controls to prohibit future use of impacted groundwater.  
The in-situ ISRZ technology using apatite is based on an evaluation of existing literature and site 
data, a site-specific pilot study, and the applicability of this technology to the hydrogeochemical 
conditions in the DU plume.  The ISRZs used in this alternative would be passive and would not 
require in-situ redox control of the aerobic groundwater.  Pilot testing would be conducted to 
identify appropriate injection methods, media and well spacing for remedial design; however, it 
is anticipated that this remedy will include either three separate apatite ISRZs or two apatite 
ISRZs followed by a ZVI ISRZ at the distal end of the DU plume.  These designs are referred to as 
DU-3A and DU-3B.  The estimate cost for DU-3B was 13% higher than for DU-3A.  As the best 
approach will not be known until remedial design, the remainder of this analysis considers and 
uses the higher DU-3B cost, so that a single alternative can be carried forward.  Groundwater 
elevation, water quality and geochemistry would be monitored to evaluate remedy 
performance.  Collection of soils from within the plume would be used to evaluate the type and 
distribution of uranium sequestration (sorbed or precipitated).  It is assumed that groundwater 
monitoring would occur out to 200 years to meet NRC ARARs. 

VOC Alternatives 

VOC-1 No Action 

Under the no action alternative, no additional actions would be taken to address VOCs and 1,4-
dioxane in groundwater.  Five-year reviews will be performed as part of this alternative.  The no 
action alternative is a baseline for comparing the effectiveness of other remedial alternatives 
developed for VOCs and 1,4-dioxane. 

VOC-2 Ex-Situ Treatment 

The alternative (VOC-2) for VOCs and 1,4-dioxane includes:  (1) groundwater extraction from 
one deep overburden extraction well and two bedrock extraction wells, with ex-situ treatment 
of extracted groundwater; (2) periodic monitoring to evaluate natural attenuation processes; 
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and (3) implementation of institutional controls to prohibit future use of on- and off-property 
impacted groundwater as a drinking water source.  The extraction wells are located off-
property, north of Main Street, to capture deep overburden and bedrock groundwater 
containing TCE and 1,4-dioxane before they discharge to the Assabet River or migrate under the 
river toward the Assabet Wellfields.  The estimated extraction rate for the overburden 
extraction well is approximately 6 gpm, and for each of the bedrock extraction wells is less than 
0.1 gpm.  The very low extraction rates for the bedrock wells are due to the low hydraulic 
conductivity and hydraulic gradient in the bedrock in this area.  An extraction system in bedrock 
would not be able to pump continuously and would need to be batch pumped.  However, an in-
situ method for treating 1,4-dioxane in bedrock is not feasible, so ex-situ treatment was 
retained as an active remedial alternative. 

Groundwater elevation and groundwater quality would be monitored to evaluate the 
performance of the treatment system, and influent and effluent concentrations would be 
monitored to comply with substantive equivalency permits needed to discharge the treated 
groundwater (likely to the Assabet River). 

VOC-3 Monitored Natural Attenuation 

The MNA alternative (VOC-3) for VOCs and 1,4-dioxane would include:  (1) periodic monitoring 
to evaluate natural attenuation processes; and (2) implementation of institutional controls to 
prohibit future use of impacted groundwater.  Groundwater quality would be monitored to 
evaluate the performance of the remedial alternative.  Although groundwater monitoring 
(which would include evaluation of natural attenuation processes) would be conducted with 
any of the active remedial alternatives described below and in Section 6 of the FS , this MNA 
alternative would not address the 1,4 dioxane in overburden and bedrock groundwater, and 
therefore MNA is not retained as an alternative for detailed analysis in the active remedial 
alternatives described below and in Section 6 of the FS. 

Uranium in Bedrock Alternatives 

UROCK-1 No Action 

Under the no action alternative, no additional actions would be taken to address uranium in 
bedrock groundwater.  Annual site inspections and five-year reviews would be performed as 
part of this alternative.  The no action alternative is a baseline for comparing the effectiveness 
of other remedial alternatives for uranium in bedrock groundwater. 

Due to the natural isotopic signature of the uranium in bedrock, it appears to be geologically 
derived, though it may be related in some way to past activities at the facility; however, the 
potential release mechanism(s), if any, are unknown.  Evaluation of attenuation rates for the 
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uranium in bedrock indicates that six of the eight bedrock wells in the uranium plume have 
negative attenuation rates, indicating that little or no attenuation is occurring and the time to 
meet MCLs will be very long.  However, based on historical concentration trends, the uranium 
plume in bedrock appears to be at or near steady state conditions. 

UROCK-2 Ex-situ treatment 

The ex-situ treatment alternative (UROCK-2) for uranium in bedrock groundwater includes:  
(1) implementation of  institutional controls to prohibit future use of impacted groundwater as 
a source of drinking water; (2) groundwater extraction from a shallow bedrock extraction well 
and ex-situ treatment of extracted groundwater to remove uranium; and (3) groundwater 
monitoring.  Groundwater elevations and groundwater quality would be monitored to ensure 
that the capture zone of the extraction system adequately contains uranium concentrations 
exceeding the MCL from migrating.  However, RI data indicates that the uranium plume above 
MCLs in bedrock appears to be stable, does not extend off-property and therefore, there are 
not significant concerns associated with off-property migration. 

The estimated extraction rate for the bedrock extraction well is approximately 1.5 gpm.  This is 
a higher extraction rate than for the VOC-2 alternative due to the fact that the on-property 
hydraulic conductivity values are much higher than the well locations needed for the VOC-2 
alternative.  System influent and effluent concentrations would be monitored to evaluate the 
extraction system effectiveness and to ensure compliance with permits to discharge the treated 
groundwater.  It is assumed that the system would operate for approximately 30 years and 
monitoring would occur for a minimum of 200 years to meet NRC ARARs. 

UROCK-3 In-Situ Treatment 

The in-situ treatment alternative (UROCK-3) for uranium in bedrock groundwater includes:  
(1) implementation of institutional controls to prohibit future use of impacted groundwater as a 
source of drinking water; (2) in-situ treatment (sequestration) of uranium by creating ISRZs 
amended with apatite and/or nZVI, or via bioremediation; and (3) groundwater monitoring.    

Concentrations of uranium in bedrock at some on-property locations exceed chemical-specific 
ARARs; however, concentrations at off-property locations have always been below chemical-
specific ARARs.  Due to the natural isotopic signature of the uranium in bedrock, it appears to 
be geologically derived, though it may be related in some way to past activities at the facility; 
however, the potential release mechanism(s), if any, are unknown.  Evaluation of attenuation 
rates for the uranium in bedrock indicates that six of the eight bedrock wells in the uranium 
plume have negative attenuation rates, indicating that little or no attenuation is occurring and 
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the time to meet MCLs will be very long.  However, based on historical concentration trends, 
the uranium plume in bedrock appears to be at or near steady state conditions. 

Development and Detailed Analysis of Site Wide Alternatives for Groundwater 

In this section, the remedial alternatives for each plume are combined into the following four 
Site-wide groundwater alternatives for detailed analysis: 

• GW-1 No action 
• GW-2 Limited Action 
• GW-3 Ex-Situ Treatment, Institutional Controls and LTM   
• GW-4 Ex-Situ Treatment (1,4-dioxane/ VOCs), ISR (DU and UROCK) () 

The chart below further defines the components of each Site-wide groundwater alternative. 

Site Wide 
Groundwater 

Alternative 

 

Long Term Monitoring Ex-Situ Treatment  In-Situ Treatment 

DU UROCK  VOCs 1,4-
dioxane DU  UROCK VOCs 1,4-

dioxane DU UROCK 

GW-1 
      

 
 

  

GW-2 X X X X 

  

 

 

  

GW-3 X X 
  

X X X X   

GW-4 X X 
    

X X X X 

 

GW-1 No Action 

Alternative GW-1 is the no remedial action alternative. 

Alternative GW-1 does not reduce the potential for on-property or off-property human 
exposure to DU in overburden, VOCs or 1,4-dioxane in overburden and bedrock and uranium in 
bedrock that exceed ARARs or target risk limits.  Chemical-specific ARARs for VOCs and 1,4-
dioxane are likely to be met off-property within 30 years due to natural attenuation processes, 
but more than 50 years on-property.  Concentrations of geologically derived uranium in 
bedrock groundwater and DU concentrations in overburden groundwater are not expected to 
meet chemical-specific ARARs within a reasonable timeframe.  Therefore, this alternative is not 
effective in controlling risks associated with off-site migration of DU-impacted overburden 
groundwater in the short or long term. 
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This alternative provides no active groundwater treatment.  Concentrations of VOCs and 1,4-
dioxane in groundwater will be reduced somewhat through natural attenuation via 
biodegradation, dispersion, dilution, and volatilization.   

GW-2 Institutional Controls and Long-Term Monitoring 

Alternative GW-2 includes:  (1) implementation of institutional controlss to prohibit future use 
of on- and off-property impacted groundwater as a drinking water source; and (2) long-term 
annual groundwater monitoring for DU, VOCs and 1,4-dioxane and uranium to monitor the 
plumes and evaluate concentration decreases due to natural attenuation.   

This alternative protects human health and the environment through the use of institutional 
controlss to prevent potential human exposure to on and off-property overburden or bedrock 
groundwater with uranium, VOCs or 1,4-dioxane that exceed ARARs or target risk limits.  
Chemical-specific ARARs for VOCs and 1,4-dioxane are likely to be met off-property within 30 
years due to natural attenuation processes, but more than 50 years on-property.  
Concentrations of geologically derived uranium in bedrock groundwater and DU concentrations 
in overburden groundwater are not expected to meet chemical-specific ARARs within a 
reasonable timeframe. 

Alternative GW-2 is effective at meeting RAOs associated with limiting potential human 
exposure through implementation of institutional controls and natural attenuation of VOCs and 
1,4-dioxane.  RAOs pertaining to the off-site migration of DU-impacted groundwater and 
restoration of groundwater impacted by DU and isotopically natural uranium are not likely to 
be achieved within a reasonable timeframe. 

This alternative provides no active groundwater treatment.  Concentrations of VOCs and 1,4-
dioxane in groundwater will be reduced through natural attenuation via dispersion, dilution, 
and volatilization.  Long-term monitoring is low cost, easily implemented, and reliable for 
assessing groundwater concentrations relative to applicable RAOs.   

GW-3  Institutional Controls, Ex-situ treatment (DU, natural uranium, 1,4-Dioxane)) 

Alternative GW-3 (Figure ES-12)  includes:  (1) implementation of institutional controls to 
prohibit future use of on- and off-property impacted groundwater as a drinking water source; 
(2) extraction of groundwater downgradient of the Holding Basin (DU source area) with ex-situ 
treatment of DU-impacted overburden groundwater and discharge to surface water; (3) 
extraction of groundwater from the area between Main Street and the Assabet River with ex-
situ treatment forVOCs and 1,4-dioxane and discharge to surface water; (4) extraction of 
groundwater from shallow bedrock at the downgradient end of the isotopically natural uranium 
plume (near MW-BS28) with ex-situ treatment for uranium removal and discharge to surface 
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water; (5)  long-term annual groundwater monitoring for DU, VOCs, nitrate, 1,4-dioxane and 
isotopically natural uranium rock to  evaluate the effectiveness of ex-situ treatment.  For this 
alternative, it is assumed that the ex-situ treatment systems for DU in overburden and uranium 
in bedrock will operate for 30 years, but monitoring for these plumes would occur for at least 
200 years to meet NRC ARARs. 

This alternative protects human health and the environment through the use of institutional 
controls to prevent potential on and off-property human exposure to overburden or bedrock 
groundwater with uranium, VOCs or 1,4-dioxane that exceed ARARs or target risk limits, and ex-
situ treatment to limit off-property migration and further spreading of the plumes.  Chemical-
specific ARARs for VOCs and target risk limits for 1,4-dioxane are likely to be met within 30 
years  with ex-situ treatment. Chemical-specific ARARs pertaining to DU in overburden 
groundwater and isotopically natural uranium in bedrock will likely be met off-property due to 
ex-situ treatment; however, on-property concentrations of geologically derived uranium in 
bedrock groundwater and DU concentrations in overburden groundwater are not expected to 
meet chemical-specific ARARs within a reasonable timeframe.  This alternative would be 
designed to comply with location and action specific ARARs. 

Alternative GW-3 is effective at meeting RAOs associated with limiting potential human 
exposure and off-property migration through institutional controls and ex-situ treatment.  The 
time to achieve RAOs associated with restoration of groundwater for 1,4-dioxane and VOCs 
may be shorter than GW-1 or GW-2 due to the active containment system increasing the rate of 
groundwater flushing within the plume.  RAOs pertaining to the restoration of groundwater 
impacted by DU and isotopically natural uranium are not likely to be achieved within a 
reasonable timeframe. 

Extraction system installation, treatment system construction, associated O&M activities, and 
long-term monitoring are routine remedial tasks which are reliable and easily implemented.  
Permits will be required for discharge of treated groundwater.  GW-3 costs more than GW-2 or 
GW-1 but may better address some of the RAOs.  

GW-4 Ex-situ treatment (1,4-Dioxane andVOCs ), In-Situ Treatment (DU and Natural Uranium), 
() Institutional Controls 

Alternative GW-4 (ES-13) includes:  (1) implementation of institutional controls to prohibit 
future use of on- and off-property impacted groundwater as a drinking water source; (2) 
extraction of groundwater from in the area between Main Street and the Assabet River with ex-
situ treatment for 1,4-dioxane and VOCs and discharge to surface water; (3) injection of apatite 
and ZVI based media in three ISRZs approximately 40-80 ft bgs in the DU plume to sequester 
uranium in sorbed and mineral precipitate forms; (4) in-situ treatment (sequestration) of 
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uranium by creating ISRZs amended with apatite and/or nZVI, or via bioremediation in bedrock; 
and (5) monitoring of DU, U and VOCsand 1,4-dioxane to monitor the steady-state nature of the 
plumes and evaluate concentration decreases with groundwater elevation monitoring to assess 
potential occlusion of in-situ reactive zones and evaluate the effectiveness of ex-situ treatment.  
For this alternative, it is assumed that monitoring of DU in overburden and uranium in bedrock 
would occur for a minimum of 200 years to meet NRC ARARs. 

Alternative GW-4 is effective at meeting RAOs associated with limiting potential human 
exposure and off-property migration through institutional controls, ex-situ treatment, in-situ 
treatment.  The time to achieve RAOs associated with restoration of groundwater for 1,4-
dioxane and VOCs would likely be shorter than for GW-1 or GW-2 due to the active 
containment system increasing the rate of groundwater flushing within the plume.  RAOs 
pertaining to the restoration of groundwater impacted by DU and natural urnanium may be 
achieved within 15 to 30 years through the use of ISRZs and source isolation.   

Extraction system installation, treatment system construction, associated O&M activities, and 
long-term monitoring are routine remedial tasks which are reliable and easily implemented.  
Permits will be required for discharge of treated groundwater.  Installation of ISRZs by injection 
from approximately 40 to 80 ft bgs is less common than the technologies incorporated into the 
other remedial alternatives and would require bench and pilot-scale testing.  However, the in-
situ reactive zones have the potential to reduce DU concentrations in on-property overburden 
groundwater to meet RAOs.  GW-4 costs more than GW-2 but less than GW-3 (there is less 
active remediation) and has the potential to provide the greatest effectiveness for achieving 
RAOs. 

The results of the detailed evaluation of these alternatives against the seven required NCP 
evaluation criteria are presented in Table ES-5. 

VAPOR INTRUSION 

With respect to vapor intrusion (VI), only one off-property building indicates the potential need 
for a VI remedy, and that VI remedy has been implemented.  Additional vapor control actions 
may only be needed if buildings are constructed within the areas identified on Figure 1.4.6, and 
if the results of future on-site soil-gas studies indicate that there is unacceptable risk to indoor 
air in such future buildings. Institutional controls will be implemented that restrict the building 
of structures unless an evaluation of vapor intrusion risks is conducted or vapor intrusion 
controls or installation of vapor mitigation systems should structures be built above VOC 
plumes still exhibiting vapor intrusion risks.    The active VOC alternatives each incorporate 
groundwater monitoring, which will be used to evaluate the potential VI risk at the time 
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construction is contemplated, and in the area of construction.  If VI risks are identified, then 
appropriate mitigation measures will be integrated into that future construction.  
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Table ES-1 - Summary of Site-Specific Preliminary Remediation Goals and Residual Risks - Soil
Nuclear Metals, Inc. Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg) Detection Background (2) ARAR/Policy Selected Selected Residual Risk at PRG (4)

Based on Excess Liftime Cancer Risk Based on Hazard Index Limits (1) (mg/kg) (mg/kg) PRG PRG Excess Lifetime Hazard 
1x10-6 1x10-5 1x10-4 0.1 1 10 (mg/kg) (mg/kg) (pCi/g) Cancer Risk Index

Benzo(a)anthracene Resident 0.32 3.2 32 374 3,740 37,400 0.32 c -- 1E-06 0.00009
Recreational Visitor 0.65 6.5 65 753 7,526 75,260 0.65 c -- 1E-06 0.00009
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700 10 c -- 1E-06 0.0001
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200 3.3 c -- 1E-06 0.0001
Construction Worker 21 210 2,100 6,907 69,070 690,700 21 c -- 1E-06 0.0003

Benzo(a)pyrene Resident 0.032 0.32 3.2 374 3,740 37,400 0.22 b -- 7E-06 0.00006
Recreational Visitor 0.065 0.65 6.5 753 7,526 75,260 0.22 b -- 3E-06 0.00003
C/I Worker - Indoor 1.0 10 105 8,127 81,270 812,700 1.0 c -- 1E-06 0.00001
C/I Worker - Outdoor 0.33 3.3 33 2,562 25,620 256,200 0.33 c -- 1E-06 0.00001
Construction Worker 2.1 21 210 6,907 69,070 690,700 2.1 c -- 1E-06 0.00003

Benzo(b)fluoranthene Resident 0.32 3.2 32 374 3,740 37,400 0.32 c -- 1E-06 0.00009
Recreational Visitor 0.65 6.5 65 753 7,526 75,260 0.65 c -- 1E-06 0.00009
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700 10 c -- 1E-06 0.0001
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200 3.3 c -- 1E-06 0.0001
Construction Worker 21 210 2,100 6,907 69,070 690,700 21 c -- 1E-06 0.0003

Indeno(1,2,3-cd)pyreneResident 0.32 3.2 32 374 3,740 37,400 0.32 c -- 1E-06 0.00009
Recreational Visitor 0.65 6.5 65 753 7,526 75,260 0.65 c -- 1E-06 0.00009
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700 10 c -- 1E-06 0.0001
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200 3.3 c -- 1E-06 0.0001
Construction Worker 21 210 2,100 6,907 69,070 690,700 21 c -- 1E-06 0.0003

PCBs Resident 0.48 4.8 48 0.24 2.4 24 1 (3) 1 a -- 2E-06 0.4
Recreational Visitor 0.97 9.7 97 0.49 4.9 49 1 a -- 1E-06 0.2
C/I Worker - Indoor 3.8 38 380 5.4 54 535 10 - 25 (3) 3.8 c -- 1E-06 0.07
C/I Worker - Outdoor 1.2 12 120 1.6 16 160 10 - 25 (3) 1.2 c -- 1E-06 0.08
Construction Worker 7.6 76 758 1.1 11 107 10 - 25 (3) 7.6 c -- 1E-06 0.7

Arsenic Resident 1.3 13 130 7.5 75 750 13.7 b -- 1E-05 0.2
Recreational Visitor 2.7 27 270 15.0 150 1,500 13.7 b -- 5E-06 0.1
C/I Worker - Indoor 9.3 93 930 149 1,489 14,890 13.7 b -- 1E-06 0.01
C/I Worker - Outdoor 3.7 37 370 60 597 5,970 13.7 b -- 4E-06 0.02
Construction Worker 21 210 2100 13.5 135 1,350 13.7 b -- 7E-07 0.1

0.21 - 6.2

0.034 - 
0.52

0.034 - 
0.52

0.034 - 
0.52

0.034 - 
0.52

0.0034 - 
0.7

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

0.033

0.22

0.066

Not Detected

Not Applicable

13.7
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Table ES-1 - Summary of Site-Specific Preliminary Remediation Goals and Residual Risks - Soil
Nuclear Metals, Inc. Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg) Detection Background (2) ARAR/Policy Selected Selected Residual Risk at PRG (4)

Based on Excess Liftime Cancer Risk Based on Hazard Index Limits (1) (mg/kg) (mg/kg) PRG PRG Excess Lifetime Hazard 
1x10-6 1x10-5 1x10-4 0.1 1 10 (mg/kg) (mg/kg) (pCi/g) Cancer Risk Index

Uranium Resident 2.3 23 230 10 102 1,021 2.3 c U-238: 0.78 d 1E-06 0.02
U-235: 0.01 d
U-234: 0.13 d
U-total: 0.92 d

Recreational Visitor 19 191 1,915 21 205 2,050 19 c U-238: 6.4 d 1E-06 0.09
U-235: 0.083 d
U-234: 1.1 d
U-total: 7.5 d

C/I Worker - Indoor 9.5 95 950 190 1,904 19,040 9.5 c U-238: 3.2 d 1E-06 0.005
U-235: 0.041 d
U-234: 0.53 d
U-total: 3.7 d

C/I Worker - Outdoor 5.0 50 500 95 952 9,520 5.0 c U-238: 1.7 d 1E-06 0.005
U-235: 0.022 d
U-234: 0.28 d
U-total: 2.0 d

Construction Worker 100 1,000 10,000 62 619 6,188 100 c U-238: 34 d 1E-06 0.2
U-235: 0.44 d
U-234: 5.7 d
U-total: 40 d

Thorium Resident 0.074 0.74 7.4 7.35 b 0.81 e 1E-04
Recreational Visitor 0.90 9.0 90 7.35 b 0.81 e 8E-06
C/I Worker - Indoor 0.29 2.9 29 7.35 b 0.81 e 3E-05
C/I Worker - Outdoor 0.16 1.6 16 7.35 b 0.81 e 5E-05
Construction Worker 3.5 35 348 7.35 b 0.81 e 2E-06

1 - Range of reporting limits for non-detects in surface soil, as reported in data set for the Remedial Investigation.
2 - Background values for soils, where applicable, were established using upper limit concentrations for the Stowe Town Forest dataset (Baseline Human Health Risk Assessment, Appendices C and N) .
3 - PRG for Total PCBs based on CERCLA Policy (A Guide on Remedial Actions at Superfund Sites with PCB Contamination, OSWER Directive #9355.4-01FS, August 1990).
4 - Residual risk represents the excess lifetime cancer risk and hazard index associated with exposure to COC concentrations equal to the PRG.  Calculated as:
    Cancer risk = Final PRG x 1E-06 / PRG derived for 1E-06 target risk
    Hazard Index = Final PRG / PRG derived for a target hazard index of 1
ARAR - Applicable, Relevant, or Appropriate Requirement
mg/kg - milligram per kilogram
a - Final PRG is based on an ARAR
b - Final PRG is based on the background value
c - Final PRG is based on an excess lifetime cancer risk of 1x10-6

d - PRG as activity (pCi/g) is calculated from PRG as mass (mg/kg) based the isotopic profile for depleted uranium (0.2% U-235) as determined through analysis of  soil samples collected in the Remedial Investigation.  
     PRGs are documented in Attachment C of the PRG derivation appendix.
e - PRG as activity (pCi/g) calculated as PRG (mg/kg) divided by a mass to activity conversion factor of 9.1 (mg/kg per pCi/g).  The conversion factor is based on thorium measured as Th-232 as determined through analysis of soil samples 
     collected in the Remedial Investigation and accounting for in-growth of Ra-228+D and Th-228+D.  PRGs are documented in Attachment C of the PRG derivation appendix.
nc - Final PRG is based on a non-cancer hazard index of 1
-- - Not Applicable

Not 
Applicable

0.0064 - 
0.0064

0.021 - 
0.026 Not Applicable

1.3

7.35Not Applicable

Not Applicable



Table ES-2 - Summary of Site-Specific Preliminary Remediation Goals and Residual Risks - Sediment
Nuclear Metals, Inc. Superfund Site

Preliminary Remediation Goals (mg/kg) Detection Background (2) ARAR/Policy Selected Residual Risk at PRG (4)

Ecological Limits (1) (mg/kg) (mg/kg) PRG Excess Lifetime Hazard 

1x10-6 1x10-5 1x10-4 0.1 1 10
Based on Benthic 

Community (mg/kg) (mg/kg) Cancer Risk Index

PCBs Recreational Visitor 2.7 27 269 1.6 16 159 1.08 0.45 Not Detected 1 (3) 1 a 4E-07 0.06

Copper Not a COC Not a COC 176 0.21 - 1.1 9.1 Not Applicable 176 e

Lead Not a COC Not a COC 97.3 0.21 - 1.1 33.7 Not Applicable 97.3 e

Mercury Not a COC Not a COC 1.3 0.21 - 1.1 0.041 Not Applicable 1.3 e

1 - Range of reporting limits for non-detects in sediment, as reported in data set for the Remedial Investigation.
2 - Background values for sediments, where applicable, were established using upper limit concentrations for the Maynard Pond dataset (Baseline Human Health Risk Assessment, Appendics C and N).
3 - PRG for Total PCBs based on CERCLA Policy (A Guide on Remedial Actions at Superfund Sites with PCB Contamination, OSWER Directive #9355.4-01FS, August 1990).
4 - Residual risk represents the excess lifetime cancer risk and hazard index associated with exposure to COC concentrations equal to the PRG.  Calculated as:
    Cancer risk = Final PRG x 1E-06 / PRG derived for 1E-06 target risk
    Hazard Index = Final PRG / PRG derived for a target hazard index of 1
ARAR - Applicable, Relevant, or Appropriate Requirement
mg/kg - milligram per kilogram
a - Final PRG is based on an ARAR
b - Final PRG is based on the background value
c - Final PRG is based on an excess lifetime cancer risk of 1x10-6

nc - Final PRG is based on a non-cancer hazard index of 1
e - Final PRG is based on ecological risk (protection of benthic community)

Chemical of 
Concern

Receptor Scenario Human Health - Based on Excess 
Liftime Cancer Risk

Human Health - Based on Hazard 
Index
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Table ES-3 - Summary of Site-Specific Preliminary Remediation Goals - Groundwater
Nuclear Metals, Inc. Superfund Site

Preliminary Remedition Goals (ug/l) Detection Background (ug/L) ARARs and TBC (ug/L) Selected

Limits (1) Overburden (7) Bedrock (7) Federal MCL (2) MA MCL (3) TBC PRG (ug/L)
1x10-6 1x10-5 1x10-4 0.1 1 10 (ug/L) Overburden Bedrock

1,1-Dichloroethane Resident 2.4 24 240 230 2,300 23,000 0.5 Not Applicable Not Applicable Not Available Not Available Not a COC 2.4 c

Tetrachloroethene Resident 10 97 970 3.5 35 350 0.5 Not Applicable Not Applicable 5 5 5 a 5 a

Trichloroethene Resident 0.44 4.4 44 0.26 2.6 26 0.5 Not Applicable Not Applicable 5 5 5 a 5 a

Vinyl chloride Resident 0.015 0.15 1.5 3.6 36 360 0.5 Not Applicable Not Applicable 2 2 2 a 2 a

1,4-Dioxane Resident 0.67 6.7 67 47 470 4,700 0.15 (5) - 4.0 (6) Not Applicable Not Applicable Not Available Not Available 0.3 (G) 0.67 c 0.67 c

bis(2-Ethylhexyl)phthalate Resident 4.8 48 480 31 310 3,100 4.3 - 11 3.2 4.6 6 6 6 a 6 a

Arsenic Resident 0.045 0.45 4.5 0.47 4.7 47 0.8 - 16 1.2 26.8 10 10 10 a 10 a

Barium Resident Not Applicable 290 2,900 29,000 NA 19.5 44 2000 2000 Not a COC 2000 a

Chromium Resident Not Applicable 3.1 31 310 0.27 - 13 1.7 9.6 100 100 100 a 100 a

Cobalt Resident Not Applicable 0.47 4.7 47 0.045 - 0.47 0.64 1.1 Not Available Not Available 4.7 nc 4.7 nc

Copper Resident Not Applicable 62 620 6,200 0.29 - 24 0.78 6.8 1,300 1,300 1300 a Not a COC

Iron Resident Not Applicable 1100 11,000 110,000 32 - 280 596 4000 Not Available Not Available 300 (S) 11,000 nc 11,000 nc

Manganese Resident Not Applicable 32 320 3,200 0.2 - 4.8 25.6 200 Not Available Not Available 300 (HA) 300 a 300 a

Molybdenum Resident Not Applicable 7.8 78 780 0.022 - 1.4 Not Detected 8.7 Not Available Not Available 78 nc 78 nc

Thorium Resident 0.33 3.3 33 Not Applicable 0.05 - 0.38 0.15 Not Detected Not Available Not Available 0.33 c 0.33 c

Depleted Uranium Resident 1.6 16 160 0.93 9.3 93 0.038 - 0.048 0.47 (4) 14.1 (4) 30 30 30 a 30 a

Natural Uranium Resident 0.077 0.77 7.7 0.93 9.3 93 0.03 - 0.17 0.47 14.1 30 30 30 a 30 a

Nitrate-N Resident Not Applicable 2,500 25,000 250,000 20 - 310 522 253 10,000 10,000 10000 a 10000 a

Nitrite-N Resident Not Applicable 160 1,600 16,000 30 - 100 Not Detected 70 1,000 1,000 1000 a 1000 a

1 - Range of reporting limits for non-detects in groundwater, as reported in data set for the Remedial Investigation.
2 - National Primary Drinking Water Regulations (EPA 816-F-09-0004, May 2009) (http://water.epa.gov/drink/contaminants/index.cfm#List)

3 - 2012 Standards and Guidelines for Contaminants in Massachusetts Drinking Water (http://www.mass.gov/dep/water/drinking/standards/dwstand.htm)
4 - Values are for natural uranium
5 - Reporting limit for 8270 SIM
6 - Reporting limit for 8260 SIM
7 - Background values for groundwater, where applicable, were established using upper limit concentrations for background wells at the Site (Baseline Human Health Risk Assessment, Appendix C) .
(G) - Value is a Massachusetts Drinking Water Guideline
(S) - Value is a Federal and Massachusetts Secondary MCL
(HA) - Value is a USEPA Health Advisory
MCL - Maximum Contaminant Level
ARAR - Applicable, Relevant, or Appropriate Requirement
TBC - To Be Considered
ug/L - microgram per liter
a - Final PRG is based on an ARAR
b - Final PRG is based on the background value
c - Final PRG is based on an excess lifetime cancer risk of 1x10-6

nc - Final PRG is based on a non-cancer hazard index of 1

Based on Excess Liftime 
Cancer Risk Based on Hazard Index

Chemical of Concern Receptor Scenario



SS-1 SS-2 SS-3 SS-4 SS-5
No Action

Excavation and On-Site Consolidation of Soils 
(including Unsaturated Holding Basin Soils) and 

Sediments,
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated 
Soils Using Apatite Injection  

Excavation and Off-Site Disposal Of Sediments 
And Non-Holding Basin Soils, 

Containment with Partial In-Situ 
Solidification/Stabilization of Holding Basin Soils 

Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

Excavation and Off-Site Disposal Of Sediments 
and Non-Holding Basin Soils, 

Containment with Vertical Containment Wall 
Low-Permeability Sub-Grade Cover

In-Situ Stabilization of Holding Basin Soils Using 
Apatite Injection

Excavation and Off-Site Disposal of Sediments 
and Soils (including Unsaturated Holding Basin 

Soils), and 
Containment with Full In-Situ 

Solidification/Stabilization of Holding Basin 
Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

No Protection Significant Protection ♦♦♦ Significant Protection ♦♦♦ Significant Protection ♦♦♦ Significant Protection ♦♦♦
- Effective when combined with groundwater 
remedy                                                              
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                            

- Effective when combined with groundwater 
remedy                                                              
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                            

- Effective when combined with groundwater 
remedy                                                              
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                            

- Effective when combined with groundwater 
remedy                                                              
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                            

Compliance with 
ARARs

Will Not Meet ARARs Will Meet Soil and Sediment ARARs ♦♦♦ Will Meet Soil and Sediment ARARs ♦♦♦ Will Meet Soil and Sediment ARARs ♦♦♦ Will Meet Soil and Sediment ARARs ♦♦♦

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

Not Effective Effective for Excavated Soils ♦♦ Very Effective for Excavated Soils ♦♦♦ Very Effective for Excavated Soils ♦♦♦ Very Effective for Excavated Soils ♦♦♦

A larger amount of soil will be left on site 
untreated, which reduces the long-term 
effectiveness and permanence of this 
alternative
- Containment is an approved Presumptive 
Remedy for metals in soils                                
- Groundwater is a stable environment for 
stabilization technology

- Containment is an approved Presumptive 
Remedy for metals in soils                                
- All soils are contained or disposed off site

- Containment is an approved Presumptive 
Remedy for metals in soils                                
- All soils are contained or disposed off-site

- Containment is an approved Presumptive 
Remedy for metals in soils                                
- All soils are contained or disposed off-site.  
This alternative is the most permanant as the 
most soils are disposed off site.

Sequestration using apatite will treat principal 
threats that may exist in saturated soils in the 
Holding Basin footprint.  Other principal threat 
soil within the Holding Basin will be 
excavated and placed in the consolidation 
area without treatment. 

Principal threats will either be excavated for 
off-site disposal or treated with in-situ 
solidification / stabilization.

Principal threats will either be excavated for 
off-site disposal or treated with in-situ 
sequestration using apatite.

Principal threats will either be excavated for 
off-site disposal or treated with in-situ 
solidification / stabilization.

Table ES-4
Comparative Analysis of Soil and Sediment Alternatives

Feasibility Study
Nuclear Metals, Inc. Superfund Site

- Concentrations of 
Uranium and PCBs in soils 
and sediments will not be 
addressed

Long-Term 
Effectiveness and 

Permanence

Evaluation Criteria

Overall Protection 
of Human Health 

and the 
Environment

Page 1 of 3



SS-1 SS-2 SS-3 SS-4 SS-5
No Action

Excavation and On-Site Consolidation of Soils 
(including Unsaturated Holding Basin Soils) and 

Sediments,
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated 
Soils Using Apatite Injection  

Excavation and Off-Site Disposal Of Sediments 
And Non-Holding Basin Soils, 

Containment with Partial In-Situ 
Solidification/Stabilization of Holding Basin Soils 

Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

Excavation and Off-Site Disposal Of Sediments 
and Non-Holding Basin Soils, 

Containment with Vertical Containment Wall 
Low-Permeability Sub-Grade Cover

In-Situ Stabilization of Holding Basin Soils Using 
Apatite Injection

Excavation and Off-Site Disposal of Sediments 
and Soils (including Unsaturated Holding Basin 

Soils), and 
Containment with Full In-Situ 

Solidification/Stabilization of Holding Basin 
Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

Table ES-4
Comparative Analysis of Soil and Sediment Alternatives

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Evaluation Criteria

No Treatment No Treatment for Excavated Soils No Treatment for Excavated Soils No Treatment for Excavated Soils No Treatment for Excavated Soils
Reduction of Toxicity and Mobility for 
Saturated Soils ♦♦

Reduction of Toxicity and Mobility for 
Contained Soils ♦♦

Reduction of Toxicity and Mobility for 
Contained Soils ♦♦♦

Reduction of Toxicity and Mobility for 
Contained Soils ♦♦

- Excavated soils will experience reduction in 
mobility through consolidation facility
- Long-term stability of stabilization is 
promising; least amount of material treated, 
including principal threat waste

- Excavated soils will experience reduction in 
mobility through containment-                           
-Long-term stability of cement stabilization is 
proven, however increases volume or 
material requiring disposal

- Excavated soils will experience reduction in 
mobility through containment and 
stabilization, least volume generated; DU in 
saturated soils will be sequestered using 
apatite.

- Excavated soils will experience reduction in 
mobility through containment       - Long-term 
stability of cement stabilization is proven, 
however increases volume of material 
requiring disposal

Short-Term 
Effectiveness

RAOs are not met RAOs are met ♦♦♦ RAOs are met ♦♦♦ RAOs are met ♦♦♦ RAOs are met ♦♦

Workers and Community 
are not affected ♦♦♦

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

Community is Protected ♦♦♦ Community is Protected ♦ Community is Protected ♦♦ Community is Protected ♦♦

- No contaminated soils transferred off-site  - Approximately 101,000 cy of contaminated 
soils and spoils from stabilization process will 
be transported off-site                                       
- Transport and disposal of soils will require 
working with community to minimize impact

 - Approximately 82,500 cy of contaminated 
soils will be transported off-site                         
- Transport and disposal of soils will require 
working with community to minimize impact

 - Approximately 107,750 cy of contaminated 
soils and spoils from stabilization process will 
be transported off-site.                                      
- Transport and disposal of soils will require 
working with community to minimize impact

Reduction of 
Toxicity, Mobility 

and Volume 
through Treatment

Page 2 of 3



SS-1 SS-2 SS-3 SS-4 SS-5
No Action

Excavation and On-Site Consolidation of Soils 
(including Unsaturated Holding Basin Soils) and 

Sediments,
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated 
Soils Using Apatite Injection  

Excavation and Off-Site Disposal Of Sediments 
And Non-Holding Basin Soils, 

Containment with Partial In-Situ 
Solidification/Stabilization of Holding Basin Soils 

Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

Excavation and Off-Site Disposal Of Sediments 
and Non-Holding Basin Soils, 

Containment with Vertical Containment Wall 
Low-Permeability Sub-Grade Cover

In-Situ Stabilization of Holding Basin Soils Using 
Apatite Injection

Excavation and Off-Site Disposal of Sediments 
and Soils (including Unsaturated Holding Basin 

Soils), and 
Containment with Full In-Situ 

Solidification/Stabilization of Holding Basin 
Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

Table ES-4
Comparative Analysis of Soil and Sediment Alternatives

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Evaluation Criteria

Short-Term 
Effectiveness

Worker Protections will be Critical ♦ Workers are Protected ♦ Workers are Protected ♦♦♦ Worker Protections will be Critical ♦

(Continued) - Dangers exist in excavating to 35 feet and 
bringing drill rig into excavation to stabilize 
saturated soils                                                   
- Some exposure to drilling muds and 
displaced soils in stabilization processes

 - This Alternative has the most exposure to 
approximately 40,000 cy drilling muds and 
displaced soils in stabilization processes

 - Most protective of workers - Dangers exist in excavating to 35 feet and 
bringing drill rig into excavation to stabilize 
saturated soils                                                   
- Some exposure to drilling muds and 
displaced soils in stabilization processes.

Implementability Not Applicable Difficult to Implement ♦♦ Difficult to Implement ♦♦ Implementable ♦♦♦ Very Difficult to Implement ♦
- Stabilization of saturated soils from 35 to 90 
feet will be difficult    
- Additional future actions will be difficult with 
consolidation facility built above stabilized 
soils
- Stabilization contractors are not readily 
available
- Pilot testing and extensive construction 
QA/QC will be required                                     
- Shoring of excavation will be necessary to 
excavate the unsaturated soils

- Most difficult task to stabilize from 20 to 90 
feet 
- Additional future actions will be difficult if 
cement is used
- Stabilization contractors are not readily 
available
- Pilot testing and extensive construction 
QA/QC will be required

 - Construction of vertical barrier wall and 
stabilization to 90 feet will be difficult           - 
Stabilization contractors are not readily 
available                                                    - 
Pilot testing and extensive construction 
QA/QC will be required

- Stabilization of saturated soils from 35 to 90 
feet will be difficult    
- Additional future actions will be difficult if 
cement is used
- Stabilization contractors are not readily 
available
- Pilot testing and extensive construction 
QA/QC will be required                                     
- Shoring of excavation will be necessary to 
excavate the unsaturated soils

Costs $0 ♦♦♦ $ 37,953 K Capital Cost $127,682 K Capital Cost $ 103,188 K Capital Cost $ 146,358 K Capital Cost
$ 7,305 K O&M (NPV at 7% for 200 years) $ 1,566 K O&M (NPV at 7% for 200 years) $ 1,566 K O&M (NPV at 7% for 200 years) $ 1,566 K O&M (NPV at 7% for 200 years) 

$ 44,891 K Total Cost ♦♦♦ $ 129,248 K Total Cost ♦ $ 104,754 K Total Cost ♦♦ $ 147,924 K Total Cost ♦

♦ Diamonds represent how the evaluation criteria for each alternative compares to other alternatives, with more meaning "better"
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment 
(DU/Natural Uranium), Institutional Controls, and Long-Term 

Monitoring

Human Health Protection No Additional Protection ♦
-There is no current exposure that poses 
risk to human health.

-This alternative does not reduce the 
potential for on- or off-property human 
exposure to impacted groundwater.

Moderate Protection    ♦♦
-There is no current exposure that poses risk to 
human health.

-Deed restrictions prevent potential human exposure 
to on- and off-property overburden or bedrock 
groundwater (used as a hypothetical future domestic 
water supply) with uranium, VOCs, or 1,4-dioxane that 
exceed ARARs or target risk limits.

-The plume of isotopically natural uranium in bedrock 
is at steady-state, and no off-property migration is 
expected in the future.

-Although Holding Basin Source Control is included, 
this alternative does not specifically address potential 
human exposure to DU-impacted overburden 
groundwater which may migrate off-property in the 
future.

Significant Protection    ♦♦♦
-There is no current exposure that poses risk to human 
health.

-Deed restrictions prevent potential human exposure to 
on and off-property overburden or bedrock groundwater 
(used as a hypothetical future domestic water supply) 
with uranium, VOCs, or 1,4-dioxane that exceeds 
ARARs or target risk limits.

-The plume of isotopically natural uranium in bedrock is 
at steady-state, and no off-property migration is 
expected in the future.

-Holding Basin source isolation and hydraulic 
containment would limit off-property migration of DU-
impacted overburden groundwater.

-Active pumping for the 1,4-dioxane hydraulic 
containment system will limit migration to and beyond 
the Assabet River and flush 1,4-dioxane from the 
aquifer over time.

Significant Protection    ♦♦♦
-There is no current exposure that poses risk to human health.

-Deed restrictions prevent potential human exposure to on and off-
property overburden or bedrock groundwater (used as a 
hypothetical future domestic water supply) with uranium, VOCs, or 
1,4-dioxane that exceeds ARARs or target risk limits.

-The plume of isotopically natural uranium in bedrock is at steady-
state, and no off-property migration is expected in the future.

-Active pumping for the 1,4-dioxane hydraulic containment system 
will limit migration to and beyond the Assabet River and flush 1,4-
dioxane from the aquifer over time.

--Holding Basin source isolation and the In-situ reactive zones 
would limit off-property migration of DU-impacted overburden 
groundwater and would likely occur in a shorter timeframe than 
hydraulic containment alone.

Ecological Protection Not needed to satisfy RAOs Not needed to satisfy RAOs Not needed to satisfy RAOs Not needed to satisfy RAOs
Chemical-Specific May Partially Meet ARARs   ♦♦

-May meet ARARs for VOCs in 
groundwater off-property within a 
reasonable timeframe (i.e., ≤ 30 years) 
due to natural attenuation.

-May not meet ARARs for VOCs on-
property due to slow natural attenuation 
rates.

-ARARs are currently met off-property 
for isotopically natural uranium in 
bedrock but not on-property, although 
the plume is at steady-state. ARARs are 
not likely to be met on-property.

-Not likely to meet ARARs for 
isotopically natural uranium in bedrock 
or DU in overburden groundwater on-
property.

May Partially Meet ARARs   ♦♦
-May meet ARARs for VOCs in groundwater off-
property within a reasonable timeframe (i.e., ≤ 30 
years) due to natural attenuation. 

-May not meet ARARs for VOCs on-property due to 
slow natural attenuation rates.

-ARARs are currently met off-property for isotopically 
natural uranium in bedrock but not on-property, 
although the plume is at steady-state. ARARs are not 
likely to be met on-property. 

-Not likely to meet ARARs for DU in overburden 
groundwater on-property or off-property.

May Partially Meet ARARs   ♦♦
-May meet ARARs for VOCs in groundwater  within a 
reasonable timeframe(i.e., ≤ 30 years) due to natural 
attenuation.  Active pumping of the VOC hydraulic 
containment system will flush VOCs from the aquifer 
over time; therefore, this alternative is more likely to 
achieve ARARs for VOCs than GW-1 or GW-2.

-ARARs are currently met off-property for isotopically 
natural uranium in bedrock but not on-property, 
although the plume is at steady-state. ARARs are not 
likely to be met on-property.

-May meet ARARs for DU in overburden groundwater 
off-property due to Holding Basin source control and 
hydraulic containment, but not likely to meet ARARs for 
DU on-property.

Will Meet ARARs   ♦♦♦
-May meet ARARs for VOCs in groundwater within a reasonable 
timeframe (i.e., ≤ 30 years) due to natural attenuation.  Active 
pumping of the  VOC hydraulic containment system VOCs from 
the aquifer over time; therefore, this alternative is more likely to 
achieve ARARs for VOCs than GW-1 or GW-2.

-ARARs are currently met off-property for isotopically natural 
uranium in bedrock but not on-property, although the plume is at 
steady-state. ARARs are expected to be met in a reasonable 
timeframe with in-situ treatment.

-Will meet ARARs for DU in overburden groundwater on- and off-
property due to Holding Basin Source control and the In-Situ 
Reactive Zone remedy.

Location-Specific Not Applicable Not Applicable Not Applicable Not Applicable
Action-Specific Not Applicable Will Comply with ARARs Will Comply with ARARs Will Comply with ARARs

Overall Protection of Human 
Health and the Environment

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Compliance with ARARs
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment 
(DU/Natural Uranium), Institutional Controls, and Long-Term 

Monitoring

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Long-Term Effectiveness and 
Performance

Magnitude of Residual Risk Higher Relative Risk ♦
-Potential future human exposure to 
uranium, VOCs, and 1,4-dioxane in 
groundwater from a hypothetical supply 
well would pose a higher level of risk 
compared to other alternatives.

Moderate Residual Risk   ♦♦
-Risks related to human exposure to uranium, VOCs, 
and 1,4-dioxane in groundwater on-property are 
mitigated through institutional controls to limit 
groundwater use.

-Potential future human exposure to uranium, VOCs, 
and 1,4-dioxane in groundwater from a hypothetical 
supply well off-property pose a higher level of risk 
compared to GW-3 and GW-4, if institutional controls 
are not feasible off-property.

 Residual Risk   ♦♦
-Risks related to human exposure to uranium, VOCs, 
and 1,4-dioxane in groundwater are mitigated through 
institutional controls to limit groundwater use.

-Risks related to potential future human exposure to 
uranium, VOCs, and 1,4-dioxane in groundwater  are 
mitigated through hydraulic containment, alhtough this 
alternative will take longer to achieve acceptable risk for 
uranium than GW-4.

Lower Residual Risk   ♦♦♦
-Risks related to human exposure to uranium, VOCs, and 1,4-
dioxane in groundwater are mitigated through institutional controls 
to limit groundwater use.

-Risks related to potential future human exposure to depleted 
uranium, VOCs, and 1,4-dioxane in groundwater are mitigated 
through in-situ treatmentof uranium and and hydraulic 
containment of 1,4 dioxane and VOCs.

Long-Term Effectiveness and 
Performance (Continued)

Adequacy and Reliability of
Controls

Not Applicable Adequate & Reliable   ♦♦
-Institutional controls are reliable for limiting 
groundwater use.

-Long-term monitoring provides a reliable means of 
evaluating concentrations over time.

Highly Adequate & Reliable   ♦♦♦
-Institutional controls are reliable for limiting 
groundwater use.

-Hydraulic containment is a reliable and well-proven 
technology.

-Long-term monitoring provides a reliable means of 
evaluating concentrations over time.

Adequate & Reliable   ♦♦
-Institutional controls are reliable for limiting groundwater use.

-Hydraulic containment is a reliable and well-proven technology.

-The reliability of ISRZs to sequester uranium will need to be 
evaluated during the remedial design phase.

-Long-term monitoring provides a reliable means of evaluating 
concentrations over time.

Reduction of Toxicity, Mobility 
and Volume through Treatment

Treatment Process Used and 
Materials Treated

Not Applicable Not Applicable Well Proven Treatment   ♦♦♦
-Groundwater extraction and ex-situ treatment of 
extracted groundwater by advanced oxidation for 1,4-
dioxane and uranium-specific ion exchange resin for 
uranium removal are well-proven treatment 
technologies.

Combination of Well Proven and Experimental Treatment   

♦♦
-Groundwater extraction and ex-situ treatment of extracted 
groundwater by advanced oxidation for 1,4-dioxane are well-
proven treatment technologies.

-In-situ immobilization of DU using ISRZs downgradient of the 
Holding Basin is an experimental technology, but site-specific 
testing results to date have been favorable.

Amount Destroyed or Treated Some Destroyed, None Treated   ♦
-Mass reduction of VOCs due to natural 
attenuation will occur although no active 
remediation will be implemented.

-No treatment or destruction of uranium 
in bedrock or overburden groundwater 
will occur.

Some Destroyed, None Treated ♦
-Mass reduction of VOCs due to natural attenuation 
will occur although no active remediation will be 
implemented.

-Due to Holding Basin source control, some reduction 
in the total mass of DU in overburden groundwater will 
occur.

-No treatment or destruction of uranium in bedrock or 
overburden groundwater will occur.

Some Destroyed, Moderate Treatment    ♦♦
-Mass reduction of VOCs due to natural attenuation will 
occur and there will be some destruction of 1,4-dioxane 
through advanced oxidation of extracted groundwater.

-Due to Holding Basin source control, some reduction in 
the total mass of DU in overburden groundwater will 
occur.

-There will be treatment of DU and isotopically natural 
uranium using uranium-specific ion exchange resins to 
remove uranium from extracted groundwater.  The 
amount of uranium treated will depend on design 
extraction rates and influent concentrations.

Some Destroyed, Moderate to Good Treatment    ♦♦♦
-Mass reduction of VOCs due to natural attenuation will occur and 
there will be some destruction of 1,4-dioxane through advanced 
oxidation of extracted groundwater.

-Due to Holding Basin source control, some reduction in the total 
mass of DU in overburden groundwater will occur.  Significant 
treatment of DU in groundwater via sequestration will occur in the 
ISRZs.

-No treatment or destruction of uranium in bedrock groundwater 
will occur.
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment 
(DU/Natural Uranium), Institutional Controls, and Long-Term 

Monitoring

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Degree of Expected 
Reductions
in Toxicity, Mobility, or 
Volume
through Treatment

Not Applicable Little to Moderate Reduction ♦
-There will be some reduction in the volume of aquifer 
impacted by VOCs and 1,4-dioxane over time through 
natural attenuation.

-There will be moderate reduction in DU mobility due 
to Holding Basin source control.

Moderate to Significant Reductions   ♦♦
-There will be some reduction in the volume of aquifer 
impacted by VOCs over time through natural 
attenuation.

- There will be a significant reduction in the mobility of 
1,4-dioxane and VOCs through hydraulic containment.

-There will be a significant reduction in the mobility of 
DU via Holding Basin source control and hydraulic 
containment, and slight to moderate reductions in the 
uranium mass in bedrock groundwater via groundwater 
extraction and treatment. 

Significant Reductions   ♦♦♦
--There will be some reduction in the volume of aquifer impacted 
by VOCs over time through natural attenuation.

- There will be a significant reduction in the mobility of 1,4-dioxane 
and VOCs through hydraulic containment.

-There will be a significant reduction in the mobility of DU and 
natural uranium via Holding Basin source control and in-situ 
treatment.

Reduction of Toxicity, Mobility 
and Volume through Treatment 
(Continued)

Degree to which Treatment is 
Irreversible

Not Applicable No Active Treatment ♦
-Natural attenuation of VOCs is irreversible.

Not Reversible   ♦♦♦
-Natural attenuation of VOCs is irreversible.

-Ex-situ treatment of DU, uranium and 1,4-dioxane in 
extracted groundwater is irreversible.

Possibly Reversible   ♦♦
-Natural attenuation of VOCs is irreversible.

-Ex-situ treatment of 1,4-dioxane in extracted groundwater is 
irreversible.

-DU sequestration via adsorption on apatite and incorporation into 
low solubility mineral forms is expected to be very stable.  The 
degree of irreversibility would be evaluated during pilot testing in 
the remedial design phase.

Type and Quantity of 
Residuals
Remaining after Treatment

Not Applicable Not Applicable Low to Mobile Residuals Remain   ♦♦
-There will be low residual concentrations of 1,4-dioxane 
and VOCs in overburden and bedrock groundwater, DU 
in overburden groundwater, and uranium in bedrock 
groundwater after treatment. 

-Residuals from groundwater treatment would include 
spent ion exchange resins containing uranium.

Low to Moderate Residuals Remain   ♦♦
-There will be low residual concentrations of 1,4-dioxane and 
VOCs in overburden and bedrock groundwater, and uranium in  
bedrock groundwater after treatment.

-Residual DU within the plume sequestered to the in-situ reactive 
media will remain after treatment.

Degree to which Treatment
Reduces Principal Threats

There are no principal threats 
associated with subsurface conditions at 
the site.

There are no principal threats associated with 
subsurface conditions at the site.

There are no principal threats associated with 
subsurface conditions at the site.

There are no principal threats associated with subsurface 
conditions at the site.
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment 
(DU/Natural Uranium), Institutional Controls, and Long-Term 

Monitoring

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Short-Term Effectiveness Protection of Community 
During
Remedial Action

Not Applicable Significant Protection   ♦♦♦
-There is no increased incremental risk to the 
community as a result of remedial action.

Significant Protection   ♦♦♦
-There is no increased incremental risk to the 
community as a result of remedial action.

-Extracted groundwater will be treated prior to discharge 
to surface water.

Significant Protection   ♦♦♦
-There is no increased incremental risk to community as a result 
of remedial action.

-Extracted groundwater treated prior to discharge to surface water.

-In-situ treatment reduces potential future exposure to DU in off-
site groundwater.

Environmental Impacts Not Applicable Minimal   ♦♦♦
-There are no short-term changes in environmental 
impact for this alternative relative to existing condition.

Limited   ♦♦
-Compliance with a NPDES permit would limit the 
potential for adverse environmental impacts from 
discharge of treated groundwater.

-Compliance with appropriate location and action 
specific ARARs would limit potential environmental 
impacts.

Limited   ♦♦
-Compliance with a NPDES permit would limit the potential for 
adverse environmental impacts from discharge of treated 
groundwater.

-Compliance with appropriate location and action specific ARARs 
would limit potential environmental impacts.

Short-Term Effectiveness 
(Continued)

Time Until Remedial Action
Objectives are Achieved

Very Long ♦
Chemical Specific ARARS:
VOCs,1,4-dioxane (on-prop): > 50 Yrs
VOCs,1,4-dioxane (off-prop): < 30 Yrs
DU: Likely > 100 years 
Uranium: Likely > 100 years

-No prevention of human exposure to 
uranium, VOCs, and 1,4-dioxane in 
groundwater on-property or off-property

-No limiting of off-property migration of 
COCs in groundwater

Very Long ♦
Chemical Specific ARARS:
VOCs,1,4-dioxane (on-prop): > 50 Yrs 
VOCs,1,4-dioxane (off-prop): < 30 Yrs 
DU: Likely > 100 years 
Uranium: Likely > 100 years

-Immediate prevention of human exposure to DU, 
uranium, VOCs, and 1,4-dioxane in groundwater on 
and off-property through institutional controls

-No limiting of off-property migration of COCs in 
groundwater

-No restoration of groundwater to chemical-specific 
ARARs for uranium within 100 years

Long to Very Long ♦
Chemical Specific ARARS:
VOCs,1,4-dioxane (on-prop): > 50 Yrs
VOCs,1,4-dioxane (off-prop): < 30 Yrs
DU: Likely > 100 years
Uranium: Likely > 100 years

-Immediate prevention of human exposure to DU, 
uranium, VOCs, and 1,4-dioxane in groundwater on-and 
off-property through institutional controls

-Rapid limiting of off-property migration of COCs in 
groundwater through hydraulic containment

-No restoration of groundwater to chemical-specific 
ARARs for uranium within 100 years

 Long to Very Long ♦♦

Chemical Specific ARARS
VOCs,1,4-dioxane (on-prop): > 50 Yrs 
VOCs,1,4-dioxane (off-prop): < 30 Yrs 
DU: Likely <15 years 
Uranium in Bedrock: Likely < 15 years 

-Immediate prevention of human exposure to DU, uranium, VOCs, 
and 1,4-dioxane in groundwater on and off-property through 
institutional controls

-Rapid limiting of off-property migration of COCs in groundwater 
through hydraulic containment and in-situ treatment

-Possible restoration of overburden groundwater to meet chemical-
specific ARARs for DU  and natural uranium within 15 years 
through source controls and in-situ treatment

Protection of Workers During 
Remedial Action

Not Applicable Good Protection     ♦♦♦
-Site-specific health and safety plans would be used 
to ensure worker safety.

-Work would be conducted in accordance with OSHA 
standards.

Good Protection     ♦♦♦
-Site-specific health and safety plans would be used to 
ensure worker safety.

-Work would be conducted in accordance with OSHA 
standards.

Good Protection     ♦♦♦
-Site-specific health and safety plans would be used to ensure 
worker safety.

-Work would be conducted in accordance with OSHA standards.
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment 
(DU/Natural Uranium), Institutional Controls, and Long-Term 

Monitoring

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Implementability Ability to Construct and 
Operate
the Technology

Not Applicable Readily Implementable  ♦♦♦
-Installation of monitoring wells and periodic 
groundwater monitoring are routine activities.

Implementable    ♦♦
-Installation of extraction wells, supplemental monitoring 
wells, construction of treatment systems, and 
associated O&M tasks are readily implementable.

-Negotiation of access rights for installation of extraction 
wells at off-property locations and obtaining surface 
water discharge permits pose potential difficulties.

Implementable    ♦
-Installation of extraction wells, supplemental monitoring wells, 
construction of treatment systems, and associated O&M tasks are 
readily implementable.

-Negotiation of access rights for installation of extraction wells at 
off-property locations and obtaining surface water discharge 
permits pose potential difficulties.

-Installation of in-situ reactive zones by injection from 
approximately 40-80 ft bgs is implementable but would need  pilot 
testing and detailed design of injection procedures.

Reliability of the Technology Not Applicable Very Reliable    ♦♦♦
-Deed restrictions are reliable if properly enforced.

-Long-term monitoring is reliable for assessing 
groundwater concentrations relative to applicable 
RAOs.

Very Reliable    ♦♦♦
-Deed restrictions are reliable if properly enforced.

-Long-term monitoring is reliable for assessing 
groundwater concentrations relative to applicable RAOs.

-Hydraulic containment with ex-situ treatment is a 
reliable and well-proven technology.

Reliable    ♦♦
-Deed restrictions are reliable if properly enforced.

-Long-term monitoring is reliable for assessing groundwater 
concentrations relative to applicable RAOs.

-Hydraulic containment with ex-situ treatment is a reliable and well-
proven technology.

-The reliability of the in-situ reactive zone technology for the DU 
plume has been proven at the field scale level but not over a long 
period.  However, the unique combination of allowing for a passive 
remedy that does not require manipulation of geochemical 
conditions, combined with favorable testing to date at other sites, 
indicates that an apatite/ZVI ISRZ remedy is likely to be reliable. 

Implementability (Continued) Ease of Undertaking 
Additional
Remedial Actions, if 
Necessary

No Significant Interference    ♦♦♦ No Significant Interference    ♦♦♦ No Significant Interference    ♦♦♦ No Significant Interference    ♦♦♦

Ability to Monitor 
Effectiveness
of Remedy

Not Applicable Easily Monitored ♦♦♦
-Monitoring through groundwater sampling and 
analysis can readily be used to assess the progress 
of natural attenuation and changes in the DU and 
uranium plumes.

Somewhat Easily Monitored    ♦♦
-Capture zones of hydraulic containment systems can 
be monitored using monitoring wells and water level 
measurements.

-Monitoring capture associated with extraction wells for 
the 1,4-dioxane plume in bedrock may be challenging 
due to low hydraulic conductivity and the likely need to 
batch pump these wells.

Somewhat Easily Monitored    ♦♦
-Capture zones of hydraulic containment systems can be 
monitored using monitoring wells and water level measurements.

-Monitoring capture associated with extraction wells for the 1,4-
dioxane plume in bedrock may be challenging due to low hydraulic 
conductivity and the likely need to batch pump these wells.

-Monitoring of ISRZs using monitoring wells and water level 
measurements up and downgradient is routine, but solid phase 
sampling in ISRZs is less routine.
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment 
(DU/Natural Uranium), Institutional Controls, and Long-Term 

Monitoring

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Availability of Off-site
Treatment, Storage and 
Disposal
Services and Capacity

Not Applicable Readily Available    ♦♦♦
-Disposal facilities for investigation-derived waste 
generated during sampling are readily available.

Readily Available    ♦♦♦
-Disposal facilities for soils generated during 
construction and for spent groundwater treatment media 
(i.e., ion exchange resins used for uranium removal) are 
available.

-Discharge of treated groundwater would be conducted 
in comply with ARARs (e.g., a NPDES permit).

Readily Available    ♦♦♦
-Disposal facilities for soils generated during construction are 
available.

-Discharge of treated groundwater would be conducted in comply 
with ARARs (e.g., a NPDES permit).

Availability of Necessary
Equipment and Specialists

Not Applicable Readily Available    ♦♦♦ Readily Available    ♦♦♦ Readily Available    ♦♦♦

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies

Not Applicable Possible to Obtain    ♦♦♦
-Monitoring under this alternative would be conducted 
in coordination with the USEPA, MassDEP and other 
appropriate agencies.

Possible to Obtain    ♦♦♦
-Remedial actions under this alternative would be 
designed, constructed and operated under coordination 
with the USEPA, MassDEP and other appropriate 
agencies.

Possible to Obtain    ♦♦♦
-Remedial actions under this alternative would be designed, 
constructed and operated under coordination with the USEPA, 
MassDEP and other appropriate agencies.

None $1,185,000 $6,510,000 $9,669,000

None $1,724,000 $22,755,000 $10,573,000

None $2,909,000 $29,265,000 $20,242,000

Key:
1,1-DCE = 1,1 -Dichloroethene
ARARs = Applicable or Relevant and Appropriate Requirements
ISRZ = In-Situ Reactive Zone
MCL = Maximum Contaminant Level
MNA = Monitored Natural Attenuation
PCE = Tetrachloroethene
PRG = Preliminary Remediation Goal
RAO = Remedial Action Objective
RI/FS = Remedial Investigation and Feasibility Study
TBC = To Be Considered
TCE = Trichloroethene
VI = Vapor Intrusion
VOC = Volatile Organic Compound
 

Capital Costs

Annual Operation, Maintenance and Monitoring -  net present 
value (7%) 30 - 200 years (monitoring is 200 years, active 
treatment 30 years)

TOTAL
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AOI # AOI Name
1 Holding Basin
2 Drum Burial Area
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4 Cooling Water Recharge Pond
5 Septic Fields
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9 Pavement Drain Outfalls
10 Northeast Wetland
11 Drain Line Area
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18A Assabet River Main Channel
18B Assabet River Embayment
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4/05 7.05/J
11/05 7.25/J
5/06 14.1

MW-BS21 (0.64%)

08/07 21.3 249'
08/07 6.7 490'

SW-2A (0.61%)

04/05 1.2
10/05 0.98

MW-BS04 (NA)

03/05 1.6
10/05 2.1

MW-BS17 (0.67%)

04/05 9.6
11/05 0.35/J
05/06 1.7
09/08 7.1

MW-BS13 (0.69%)

04/05 23.8
10/05 16.3

MW-BS22 (0.68%)

04/05 19.1
10/05 7

ML-3-3 (0.61%)

04/05 8.6
10/05 14.6

ML-1-3 (0.63%)04/05 0.12
10/05 <0.049

MW-BS25 (NA)

04/05 6.4
10/05 7.5
04/08 4.3
09/08 5.6

MW-BS01 (0.7%)

04/05 1
10/05 0.16

GZW-8-2 (NA)

04/05 0.79/J
10/05 0.97

GZW-11-2 (NA)

04/05 <0.065
10/05 <0.03
09/08 <0.045

MW-BS26 (NA)

04/05 N/A
11/05 N/A
08/07 19.9
11/07 0.13/J
04/08 0.17
09/08 0.001

MW-BM15 (NA)
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11/05 4.7/J
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MW-BS12 (0.67%)
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Notes: 
- Overburden locations indicated with yellow labels.
- Bedrock locations indicated with blue labels.
- Bedrock wells are denoted as MW-BSXX, MW-BMXX, GZW-XX (except GZW-XX-1) or ML-X-1. 
- 2008 Ortho Imagery provided by MassGIS.
- Base map data and environmental data layers obtained from MassGIS.
- Vapor Intrusion Screening Levels (VISLs) were calculated using the EPA VISL calculator, with Regional 
Screening Levels current as of May 2012.
- Groundwater data used are the most recent data at each location through November 2009. 
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SS2 - Consolidation Facility Elevation View
Feasibility Study

Nuclear Metals Inc., Concord, MA

1217 Bandana Blvd N
St. Paul, MN 55108
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Name: Fig4.3.2_CF_profile 
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Distance units depicted are feet (ft)
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Figure ES-9

Project No.:  3167c
Reviewed by:  VR

SS3 - Vertical Barrier Wall Using Cement
Feasibility Study

Nuclear Metals Inc., Concord, MA

1217 Bandana Blvd N
St. Paul, MN 55108

Author: HGaedy

Name: Fig4.3.3_HB_Profile
Date: 10/30/2014

Units depicted are feet (ft)
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Zone 1  - Uranium > 30 mg/kg in Vadose Zone Soils
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Figure ES-10

Project No.:  3167c
Reviewed by:  VR

SS4 - Vertical Barrier Wall and Stabilization
Feasibility Study

Nuclear Metals Inc., Concord, MA

1217 Bandana Blvd N
St. Paul, MN 55108

Author: HGaedy

Name: Fig4.3.5_VBW_profile
Date: 10/30/2014

Units depicted are feet (ft)
Groundwater

Zone 1  - Uranium > 30 mg/kg in Vadose Zone Soils

Building to be demolished

X

Zone 2  - Uranium > 30 mg/kg in Saturated Zone Soils
Zone 3  - Uranium > 30 ug/l in Groundwater
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Figure ES-11

Project No.:  3167c
Reviewed by:  VR

SS5 - In-Situ Stabilization Using Cement
Feasibility Study

Nuclear Metals Inc., Concord, MA

1217 Bandana Blvd N
St. Paul, MN 55108

Author: HGaedy

Name: Fig4.3.6_InSituStabilization
Date: 10/30/2014

Units depicted are feet (ft)
Groundwater

Zone 1  - Uranium > 30 mg/kg in Vadose Zone Soils
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Zone 2  - Uranium > 30 mg/kg in Saturated Zone Soils
Zone 3  - Uranium > 30 ug/l in Groundwater
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GW-3:   Ex-Situ Treatment (DU, UROCK, 1,4-
dioxane), Institutional Controls, and Long-Term 
Monitoring 

Nuc lea r Meta ls Superfund Site 
Co nc o rd, Ma ssa c husetts

³No tes:
1. T he illustra ted c a pture zo ne fo r depleted ura nium  in o verb urden a ssum es a n extra c tio n ra te o f a ppro xim a tely 16  gpm , b a sed o n a  hydra ulic  gra dient o f 0.012, a  hydra ulic  c o nduc tivity o f  31 ft/da y, a  plum e width o f 125 ft a nd a  plum e thic kness o f 42 ft. 
2. T he illustra ted c a pture zo ne fo r ura nium  in b edro c k a ssum es a n extra c tio n ra te o f a ppro xim a tely 1.5 gpm , b a sed o n a  hydra ulic  gra dient o f 0.009, a  hydra ulic  c o nduc tivity o f 4.8 ft/da y, a  plum e width o f 175 ft a nd a  plum e thic kness o f 25 ft.
3. T he illustra ted c a pture zo ne fo r the 1,4-Dio xa ne o verb urden well a ssum es a n extra c tio n ra te o f a ppro xim a tely 6.0 gpm , b a sed o n a  hydra ulic  gra dient o f 0.011, a  hydra ulic  c o nduc tivity o f 4.3 ft/da y, a  plum e width o f 200 ft a nd a  plum e thic kness o f 50 ft. 
4. T he illustra ted c a pture zo ne fo r the two  1,4-Dio xa ne b edro c k wells a ssum es a n extra c tio n ra te o f a ppro xim a tely <0.5 gpm , b a sed o n a  hydra ulic  gra dient o f 0.004, hydra ulic  c o nduc tivity o f  0.22 ft/da y, a  plum e width o f 430 ft a nd a  plum e thic kness o f 25 ft.
5. T he lo c a tio ns o f c o nveya nc e lines, trea tm ent b uilding, a nd disc ha rge line wo uld b e selec ted during rem edia l design.
6. ISRZ  = In-situ Rea c tive Z o ne, DU  = depleted ura nium , U ROCK  = Iso to pic a lly na tura l U ra nium  in Bedro c k.

Legend
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Estim a ted Hydra ulic  Ca pture Z o ne in Overb urden (1,4-Dio xa ne)
Estim a ted Hydra ulic  Ca pture Z o ne in Bedro c k (1,4-Dio xa ne)
Estim a ted Hydra ulic  Ca pture Z o ne (DU  - Overb urden)
Estim a ted Hydra ulic  Ca pture Z o ne in Bedro c k (Bedro c k U ra nium )

1,4-Dio xa ne a b o ve the Site PRG (0.67 μg/L) in Overb urden
Estim a ted 1,4-Dio xa ne a b o ve the Site PRG (0.67 μg/L) in Overb urden
1,4-Dio xa ne a b o ve the Site PRG (0.67 μg/L) in Bedro c k
Estim a ted 1,4-Dio xa ne a b o ve the Site PRG (0.67 μg/L) in Bedro c k
Depleted U ra nium  a b o ve the MCL (>30 μg/L)
U ra nium  a b o ve the MCL (>30 µg/L)
Ho lding Ba sin So urc e Co ntro l Area
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GW-4: Ex-Situ Treatment (VOCs and 1,4-dioxane), In-
Situ Treatment (DU and Natural Uranium), 
Institutional Controls, and Long-Term Monitoring

Nuc lea r Meta ls Superfun d Site 
Con c ord, Ma ssa c husetts

Notes:
1. The illustra ted c a pture zon e for the 1,4-Dioxa n e overb urden  well a ssum es a n  extra c tion  ra te of a pproxim a tely 6.0  gpm , b a sed on  a  hydra ulic  gra dien t of 0.011, a  hydra ulic  c on duc tivity of  4.3 ft/da y, a  plum e width of 200 ft a n d a  plum e thic kn ess of 50 ft. 
2. The illustra ted c a pture zon e for the two 1,4-Dioxa n e b edroc k wells a ssum es a n  extra c tion  ra te of a pproxim a tely <0.5  gpm , b a sed on  a  hydra ulic  gra dien t of 0.004, hydra ulic  c on duc tivity of  0.22 ft/da y, a  plum e width of 430 ft a n d a  plum e thic kn ess of 25 ft.
3. The loc a tion s of c on veya n c e lin es, trea tm en t b uildin g, a n d disc ha rge lin e would b e selec ted durin g rem edia l design .
4. The upgra dien t portion s of the 1,4-Dioxa n e plum es ha ve b een  c ut off for figure c la rity.
5. ISRZ  = In -situ Rea c tive Z on e, DU  = depleted ura n ium , U ROCK = Isotopic a lly n a tura l U ra n ium  in  Bedroc k.
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1. INTRODUCTION 

The United States Environmental Protection Agency (USEPA) Region 1, with the concurrence of 
the Massachusetts Department of Environmental Protection (MassDEP), signed an 
Administrative Order by Consent (AOC), effective June 13, 2003, requiring the completion of a 
Remedial Investigation/Feasibility Study (RI/FS) for the Nuclear Metals, Inc. (NMI) Site (the Site) 
located at 2229 Main Street (Route 62) in Concord, Massachusetts.  The AOC followed inclusion 
of the Site on the National Priorities List on June 14, 2001 (66 Federal Register [FR] 32235, 
32241).  The AOC was subsequently amended on February 13, 2008, and again on October 9, 
2012. 

The AOC requires the parties identified as Respondents and Settling Federal Agencies to 
complete the RI/FS pursuant to authority under, and in accordance with, the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and its 
amendments.  The specific activities, procedures, and criteria by which the RI/FS are to be 
performed are described in the AOC Statement of Work (SOW). 

The Site has undergone characterization activities under CERCLA.  The results of that 
characterization are presented in the Remedial Investigation (RI) Report (de maximis, 2014).  
The USEPA is the lead regulatory agency at the Site.  The MassDEP exercises regulatory 
oversight and review of the project. 

This Feasibility Study (FS) Report was prepared in accordance with the requirements of CERCLA; 
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) 40 CFR Part 300; 
and the Interim Final Guidance for Conducting Remedial Investigations and Feasibility Studies 
under CERCLA (the “RI/FS Guidance”) (USEPA, 1988b), direction received from USEPA, as well as 
other guidance listed in Section 9 of this FS. 

In consultation with EPA, this FS considered green and sustainable remediation practices in its 
alternatives analysis.  Green remediation “considers all environmental effects of remedy 
implementation and incorporates options to maximize the net environmental benefit of cleanup 
actions,” as further described in Green Remediation:  Incorporating Sustainable Environmental 
Practices into Remediation of Contaminated Sites (USEPA, 2008), Principles for Greener 
Cleanups (USEPA, 2009), and Superfund Green Remediation Strategy (USEPA 2010). 

1.1 ORGANIZATION OF REPORT 

The affected media at the Site include soil, sediment, groundwater and vapors that have 
migrated into the soils from groundwater (soil gas, which creates risk of vapor intrusion).  
Affected soils include unsaturated or vadose zone soil, and one location of saturated soils (i.e., 
soils located below the water table).  As the remedial alternatives for soil and sediment are the 
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same, the analyses of these two media have been combined.  Similarly, vapor intrusion has 
been combined with groundwater remedies for review / evaluation.  As described below, rather 
than the typical FS format of presenting the detailed analysis for each media, followed by the 
comparative analysis for each media, this FS presents the detailed and comparative analysis for 
soils and sediment, then the detailed and comparative analysis for groundwater and vapor 
intrusion. 

The FS is presented in one volume, in a format consistent with the RI/FS Guidance and the NCP 
(40 CFR § 300.430(e)).   

• Section 1 presents the purpose of the FS Report, the history and former land use of the 
Site, a discussion of the conceptual site model, nature and extent of contamination, and 
the results of the human health and ecological risk assessments. 

• Section 2 presents the applicable or relevant, and appropriate requirements (ARARs), 
remedial action objectives, the general response actions, preliminary remediation goals, 
estimates of contaminated material volumes, and the identification and screening of 
remedial technology types. 

• Section 3 identifies and screens technology types and process options for soil/sediment, 
groundwater, and soil gas.  Due to the number of media and the range of alternatives 
considered for each media, this FS presents the detailed and comparative analysis of 
remedial action alternatives for each media separately.  The overall approach remains 
consistent with the RI/FS Guidance.  It also is important to note that this FS uses 
summary tables as a key component of the analysis.  Therefore, review of Section 3 
should also incorporate review of the “Identification and Screening of Technologies” 
tables (3.1.1, 3.2.1, 3.2.2, 3.2.3 and 3.4.1). 

• Section 4 presents a detailed and comparative analysis of remedial action alternatives, 
including green remediation options, for soil and sediments, including the affected 
saturated soils.  Review of Section 4 should incorporate review of the “Soil and 
Sediment Detailed Analysis” tables (4.3.1a and b, 4.3.2a and b, 4.3.3a and b, 4.3.4a and 
b, and 4.3.5a and b; and “Soil and Sediment Comparative Analysis” Table 4.51). 

• Section 5 provides a supplemental analysis of several key groundwater technologies 
retained for further evaluation. 

• Section 6 presents a detailed and comparative analysis of remedial action alternatives, 
including green remediation options, for groundwater.  Discussion of the saturated soils 
is necessarily included in the groundwater text, but all implementation and cost 
requirements for these soils are fully provided for within the soil alternatives (Section 4).  
Review of Section 6 should incorporate review of the “Groundwater Detailed Analysis” 
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tables (6.1a and b, 6.2a and b, 6.3a and b, and 6.4a and b; and “Groundwater 
Comparative Analysis” table 6.5). 

A flowchart showing the FS development process and in which section of this FS the analysis is 
performed is provided below. 
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1.2 PURPOSE OF REPORT 

As stated in the NCP (40 CFR 300.430(e)(1), ”the primary objective of the FS is to ensure that 
appropriate remedial alternatives are developed and evaluated such that relevant information 
concerning the remedial action options can be presented to a decision-maker and an 
appropriate remedy selected.”  Accordingly, and consistent with the NCP and RI/FS Guidance, 
the overall objective of this FS Report is to develop and evaluate alternatives that address soil, 
groundwater, sediment, and soil gas contamination which pose potential risks to human health 
and/or the environment throughout the Site.  Consistent with EPA’s green remediation 
guidance, where appropriate, this FS Report considers the net benefits to human health and the 
environment through the judicious use of limited resources. The general FS process is described 
below: 

• Develop remedial action objectives incorporating target cleanup goals that are 
protective of human health and the environment.  The remedial action objectives 
specify the contaminants, media of interest, exposure pathways, and preliminary 
remediation goals. 

• Use chemical specific Applicable or Relevant and Appropriate Requirements (ARARs), 
and site-specific risk-related factors to develop the preliminary remediation goals 
(numeric criteria). 

• Develop general response actions to address each medium of interest.  Each response 
action may be implemented singly or in combination with other actions to satisfy the 
remedial action objectives. 

• Identify and screen technologies applicable to each general response action. 
Technologies and process options that are not technically implementable are 
eliminated.  Representative process options for the remaining technologies are then 
evaluated for their effectiveness, implementability, and cost. 

• Assemble remedial alternatives from the retained technologies.  The alternatives consist 
of a range of remedial technologies for source control and groundwater control. 

• Prepare a detailed analysis of individual alternatives following the criteria specified in 
the NCP and the RI/FS guidance documents.  Finally, compare and evaluate the 
alternatives. 

The remedial action objectives (RAOs), presented in Section 2.2 of this FS Report, establish the 
site-specific criteria that are protective of human health and the environment, and comply with 
federal and state regulations, where applicable. 
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The general response actions, presented in Section 2.7 of this FS Report, establish the physical 
parameters, volumes, and physical settings for the contaminated media to be remediated, 
consistent with the RAOs. 

Section 3 presents the identification and screening of technologies that will be considered to 
perform the soil, groundwater, and sediment remedial actions.  Technologies retained in the 
initial screening then undergo a more detailed evaluation to identify processes best suited to 
achieve the remedial actions.  The criteria used in evaluating technologies include:  
effectiveness of the technologies to address site-related contaminants; implementability and 
sustainability of the technologies; and relative cost. 

The rationale for developing remedial action alternatives is presented in the following sections.  
Technologies are assembled into alternatives representing a range of treatment and 
containment combinations.  The alternatives are developed and refined at this stage by 
characterizing factors such as volumes or areas of contamination; interactions between media, 
sizing, and configuration of on-site treatment/containment systems; duration of activities; 
treatment rates; spatial requirements; distances to off-site treatment or disposal facilities; and 
regulations. 

Detailed evaluations of each alternative were performed.  The alternatives were evaluated 
based on the following criteria:  overall protection of human health and the environment; 
compliance with ARARs; long-term effectiveness and permanence; reduction of mobility, 
toxicity, or volume through treatment; short-term effectiveness; implementability; 
sustainability; and cost.  Overall protection of human health and the environment and 
compliance with ARARs are the two threshold criteria, while the remaining five are balancing 
criteria.  Community and state acceptance are the two modifying criteria that USEPA will assess 
prior to final selection of the remedy in the Record of Decision (ROD).  Comparative analyses of 
the alternatives are also presented. 

This FS Report addresses the following environmental media: 

• Soils that contain contaminant concentrations exceeding acceptable risk levels or 
regulatory criteria; 

• Sediment which contain contaminant concentrations that present potential human 
health and ecological risks or exceed regulatory criteria;  

• Groundwater in both the overburden and bedrock zones that contain contaminant 
concentrations exceeding acceptable risk levels or regulatory criteria; and 

• Intrusive soil gas vapors under existing or potential future buildings containing 
contaminant concentrations exceeding risk screening criteria. 
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1.3 PHYSICAL SETTING AND BACKGROUND INFORMATION 

1.3.1 Physical Setting 

The NMI property is approximately 46 acres and as currently configured, includes eight 
interconnected buildings, several smaller outbuildings, paved parking areas, a Cooling Water 
Recharge Pond, a former waste Holding Basin, and areas of fill and/or waste materials.  The 
buildings are to be removed as part of a Non-Time Critical Removal Action (NTCRA) before the 
Remedial Design/Remedial Action (RD/RA) begins.  The property is bordered by Main Street 
(Route 62) and several commercial and residential properties to the north, residential 
properties to the east, Town-owned open space and a children’s summer camp to the south 
and southwest, and woodland and commercial/industrial properties to the west.  The Assabet 
River is situated approximately 300 feet north of the property, on the opposite side of Route 
62. 

In addition to the above features, there are two wetlands at the Site, the Sphagnum Bog and 
the Northeast Wetland located north of the Cooling Water Recharge Pond.  The Sphagnum Bog 
is a palustrine, broad-leafed evergreen, scrub-shrub, saturated, acidic wetland.  The bog is 
located approximately 75 feet east of the Cooling Water Recharge Pond and the Holding Basin.  
The bog covers an area of approximately 3.5 acres.  The bog is composed primarily of 
sphagnum peat.  The substrate of the bog varies from growing sphagnum at the surface, to 
decomposed peat below the surface.  The Sphagnum Bog has no inlets or outlets and receives 
the bulk of its moisture from precipitation and run-off. 

The Northeast Wetland is located approximately 200 feet north of the Cooling Water Recharge 
Pond, and just south of Route 62.  This wetland possibly was formed by the construction of 
Main Street to prevent further runoff to the north.  It is a palustrine, forested, broad-leafed, 
deciduous wetland, subject to seasonal flooding.  The low lying area associated with this 
wetland covers approximately 0.8 acres. 

The existing land use at the NMI property is a mix of industrial use property, fenced 
undeveloped property, and unfenced undeveloped property.  The industrial portion of the NMI 
property is represented by the buildings and associated paved parking lots, paved staging areas, 
and small landscaped areas (mowed grass).  A security fence with locking gates restricts access 
to the southern and eastern sides of the portion of the property where the buildings are 
located.  The fence extends from that area to the Sphagnum Bog, encompassing the Cooling 
Water Recharge Pond, Holding Basin, and Old Landfill areas (see Figure 1.3.1).  This area is 
essentially ‘restricted’ open space, and is unpaved with varying amounts of vegetation (e.g., 
brush and grass) and wooded areas.  The unfenced portion of the property is located outside of 
the security fence.  This area is open space that is generally wooded.  The Northeast Wetland 
and the Sphagnum Bog are within this area. 
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1.3.1.1 Topography 

The Site is located in the Assabet River basin.  The topography of the Site is characterized by 
typical glacial kame and kettle features, consisting of irregular steep-sided hills and closed 
depressions.  The surface elevation of the Site varies from approximately 137 feet above mean 
sea level (msl) to 213 feet above msl, rising generally from north to the south. 

1.3.1.2 Geology 

There are three major geologic units in the Assabet River Basin: surficial stratified glacial drift 
deposits, glacial till, and bedrock.  The surficial deposits are the most permeable and are 
generally found in valleys bounded and underlain by till and bedrock. 

The Site is located on the eastern side of the Assabet River Valley, which is a buried glacial 
valley typical of many in the area.  Along the axis of the valley, roughly aligned with the present 
day Assabet River, thick deposits of stratified glacial drift overlie till and bedrock.  Along the 
sides of the valley, the unconsolidated glacial deposits are thinner and, at the margins, till or 
bedrock may outcrop. A comprehensive regional and site geology discussion is presented in 
Section 3 of the RI Report (de maximis, 2014). 

1.3.1.3 Hydrogeology 

The Site lies within the Assabet River basin.  No natural streams are present on-site.  The only 
apparent surface water body that pre-dates development of the Site is a Sphagnum Bog located 
in the eastern-central portion of the Site.  The Assabet River flows in an easterly direction and 
merges with the Sudbury River to form the Concord River approximately 3.5 miles downstream 
of the Site. 

A surface water divide is located in the upland to the south of the Site.  Surface water runoff 
from areas north of this divide flow north to the Assabet River.  Surface water runoff from areas 
south of this divide flow south to Second Division Brook, which flows in an easterly direction, 
and then north to join with the Assabet River. 

Groundwater is found both in the unconsolidated and bedrock formations and migrates 
northward, towards the Assabet River.  A comprehensive regional and site hydrogeology 
discussion is presented in Section 3 of the RI Report (de maximis, 2014). 

1.3.2 Site History 

1.3.2.1 Historic Operations 

NMI purchased approximately 30 acres of undeveloped property on August 29, 1957, and 
constructed and occupied the original facility buildings in March 1958.  The original facility 
consisted of three principal buildings, designated Buildings A, B, and C.  Building A was used as 
office space and research laboratories, Building B for services, e.g., cafeteria, laboratories, and 
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Building C as the main production facility, including foundry equipment for melting metals, 
extrusion presses and metal working equipment, pickling and etching tanks, and electroplating 
equipment.  In September 1972, NMI employees purchased the operation.  Since 1972, NMI 
and related entities have owned and operated the Site.  After the 1972 purchase, NMI 
developed a large scale depleted uranium (DU) manufacturing operation, which included, but 
was not limited to, the manufacturing of penetrators, or bullets, from DU as a defense 
contractor for the United States (US) Army.  Building D was constructed in 1978 to expand the 
production capabilities of the facility.  Building E was constructed in 1983 and was used to 
house the radioactive waste processing operations. A Holding Basin that was used for 
discharging liquid waste is located at the northeast corner of Building E. 

In 1990, NMI acquired adjacent properties designated as Parcels A and B from the Memorial 
Drive Trust, which owned land to the west and south of the NMI property.  At the same time, 
the trust acquired Lots C and D from NMI.  The current NMI property consists of approximately 
46.4 acres. 

On October 1, 1997, NMI was renamed Starmet Corporation.  Starmet, its subsidiaries, 
affiliates, and related entities (collectively, the Starmet Parties) continued to perform small 
scale operations at the Site through October 2011.  In addition, in accordance with Starmet’s 
Radioactive Materials License requirements under the Massachusetts Department of Public 
Health (MADPH) Radiation Control Program (RCP), access to a number of areas within the 
facility buildings was restricted due to the presence of radioactive materials.  Starmet officially 
vacated the property on November 2, 2011.  The Radioactive Materials License was terminated 
by the MADPH-RCP on November 8, 2011. 

1.3.2.2 Prior Remediation/Removal Actions 

Several actions to date have removed most of the “principal threat” wastes from the Site given 
the high potential for impact to human health and the environment and the need for rapid 
action.  Principal threat wastes are defined as “source materials considered to be highly toxic or 
highly mobile that generally cannot be reliably contained or would present significant risk to 
human health and the environment should exposure occur” (USEPA 1991b).  These actions 
have included: 

• Removal of soil and sludge from the Holding Basin; 

• Removal of debris and drums from and placement of a temporary cap over the Old 
Landfill; 

• Placement of clean backfill and a liner on top of the Holding Basin; 

• Removal of drums of chemicals and wastes from inside the buildings; 

• Removal of drums from the Drum Burial Area outside of the buildings; and 
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• Performance of an inventory of remaining hazardous materials at the Site and 
removal of additional hazardous materials in 2007. 

The following descriptions provide further information on the removal activities. 

Starmet Holding Basin Soil and Sludge Removal 

In 1997, Starmet, with the financial support of the US Army, excavated approximately 8,000 
cubic yards of soils and sludges contaminated with DU and copper from the Holding Basin and 
disposed of these materials at an off-site low-level radioactive waste disposal facility.  The 
cleanup halted in late 1998 when Starmet determined that the cleanup level set by MassDEP 
could not be met without excavating significantly more material. 

USEPA Time-Critical Removal Action #1 

In May and July 2001, based on information obtained during process of listing the Site on the 
NPL, USEPA conducted test pitting, soil sampling, and ground penetrating radar surveys of two 
purported buried drum areas.  Area 1 was located near the cooling water recharge pond, and 
Area 2 was the “old landfill area.”  These studies found some buried drums and laboratory 
equipment, as well as chemical and radiological contamination, in Area 2.  Accordingly, rather 
than a significant “landfill,” the Old Landfill is actually a small area of buried debris.  In April 
2002, USEPA conducted a Time-Critical Removal Action that included partial excavation and 
removal of metallic debris and drums, regrading of soils and the installation of a temporary 
cover system (cap) of 36-mil welded seam polyethylene liner over the Old Landfill.  The Holding 
Basin was backfilled with six feet of clean cover fill and capped with a 36-mil welded seam 
polyethylene cover.  In addition, a fence was erected around the Old Landfill.  These caps were 
installed as an interim action, until a final remedy could be selected and implemented at the 
Site. 

Drum Removal Action 

A removal action of buried drums was conducted in December 2004 under the direction of de 
maximis, inc.  The excavation, removal, characterization, and secure storage of excavated 
materials were performed as a part of the Remedial Investigation field work for the Site (see 
Section 2.5.4 of the RI Report). 

In 1968, drums reportedly containing metal waste were placed in a trench excavated north of 
the Holding Basin.  According to employee interviews, drums of machining waste (metal 
turnings, graphite, metal scraps) were buried in the slope immediately above the Cooling Water 
Recharge Pond and below the Holding Basin.  One employee reported that a uranium ball mill 
(machinery used to make powdered uranium) may have been buried along with the drums.  
Historical photographs of the drum burial reveal an elongated trench with a short angled 
extension containing rows of drums with at least ten drums in each row. 
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This removal action was limited to removal of drum debris, drum contents, and visually 
contaminated soil in the immediate vicinity of the drum disposal area.  Not a single steel drum 
was found to be intact or salvageable during excavation activities.  However, the drum debris 
and contents were visibly apparent and were appropriately removed.  As excavation activities 
proceeded spatially toward the east, different types of disposed materials were removed from 
the excavation.  Large metal debris (vent hoods, blowers, etc.) comprised the bulk of what was 
removed from the eastern third of the excavation.  The central third of the excavation 
contained a larger concentration of rotted drums – both liquid type (closed top) and solid type 
(open top) – with some larger metal debris nearer the surface.  Finally, the western third of the 
excavation was found to contain a large number of 5-gallon metal buckets which appeared to 
contain metal shavings. 

Prior to backfilling, sidewall and bottom sampling for radiological and chemical analyses was 
conducted, followed by placement of a black geotextile liner to allow for identification of its 
boundaries at a later date.  Approximately 135 tons of metal debris, contaminated soil, and 
liquids were characterized and disposed at off-site disposal facilities.  MassDEP Drum and Bulk  

Material Removal Action 

From September 2005 through February 2006, MassDEP along with its removal contractor, 
Envirocare (now Energy Solutions) of Clive, Utah, removed the following material from the 
structures during the first phase of the project: 

• 1,593 drums of uranium tetrafluoride; 

• 1,106 drums of conjoint (monolithic grout/chip/swarf); 

• 510 drums of dry active waste (included personal protective equipment (PPE) and 
plastic); 

• 121 bulk bags (included filter cake, sonodyne solids, and solidified oils); 

• 342 drums of uranium foundry waste (included crucibles, uranium oxide, graphite, 
bricks, and filter cake); 

• 8 drums of scrubber waste from the acid room; 

• 50 drums of asbestos containing building material; 

• 56 drums of non-asbestos building material; 

• 61 B12 / B25 boxes of DU contaminated copper sheeting; and 

• 644,600 pounds of DU metal. 
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In addition to the completed removal of the above material, approximately 395 containers of 
miscellaneous material had been determined to meet existing disposal waste streams for the 
Energy Solutions facility.  These containers were then consolidated down to 152 containers. 

In December 2006, thirteen 30-cubic-yard roll-off containers of low-level radiation waste were 
removed from the Site.  The waste material included the 152 containers described above, loose 
graphite, crucibles, chairs, mats, tools, tool boxes, metal trays, floor sweepings, metal blades, 
work benches, crushed drums and an additional 400 pounds of DU metal.  Also included were 
two drums of liquid mixed-waste, twenty-eight drums of solidified non-aqueous mixed waste 
(i.e., contaminated waste oil) and twenty-five drums of miscellaneous manufactured chemicals. 

Lastly, in March 2007, thirty-seven over-packed drums containing aqueous mixed waste, four 
drums of conjoint, seven drums of filter cake solids, and three drums of dry active waste were 
removed from the Site, completing the removal action.   

USEPA Time-Critical Removal Action #2 

USEPA and its Superfund Technical Assessment and Response Team (START) conducted an 
inventory of hazardous materials stored in the facility between July 30 and August 9, 2007.  
USEPA and START further refined the inventory to include hazardous materials which may 
present a fire or chemical hazards risk, materials that may increase the risk of accelerating a fire 
due to chemical reactivity or explosion, and/or a risk to personnel involved in firefighting or 
response activities.  The majority of these materials, based on observations made during the 
inventory and conversations with facility personnel, are no longer used in facility production 
activities and have little or no commercial value. 

On December 20, 2007, USEPA issued an Action Memorandum for a Removal Action at the Site.  
Between January and September 2008, USEPA and its contractors removed these materials 
from the Site and disposed of them at a variety of off-site facilities. 

1.3.3 Building NTCRA – Current Action 

In August 2011, EPA, with the concurrence of MassDEP, entered into a Settlement Agreement 
and Order on Consent for Non-Time-Critical Removal Action (NTCRA), with the Respondents 
and Settling Federal Agencies (SFAs).  The Respondents retained de maximis to perform the 
NTCRA, which will result in the removal of the on-property buildings and structures.  EPA 
anticipates the NTCRA will be completed by the end of 2015.  All waste materials are being sent 
off-site for disposal, with the majority of the waste going to the U.S. Ecology facility in Idaho.  
The activities scheduled include: 

• Establishing Site management and security through interim NTCRA activities (began 
in 2011); 

• Removal of chemicals and flammable contents from buildings; 
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• Removal of manufacturing and processing equipment; 

• Asbestos abatement, and removal of polychlorinated biphenyl (PCB), Universal 
Waste, and beryllium waste; 

• Building demolition; 

• Waste management; 

• Filling of subsurface features; 

• Sub-slab soil investigation; 

• Placement of temporary cover; and 

• Demobilization. 

At this time, the vast majority of chemical and flammable contents and manufacturing and 
processing equipment has been removed from the facility.   

1.4 NATURE AND EXTENT OF CONTAMINATION 

As described in the RI Report (de maximis, 2014), the nature and extent of potential 
contaminants in soil, surface water, sediment, soil gas, and groundwater were sufficiently 
characterized for the purposes of proceeding with remedy evaluation and selection.  The 
following is a summary of the nature and extent of the contaminants in each of these media. 
Detailed descriptions and figures of these areas compared to RI Screening Levels (RSLs) are 
provided in Section 4 of the RI Report (de maximis, 2014).  Further details on the specific areas 
and volumes to be addressed by the FS are provided in Sections 2.4 and 2.5. 

1.4.1 Soil 

The RI was performed in several phases. Phase IA, IB and IC soil sampling (surficial, shallow and 
deep) has served to provide adequate vertical and horizontal delineation of contaminant extent 
in nearly all cases.  The RI Report separated the Site into specific Areas of Investigation (AOIs) as 
identified in Figure 1.4.1.  With the exception of AOI 2 (Drum Burial Area) and AOI 11 (Drain 
Line Area), which also contain arsenic exceeding RSLs, the delineation of soil contamination is 
generally defined by the horizontal and vertical extent of uranium and PCBs at concentrations 
greater than RSLs.  As detailed in the RI Report, isotopic analysis determined that DU was the 
form of uranium causing the RSL exceedances.  However, the primary analytical method used in 
the soil and sediment investigation was Inductively Coupled Plasma – Mass Spectroscopy (ICP-
MS), which does not differentiate between DU and uranium at concentrations near the 
background levels, therefore total (the sum of isotopically natural uranium and DU) 
concentrations were compared to RSLs.  Other contaminants that were detected at 
concentrations greater than RSLs are bounded by non-detects or concentrations below RSLs, 
and are within the overall area and depth of soil that is contaminated with uranium and/or 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-13 

PCBs at concentrations greater than RSLs.  Where vertical delineation has not been achieved, it 
is typically associated with soils greater than 10 feet below ground surface (bgs), where 
potential human and ecological receptor contact with soil is improbable and RSLs are not 
strictly applicable.  The RSLs in this case served only as a screening function in the RI to gather 
information for the risk assessment (RA) and FS process. 

During the NTCRA, following completion of the RI, in the spring of 2014, several discrete pieces 
of DU metal and/or pieces of yellow oxidized uranium were identified during work outside the 
buildings (DDES, 2014).  A surface survey of soil in the vicinity of the buildings and of the paved 
surfaces surrounding the buildings was conducted, resulting in identification and removal of 21 
additional pieces of DU metal.  All identified pieces of DU metal and yellow oxidized uranium 
and the immediately adjacent soil were removed, followed by additional confirmatory radiation 
surveys.  At the completion of the survey work, several locations exist where soil or asphalt 
readings remain elevated above the instrument background (See Figure 2.5.2).  These areas, 
plus the paving adjacent to Buildings A, B, C, D and E to a depth of 1 foot of soil, were 
incorporated in the site soils total volumes for which remediation is to be considered in this FS.    

1.4.2 Sediment 

The extent of sediment contamination has been adequately determined for purposes of the RI 
and FS.  The extent of contamination in sediments is largely defined by areas where copper, 
PCBs, and/or uranium exceed RSLs.  Other contaminants detected at concentrations in excess 
of RSLs fall within the areas bounded by copper, PCBs, or uranium. 

1.4.3 Surface Water 

Sampling of surface water has indicated little impact due to site conditions. The exceptions to 
this general observation are at locations where surface water is relatively stagnant and in closer 
equilibrium with contaminated sediments, for example, copper at AOI 4 (Cooling Water 
Recharge Pond) and copper, lead and silver at AOI 6 (Sphagnum Bog).  The nature and extent of 
surface water contamination generally mirrors sediment contamination, particularly for water 
soluble compounds.  Statistical evaluation of Assabet River surface water data upstream of the 
Site with surface water data in the downstream reach and adjacent reach of the river revealed 
no statistically significantly higher concentrations of analytes in either the adjacent or 
downstream reaches of the river (de maximis, 2014). 

1.4.4 Groundwater 

Installation of additional overburden and bedrock monitoring wells and groundwater sampling 
at both new and previous monitoring wells has provided adequate delineation of the extent of 
lateral and downgradient contamination for purposes of evaluating alternatives and selecting a 
remedy. 
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Overburden Groundwater: In general, the extent of overburden groundwater contamination is 
limited to areas of the Site where concentrations of DU, trichloroethene (TCE), 
tetrachloroethene (PCE), 1,4-dioxane, or nitrate exceed USEPA established maximum 
contaminant levels (MCLs) or site-specific risk-based Preliminary Remediation Goal (PRG) (PRGs 
are discussed in Section 2.3 and detailed in Appendix B) for drinking water in overburden 
groundwater (the “overburden plume”).  Other contaminants detected in overburden 
groundwater are generally present within the delineated overburden plume or have been 
detected at low concentrations and/or infrequently at other locations.  Most overburden 
groundwater samples at the Site containing elevated concentrations of uranium (above 1 µg/L) 
specifically contain DU.  The extent of the DU plume exceeding the MCL of 30 µg/L is shown on 
(Figure 1.4.2).  The volatile organic compounds (VOCs) PCE, TCE, and 1,1-dichloroethene (DCE), 
and the semi-volatile organic compound (SVOC) 1,4-dioxane were detected in excess of MCLs 
(0.5 µg/L for PCE and TCE) or the site-specific risk-based PRG (0.67 µg/L for 1,4-dioxane) in 
overburden groundwater (Figures 1.4.3 and 1.4.4).  The lateral extent of VOCs and 1,4-dioxane 
is constrained by monitoring wells where VOCs were not detected. The downgradient extent of 
VOCs and 1,4-dioxane extends north and west of the Assabet River (see Figure 1.4.4). 
Overburden groundwater containing 1,4-dioxane in excess of the Site PRG extends to the 
downgradient edge of the monitoring well network on the northwestern side of the Assabet 
River, between the Assabet River and the Town of Acton Assabet production wells.  The most 
recent data from the Town of Acton Assabet production wells (February 2014) did not indicate 
1,4-dioxane concentrations above the Site PRG (Acton Water District, 2014).  Historically, 
elevated nitrate has long since migrated through the Site, with only slightly elevated nitrate 
concentrations currently found downgradient of the ST-1 septic system. 

Bedrock Groundwater:  The extent of bedrock groundwater contamination is primarily limited 
to areas of the Site where concentrations of uranium, TCE, 1,4-dioxane, or nitrate exceed MCLs 
or site-specific risk-based PRGs in bedrock groundwater (the “bedrock plume”)(Figures 1.4.3 
through 1.4.5)(See Section 2.3).  Uranium detected in bedrock groundwater consistently has a 
natural isotopic signature.  Uranium concentrations in bedrock groundwater are consistent with 
background conditions across much of the Site, with a zone of elevated uranium concentration 
extending southeast to northwest, from the region downgradient of the Holding Basin to just 
upgradient (MW-BS28) of the property boundary (see Figure 1.4.5).  Based on eight sampling 
rounds since 2005, these concentrations appear to be at steady-state.  Slightly elevated 
concentrations of uranium with a natural isotopic signature (9.6 to 19.9 µg/L) have been 
detected off-site at MW-BS15, but not above the MCL.  The VOCs TCE and 1,1,-DCE  were 
detected at concentrations exceeding MCLs in bedrock groundwater, but at maximum 
concentrations lower than in overburden groundwater.  The lateral and downgradient extent of 
the VOC plume is delineated by the monitoring well network.  The SVOC 1,4-dioxane was 
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detected at concentrations exceeding the site-specific risk-based PRG in bedrock groundwater 
at a maximum concentration greater than in overburden groundwater. Bedrock groundwater 
containing 1,4-dioxane in excess of the PRG extends to the downgradient edge of the 
monitoring well network on the northern side of the Assabet River (Figure 1.4.4),  between the 
Assabet River and the Town of Acton production wells.  1,4-dioxane also has been detected at 
concentrations exceeding the site-specific risk-based PRG at the W.R. Grace Superfund Site, 
which is also north of the Assabet River.   

Nitrate exceeded the MCL in bedrock groundwater in only one location immediately 
downgradient of the Holding Basin within the delineated overburden plume (Figure 1.4.6). 
Indications are that the nitrate is attenuating and can be addressed together with other site 
contaminants. 

1.4.5 Soil Gas 

VOCs in soil gas within the shallow vadose zone near a structure may be drawn into indoor air 
by advection driven by relative building under-pressurization (i.e., vapor intrusion), which is 
most common during the heating season.  VOCs can partition from VOC contaminated 
groundwater to the soil gas.  An area of overburden groundwater on the 2229 Main Street 
property exceeds USEPA’s vapor intrusion screening levels, which are set to conservatively 
model the transport from groundwater to soil gas, and then into a structure, so this finding 
suggests that future buildings on this property may be at risk of vapor intrusion. Two buildings 
(2250 Main Street and 2254 Main Street) overlie a small area downgradient of the Site in which 
VOCs, including TCE, have historically been detected in groundwater (Figure 1.4.6).  A 
discussion of this potential vapor intrusion pathway is provided in Section 1.8. 

1.5 IDENTIFICATION OF PRINCIPAL THREAT MEDIA AND SOURCE MATERIALS 

USEPA’s guidance (USEPA, 1991b) defines “source material” as “material that includes or 
contains hazardous substances, pollutants or contaminants that act as a reservoir for migration 
of contamination to ground water, to surface water, to air, or acts as a source for direct 
exposure.”   

Principal threat wastes are defined as “source materials considered to be highly toxic or highly 
mobile that generally cannot be reliably contained or would present significant risk to human 
health and the environment should exposure occur.  They include liquids and other highly 
mobile materials or materials having high concentrations of toxic compounds. . . . [W]here 
toxicity and mobility of source material combine to pose a potential risk of 10-3 or greater, 
generally treatment alternatives should be evaluated” (USEPA, 1991b).  The NCP’s Program 
Expectations (40 CFR 300.430(a)(1)(iii)) state that “USEPA expects to use treatment to address 
the principal threats posed by a site, wherever practicable.  Principal threats for which 
treatment is most likely to be appropriate include liquids, areas contaminated with high 
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concentrations of toxic compounds, and highly mobile materials.”  Although the soils in the 
Holding Basin footprint have low mobility, there are under a dozen samples collected within the 
Holding Basin with concentrations which exceed a 10 -3 risk, making them highly toxic and 
therefore principal threat wastes.  The 10-3 risk concentration for DU is 2,310 mg/kg1.  The 
removal actions performed and listed in Section 1.3 of this report were successful in removing 
the vast majority of principal threat waste from the Site, and the average concentration of 
source materials in the Holding Basin is approximately 93 mg/kg.2   

“Low level threat wastes” are those source materials that “generally can be reliably contained 
and that would present only a low risk in the event of a release.  They include source materials 
that exhibit low toxicity, low mobility in the environment, or are near health-based levels” 
(USEPA, 1991b).  Although the source material on site is temporarily contained and present a 
low risk in the event of a release, due to the concentration of a limited number of soil samples 
constituting a 10 -3 risk or greater, the Holding Basin soils are considered principal threat waste.  
The soils within the Holding Basin footprint above and below the water table are identified as 
source material.  Information on these soils is provided in more detail in Section 1.7.1. These 
materials are located at least 20 feet below ground surface, are covered by a temporary cap, 
and therefore currently do not provide for direct exposure.  The temporary cap has reduced the 
rate of migration of the source materials located above the water table.  However, the source 
materials below the water table continue to migrate into the groundwater.   

In addition, at one location in the industrial courtyard near an old transformer (soil sample SS-
RI-15028), DU exceeds the 10-3 risk. The 10-3 risk concentration for DU is 2,310 mg/kg, and the 
concentration in the surface soils in this location is 5,070 mg/kg.  This soil has been roped off to 
protect employees from exposure until it is remediated.  

1.6 CONCEPTUAL SITE MODEL 

The Conceptual Site Model (CSM) shows the potential migration pathways through which 
contaminants may have been transported and/or trans-located from source areas to other 
environmental media where possible human and environmental exposure may occur.  This section 
summarizes the process waste streams and sources, primary sources and receiving media, 
migration pathways and secondary receiving media, and contaminated media.  The CSM is shown 
on Figure 1.6.1.  This figure also shows how the potentially contaminated media have been 
segregated into AOIs for the purposes of the RI. 

                                                      
1 PRGs are presented in Section 2.3 and Appendix B. 10-3 risk is 10-times the 10-4 risk, or 2,310 mg/kg for Uranium. 

2 As calculated from the Site Geographic Information System (GIS) Database. 
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The CSM has been developed using information collected from previous investigations performed 
at the Site, information compiled by the project team in preparation of the RI/FS Work Plans, and 
data obtained during the RI field activities conducted from 2004 to present. 

In summary, the CSM was developed by characterizing the following attributes: 

• Source material – identifies what contaminants may be present. 

• Waste stream – identifies how contaminants were disposed of and where the 
disposal may have occurred. 

• Primary receiving media – identifies the initial deposition of the waste stream in the 
environment and determines the fate and transport processes that could cause the 
contaminants to migrate to other media.  Because contaminants often remain in 
primary receiving media, primary receiving media may be potential exposure media 
for human or ecological receptors, or may be continuing sources of contamination 
or contaminant migration. 

• Migration pathways and receiving media – identifies the mechanisms by which 
contaminants can move from their primary receiving media to other media, and are 
controlled by the fate and transport mechanisms that are applicable to those media.  
Migration pathways and receiving media can be potential exposure media for 
human or ecological receptors, or may be continuing sources of contamination or 
contaminant migration. 

The major aspects of the CSM for the Site are as follows: 

• Primary Release Mechanisms (All Media).  Constituents were released or disposed in 
ways that resulted in contamination that extends across multiple AOIs.  Specifically, 
disposal or release of these contaminants appears to have occurred through: 

o Direct disposal, spills, or leaks from drain lines (AOI 1 – Holding Basin, AOI 2 – 
Drum Burial Area, AOI 7 – Former Waste Storage Area, AOI 11 – Drain Lines; AOI 
15 – Transformer Pads); 

o Disposal of dredging materials and/or land filling (AOI 3 – Old Landfill, AOI 4 – 
Cooling Water Recharge Pond, AOI 8 – Sweepings and Fill Area); and 

o Aerial deposition (AOI 14 – Perimeter Soils), and subsequent storm water runoff 
and deposition (AOI 9 – Pavement Drain Outfalls). 

• Primary Soil Impacts.  Among the constituents released by these mechanisms, uranium, 
PCBs, and PAHs show the greatest frequency of concentrations in excess of RSLs in 
unsaturated soil. 
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• Primary Surface Water and Sediment Impacts.  Among the constituents released by 
these mechanisms, PAHs, PCBs, and metals, including uranium and copper are 
considered the primary contaminants of potential concern for ecological receptors, 
although VOCs were also detected but at low frequency or low concentrations. 

• Primary Groundwater Impacts.  Groundwater data suggest that chlorinated VOCs, 1,4-
dioxane, and uranium migrated to the overburden and bedrock groundwater.  The 
groundwater flow is toward the north and northwest, resulting in overburden and 
bedrock plumes of VOCs and 1,4-dioxane that extend off the facility property toward 
and beneath the Assabet River.  The Site 1,4-dioxane plume extends to deeper 
overburden as evidenced by monitoring results from wells located just south and 
northwest of the Assabet River.  There have been low level detections of 1,4-dioxane at 
the Town of Acton Assabet Municipal Wells (located northwest of the Assabet River), 
ranging between 0.19 µg/L and 0.24 µg/L.  Additionally, the W.R. Grace Superfund Site is 
a another known source of 1,4-dioxane in groundwater northwest of the Assabet River 
and thus the potential contribution of site-related 1,4-dioxane to the Assabet Wellfield, 
if any, is unknown. 

• The Assabet River is a receiving medium for overburden groundwater, but is not a major 
receiving medium for site-related contamination, as only low levels of VOCs have been 
detected in sediment, likely resulting from discharge of shallow overburden 
groundwater. 

• Sediment contamination in the Assabet River Embayment Area is characterized by 
metals which have not been found to be site-related and that are found upstream at 
higher concentrations.  It is hypothesized that this contamination has resulted from 
deposition of sediment associated with historical upstream sources during flooding 
events. 

1.6.1 Process Waste Streams and Sources 

The process waste streams at the facility lead to potential and known sources of contaminant 
releases at the Site.  The significant processes and waste streams generated include: 

• Depleted Uranium Operations – copper jacket removal using nitric acid.  DU 
manufacturing operations included copper jacketing of DU billets prior to extrusion.  The 
copper jacketing was subsequently removed using nitric acid.  The objective of the 
process was to completely remove the copper and remove as little DU as possible; 
however, the process resulted in dissolution of copper and uranium in acid, and 
conversion of uranium from an insoluble tetravalent state to a soluble hexavalent state.  
The nitric acid solution was then neutralized with lime.  It appears that the 
neutralization process was not sufficient to convert all of the uranium back to the 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-19 

insoluble tetravalent state.  Evidence from radiation licensing documentation indicates 
that the facility was licensed for natural uranium metal as well as DU; therefore, some 
natural uranium metal may have been processed in a similar fashion. 

• Depleted Uranium Operations – machining and casting operations.  DU ingots were 
fabricated into finished products.  Evidence from radiation licensing documentation 
indicates that natural uranium could have also been fabricated into finished products.  
The fabrication processes included casting operations (melting DU in furnaces and 
casting with molds), milling operations (machining, milling), and 
cleanup/decontamination operations (finish grinding, polishing, sandblasting, washing).  
These operations generated solid wastes consisting of dust, filings, casting residue, and 
sand blast residue, as well as liquid wastes associated with washing machinery, flooring, 
finished products, and worker hygiene/decontamination. 

The dust collection systems for machining operations discharged to air handler units 
located on the roofs of the buildings.  During the period of significant DU operations, the 
air handlers had HEPA filters installed (NMI, 1996).  However, uranium and other metal 
dust may have been deposited on the building roofs, as well as on surfaces immediately 
downwind of the buildings. 

• Research and Development.  Between approximately 1958 and 1975, the facility 
engaged in research and development in support of Department of Defense initiatives.  
Available evidence suggests that research and development activities involved metals, 
metal alloys, and metal complexes, including depleted and enriched uranium, zirconium, 
thorium, molybdenum, titanium, and beryllium.  Laboratory wastes could have included 
chemical solutions and reagents and metal fabrication wastes. 

• Thorium Operations.  The facility reportedly engaged in manufacturing of thoriated 
tungsten rods.  Waste streams historically generated from these operations may have 
included dust and filings, as well as liquid wastes associated with washing machinery, 
flooring, finished products, and worker hygiene/decontamination. 

• Beryllium Operations.  Beryllium metal was fabricated into beryllium alloy products at 
the Site.  Waste streams historically generated from these operations may have 
included dust and filings, as well as liquid wastes associated with washing machinery, 
flooring, finished products, and worker hygiene/decontamination.  Drums reportedly 
containing beryllium waste were buried in an area to the north of the Holding Basin.  
These have since been removed. 

• Facility Support Processes.  Operation and maintenance of the facility required the use 
of cutting oils for milling operations, hydraulic oils for operation of heavy presses, 
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industrial cleaners and degreasers, air filters, and fuel oil for winter heating.  In addition, 
the facility had on-site electrical transformers. 

1.6.2 Primary Sources and Receiving Media 

The waste streams from the major processes were discharged to or deposited in several 
locations at the Site as discussed below.  The release mechanisms resulting in contamination 
include direct discharge, waste disposal, and particulate emission. 

• AOI 1 – Holding Basin Soil.  Neutralized nitric acid solution containing dissolved copper and 
depleted uranium was discharged to an unlined Holding Basin between 1958 and 1985.  
Various facility drain lines from the buildings also appear to have discharged to the Holding 
Basin.  The primary receiving media were vadose zone soils and saturated soil below, 
adjacent, and surrounding the Holding Basin, and groundwater below the Holding Basin. 

• AOI 2 – Drum Burial Area Soil.  In addition to drums in the Old Landfill area (AOI 3), drums 
containing beryllium and possibly other materials were found in a buried trench located 
between the Cooling Water Recharge Pond and the Holding Basin.  Soil and groundwater 
would be the primary receiving media from drums that may have leaked or been damaged. 

• AOI 3 – Old Landfill Soil.  The Old Landfill was reportedly used for disposal of solid waste 
that could include materials from the research and development laboratories, drummed 
material containing various metals, including uranium and beryllium, and municipal and 
office waste.  Soil would be the primary receiving medium from drums that may have 
leaked or been damaged. 

• AOI 4 – Cooling Water Recharge Pond Surface Water, Sediment, and Bank Soil.  Building 
floor drains and roof drains discharged to the Cooling Water Recharge Pond.  Roof drains 
are a potential source of metals, because if machining dusts were deposited on the roofing 
material, they would collect in the roof drain system.  The Cooling Water Recharge Pond 
also received direct discharge from the Holding Basin on at least two occasions.  Non-
contact cooling water pumped from on-site wells contained both DU and natural uranium. 
The primary receiving media include surface water and sediment in the Cooling Water 
Recharge Pond, and groundwater below the pond.  In addition, sediments from the Cooling 
Water Recharge Pond may have been dredged and placed on the banks surrounding the 
pond in an effort to increase the capacity of the Cooling Water Recharge Pond.  Therefore, 
soil surrounding the Cooling Water Recharge Pond may also be a primary receiving medium. 

• AOI 5 – Septic Fields Soil.  On-site septic disposal has been utilized since facility start-up in 
1958 and therefore, septic systems could have received site-related chemical or radiological 
wastes.  The primary receiving media were soil and groundwater in and beneath the leach 
fields. 
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• AOI 6 – Sphagnum Bog Surface Water and Sediment.  Supernatant liquid from the Holding 
Basin was reportedly discharged to the Sphagnum Bog between 1958 and possibly as late as 
the 1970s.  In addition, sink and floor drains from laboratories located in Building A 
discharged to the Sphagnum Bog between 1958 and approximately 1975.  The primary 
receiving media were surface water, sediment, and peat in the Sphagnum Bog. 

• AOI 7 – Former Waste Handling Area Soil.  An area located to the south of and beneath 
Building E was formerly used for waste handling and storage, prior to the construction of 
Building E.  During that time, this area was not paved.  The primary receiving medium for 
material that may have been spilled or disposed is soil. 

• AOI 8 – Sweepings and Fill Area Soil.  An area southwest of the main parking lot contains 
piles that reportedly include sweepings from building floors.  The deposited material has 
soil-like characteristics (e.g., sand and gravel). 

• AOI 9 – Parking Outfall Areas.  Surface water from the parking lot areas discharges to this 
minor tributary leading to the Assabet River.  This outfall area could have received site-
related contamination via overland transport of sediments in surface water runoff. 

• AOI 10 – Northeast Wetland Soils/Sediment.  This is a wet area to the north of the Cooling 
Water Recharge Pond and south of Route 62.  One historical aerial photograph (1981) 
indicates that a pipe existed in the Cooling Water Recharge Pond and, although it is not 
clear what the function of the pipe was or where it may have discharged, a possible 
scenario is that the pipe controlled pond level and discharged to the wet area to the north.  
If the pipe functioned to drain or maintain the level of the Cooling Water Recharge Pond, it 
is possible that the surface water drained from the pond was discharged to the wetland 
area.  Under these circumstances, constituents present in the recharge pond surface water 
could have been discharged to soils/sediment in the wetland area. 

• AOI 11 – Drain Lines Soil.  Drain lines carried process wastes, cooling water and storm 
water from the facility buildings to the Holding Basin, Sphagnum Bog, and Cooling Water 
Recharge Pond.  If contaminated liquids leaked from underground piping, they would be 
released to soil beneath the pipes, and potentially to groundwater.  Drain lines are generally 
located beneath the area of land east of Buildings C and D. 

• AOI 12 – Underground Storage Tanks Soil.  The facility maintained two 10,000-gallon USTs 
to store heating oil, located north of Building B.  If these tanks have leaked, the oil would 
migrate to soil surrounding and beneath the tanks. 

• AOI 14 – Down-Wind Surface Soils.  Particulate emissions from the air handlers and stacks 
on the facility buildings may have migrated in the ambient air and been deposited in 
surficial soils down-wind of the buildings. 
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• AOI 15 – Transformer Pads Soil.  Two outside transformer pads are present.  A pad with 
one transformer is located adjacent to Building B and dates from facility start-up in 1958.  A 
second pad with three transformers is located east of Building D and dates from 
construction of that building in 1978.  Additional electrical units are located on the former 
switchgear pad located in the paved yard behind Buildings C and D.  It is not known if the 
transformers ever contained petroleum-based dielectric fluid or if the fluid contained PCBs.  
If dielectric fluid spilled, the fluid would have been released to surface soil around the 
transformers. 

• AOI 18 – Assabet River.  The Assabet River could have potentially received site-related 
contaminated surface water and sediment via the minor tributary where parking area 
surface water was discharged.  The Assabet River could also serve as a discharge location 
for site-related contaminated groundwater. 

1.6.3 Migration Pathways and Secondary Receiving Media 

From deposition in the primary receiving media, site-related contaminants can migrate to other 
media by six principal mechanisms:  leaching; migration; overland flow; volatilization; 
particulate re-suspension and deposition; and bioaccumulation. 

Leaching.  Leaching may occur when contaminants become soluble and move from their point 
of deposition to other locations within the same medium or to other media.  Typically, the 
process of leaching is driven by infiltration from precipitation or discharge.  Under most 
circumstances, chemicals that are soluble in water or have very low sorption to soil or sediment 
will be most likely to leach.  These constituents include VOCs, light-end hydrocarbons and low-
molecular weight PAHs (e.g., naphthalene), and soluble inorganics.  Conversely, constituents 
that are insoluble in water or that highly sorb to soil, such as heavy-end hydrocarbons, high-
molecular weight PAHs, PCBs, and insoluble inorganics, are less likely to leach. 

Leaching is known to have occurred in the Holding Basin, where continuous discharge of liquid 
effluents containing soluble uranium, copper, and nitrate, and possibly other chemicals, has 
resulted in elevated concentrations of these constituents in deep subsurface soils and 
groundwater beneath the Holding Basin.  Historical groundwater data suggest that some 
leaching of uranium, nitrates, and solvents (e.g., TCE, toluene) may have occurred, as these 
constituents have been detected in groundwater beneath the Site. 

Leaching of constituents through the soil column and possibly to groundwater is also a 
possibility at the Septic System Leachfields, Old Landfill, Drum Burial Area, Drain Lines, and 
Cooling Water Recharge Pond.  The sources of VOCs and 1,4 dioxane are likely related to 
historical disposal of chlorinated solvents such as tetrachloroethene and 1,1,1-trichloroethane 
(which likely contained 1,4-dioxane as a stabilizer) to the Holding Basin and/or Cooling Water 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-23 

Recharge Pond.  VOCs have not been detected at elevated concentrations in soil other than at 
the Former Drum Burial Area (AOI 2), and 1,4-dioxane has not been detected in soil.  This 
suggests that sources of these constituents no longer exist in soil at the Site.  Leaching is not as 
likely to have occurred in soils that may have received particulate deposition of uranium or 
other metals, since those metals would likely have been in an insoluble form.  Likewise, 
leaching of PCBs has not occurred due to the insolubility of these compounds and high sorption 
to soil. 

Secondary receiving media from leaching can include sediments, soils, and groundwater 
beneath the zones of original deposition. 

Migration.  Migration refers to the movement of a chemical within an environmental medium, 
or the transfer of a contaminant from one environmental medium to another.  Migration and 
leaching are closely related; leaching is the process that releases a chemical from its point of 
original deposition, and migration is the process that moves the contaminant through 
environmental media.  Migration through soil or sediment is driven by infiltration from 
precipitation or discharge, and migration through groundwater or surface water is driven by the 
flow of the water. 

Migration of uranium, copper, nitrate, and possibly other metals from the Holding Basin and 
Cooling Water Recharge Pond to groundwater, and within groundwater, is known to have 
occurred, as these constituents have been detected at elevated concentrations within 
groundwater beneath and downgradient of these areas. 

Groundwater data suggest that chlorinated VOCs, 1,4-dioxane, and DU migrated to the 
overburden  groundwater, and have migrated toward the north with groundwater flow.  The 
overburden groundwater DU plume has only migrated 350 feet from the downgradient edge of 
the Holding Basin.  A uranium plume in bedrock groundwater was identified.  However, the 
uranium in bedrock groundwater exhibits a natural isotopic signature, suggesting that it is not 
directly related to release of DU at the Site.  Evaluation of bedrock groundwater data suggest 
that the presence of elevated concentrations of isotopically natural uranium in bedrock 
groundwater may be a result of site-related activities that may have altered bedrock 
groundwater geochemistry, resulting in dissolution of natural uranium from the bedrock. 

Overburden and bedrock plumes of VOCs and 1,4-dioxane extend off the NMI property toward 
the Assabet River.  The 1,4-dioxane plume extends to deeper overburden as evidenced by 
monitoring results from wells located just south of the Assabet River. 

Chemicals released to the Sphagnum Bog migrated in surface water and adsorbed to sediment 
and peat within the bog. 
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Materials that may have spilled on the facility floors could have migrated through cracks in the 
floors to soils beneath the floors, and from drain lines to soils beneath the drain lines.  Releases 
migrating to soil could continue to migrate to groundwater and then within groundwater. 

Chemicals released from other source areas, including the Septic System Leachfields, Old 
Landfill, and Drum Burial Area may have migrated through soil and groundwater. 

Overland Flow.  Overland flow transports chemicals that are adsorbed to soil particulates via 
erosion of the particulates during storm water runoff or during direct discharge of liquids.  
Overland flow is known to have transported constituents from the Holding Basin to the Cooling 
Water Recharge Pond during at least one documented event when the soil berm that separates 
the Holding Basin and Cooling Water Recharge Pond broke.  In addition, if the Cooling Water 
Recharge Pond ever overflowed, the runoff could have breached the low point between the 
Pond and the Sphagnum Bog. 

Three storm water outfalls serve catch basins in various paved areas of the facility.  The three 
storm water outfalls associated with these pavement drains discharge to: 

• Surface soils near the Sweepings and Fill Areas; 

• Surface soils to the east of the Septic System ST2 leach field located in the northeast 
portion of the site; and 

• Surface soils on a slope above the Assabet River floodplain via a culvert beneath Route 
62. 

Substances on the pavement (e.g., metal particulates from airborne deposition) could be 
washed off during precipitation events, channeled to the storm water outfalls, and then be 
transported by overland flow to points downgradient from the storm water discharge point.  
The topography of the storm water outfall near the eastern Leach Fields (i.e., Septic System 
ST2) suggests that storm water runs toward the Sphagnum Bog, rather than the wetland area 
on the south side of Route 62.  Constituents that are transported to surface soils via overland 
flow could potentially migrate through the soil column as the result of continued storm water 
infiltration in those areas.  Analysis of sediment indicates that metals in site embayment 
sediments are consistent with background, and their presence in site embayment sediments is 
unlikely to be associated with releases from the Site (Appendix I-2 of the RI Report (de maximis, 
2014)). 

The Holding Basin, Cooling Water Recharge Pond, and Sphagnum Bog are located in low lying 
areas of the Site.  Constituents in surface soils on areas that slope toward these water bodies 
can migrate with storm water runoff to the water bodies. 
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Volatilization.  Volatilization is the process where volatile substances partition to air, and then 
migrate within the air.  Volatile substances in surface water may partition directly to ambient 
air, whereas volatile substances in groundwater or soil partition to soil gas.  Soil gas may then 
migrate to the land surface and be released to the atmosphere, or be convectively transported 
to air within buildings that are constructed near the soil gas source.  The available data for the 
Site show that volatile substances are present in groundwater, but are generally not present in 
soil and surface water.  Soil gas collected beneath a building on the north side of Route 62 that 
overlies VOC-contaminated groundwater exhibited detectable concentrations of VOCs, 
indicating that volatilization from groundwater to soil gas is a complete pathway.  Volatilization 
directly from submerged sediment does not occur because volatile substances in sediment 
must first dissolve in surface water; migration to air is then via release from surface water and 
not sediment. 

Particulate Re-suspension and Deposition.  Soil particulates can be released to the air, migrate 
in air, and resettle (as dust).  Constituents that are adsorbed to soil particulates (generally non-
volatile chemicals) can be transported via this mechanism.  This process may occur as a result of 
wind eroding dry, non-vegetated soil; vehicles operating on dry, non-vegetated soil; or 
excavation of dry soil.  Generally, soil that is moist, has high organic carbon content, or is 
vegetated is not likely to be suspended in air.  Under the existing conditions at the Site, very 
little non-vegetated soil exists and no excavation activities are presently occurring. 

Bioaccumulation.  Bioaccumulation refers to the uptake and storage of constituents by 
organisms.  Organisms that may accumulate constituents directly from environmental media 
include vegetation (root uptake from soil or sediment), benthic invertebrates (e.g., earthworms 
that ingest soil or aquatic macroinvertebrates that live in sediment), and aquatic organisms 
such as fish.  Only chemicals that are in a bioaccessible form (i.e., able to be absorbed by 
organisms) and have the capacity to sequester in tissues are a bioaccumulation concern.  At the 
Site, these chemicals could include soluble inorganics, mercury (if present in a methylated 
form), and PCBs. 

1.6.4 Contaminated Media 

Based on the information concerning sources of contamination and migration pathways, the 
following media are, or may have been, affected by releases from the Site: 

• Residual soil/sludge at the bottom and beneath the Holding Basin; 

• Surface and subsurface soil surrounding (and beneath) the Holding Basin; 

• Sediment at the bottom of the Cooling Water Recharge Pond; 

• Surface water in the Cooling Water Recharge Pond; 
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• Surface and subsurface soils surrounding the Cooling Water Recharge Pond; 

• Overburden and bedrock groundwater beneath and downgradient of the Site property; 

• Sediment in the Sphagnum Bog; 

• Surface water in the Sphagnum Bog; 

• Assabet River surface water and sediment; 

• Subsurface soil in the vicinity of the Drain Lines, beneath the building floors, in the 
Septic System Leachfield areas, and the UST Area (located north of Building B); 

• Soil in the vicinity of the Old Landfill, Sweepings and Fill Area, Drum Burial Area, 
Hazardous Waste Area, Transformer Pads, and Parking Lot Outfalls; 

• Surface water and sediment in the Northeast Wetland, south of Route 62; and 

• Surface soils that may have received deposition from stack emissions from the Site. 

In addition, sub-slab soil gas samples were collected in December 2009 and June 2010 at 2250 
Main Street in Concord, which is located within an off-property area of the Site where VOC 
contamination has been detected in overburden groundwater. Results of this sampling are 
discussed further in Section 1.8.3.3.4.  The Assabet River is a receiving medium for overburden 
groundwater.  However, it is not a major receiving medium for site-related contamination as 
only low levels of VOCs have been detected in sediment, likely resulting from discharge of 
shallow overburden groundwater.  Sediment contamination in the Assabet River Embayment 
Area is characterized by metals which have not been found to be site-related and that are 
found upstream at higher concentrations.  It is hypothesized that this contamination has 
resulted from deposition of sediment associated with historic upstream sources during flooding 
events. 

An expanded CSM describing the details of the fate and transport of constituents present in 
contaminated media (soil, sediment, surface water, and groundwater) in relevant AOIs is 
described for each of the main constituents detected at the Site in the following section. 

1.7 CONCEPTUAL SITE MODEL - DETAILS 

The following subsections present sources, migration pathways, and receiving media for DU, 
VOCs, 1,4-dioxane, nitrate, natural uranium, PCBs, PAHs, and copper.  As presented earlier, the 
uranium COC in overburden groundwater is DU, and the uranium COC in bedrock groundwater 
is uranium with a natural isotopic signature.  The following sections on the fate of uranium are 
equally relevant for depleted and naturally occurring uranium. 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-27 

1.7.1 Depleted Uranium 

The following sections present sources, migration pathways, and receiving media for DU. 

1.7.1.1 Sources 

The primary demonstrated source of DU at the Site is historical disposal at the Holding Basin.  
Other potential sources of DU at the Site include particulate emissions from building roof 
stacks, spills, and discharge of contaminated water or fluids to the Cooling Water Recharge 
Pond. 

Low concentrations of DU have been detected in surface soils at the Site, generally surrounding 
the buildings, as well as in soil/sediment in parking lot drainage swales and outfalls.  This 
suggests that DU may have been released via stack emissions and settled onto surfaces in close 
proximity to the buildings.  The RI delineated the extent of surface soils containing DU in excess 
of RSLs. 

DU has also been detected at elevated concentrations in sediments within the Cooling Water 
Recharge Pond and the soils surrounding the Cooling Water Recharge Pond.  This suggests that 
DU was released to the Cooling Water Recharge Pond, either by floor drain lines that 
discharged to the pond, by historical breaches or overflow of the Holding Basin, or by discharge 
of cooling water that was contaminated with DU. 

The remainder of this subsection specifically describes the source of DU to groundwater at the 
Holding Basin. 

The extent of DU contamination in the Holding Basin area extends from the current base of the 
Holding Basin into the till, encompassing most of the Holding Basin footprint.  In addition, DU is 
found at up 100 mg/kg in an area of the saturated zone extending in the downgradient 
direction from the Holding Basin, between approximately elevation 100 to 125 feet, or about 50 
to 75 feet bgs and contiguous with the DU impacted soils located directly beneath the Holding 
Basin. 

Three dimensional visualizations using the best estimate (50 percent probability) for various DU 
concentration thresholds are shown in Figure 1.6.2.  The DU mass estimates associated with 
these visualizations are also summarized in the table below: 

Soil Isoconcentration (mg/kg) 
Mass Estimate of Soil within 

Isoconcentration (kg) 

5 7,500 

10 7,100 
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Soil Isoconcentration (mg/kg) 
Mass Estimate of Soil within 

Isoconcentration (kg) 

30 6,200 

50 5,500 

100 4,200 

500 600 

 

As the bounding concentration decreases, a larger total mass of DU is enclosed with the 
estimated volume.  Whereas the volume enclosing results exceeding 100 mg/kg contains an 
estimated 4,200 kg of DU, the volume enclosing results exceeding 5 mg/kg is estimated to 
contain 7,500 kg of DU. 

The figures below illustrate the vertical distribution of the DU mass for the 50 mg/kg 
concentration threshold estimate:  DU mass is approximately evenly distributed among the 
upper 10 feet of the unsaturated zone, the remainder of the unsaturated zone, and the 
saturated zone.  On a volume basis, the deeper intervals and the saturated zone contain 
somewhat larger volumes of soil impacted by DU in excess of 50 mg/kg. 

Further, these figures illustrate that the total mass or volume estimates are larger when 
subjected to higher degree of statistical certainty.  While the 50 percent estimate is the 
estimate most likely to be correct, the 80 percent estimate is the estimate that is 80 percent 
likely to exceed the actual mass. 
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This analysis shows that the DU source in the Holding Basin AOI: 

• contains as much as 5,000 to 10,000 kg of DU to an 80 percent confidence level; 

• includes 30,000 to more than 40,000 cubic yards of soil impacted by DU above 50 
mg/kg; and 

• includes as much DU mass and more contaminated soil volume in the saturated zone as 
in the deep or shallow unsaturated zone compartments. 

The pre-RI groundwater monitoring data in the area adjacent to and down gradient of the 
Holding Basin provide evidence of the strength of the Holding Basin DU source over time.  
Figure 1.4.2 illustrates the changes in DU concentration in groundwater samples collected from 
Holding Basin monitoring wells over time.  The first groundwater monitoring data from the 
Holding Basin area, collected in 1983, indicate moderate groundwater impacts (up to 1,500 
µg/L in groundwater).  Decommissioning and covering of the Holding Basin in 1986 was 
followed by a decrease in groundwater impacts (below 200 µg/L).  Excavation and uncovering 
of the Basin in 1998 with subsequent rainwater infiltration through the bottom of the Holding 
Basin resulted in a substantial release of DU to groundwater, increasing the concentration of 
DU near the Holding Basin to as high as 40,000 µg/L.  Lining of the Holding Basin in 2002 has 
since limited the potential for releases to groundwater, and recent measurements indicated 
that groundwater near the Holding Basin contains up to 3,000 to 5,000 µg/L of DU. 

Other potential sources of DU to groundwater exist, but none have been demonstrated to have 
a discernible impact on groundwater quality.  These potential sources include subsurface drain 
lines located between Building D and the Holding Basin, floor drains, sumps, and other potential 
release points within the buildings, sediments within the Cooling Water Recharge Pond and 
Sphagnum Bog, and other contaminated soils as discussed below. 

1.7.1.2 Migration Pathways and Attenuation Processes 

The primary migration pathway for DU released to overburden groundwater is expected to 
coincide with the preferred flow zone located in the central part of the Site, aligned southeast-
northwest.  The eventual fate of DU migrating along this pathway is discharge to the Assabet 
River located approximately 1,300 feet downgradient, although evidence collected to date 
indicates this pathway remains incomplete (i.e., to date DU has migrated at least 350 feet from 
the downgradient edge of the Holding Basin, as defined by the extent of DU above 30 µg/L). 

During times of heavy industrial operations In the 1970’s and 1980’s, pumping from supply 
wells SW-1 and SW-2/2A and the discharge of cooling water at the Cooling Water Recharge 
Pond has influenced overburden groundwater flow patterns and migration pathways at the 
Site.  Since the beginning of the RI; however, pumping and discharge rates were sufficiently 
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small to have had no discernible influence on migration.  Nevertheless, the existing monitoring 
network is designed to allow assessment of any residual effects on the distribution of 
groundwater contaminants. 

The concentrations of DU in plume core wells are presented in Figure 1.7.2 and have remained 
relatively stable with numerous wells exhibiting a downward trend.  The concentration in 
groundwater from MW-S02 ranged from <1.0 to 31.6 µg/L from 2005 through 2011, but 
increased to 120 µg/L (estimated concentration) in October 2012.  Concentrations of DU in 
groundwater from wells further downgradient than MW-S02 (MW-S06 andMW-S01) have not 
increased during the monitoring period.  Uranium concentration trends in overburden 
groundwater for selected monitoring wells are presented in Figure 1.4.2.  Continued 
monitoring of the overburden DU plume is warranted, but its extent has been determined to 
the degree required for characterization of exposure potential and assessment of remedial 
alternatives. 

The groundwater discharge through the DU plume in overburden is approximately 7 to 10 gpm.  
The upgradient width of the plume is approximately 170 feet, compared to the downgradient 
end of the plume where the width is 60 feet, due to converging hydraulic gradients. 

The Cooling Water Recharge Pond sediments were occasionally dredged during historical 
operations to create more water storage capacity in the pond.  DU that accumulated in the 
Cooling Water Recharge Pond sediments was re-relocated with the dredge spoils.  Generally, 
the dredge spoils were piled around the east side of the Cooling Water Recharge Pond, creating 
a berm between the pond and the Sphagnum Bog.  Dredge spoils were also believed to have 
been placed at AOI 8 (Sweepings and Fill Area); the sweepings piles may actually be dredge 
spoils.  Elevated concentrations of DU have been detected in soils around the Cooling Water 
Recharge Pond and at AOI 8. 

DU present in surface soil (from particulate deposition, spills, and Cooling Water Recharge Pond 
dredge spoils) does not appear to be a leaching source, as evidenced by concentrations that 
decrease substantially with depth.  The primary migration pathway for DU in surface soil is 
erosion.  The principal erosion migration pathway at the Site appears to have been associated 
with soils in the berm area between the Cooling Water Recharge Pond and the Sphagnum Bog.  
Elevated concentrations of DU have been detected in sediments within the bog, particularly in 
the eastern and southern areas of the bog, nearest the berm area.  This suggests that an 
erosional migration pathway from the contaminated berm soils (dredge spoils) to the bog 
existed.  A minor erosional pathway is evidenced by low concentrations of DU in surface soils 
on the steep embankment between the parking lot and the Northeast Wetland, and low 
concentrations in the Northeast Wetland sediments. 
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DU was also detected in surface water in the Cooling Water Recharge Pond and Sphagnum Bog, 
suggesting that some partitioning between sediment and surface water has occurred. 

1.7.1.3 Receiving Media 

The primary receiving media for DU at the Site include: 

• surface soils; 

• subsurface soils at the Holding Basin and drain lines area; 

• sediment and surface water in the Cooling Water Recharge Pond and Sphagnum 
Bog; and 

• overburden groundwater. 

As discussed above, the eventual fate of DU in overburden groundwater is expected to be 
discharge to the Assabet River, although this pathway is incomplete due to the retarded 
transport of DU. 

1.7.2 Uranium in Bedrock Groundwater 

The following sections present sources, migration pathways, and receiving media for uranium in 
bedrock groundwater. 

1.7.2.1 Sources 

Unlike the DU plume in overburden groundwater, there is no clear source of uranium with a 
natural isotopic signature for the bedrock groundwater.  The source of elevated uranium in 
bedrock groundwater is most likely naturally occurring uranium minerals in bedrock.  Uranium 
may be released to groundwater from the bedrock matrix due to natural variability in 
groundwater geochemistry, or as a result of site-related activities that may have altered 
bedrock groundwater geochemistry.  To evaluate potential release mechanisms, uranium 
concentrations measured in bedrock groundwater were compared to the concentrations of 
other metals and a variety of geochemical measurements.  Groundwater samples from the Fall 
2005 comprehensive sampling round were used for this analysis. 

Linear regression analyses were performed with total uranium as the dependent variable.  
Results of these analyses are presented in the table below.  These results indicate that total 
uranium is moderately correlated (r2 > 0.70, where r is the correlation coefficient) with total 
alkalinity3 and bicarbonate, and to a lesser extent, ORP (r2 = 0.28).  The positive correlation of 
uranium with alkalinity and bicarbonate supports the hypothesis that uranium in bedrock 
                                                      
3 Total alkalinity was assumed to comprise [H+], [OH-], [HCO3

-], and [CO3
2-].  Low-flow sampling pH data were used 

to determine total carbonate using mass action expressions. 
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groundwater is derived from bedrock under geochemically favorable conditions.  Further study 
would be required to characterize the source of uranium to bedrock groundwater in more 
detail. 

Bedrock Uranium Linear Regression Analysis 

Co-Located Analyte Total U = f(Co-Located Analyte) 

r2 slope 

Total Alkalinity 0.708 0.665 

pH 0.0647 -23.8 

DO 0.1668 -0.2 

Oxidation Reduction Potential (Eh) 0.2762 -0.2 

HCO3
- 0.707 1.08 

CO3
2- 0.033 -30 

NO3
- 0.00105 0.059 

PO4
3- 0.265 -565 

Total Organic Carbon 0.064 -36.1 

Silica 0.0530 -0.000553 

Antimony 0.817 36.6 

Arsenic 0.717 3.19 

Co-Located Analyte Total U = f(Co-Located Analyte) 

r2 slope 

Barium 0.00883 0.1251 

Beryllium 0.0399 -38.3 

Calcium 0.0345 0.000158 

Lead 0.03112 -1.216 

Potassium 0.04651 0.003260 

Thorium 0.0665 -1.91 

Titanium 0.00019 0.0037 

Vanadium 0.00196 0.302 

 

Additionally, it appears there is some positive correlation between aqueous total uranium and 
both antimony and arsenic concentrations.  No historical usage of these metals at the Site is 
known, which limits their use as potential indicators of Site-impacted bedrock groundwater.  
However, the correlation does suggest that antimony and arsenic may be collocated 
mineralogically with uranium in parent bedrock and leached under similar conditions, although 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-33 

further study would be necessary to assess the validity and potential impact of this finding.  
Total uranium does not appear to be correlated with calcium. 

1.7.2.2 Migration Pathways and Attenuation Processes 

As shown in Figures 1.4.5 and 1.7.4, the elevated uranium plume in bedrock with a natural 
isotopic signature extends from the Holding Basin/SW-2A northwestward toward the Assabet 
River.  Concentrations appear to be relatively steady over time with no plume expansion or 
uranium in excess of the MCL off-site.  Migration appears to be confined to a relatively narrow 
zone encompassing the shallow bedrock around MW-BS15.  Shallow bedrock wells to the west 
(MW-BS31), to the east (MW-BS26), and deeper (MW-BM15) all show less than 1 ppb of 
uranium. 

1.7.2.3 Receiving Media 

The migration pathway for uranium in bedrock groundwater is incomplete.  Both the Assabet 
River and the saturated overburden beneath the river are the likely potential receiving media 
for groundwater in shallow bedrock.  Measured vertical hydraulic gradients indicate an upward 
gradient from the bedrock to the overburden in the MW-15 area, with likely discharge of 
shallow bedrock to the Assabet River.  However, based on VOC and SVOC distribution, it is 
possible that a portion of bedrock groundwater could migrate beneath the river with possible 
migration toward the Assabet Wellfield. 

1.7.3 VOCs 

The following sections present sources, migration pathways, and receiving media for VOCs. 

1.7.3.1 Sources 

No releases of VOCs have been documented at the Site, although it is likely that incidental 
releases occurred at the Site in the past.  According to the Phase II Site Assessment for the Site, 
TCE was used at NMI for cleaning of machines and machined parts from 1958 to 1974, 1,1,1-
TCA was used after 1974 (GZA, 1994), and there may have been discharges from floor drains, 
which were sealed in the mid-1990s.  In addition, the septic tank at 2250 Main Street (the 
former Haney Press property) located just north of Route 62 likely discharged VOCs (GZA, 
1998).  Low concentrations of chlorinated VOCs have been detected in soils at the Drum Burial 
Area and Old Landfill (AOIs 2 and 3), suggesting that these areas could have functioned as 
historical sources of VOCs. 

Several VOCs were discovered in water pumped from supply well SW-1 in 1981; most of this 
extracted water was discharged to the Cooling Water Recharge Pond after use.  Several VOCs, 
primarily toluene and acetone, were detected historically in samples collected from the two on-
site septic tanks, indicating a potential for releases from the two leach fields at the Site.  
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Historical and current groundwater data also suggest the following historical releases at or near 
the Site: 

• PCE at or immediately upgradient of the Holding Basin (HB-10, HB-11); 

• Toluene between the Cooling Water Recharge Pond and Sphagnum Bog (PW-4,  TW-4); 

• MTBE at the Holding Basin (HB-620, HB-PZ2R, MW-S24)4; 

• 1,1,1-TCA on-site, upgradient of SW-1; and 

• TCE and 1,1,1-TCA may have been released at 2250 Main Street, where they were 
historically present at high concentrations. 

TCE and cis-1,2-DCE are present in groundwater across the Site, in part as degradation products 
of PCE.  Low concentrations and sparse detects of several VOCs, for example, 1,1,1-TCA and cis-
1,2-DCE, suggest the possibility of other historical incidental releases of VOCs at the Site. 

The concentrations of VOCs in groundwater at the Site were monitored for over a decade prior 
to the start of the RI.  The highest concentrations of VOCs measured at or near the Site were 
detected at SW-1 in the late 1970s with 1,1,1-TCA up to nearly 10,000 µg/L (recently <0.5 µg/L) 
and the Haney Press property in the early 1990s, when up to 1,200 µg/L of 1,1,1-TCA and 660 
µg/L of TCE were detected at OW-1.  In November 2009, TCE was detected at 16.3 µg/L in MW-
1 and 10.9 µg/L in OW-1; and in 2012 at 2.19 and 2.18 µg/L, respectively.  Lastly, the VOC 
composition in groundwater in the area between SW-1 and the Assabet River is predominantly 
PCE, whereas the VOC composition from 2250 Main Street northwest to the Assabet River is 
predominantly TCE.  This composition of VOCs suggests an historical source of TCE at 2250 Main 
Street. 

Groundwater data do not indicate the presence of any ongoing sources of VOCs at the Site. 

1.7.3.2 Migration Pathways and Attenuation Processes 

Similar to uranium, VOCs have migrated along the preferred flow zone extending across the Site 
northwest of the Holding Basin.  However, the greater mobility of these constituents and the 
greater diversity of release points have resulted in historical and current migration pathways 
throughout the Site.  For example, the presence of PCE and other VOCs in groundwater 
between the Cooling Water Recharge Pond and SW-1 may reflect historical preferential 
groundwater flow between these features due to active recharge and pumping.  Migration 
pathways from each of the septic leach fields (AOI 5) are also more important for VOCs than for 
                                                      
4 MTBE was not detected in site groundwater prior to the RI, but the method detection limit for earlier work was 
10 µg/L. 
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uranium and have resulted in migration pathways in the western and eastern portions of the 
Site, outside of the primary migration pathway for uranium. 

Migration between the buildings, SW-1, and 2250 Main Street is generally north and 
northwesterly, but has been more complex in the past due to pumping from overburden supply 
well SW-1, and several off-site pumping wells.5 

A complex history of pumping from both sides of Route 62, combined with a relatively flat 
gradient in this area and the likelihood of historical VOC sources at both the NMI and at 2250 
Main Street makes the task of differentiating the plumes from NMI and 2250 Main Street 
difficult.  Although the indicated areas on Figure 1.4.4 show a contiguous VOC plume extending 
across the NMI property, and then off the NMI property at 2250 Main Street, the historical 
source of VOCs migrating in groundwater in this area cannot be reliably assigned to one or the 
other of these two properties. 

Migration pathways for VOCs in bedrock are expected to be oriented generally north and 
northwesterly, following the hydraulic gradient in the shallow, highly fractured bedrock.  Over a 
smaller scale, migration direction in discrete hydraulically active fractures may vary from the 
average hydraulic gradient. 

Current data indicate that the migration pathway for VOCs in overburden in downgradient 
areas is primarily to the Assabet River, with a portion migrating beneath the River.  

Immediately downgradient of the NMI property, TCE concentrations in bedrock groundwater 
above the MCL (through August 2013) were detected in samples from wells MW-BS28, MW-
BS15 and MW-BS31.  As illustrated on Figure 1.7.3, no VOCs were detected in the deep bedrock 
at the MW-S15/MW-BS15/BM15 well cluster.  The hydraulic gradient in the bedrock is upward 
to the overburden in this area, consistent with discharge to the Assabet River and the possible 
effects of pumping from the Assabet Wellfield in Acton.  Based on detection of VOCs in the 
shallow bedrock at MW-BS15 and the deeper overburden at PT-11, it appears that the 
predominant contaminant migration pathway is in the deep overburden and shallow bedrock in 
this area adjacent to the Assabet River.  On the northwest side of the river, the most recent 
data through August 2013 indicate TCE concentrations below the MCL in groundwater at both 
of the two shallow bedrock wells (J2-B1 and PT-03B1) as shown on Figure 1.7.3.  TCE was 
detected above the MCL at two deep overburden locations (PT-11B1 and PT-09).  Substantial 

                                                      
5 As described in Section 3.3, several pumping wells have existed historically in this area in addition to the on-
property well SW-1:  At 2250 Main Street, an overburden well was used from 1962 to 1980 and a bedrock pumping 
well was used from 1980 to 1989.  At 2284 Main Street (west of 2250), a bedrock well pumped until the mid-
1990s.  Even further west of 2284 Main Street, there is an overburden supply well at 2320 Main Street (Valley 
Sports, west of 2284) which has been active since 1971. 
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decreases in concentration over the period of site monitoring has already taken place, e.g., TCE 
at MW-1 has declined from a high of 240 ug/L in 2000 down to 3.19 ug/L in 2012, and there is 
no evidence that migration of VOCs in bedrock will result in an increase in the overall extent of 
VOCs in groundwater. 

1.7.3.3 Receiving Media 

The primary receiving media for VOCs is the overburden groundwater, and the primary 
receiving media for the overburden is the Assabet River.  The presence of VOCs at the PT-11 
well cluster located south of the river and PT-09 and J2-B2/B1 wells northwest of the Assabet 
River  appears to be evidence of de minimis migration of VOCs to and beneath the Assabet 
River and to the Assabet Wellfield located 1,700 feet northwest of the property.  Low 
concentrations of chlorinated VOCs detected in sediment within the Assabet River Embayment 
Area suggest discharge of VOCs in overburden groundwater.  Analytical data for VOCs at the 
Assabet Wellfield indicated that trace levels of VOCs including TCA, TCE, and 1,1-DCE have been 
detected since approximately 2000.  In particular, from 2000 to 2004, concentrations of TCE 
ranged from 0.5 to 0.9 µg/L, and from 2000 to 2003, concentrations of 1,1-DCE ranged from 0.5 
to 0.8 µg/L.  However, data collected from 2004 through 2013 do not indicate the presence of 
TCE or 1,1-DCE above detectable levels in the extracted water (Acton Water District, 2010, 
2014).  The Assabet Wellfield uses an air stripping system to remove VOCs from pumped water 
prior to distribution through the Acton water system. 

As indicated, the likely receiving media for groundwater in shallow bedrock are both the 
Assabet River and the saturated overburden beneath the River.  Measured vertical hydraulic 
gradients indicate an upward gradient from the bedrock to the overburden in the MW-15 area, 
with likely discharge of shallow bedrock groundwater to the Assabet River.  However, based on 
VOC and SVOC distribution, it is possible that a portion of bedrock groundwater could migrate 
beneath the river, with de minimis migration to the Assabet Wellfield.  As discussed above, the 
receiving media for shallow bedrock north of the river is likely the deeper overburden. 

1.7.4 1,4-Dioxane 

The following sections present sources, migration pathways, and receiving media for 1,4-
dioxane. 

1.7.4.1 Sources 

Used as a stabilizer in TCA and possibly other solvents, 1,4-dioxane may have been present in 
solvents used at the Site and released as a co-contaminant.  1,4-dioxane has also been used as 
a solvent or stabilizer in a variety of products such as paints, varnishes, shampoos, cosmetics, 
cleaners, and waxes, and thus could also have been released incidentally or via wastewater 
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discharge on-site and off-site.  1,4-dioxane was not detected in soil, surface water, or sediment 
at the Site, suggesting that there are no residual sources of 1,4-dioxane in these media. 

1.7.4.2 Migration Pathways and Attenuation Processes 

The migration pathways for 1,4-dioxane in groundwater are expected to be similar to the 
migration pathways identified for VOCs, as presented in Section 1.7.3. 

1.7.4.3 Receiving Media 

As discussed for the VOC plume, the primary receiving media for overburden groundwater 
containing 1,4-dioxane is the Assabet River, with a portion of the 1,4-dioxane plume migrating 
beneath the River toward the Town of Acton Assabet Well Field.  The presence of 1,4-dioxane 
at 33 µg/L in deep overburden well at PT-11, and 14.2 µg/L  and 0.958 µg/L, respectively, in 
deep overburden wells PT-09 and J2-B2 northwest of the river, indicates the potential for some 
migration of 1,4-dioxane beneath the Assabet River (Figure 1.7.3) and likely beyond to the 
Assabet Wellfield.  Groundwater from wells Assabet IA and IIA has been analyzed for 1,4-
dioxane intermittently since 2006.  The most recent samples were collected from both wells 
and also from the water treatment facility in February 2014.  The detected concentrations of 
1,4-dioxane ranged from 0.113 to 0.39 µg/L in the untreated samples and from 0.148 to 0.411 
µg/L in the combined post-treatment samples6 (Acton Water District, 2014). 

While it is possible that 1,4-dioxane has migrated from the Site to the Assabet Wellfield, the 
W.R. Grace Site is another potential source.  Groundwater from the Assabet IA and IIA wells 
was not analyzed for 1,4-dioxane in 2009 (Acton Water District 2010). 

The migration pathways and receiving media for 1,4-dioxane in bedrock groundwater are the 
same as described for VOCs in Section 1.7.3. 

1.7.5 Nitrate 

The following sections present sources, migration pathways, and receiving media for nitrate in 
overburden. 

1.7.5.1 Sources 

Several sources of nitrate exist or have existed at the Site, including the Holding Basin and the 
two on-site septic leach fields.  Other disposal or incidental releases of nitric acid could also 
represent nitrate sources, though none are documented or suggested by the groundwater data.  

                                                      
6 1,4-dioxane was not detected (<0.19 or <2.0 µg/L) in some samples of both untreated and treated water 
collected from 2006-2010.  
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The Holding Basin is no longer a significant source of nitrate to overburden groundwater; recent 
data show that overburden groundwater beneath and immediately downgradient of the basin 
contains less than 2 mg/L nitrate.  Slightly elevated concentrations of 16.9 mg/L at MW-S03 and 
9.9 mg/L at MW-SM13 indicate that the eastern septic leach field may still be a minor source of 
nitrate to groundwater; however, the most recent results are consistent with historical data.  
The septic systems have not been used since 2011, and because there were not elevated levels 
of nitrate found in monitoring wells adjacent to the septic system (e.g., MW-S08 and MW-S23), 
the extent of nitrate in overburden groundwater in this area is not expected to increase. 

Potential sources of nitrate to bedrock groundwater are the same as those identified for 
overburden groundwater.  The most recent (through 2013) detections of nitrate above the MCL 
(10 mg/L) in bedrock groundwater were 31.7 mg/L at MW-BS15 and 98 mg/L at GZW-7-2.  The 
source of nitrate for GZW-7-2 is likely the Holding Basin (historically as high as 1,110 mg/L) 
whereas the source for nitrate at MW-BS15 is likely septic systems from businesses operating 
on the north side of Main Street. 

1.7.5.2 Migration Pathways and Attenuation Processes 

As evidenced by historical and current nitrate distribution in groundwater, migration pathways 
for nitrate in overburden groundwater extend in downgradient directions from the Holding 
Basin and both septic leach fields at the Site.  Nitrate also migrated historically along 
groundwater flow pathways influenced by discharges from the Cooling Water Recharge Pond 
and pumping from SW-1 and other wells, as described above.  Decreases in nitrate 
concentration in groundwater and contraction of the nitrate plume downgradient of the 
Holding Basin indicate a substantially diminished migration potential for nitrate. 

Migration pathways for nitrate are similar to those described for other bedrock groundwater 
contaminants.  With the exception of the finding of nitrate at MW-BS15, the potential for 
migration is diminishing, and the extent of nitrate is well constrained. 

1.7.5.3 Receiving Media 

As discussed for VOCs and SVOCs, the receiving medium for nitrate in overburden groundwater 
is the Assabet River.  Historical groundwater data, presented in the figure below, indicate that 
nitrate concentrations as high as 890 mg/L (monitoring well P-1, adjacent to the Assabet River) 
may have reached the Assabet River in the past.  Concentrations at this location decreased 
rapidly to less than 20 mg/L by 1993 and less than 10 mg/L by 1997. 
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 Bedrock nitrate concentrations at BS-15, on the north side of Main Street and ~360 feet from 
the Assabet River, have declined from 263 mg/L in 2007 to 31.7 mg/L in 2013.The primary 
receiving media for nitrate migrating in bedrock is the Assabet River.  While migration of some 
bedrock groundwater beneath the river and to the Assabet Wellfield is possible, there is no 
evidence that nitrate from site-related sources is impacting groundwater northwest of the Site, 
nor any evidence of nitrate migration to the supply wells. 

1.7.6 PCBs 

The following sections present sources, migration pathways, and receiving media for PCBs. 

1.7.6.1 Sources 

There are no documented uses of PCBs at the Site.  However, PCBs have been detected in soil 
and sediment at the Site, as shown in Figures 1.7.5 through 1.7.7.  It is hypothesized that PCBs 
were released to the Cooling Water Recharge Pond, possibly through floor drains that 
discharged to the pond.  Since PCBs are essentially insoluble in water and adsorb strongly to 
particulates, PCBs became sorbed to sediments within the pond.  It is recognized that pond 
sediments were occasionally dredged, and the dredging spoils were then used to build up the 
berm between the Cooling Water Recharge Pond (AOI 4) and the Sphagnum Bog (AOI 6).  
Dredging spoils were also believed to have been deposited in the Sweeping Piles Area (AOI 8).  
Concentrations of PCBs in excess of RSL values have been detected in soil at the Drum Burial 
Area (AOI 2), the Cooling Water Recharge Pond (AOI 4), and the Sweepings Pile Area (AOI 8), as 
well as sediments within the Cooling Water Recharge Pond (AOI 4). 

1.7.6.2 Migration Pathways and Attenuation Processes 

PCBs are primarily insoluble in water and adsorb strongly to organic carbon.  As such, PCBs do 
not readily leach from soil or partition from sediment.  This is evidenced by the finding that 
PCBs are primarily associated with surface soils at the Site, and the only locations where PCBs 
have been detected in subsurface soils are in areas with subsurface drain lines.  In these areas, 
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it is hypothesized that PCBs were released from leaks in the drain lines.  PCBs are not present in 
saturated soils.  This suggests that PCB migration to groundwater is an incomplete pathway. 

The principal migration pathway for PCBs is via migration of the particulates that they are 
adsorbed to.  Particulate migration can occur via erosional transport, and by wind erosion and 
dispersion.  PCBs have been detected in sediments within the Sphagnum Bog.  Since the 
Sphagnum Bog is located at the base of the berm between the Cooling Water Recharge Pond 
and the bog where PCB-impacted soils are located, it is possible that erosion of soils at the 
berm, with subsequent transport to the bog, has occurred.  Sampling of soils on the opposite 
side of the bog, in the predominant down-wind direction of the buildings and Cooling Water 
Recharge Pond, did not identify PCBs.  This suggests that wind erosion and dispersion is not a 
significant migration pathway for PCBs. 

PCBs have not been detected in surface water in the Cooling Water Recharge Pond or the 
Sphagnum Bog, indicating that partitioning between sediment and surface water is not a 
complete migration pathway for PCBs. 

PCBs are recognized as persistent compounds that do not readily degrade in the environment.  
Consequently, with the possible exception of attenuation by way of erosional transport, little to 
no attenuation of PCBs is expected in areas where they have been detected in soil or sediment. 

1.7.6.3 Receiving Media 

The primary receiving media for PCBs at the Site include: 

• surface soils; 

• subsurface soils at the drain lines area; and 

• sediment in the Cooling Water Recharge Pond and Sphagnum Bog. 

As discussed above, the ultimate fate of PCBs at the Site is expected to be the locations where 
they have been detected.  Aside from possible migration with storm-water induced erosion, 
PCBs are essentially immobile in the environment. 

1.7.7 PAHs 

The following sections present sources, migration pathways, and receiving media for PAHs. 

1.7.7.1 Sources 

PAHs are both a byproduct of combustion, and they are also contained in asphalt pavement 
and roofing products.  PAHs were detected at low concentrations in surface soil at the Site, 
particularly in soils that received runoff from parking lot outfalls.  The highest concentrations of 
PAHs were reported in surface soils at the Route 62 storm water outfall, which is recognized to 
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have collected storm water runoff from the on-property parking areas, as well as Route 62.  The 
sources of PAHs are hypothesized to be vehicular and other combustion emissions, as well as 
pavement and roofing material. 

1.7.7.2 Migration Pathways and Attenuation Processes 

PAHs are primarily insoluble in water and adsorb strongly to organic carbon.  As such, PAHs do 
not readily leach from soil or partition from sediment.  This is evidenced by the finding that 
PAHs are primarily associated with surface soils at the Site.  The only locations where PAHs 
have been detected in subsurface soils are in areas beneath leach fields, where constant 
infiltration likely forced migration downward.  PAHs are not present in saturated soils.  This 
suggests that PAH migration to groundwater is an incomplete pathway. 

Similar to PCBs, the principal migration pathway for PAHs is via migration of the particulates 
that they are adsorbed to.  PAHs have been detected in sediments across all water bodies at 
the Site; however, all water bodies receive storm water runoff from paved parking areas.  PAHs 
were detected in unfiltered surface water samples, but not in filtered samples.  This suggests 
that partitioning between sediment and surface water is not a complete migration pathway for 
PAHs. 

PAHs degrade slowly in the environment.  Consequently, in the absence of continued 
contribution from anthropogenic sources (e.g., vehicular emissions and storm water runoff 
from pavement and asphalt roofing), PAH concentrations would be expected to decrease over 
time. 

1.7.7.3 Receiving Media 

The primary receiving media for PAHs at the Site include: 

• surface soils; 

• subsurface soils at the leach field areas; and 

• sediment in the Cooling Water Recharge Pond, Northeast Wetland, Sphagnum Bog, and 
Assabet River. 

As discussed above, the ultimate fate of PAHs at the Site is expected to be the locations where 
they have been detected. 

1.7.8 Copper 

The following sections present sources, migration pathways, and receiving media for copper. 
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1.7.8.1 Sources 

The primary demonstrated source of copper at the Site is historical disposal at the Holding 
Basin.  As shown on Figure 1.7.8, the highest concentrations of copper were reported in surface 
soils around the Cooling Water Recharge Pond (AOI 4) (maximum 1,090 mg/kg), in the 
Sweepings Pile Area (AOI 8) (maximum 444 mg/kg), and at the Pavement Drain Outfalls (AOI 9) 
(maximum 374 mg/kg). 

Copper has also been detected at elevated concentrations in sediments within the Cooling 
Water Recharge Pond and the Sphagnum Bog.  This suggests that copper was released to the 
Cooling Water Recharge Pond, either by floor drain lines that discharged to the pond, by 
historical breaches or overflow of the Holding Basin, or by discharge of cooling water that was 
contaminated with DU. 

1.7.8.2 Migration Pathways and Attenuation Processes 

The Cooling Water Recharge Pond sediments were occasionally dredged to create more water 
storage capacity in the pond.  Copper that accumulated in the Cooling Water Recharge Pond 
sediments was relocated with the dredge spoils.  Generally, the dredge spoils were piled 
around the east side of the Cooling Water Recharge Pond, creating a berm between the pond 
and the Sphagnum Bog.  Dredge spoils were also believed to have been placed at AOI 8 
(Sweepings and Fill Area); the sweepings piles may actually be dredge spoils.  Elevated 
concentrations of copper have been detected in soils around the Cooling Water Recharge Pond 
and at AOI 8. 

Copper present in surface soil does not appear to be a leaching source, as evidenced by 
concentrations that decrease substantially with depth.  The primary migration pathway for 
copper in surface soil is erosion.  The principal erosion migration pathway at the Site appears to 
have been associated with soils in the berm area between the Cooling Water Recharge Pond 
and the Sphagnum Bog.  Elevated concentrations of copper have been detected in sediments 
within the bog, particularly in the eastern and southern areas of the bog, nearest the berm 
area.  This suggests that an erosional migration pathway from the contaminated berm soils 
(dredge spoils) to the bog existed. 

Copper was also detected in surface water in the Cooling Water Recharge Pond and Sphagnum 
Bog, suggesting that some partitioning between sediment and surface water has occurred. 
Several other metals, particularly lead and silver, were also detected at high levels in surface 
water from the Sphagnum Bog. 

Copper has been detected at elevated concentrations in overburden groundwater beneath the 
Holding Basin, indicating that some leaching of copper has occurred.    
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1.7.8.3 Receiving Media 

The primary receiving media for copper at the Site include: 

• surface soils; 

• subsurface soils at the Holding Basin; 

• sediment and surface water in the Cooling Water Recharge Pond and Sphagnum Bog; 
and 

• overburden groundwater. 

As discussed above, the ultimate fate of copper at the Site is expected to be the locations 
where it has been detected. 

1.8 CONTAMINANT FATE IN GROUNDWATER 

This section discusses the processes that affect the fate of primary site COCs in groundwater 
along the migration pathways.  Advection and dispersion, which affect all COCs in the same 
manner, are discussed briefly below.  Processes that are specific to each COC class are 
discussed in the following sections that focus on uranium and VOCs and 1,4-dioxane.  As 
presented earlier, the uranium COC in overburden groundwater is DU and the uranium COC in 
bedrock groundwater is uranium with a natural isotopic signature.  The following sections on 
the fate of uranium are equally relevant for depleted and naturally occurring uranium. 

Advection 

Advection is the process by which a dissolved compound is transported by the bulk motion of 
groundwater flow.  The groundwater flow velocity through the aquifer determines the 
maximum rate at which a dissolved compound can migrate.  Variations in hydraulic conductivity 
and hydraulic gradients within the aquifer will result in differing advection rates for the 
dissolved compounds.  These variations in advection rates result in horizontal and vertical 
dispersion of the compounds as they move within the aquifer. 

Rates of advective transport at the Site are discussed in Section 3.5.2.4 of the RI Report (de 
maximis, 2014). 

Dispersion 

The process of dispersion is the result of mechanical mixing and molecular diffusion.  
Mechanical mixing results from variations in groundwater flow velocity at various scales due to 
variations in soil texture and pore geometry, as well as variations in hydraulic gradient over 
time.  Molecular diffusion is governed by a compound’s diffusivity in water and its chemical 
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concentration gradient, and is typically not a significant transport mechanism for chemicals in 
groundwater except where groundwater velocity is very low. 

The result of dispersion is the spreading of dissolved constituents over a greater extent of the 
aquifer than would be predicted solely by advective flow.  Dispersion causes a decrease in the 
compound concentrations within the groundwater plume due to mixing with “uncontaminated” 
groundwater.  The result is a wider spread and more dilute contaminant plume than would be 
caused by advection alone. 

Dispersion parallel to the direction of groundwater flow (e.g., longitudinal dispersivity) is the 
strongest component of dispersion, while dispersion transverse to the direction of flow and in 
the vertical direction is generally smaller.  Therefore, wide transverse or vertical spreading of 
dissolved compounds in groundwater is less common, and often related to temporal variability 
in hydraulic gradient (flow direction). 

Dispersion of COCs at the Site is an important but not dominant process.  Along the most 
important transport pathway within the Site, in the saturated overburden northwest of the 
Holding Basin, a preferential flow pathway evidenced by converging hydraulic gradients limits 
the extent of transverse dispersion.  Longitudinal dispersion along this migration pathway is 
moderate.  A groundwater flow and transport model developed for the Site, presented in 
Appendix F of the RI Report (de maximis, 2014), was successfully calibrated using a dispersivity 
of 10 meters. 

1.8.1 Uranium 

Adsorption is the dominant process affecting the fate of uranium in groundwater at the Site.  In 
this section, results of our site-specific evaluation of uranium transport in the overburden are 
presented, including: 

• A review of adsorption models for inorganic compounds; 

• An analysis of uranium transport using historical monitoring data; 

• A screening level modeling of uranium transport; 

• Equilibrium geochemical modeling of uranium speciation; 

• Sequential Extraction Procedure (SEP) Analysis; 

• X-ray adsorption measurements; and 

• Bench scale sorption studies. 

The results presented below form the basis for a site-specific three dimensional transport 
model for uranium, presented in Appendix F of the RI Report (de maximis, 2014). 
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1.8.1.1 Adsorption of Inorganic Compounds 

Aqueous inorganic compounds such as uranium attach to a solid surface or accumulate at the 
solid-solution interface by multiple adsorption mechanisms, including physical adsorption, 
electrostatic adsorption, and chemical adsorption.  Physical adsorption is a weak attraction of a 
solute to a solid surface controlled by van der Waals forces.  Electrostatic adsorption occurs 
when ions in solution are drawn to a solid surface with the opposite electric charge (e.g., cation 
exchange).  Chemical adsorption occurs when a chemical bond is formed between a molecule in 
the solute and an atom(s) on the surface of a solid.  In many cases, there are three simple 
empirical equations that can mathematically describe adsorption.  These equations represent 
the ratio of the concentration of a species adsorbed on a solid and the concentration of the 
same species in solution, and the ratio is referred to as an isotherm (or distribution coefficient).  
The three common isotherms are Linear ( ), Freundlich ( ), and Langmuir ( ) (Drever, 

1997). 

The linear  is represented by the following equation: 

 

In this equation,  is the concentration of the adsorbed species (in moles/kg) and  

is the concentration of the species in solution (in L/kg).  This linear equation is most commonly 
used in hydrologic models due to its simplicity. 

Although databases of  values have been assembled for the sorption of radionuclides on a 

variety of single mineral phases, constant  models for adsorption do not adequately account 

for the diversity and limited number of sorption sites on aquifer solids, which typically causes 
the tendency for sorption to decrease with increasing concentration. 

The Freundlich and Langmuir isotherms reflect the fact that the rate of sorption typically 
decreases as aqueous concentrations increase.  The Freundlich isotherm, represented by the 
following equation, is non-linear and may result from 1) adsorbed species forming a non-ideal 
solid solution on the surface of a solid, or 2) heterogeneity in binding sites on the surface of 
solids. In this equation, n is a constant, typically less than 1. 

 

The Langmuir isotherm describes a solid surface where there are a limited number of sites 
available for adsorption including a number of sites that the solute is adsorbed to , and 

a number of vacant sites not yet occupied by the solute : 
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Although the Freundlich and Langmuir isotherms account for concentration-dependent 
sorption, neither accounts for spatial variability in sorbent characteristics, the composition of 
adsorbing phases, or for variable chemical conditions. 

When more detail is required to describe adsorption in a complex system, a mechanistic model 
incorporating surface complexation is often used.  This method can effectively describe 
adsorption in a system over a broad range of conditions (pH, solution composition, and 
mineralogy) (Drever, 1997). 

1.8.1.2 Uranium Transport as Evidenced by Historical Data 

Uranium concentrations are highest in groundwater beneath and adjacent to the Holding Basin 
and decline sharply with increasing distance from this source area.  Historical monitoring data 
also show variability in concentrations over time, including substantial decreases in 
concentration over the past eight years.  Note, however, that in 1999, the MassDEP requested 
that metals concentrations be reported for total (unfiltered) metals rather than the previously 
reported dissolved metals concentrations.  Data collected after this request showed a one-time 
increase in concentrations at many locations. 

As presented in Section 1.7, the transport of uranium in groundwater has been affected by 
removal activities and modifications to the Holding Basin over time.  Most importantly, the 
amount of recharge to the soils beneath the Holding Basin appears to affect uranium 
concentrations in groundwater.  In the immediate vicinity of the Holding Basin, monitoring data 
were first collected in 1983.  Figure 1.4.2 depicts all the measurements made from the “HB” 
wells.  As apparent from these charts, uranium concentrations as high as 1,500 µg/L were 
measured prior to the closing and covering of the Holding Basin in 1986.  Between 1986 and 
1989, a steady decrease in concentrations was recorded, and between 1989 and 1997, uranium 
concentrations were less than 300 µg/L in samples from these wells.  In 1997, excavation of 
sludge and contaminated soil from the Holding Basin commenced underneath a temporary 
cover.  In early 1998, the cover was removed to facilitate access to the remainder of the 
contaminated soils.  Increases in uranium concentrations to as high as 5,000 µg/L were 
observed during the excavation, and as high as 40,000 µg/L following removal of the temporary 
cover.  It is likely that exposure to rainfall infiltration of soil contamination remaining after the 
1998-1999 removal action resulted in increased mobilization of uranium into underlying 
groundwater, as illustrated in Figure 1.4.2.  Post-removal monitoring data indicate a substantial 
decrease in uranium concentrations in Holding Basin area groundwater over the next several 
years, and further decreases after the installation of a cap in 2002.  Currently (November 2011 
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data), the concentration of uranium in groundwater beneath the edge of the Holding Basin (i.e., 
HB-12, HBPZ-2R, MW-S24) is approximately 800-3,400 µg/L. 

Migration of uranium in groundwater downgradient of the Holding Basin has been documented 
over the past decade through sampling of a series of monitoring wells in the courtyard area 
between the Holding Basin and Building D (HB-PZ2/2R, HB-7, HB-12, GZW-7-1, and MW-8A).  
More recent well installations (MW-24S, MW-16S) and groundwater sampling conducted as 
part of the RI have confirmed the current distribution of uranium in this area.  The figure below 
depicts the variation of uranium concentration in monitoring wells over time and includes 
uranium concentration peaks thought to be representative of slug flow from the temporary 
recharge that occurred when the Holding Basin was uncovered.  These plots can be interpreted 
as a series of breakthrough curves that indicate that uranium has migrated at a substantially 
lower velocity than that of groundwater, as approximated by the velocity of nitrate migration of 
approximately 300 feet per year (Section 3.5.2.4 of the RI Report, de maximis, 2014). 
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Uranium (µg/L) vs. Time 
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The retardation of uranium transport is consistent with the immobilization (through sorption or 
precipitation) of uranium onto aquifer solids.  The distribution of uranium on soils, as depicted 
in Figures 1.8.1 through 1.8.8), also suggests that uranium released beneath the Holding Basin 
(dissolved or desorbed) has migrated from and become immobilized downgradient of the 
Holding Basin. 

1.8.1.2.1 Relative Importance of System Variables 
Nielsen and Bostick (Appendix G of the RI Report (de maximis, 2014)) conclude that the relative 
importance of system variables controlling uranium fate and transport is as follows:  
1) sediment specific surface area; 2) solution alkalinity; 3) solution pH; and 4) calcium 
concentration.  The effects of pH are less significant than alkalinity because subsurface pH is 
relatively constant in the aquifer.  Despite the low silt and clay content of the sediments, there 
was still considerable variability in the surface area of the fine to coarse sands.  The results 
indicate surface area exerts strong controls on the magnitude of uranyl partitioning with high 
surface area minerals such as iron-oxides providing surface sorption sites.  The solution 
alkalinity controls U(VI) speciation, producing dissolved uranyl carbonate complexes that affect 
uranium adsorption and attenuation in the solid phase.  Calcium concentration also affects 
uranium speciation and adsorption (e.g., Ca2UO2(CO3)3 is not charged and is therefore not as 
likely to sorb as anionic uranyl carbonate species), but its contribution is less significant when 
compared with that of alkalinity and surface area.  Isotherms were accurately modeled using 
both the empirical multi-site Langmuir and the mechanistic surface complexation models that 
were predictive of uranium adsorption over the range of geochemical conditions used in the 
isotherm experiments and present at the Site (Nielsen and Bostick, Appendix G of the RI Report 
(de maximis, 2014)).  Results of the experimental and modeling work were utilized to support 
development of the three-dimensional numerical flow and transport model to describe 
uranium plume mobility at the Site.  The surface complexation model (SCM) was selected as a 
means to simulate the uranium plume transport because neither the Kd, Langmuir, nor 
Freundlich isotherms adequately modeled site groundwater data, and results of the sorption 
studies indicated that the SCM was consistent with measured adsorption data when modeled 
using the range of geochemical conditions observed in the uranium plume. 

1.8.1.2.2 Overburden Groundwater Model for DU Migration 
A three-dimensional numerical flow and transport model was completed to assess DU 
migration in the overburden groundwater downgradient of the Holding Basin.  A brief summary 
of the groundwater model construction and results are presented here; the complete model 
report is presented in Appendix F of the RI Report (de maximis, 2014). 

To assess the migration potential for DU in groundwater and support development of remedial 
alternatives, screening-level analyses using linear and Langmuir-type isotherm approaches were 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-50 

used to simulate uranium transport.  These screening level approaches did not adequately 
describe historical uranium transport, likely due to a combination of multi-site sorption 
processes and spatial variability in uranium speciation and aqueous and solid phase 
geochemistry.  The screening level analyses are presented in Attachment A to the model report 
(Appendix F of the RI Report (de maximis, 2014)).  To provide a more accurate simulation of 
uranium transport, and to allow for simulation of varying groundwater geochemistry and 
possible remedial approaches, a three-dimensional flow and transport model incorporating 
surface complexation was developed.  This Generalized Composite Approach Surface 
Complexation Model (SCM) was employed to simulate DU migration.  An SCM links two 
different processes that must be parameterized:  1) aqueous phase transformations of various 
DU species; and 2) adsorption/desorption reactions between these aqueous species and an 
array of surface sites. 

To support development of sorption model parameters, batch isotherm adsorption 
experiments were conducted on soils from within the DU plume.  A summary of experimental 
methods and results is presented in Section 2.13.6.3 of the RI Report (de maximis, 2014).  
Results indicated that adsorbed uranium is primarily associated with amorphous iron oxide and 
oxyhydroxide coatings on aquifer particles and that specific surface area and pH are important 
variables in uranium retention.  These experiments suggested that sorption behavior can be 
adequately described using three generic sorption sites (i.e., strong, medium, weak) present in 
fixed proportions, but at variable density.  Specific surface area measurements were then 
correlated to soil type based on grain-size distribution, and a three-dimensional distribution of 
adsorption sites was generated and imported into the flow and transport model.  After 
calibrating a numerical flow model (MODFLOW), initial geochemical conditions were estimated 
using site data and equilibrium geochemical modeling using PHREEQC.  Aqueous species 
transport was simulated using PHT3D, a numerical model which combines the equilibrium 
geochemistry model of PHREEQC with the transport model MT3DMS.  The model was 
successfully calibrated to current site conditions and used to simulate DU migration under 
current conditions out to 300 years.  Results suggest that it will take slightly longer than 100 
years for DU concentrations greater than 30 µg/L to migrate beyond the Site boundary and 
more than 300 years to migrate to the Assabet River.  A full description of the groundwater 
model construction and results is found in Appendix F of the RI Report (de maximis, 2014). 

1.8.1.3 Uranium in Bedrock Groundwater 

The controls on the fate of uranium in bedrock groundwater are similar to that of uranium in 
overburden.  There is some attenuation due to dilution and dispersion as well as adsorption 
within the bedrock matrix and minerals on fracture faces.  Based on uranium concentration 
data collected during the RI, there is no known source of uranium (with a natural isotopic 
signature) to bedrock groundwater at the Site other than the bedrock itself.  The solubilization 
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of in-place uranium in bedrock has likely been a function of Site geochemical conditions, 
however, the exact mechanism and rate of solubilization has not been determined.  No further 
evaluation of the fate of uranium in bedrock has been conducted because concentrations are 
not increasing and the extent of uranium in bedrock groundwater above its MCL is not 
increasing. 

Uranium concentrations in bedrock groundwater appear to be relatively stable at most 
locations.  The concentration of uranium at MW-BS03 in the center of the Site has declined 
steadily, dropping from 217 µg/L in 2005 to 82 µg/L in 2012), and uranium concentrations at 
the downgradient area of the Site (e.g., at MW-BS28) have remained stable (33.1 to 36.3 µg/L).  
Uranium was not detected above the MCL (30 µg/L) off-site and data do not indicate that 
significant MCL exceedances downgradient of the Site are likely to occur.  Concentrations at 
MW-BS15 located (off-property) north of Main Street were 19.9 µg/L in 2007 and have trended 
downward to 9.6 µg/L in 2011.  Uranium concentration trends in bedrock groundwater for 
selected monitoring wells are presented in Figure 1.4.5. 

The only risk for uranium in bedrock groundwater is hypothetical future drinking water use.  
MassDEP has preliminarily classified groundwater at the Site as having a “high use and value,” 
but this is based on the yield of the overburden aquifer, and does not account for the very low 
yield of the bedrock formation.  

Based on historical data at NMI and the W.R. Grace Site across the Assabet River, the 
conceptual model for the ultimate fate of bedrock groundwater from the Site is local discharge 
to the overburden downgradient of Route 62 with eventual discharge to the Assabet River. 
However, there is some evidence that for the 1,4-dioxane distribution, as discussed in RI Report 
Section 4.13.3.3 (de maximis, 2014) there could be some occasional migration beneath the 
river. It is also possible that the detection of 1,4-dioxane northwest of the river are from other 
sources of contamination from the W.R. Grace site. 

1.8.2 VOCs 

VOCs have been present in groundwater for at least 30 years at the Site.  Over this timeframe, 
however, significant attenuation of VOCs has occurred.  VOC sources are old, releases are not 
ongoing, substantial attenuation has already taken place, and concentrations measured during 
the RI are relatively low.  Controlling fate and transport mechanisms for site chlorinated 
solvents in groundwater include advection, dispersion, adsorption, biological degradation and 
volatilization. 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 1-52 

1.8.2.1 Advection, Dispersion and Adsorption 

Advection has played a significant role in the migration of PCE, TCE, 1,1-DCE, 1,1,1-TCA and 1,4-
dioxane as all of these chemicals appear to have migrated downgradient.  In general, the more 
soluble organic compounds have a tendency to dissolve in groundwater and migrate with the 
bulk motion of groundwater flow.  In contrast, the least soluble organic compounds (those with 
the lowest water solubility values) would tend to adsorb onto aquifer solids and be retarded. 

The water solubility of the predominant VOCs detected in groundwater at the site (PCE, TCE, 
1,1-DCE, and 1,1,1-TCA) ranges from 150 to approximately 6,500 mg/L.  These values are 
considered mid to high water solubilities and indicate moderate to high mobility in 
groundwater.  1,4-dioxane has a very high water solubility and is essentially miscible in 
groundwater. 

Organic chemicals sorb to aquifer solids by different mechanisms than inorganic chemicals.  
Physical and chemical parameters which are indicative of an organic compound’s tendency to 
sorb to soil include its aqueous solubility, octanol-water partition coefficient (Kow), organic 

carbon partition coefficient (Koc), and soil organic carbon content (Foc).  The octanol-water 
partition coefficient (unitless) is the ratio of a chemical’s concentration in the octanol-rich 
phase to its concentration in the aqueous phase, and represents the tendency of a chemical to 
partition between an organic phase and an aqueous phase.  The higher the Kow, the greater the 
affinity of the chemical to associate with an organic phase and the lower its mobility in 
groundwater.  Kow values of less than 500 are indicative of chemicals with high water solubility, 

high mobility, and little tendency to sorb to aquifer sediments.  High Kow values are indicative of 
less mobile constituents with tendencies to sorb to organics in soil (Ney, 1995). 

The organic carbon partition coefficient (L/kg) of a compound is the ratio of adsorbed chemical 
per unit weight of organic carbon to the aqueous phase concentration of the chemical.  Koc 
provides a relative estimate on a compound’s tendency to adsorb to soil organic carbon and in 
practice is usually calculated from Kow. 

Soil organic carbon content (Foc, fraction organic carbon, unitless) is expressed as the percent of 
organic carbon in the soil (by weight) that is available to adsorb organic chemicals. 

Linear sorption isotherms (as described by a singular distribution coefficient, ), are typically 

used to describe sorption of organic compounds.   (L/kg) is calculated as: 

  =  Koc × Foc 
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The retardation factor ( ) is defined as the ratio between the advective velocity of groundwater 

and the velocity of the contaminant of concern.  The migration velocity of organic contaminants 
with a high retardation factor will be lower than the advective groundwater flow.  The 
retardation factor is a function of the soil bulk density and the distribution coefficient ( ) as 

follows: 
 

where: 

 bρ = soil bulk density, and 

 ne = effective soil porosity. 

The higher the Koc value, the greater the chemical’s tendency to adsorb to soil organic matter 

(be retarded) rather than migrate with groundwater flow.  In general, compounds with Koc 

values greater than 10,000 L/kg will tend to adsorb effectively to soil organic carbon; values less 
than 1,000 L/kg will tend not to adsorb effectively to soil organic carbon. 

Koc values for relevant VOCs and SVOCs are low, ranging from 2.45 L/kg for VC and 29 L/kg for 
1,4-dioxane up to 364 L/kg for PCE.  All are well below 1,000 L/kg indicating that they have a 
lower tendency to sorb to soil organic carbon.  Expected retardation factors for Site VOCs and 
the SVOC 1,4-dioxane are generally low.  Assuming an Foc of 0.001 (0.1 percent), a soil bulk 
density of 1.76 grams per cubic centimeter (g/cm3) and an effective porosity of 0.22, R values 
would range from 1.02 for VC and 1.23 for 1,4-dioxane to 3.91 for PCE. 

1.8.2.2 Degradation 

Degradation of organic compounds occurs by biotic and abiotic processes. 

Biological degradation 

Many organic contaminants can be completely detoxified to innocuous end-products through 
microbially-mediated biotransformations under anaerobic conditions.  Optimal conditions for 
anaerobic biodegradation are those that are characterized as having near-neutral pH, a 
presence of particular bacteria that mediate reductive biotransformations of the target 
contaminants, a presence of an excess supply of fermentable organic carbon substrates to 
serve as electron donors to provide reducing equivalents, strongly negative ORP, an absence of 
dissolved oxygen and nitrate, and an absence of other toxic or inhibitory constituents that 
might interfere with biological reductive dechlorination.  Natural biodegradation of organic 
contaminants can proceed in the presence of natural organic carbon or anthropogenic sources 
such as fuel hydrocarbons (e.g., toluene or xylene). 
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Biotransformation of chlorinated solvents under anaerobic conditions in both DNAPL and 
dissolved plume areas under anaerobic conditions has been reported to occur via reductive 
dechlorination.  Reductive dechlorination involves the sequential replacement of chlorine 
atoms on the organic molecule by hydrogen atoms.  The reaction occurs primarily under 
anaerobic and reducing redox conditions that typically favor methanogenesis, although the 
dechlorination process does not require methanogenesis.  During dechlorination chlorinated 
VOCs serve as electron acceptors for the halo-respiring bacteria that carry out these 
degradation reactions and dissolved hydrogen gas serves as the electron donor.  Hydrogen can 
occur as the result of fermentation of naturally-occurring simple organic carbon such as 
humic/fulvic acids.  Reductive dechlorination is the principal mechanism for biodegradation of 
most highly chlorinated compounds such as PCE, TCE, 1,1,1-TCA, 1,1,2-TCA, and cis-1,2-DCE. 

While several microbial species can dechlorinate PCE and TCE, reductive dechlorination past cis-
1,2-DCE has been linked exclusively to members of the genus Dehalococcoides (Dhc).  The 
reduction of chloroethenes by Dhc spp. is mediated by reductive dehalogenase (RDase) 
enzymes.  Correlation between reductive dehalogenase concentrations and dechlorination 
activity has been performed in laboratory and field studies.  While Dhc are widespread, they are 
not believed to be ubiquitous and Dhc possessing the VC-RDase genes that mediate the final 
dechlorination step are less prevalent.  This results in a commonly observed phenomenon of 
“stalling” of the intrinsic reductive dechlorination process. 

Source VOCs and SVOCs of concern include chlorinated ethenes (PCE, TCE, and 1,1-DCE), 
chlorinated ethanes (1,1,1-TCA) and 1,4-dioxane.  Under reductive dechlorination, PCE 
degrades sequentially to the non-toxic end product ethene, passing through sequentially 
smaller dehalogenated daughter products as shown below. 
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Pathways for the Degradation of PCE 
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1,1,1-TCA also degrades anaerobically by reductive dechlorination to 1,1-DCA, to chloroethane 
and to ethane, as shown below. 

Pathways for the Degradation of 1,1,1-TCA 

 

In overburden groundwater, PCE and TCE were detected above MCLs, but 1,2-DCE and VC were 
detected only infrequently and at very low concentrations.  The breakdown product cis-1,2-DCE 
was detected more frequently, but VC was rarely detected in Site groundwater.  Neither 1,1,1-
TCA nor its anaerobic breakdown product 1,1-DCA were detected at significant concentrations 
in overburden or bedrock groundwater.  In bedrock, TCE was detected above its MCL, but PCE, 
1,2-DCE, and VC were detected only infrequently and at very low levels.  Because biological 
degradation relies upon a sufficient carbon source and a low oxidation-reduction potential 
suitable for promoting the growth of dechlorinating bacteria, the rate of sequential reductive 
dechlorination of PCE and TCE in aerobic aquifers may be slow. 

These data indicate that historical releases of chlorinated ethenes (PCE and TCE) have not 
degraded completely to their daughter products in the overburden.  Bedrock groundwater is 
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more reduced than overburden groundwater as shown below, and therefore more likely to 
support complete reductive dechlorination. 

ORP vs. DO in Groundwater September 2008 

 

Although biodegradation of site VOCs appears to be incomplete, other attenuation mechanisms 
such as dilution, dispersion, and advective migration and discharge to the Assabet River have 
resulted in substantial attenuation of VOCs.  As presented in the plots below, concentrations of 
VOCs at monitoring locations with historically elevated VOC concentrations have decreased 
significantly at the Site. 

VOC Concentrations at MW-1 
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VOC concentrations at OW-1 

 

Abiotic Degradation of 1,1,1-TCA 

1,1,1-TCA can also degrade by abiotic elimination under anaerobic conditions to 1,1-DCE as 
shown in the diagram above. 

Historical data show significant concentrations of 1,1,1-TCA at SW-1 (up to 10,000 µg/L in 
1980).  1,1,1-TCA concentrations have declined significantly and are currently well below the 
MCL of 200 µg/L (current maximum concentration is 14.5 µg/L at MW-1).  1,1,1-TCA is currently 
detected at only five wells, four of which are downgradient of Route 62.  The anaerobic 
breakdown product 1,1-DCA is only sporadically detected and at very low levels.  The abiotic 
breakdown product, 1,1-DCE has been detected only sporadically.  Data through 2013 indicates 
there are no concentrations of 1,1-DCE above the MCL (7 µg/L).  These data indicate that these 
historical releases of 1,1,1-TCA have likely degraded and migrated through the overburden and 
the majority has likely discharged to the Assabet River years before. 

Volatilization 

The extent to which an organic chemical can volatilize from the soil and water phases depends 
on its vapor pressure, aqueous solubility, and diffusion coefficient.  For estimating releases 
from water to air, the Henry's Law constant, which is the partition coefficient that expresses the 
ratio of the chemical concentrations between air and water at equilibrium, is more appropriate 
than vapor pressure.  Organic compounds with Henry's Law constants in the range of 10-3 
atmospheres-cubic meter per mole (atm-m3/mol) and larger can be expected to volatilize 
readily from water; those values ranging between 10-3 and 10-5 atm-m3/mol are associated with 
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significant, but lesser volatilization, while compounds with values less than 10-5 atm-m3/mol 
volatilize from water only to a limited extent (Lyman, et al., 1990).  The Henry’s Law constants 
of the predominant VOCs detected in groundwater are moderate to high and range from 
7.5×10-3 atm-m3/mol for cis-1,2-DCE  to 1.32×10-3 atm-m3/mol for 1,1,1-TCA.  1,4-dioxane has a 
very low Henry’s Law constant at 4.8×10-6 atm-m3/mol and is expected to volatize only to a 
limited extent.  Volatilization from groundwater as it affects the soil gas pathway is further 
discussed in Section 1.6.3. 

1.8.2.3    1,4-dioxane 

1,4-dioxane is a cyclic organic compound and because of its high aqueous solubility and relative 
resistance to biodegradation, its fate is generally controlled by advection.  At NMI, 1,4-dioxane 
is the most widespread COC above its PRG in overburden and bedrock groundwater.  1,4-
dioxane is associated with 1,1,1-TCA as a chemical stabilizer in the original product.  Because 
1,4-dioxane is only slightly retarded in groundwater, it has migrated to downgradient areas in 
the overburden and shallow bedrock with likely historical discharge to the Assabet River. 

Although historical data indicate that VOCs have been present in groundwater for at least 30 
years, historical data for 1,4-dioxane are not available because this compound was not part of 
historical analyte lists.  It is logical to assume, however, because 1,4-dioxane was likely 
associated with 1,1,1-TCA, that 1,4-dioxane has also been present in groundwater for a similar 
time period and that significant attenuation of this compound has occurred by dilution, 
dispersion and advective migration and discharge to the Assabet River.  The fate of 1,4-dioxane 
in site overburden groundwater is similar to other chemicals; that is, local discharge to the 
overburden and shallow bedrock downgradient of Route 62 with eventual discharge to the 
Assabet River.  Low level detects of 1,4-dioxane in deep overburden north of the Assabet River 
indicate possible migration beneath the river (Section 4.13 of RI Report, de maximis, 2014), 
although, other sources of 1,4-dioxane, unrelated to NMI, are present north of the river. 

1.8.3 Contaminant Fate in Soil Gas 

The extent to which an organic chemical can volatilize from the soil and water phases depends 
on its vapor pressure, aqueous solubility, and diffusion coefficient.  For estimating releases 
from water to air, the Henry's Law constant, which is the partition coefficient that expresses the 
ratio of the chemical concentrations between air and water at equilibrium, is more appropriate 
than vapor pressure.  Organic compounds with Henry's Law constants in the range of 10-3 
atmospheres-cubic meter per mole (atm-m3/mol) and larger can be expected to volatilize 
readily from water; those values ranging between 10-3 and 10-5 atm-m3/mol are associated with 
significant, but lesser volatilization, while compounds with values less than 10-5 atm-m3/mol 
volatilize from water only to a limited extent (Lyman, et al., 1990).  The Henry’s Law constants 
of the predominant VOCs detected in groundwater are moderate to high and range from 
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7.5×10-3 atm-m3/mol for cis-1,2-DCE  to 1.32×10-3 atm-m3/mol for 1,1,1-TCA.  1,4-dioxane has a 
very low Henry’s Law constant at 4.8×10-6 atm-m3/mol and is expected to volatize only to a 
limited extent. 

Two buildings (2250 Main Street and 2254 Main Street) overlie a small area downgradient of 
the Site in which VOCs, including TCE, have historically been detected in groundwater.  VOCs 
have been detected in groundwater at locations OW-1 and MW-1, downgradient and 
upgradient, respectively, of the building at 2250 Main Street.  Several rounds of groundwater 
sampling data reveal that TCE concentrations in groundwater have exceeded the USEPA vapor 
intrusion non-cancer residential screening value of 0.5 µg/L (corresponding to a Hazard Index 
(HI) of 0.1 (See Section 1.9.2) at both locations during the RI.  In November 2009, TCE was 
detected in groundwater monitoring wells MW-1 and OW-1 at concentrations of 16.3 and 10.9 
µg/L, respectively; more recently, groundwater analytical results through 2013 have indicated 
falling concentrations of TCE to 5.52 and 5.81 µg/L, respectively.  The depth to groundwater 
ranges from approximately 26 feet upgradient (i.e., to the south) of 2250 Main Street to 14 feet 
downgradient (i.e., to the north).  Vadose zone soils on the property are stratified drift deposits 
comprising fine to medium sand with some silt and a trace of fine gravel. 

VOCs can be supplied to the vadose zone either by partitioning out of groundwater into deep 
soil gas followed by upward diffusion into shallow soil gas, or by extrusion from indoor air to 
the subsurface followed by downward diffusion (i.e., sourced from indoors having not 
originated from groundwater).  VOCs in the shallow vadose zone near a structure may be drawn 
into indoor air by advection driven by relative building under-pressurization (i.e., vapor 
intrusion), which is most common during the heating season.  Alternatively, VOCs from indoor 
air sources can extrude into the subsurface during periods of relative building over-
pressurization (i.e., vapor extrusion).  The MassDEP found TCE to be present in the indoor air of 
residences at other sites not located near subsurface sources at concentrations ranging from 
0.29 (50th percentile) to 0.8 μg/m3 (90th percentile) (MassDEP, 2008). 

In the smaller building (2254 Main Street), TCE was not detected in three sub-slab samples 
collected over two different seasons in 2009 and 2010.  Two sub-slab soil gas samples were 
collected during the heating season and one in late spring (June).  The lack of TCE in sub-slab 
soil gas, combined with the low VOC concentrations detected in groundwater samples, are 
strong evidence for an incomplete vapor intrusion pathway at this structure.  No further action 
is recommended for this building. 

In the main building (2250 Main Street), TCE concentrations measured in discrete sub-slab soil 
gas samples averaged 24 μg/m3 in the late fall of 2009 and approximately 13 μg/m3 in late 
spring of 2010.  The total average over all four samples is approximately 19 μg/m3.  Because the 
vapor intrusion investigation was intended to assess the long-term exposure potential of 
building occupants to target compounds, the total average (19 μg/m3) is the most appropriate 
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value to use for data evaluation because it is more representative of TCE concentrations in sub-
slab soil gas over the long term than individual samples or other averages.  However, as a 
conservative measure, the maximum value (29 μg/m3) was used for screening indoor air.  

One sub-slab soil gas sample was collected at 2250 Main Street using the High Purge Volume 
(HPV) method (in which TCE was detected at a concentration of 10 μg/m3).  This result and field 
screening data collected at the same time support the representativeness of the averaged 
discrete sub-slab sampling results discussed above.  Soil gas removed from beneath the slab 
showed steady changes during field screening throughout the purge.  These data collected 
during the HPV sampling did not indicate rising VOC concentrations that could be indicative of 
an isolated, high-concentration source of TCE at some distance from the probe that could have 
been missed during discrete sub-slab sampling.  Soil gas withdrawn during the HPV was likely 
replaced by gas from several sources, including indoor air leaked through joints and 
imperfections in the slab, deeper soil gas with higher concentrations of TCE, shallow soil gas 
from beyond the footprint of the building, and ultimately outdoor air from outside the footer 
walls.  These differing contributions would likely have diluted the recovered sample by a small 
factor overall.  The relatively consistent concentration of VOCs in sub-slab vapors from both 
sampling events together with the HPV sample supports the conceptual model that the 
dominant source of TCE to the vadose zone is from groundwater. 

Risk-based (i.e., exposure to a certain concentration over years) target indoor air TCE 
concentrations can be used as starting points to estimate the long-term averaged sub-slab soil 
gas concentration that would pose an unacceptable risk to building occupants by estimating the 
amount of dilution that occurs when sub-slab soil gas crosses the slab and mixes with indoor 
air.  The 1 x 10-6 (one in a million) excess lifetime cancer risk (ELCR) indoor air target for a 
commercial scenario is 3.0 μg/m3 (USEPA, November 2012).7  Using the conservative “generic” 
sub-slab-to-indoor air attenuation factor of 0.1 from the USEPA OSWER Guidance (USEPA, 
2002b), the TCE concentration in sub-slab soil gas would need to be greater than 30 μg/m3 to 
potentially pose an ELCR above 1 x 10-6.  This threshold sub-slab soil gas concentration is more 
than any individual measurement from the main building or the annualized average sub-slab 
concentration.  Notably, the USEPA is evaluating the non-cancer effects from pre-natal short-
term TCE exposure and screening or action levels may change as a result of this evaluation.   

A second way to estimate a conservative, site-specific attenuation factor is to calculate the 
interior volume of the building, multiply by a default hourly indoor air exchange rate and divide 
by the hourly volume of soil gas entering the structure.  Using conservative values for the rate 

                                                      
7 RSLs are from the latest EPA tables posted on http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables/pdf/indair_sl_table_run_NOV2012.pdf.  

http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/pdf/indair_sl_table_run_NOV2012.pdf
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/pdf/indair_sl_table_run_NOV2012.pdf
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of indoor air exchange for a commercial structure (0.25 exchanges/hour) (USEPA, 2004) and for 
soil gas entry rates into residential-sized structures (10 L/min) (Johnson, 2002), the modeled 
attenuation factor would be 0.004.  This value would allow for an average TCE concentration in 
the sub-slab of up to approximately 7,400 μg/m3 before TCE concentrations in indoor air pose 
an ELCR above 1 x 10-6. 

1.8.3.1 Vapor Intrusion Pathways 

To pose a risk to the occupants of structures, VOCs must first be present in soils or in 
groundwater at the water table, partition into the gas phase, and migrate upward in the vadose 
zone via diffusion.  Then VOCs in the shallow vadose zone near a structure may be drawn into 
indoor air by advection driven by relative building under-pressurization (i.e., vapor intrusion), 
which is most common during the heating season.  Because each of the site-derived VOCs that 
could potentially pose an unacceptable health risk via this pathway (vinyl chloride, chloroform, 
PCE and TCE) are also known to be common in the indoor air of structures not associated with 
subsurface contamination, detection of these compounds in indoor air may not indicate a 
completed pathway (e.g., USEPA, 2011).  VOCs relevant to the vapor intrusion pathway for the 
Site are dissolved in overburden groundwater at the water table both on- and off-site and 
potentially in vadose zone soils on-site.  On-site vapor intrusion will be evaluated following 
completion of remediation activities to address potential future uses; off-site vapor intrusion is 
being evaluated currently. 

1.8.3.2 Investigation of On-Property Pathways 

Because of the exceedances of vapor intrusion groundwater screening levels, prior to re-use of 
the 2229 Main Street property, an assessment will be conducted to evaluate remaining VOC 
impacts with respect to the vapor intrusion pathway.  Results of this assessment may indicate 
that unrestricted use for future construction is acceptable or it may indicate the need for a 
subsurface investigation or mitigation for new construction.  An investigation could include, but 
may not be limited to collection of groundwater, soil gas or soil samples for laboratory analysis 
for target VOCs and numerical modeling of the pathway from known sources to occupants of 
hypothetical future buildings.  If needed or elected, mitigation could include institutional 
controls such as designating some portions of the Site for no new construction, or including 
active, passive or semi-passive mitigation systems on new construction. 

1.8.3.3 Investigation of Off-Property Pathways 

The two buildings (2250 Main Street and 2254 Main Street) overlie a small area downgradient 
of the Site in which VOCs, including TCE, have historically been detected in groundwater.  
Results of the off-site vapor intrusion investigation are presented in the following sections. 
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1.8.3.3.1 Building Surveys 
During an initial site visit on June 1, 2009, Geosyntec learned that horizontal vent pipes were 
installed beneath the basement slabs of both buildings (2250 and 2254 Main Street) during 
building construction (for possible future use in radon mitigation).  The perforated sub-slab 
pipes were laid in a one-foot thick layer of crushed stone, are connected to vertical piping 
through interior building walls, and terminate within the attic spaces.  The pipe in the main 
building (2250 Main Street) was open-ended while the pipe in the smaller building (2254 Main 
Street) was sealed.  The property owner agreed to seal the pipe in the attic of the main building 
prior to sample collection.  Each building was constructed with the ground floor built into the 
hillside to the south and as a walk-out to the north.  Each has a first floor above and the main 
building has a second floor.  Both buildings are occupied and used as commercial office space, 
though there is a residence on the second (uppermost) floor of the main building.  Both 
buildings are surrounded by grass and landscaping, and separated by an outdoor stairway and a 
small parking lot. 

The building at 2250 Main Street was surveyed on November 22, 2009 and has a ground floor 
footprint of approximately 2,900 ft2.  There are separate HVAC systems and air intakes on each 
floor.  Total VOC concentrations were measured with the PID in each room and ranged 
between 0.03 and 0.08 parts per million by volume (ppmv).  The only through-going 
penetrations of the basement slab were several pipes located in the mechanical room in the 
southwest corner against the southern wall. 

The building at 2254 Main Street was surveyed on December 6, 2009 and has a ground floor 
footprint of approximately 900 ft2.  There are separate HVAC systems and air intakes on each 
floor.  Total VOC concentrations measured with the PID, room by room, ranged between 0.03 
and 0.083 ppmv, except for the garage space on the upper floor which ranged from 0.17 to 0.20 
ppmv.  No obvious indoor sources of VOCs were identified in either building during the surveys. 

1.8.3.3.2 Sub-Slab Soil Gas Sampling 
A micromanometer was connected to each sub-slab soil gas probe prior to purging or sample 
collection and both buildings were measured to be under pressurized by approximately 1 Pascal 
(Pa) (2250 Main Street on 22 November 2009) and 3 Pa (2254 Main Street on December 6, 
2009).  On June 6, 2010, the same measurements conducted with a Magnehelic® differential 
pressure gauge indicated that the basement indoor air at 2250 Main Street was approximately 
neutral with respect to the subsurface (+2 Pa and -2 Pa) and 2254 Main Street was slightly over 
pressurized by approximately 1 Pa. 

TCE was the only analyte detected in sub-slab soil gas samples and it was only detected in the 
main building.  Concentrations of TCE in the soil gas samples from under the main building 
ranged from 6.5 to 29 μg/m3. 
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1.8.3.3.3 High Purge Volume Sub-Slab Soil Gas Sampling 
Screening data from the Tedlar® bag samples collected at intervals throughout the purge 
showed the oxygen concentration rising from 20.0 to 20.6 percent, carbon dioxide falling from 
0.6 to 0.2 percent, and the total organic vapor (TOV) falling from 0.139 to 0.043 ppmv 
throughout the purge.  These measurements are consistent with a purge that began by 
removing sub-slab soil gas, as indicated by the slightly depressed oxygen and slightly elevated 
carbon dioxide and TOV, and progressed to wider areas of influence drawing gas from both 
diluting (e.g., carbon dioxide and TOV from deeper soil gas) and enriching (e.g., oxygen from the 
atmosphere) sources.  TCE, at a concentration of 10 μg/m3, was the only analyte detected in 
the volume-integrated sample, which was collected as a slip-stream into a SummaTM canister 
during the purge. 

1.8.3.3.4 Outdoor Air Sampling 
VOCs were not detected in any of the outdoor air samples collected in November or December 
2009 or June 2010. 

Analysis of soil gas samples indicated concentrations of TCE less than 30 μg/m3 in sub-slab soil 
gas beneath one structure (2250 Main Street) and no VOC detections beneath the other (2254 
Main Street).  TCE was the only constituent that was detected in soil gas samples; the reported 
concentrations were below USEPA soil gas vapor intrusion screening levels (VISLs) protective for 
indoor air within a commercial space, but were greater than soil gas VISLs protective for air 
within a residential space.  As a protective measure, in August 2013, a mitigation system was 
installed and started operation.  The structure already incorporated most elements of a radon-
style sub-slab mitigation system including approximately one-foot of compacted gravel beneath 
the slab, a horizontal perforated pipe buried within this gravel, and a nominal three-inch-
diameter riser terminating in the attic.  Completion of the mitigation system consisted of 
extending the riser to the exterior roof, and installing a RadonAwayTM model XP201 radon fan 
installed in-line in the attic. Sub-slab soil vapor samples were collected prior to system start up, 
and again in December 2013.  Low concentrations of TCE were detected in the sub-slab soil 
samples, generally declining in concentration from 2009 to 2013.  Groundwater concentrations 
of TCE measured at nearby monitoring wells have also declined from 2009 to 2013.  TCE was 
not detected in the sub-slab sample collected in December 2013 (Geosyntec, 2014).  

1.9 BASELINE RISK ASSESSMENT 

1.9.1 Baseline Ecological Risk Assessment 

The Baseline Ecological Risk Assessment (BERA) evaluated the potential for contaminants of 
Potential Concern (COPCs) in surface water, sediment, and soil to impact ecological receptor 
populations present within areas affected by historical operations at the NMI facility.  Five 
aquatic/wetland exposure areas (Cooling Water Recharge Pond, Sphagnum Bog, Northeast 
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Wetland, Assabet River Main Channel, and Assabet River Embayment) and one terrestrial 
exposure area (site-wide soils) were identified based on habitat assessment and site 
investigations conducted in 2005 through 2009. 

Site-specific data consisted of surface water, sediment, and soil chemistry data, sediment 
toxicity test data, surface water toxicity test data, benthic community survey data, and 
amphibian and benthic macroinvertebrate tissue concentration data.  In some locations, 
sediment chemical data, sediment toxicity tests, and benthic community surveys were co-
located, an approach commonly referred to as a sediment “triad.” 

Overall, the BERA concluded that mineral sediment within the southwest corner of the 
Sphagnum Bog (AOI 6) and sediment within the Cooling Water Recharge Pond (AOI 4) could 
pose a significant ecological risk and should be included in the FS for evaluation of response 
actions.  Several dissolved metals measured in surface water from the Sphagnum Bog were also 
identified as potential risk drivers to aquatic receptors (specifically, amphibian tadpoles, the 
only vertebrates that can live in the acidic bog water) based on exceedances of chronic water 
quality criteria.  However, toxicity testing of this water using larvae of the African clawed frog 
suggested that the metals were likely not bioavailable (see Appendix J). 

1.9.2 Baseline Human Health Risk Assessment 

A Human Health Risk Assessment (HHRA) has been completed to evaluate health risks 
associated with the current land use of the Site, as well as three possible future land uses of the 
Site, which include residential, passive recreational, and commercial/industrial.  The HHRA has 
evaluated baseline risks which assume that current and future land uses occur in the absence of 
any remedial actions.  By way of evaluating baseline risks, the results of the HHRA (with the 
results of the BERA) will inform decisions concerning response actions that may be warranted 
at the Site. 

The results of the HHRA are expressed as ELCR and hazard index (HI) values, which provide 
estimates of cancer and non-cancer risks, respectively, for the land use scenarios evaluated.  
The results of the risk assessment are used by USEPA to make response action decisions in 
accordance with the NCP, as follows: 

 A response action is not warranted when cancer risks are 10-6 or lower, and HI values 
are 1 or less; 

 A response action is warranted when cancer risks are greater than 10-4 or HI values are 
greater than 1; and 

 A response action is generally not warranted when cancer risks are between 10-6 and  
10-4;  
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The HHRA process subdivides the Site differently than the RI Report.  The HHRA process 
subdivides the Site into Exposure Areas (EAs) for assessing and characterizing risk.  EAs are the 
geographic areas of the Site where exposures may occur and may include one or more Areas of 
Investigation (AOIs), exposure points, and exposure pathways (Figure 1.9.1). 

Based on the results of the HHRA, the EAs in which risks exceed the upper limit of the NCP risk 
range (10-4) are: 

 A5 (Sweeping and Fill Area, surface soil), due primarily to thorium, arsenic, uranium, and 
PCBs; 

 A6 (Industrial Area – East, surface and subsurface soil), due primarily to uranium, 
thorium, PAHs, arsenic, and PCBs; 

 B2 (AOI 2 and 4 Soils at Cooling Water Recharge Pond, surface and subsurface soil) due 
primarily to thorium, arsenic, PCBs, uranium, and PAHs; 

 B4 (Rt. 62 Outfall and Embayment Area, surface soil), due primarily to thorium, PAHs, 
and arsenic; 

 B5 (AOI 1 – Holding Basin), due primarily to thorium and uranium; and 

 All groundwater EAs, on-property and off-property, due to uranium and arsenic at all 
EAs, and trichloroethene, 1,4-dioxane, and/or vinyl chloride at one or more EAs. 

Based on the results of the HHRA, the EAs in which non-cancer HI values exceed the NCP 
threshold of an HI of 1 are: 

 A4 (AOI 14 – North, surface soil), due to PCBs; 

 A5 (Sweepings and Fill Area, surface and subsurface soil), due to PCBs; 

 A6 (Industrial Area – East, surface and subsurface soil), due to uranium and PCBs; 

 B2 (AOI 2 and 4 Soils at Cooling Water Recharge Pond, surface and subsurface soil), due 
to PCBs; 

 B5 (AOI 1 – Holding Basin, surface and subsurface soil), due to uranium; 

 SW/SD-3 (Cooling Water Recharge Pond, sediment), due to PCBs; and 

 All groundwater EAs, on-property and off-property, due to uranium, arsenic, 
trichloroethene, and other metals (e.g., cobalt, molybdenum, nitrate/nitrite). 

1.9.3 Additional Areas to be Addressed in FS/Presumptive Remedies 

Presumptive remedies are preferred technologies or response actions for sites with similar 
characteristics.  The objective of the presumptive remedies initiative is to use the program’s 
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past experience to streamline site investigations and speed up selection of cleanup actions. 
Presumptive remedies are expected to be used at all appropriate sites. 

During implementation of the RI field work, two areas were identified for “presumptive 
remediation,” the Cooling Water Recharge Pond and the Old Landfill.  One other area, soil 
beneath the building slabs, can also be considered to require presumptive remediation.  Since 
these areas were already known to contain sufficient contamination to require remedial action, 
only minimal sampling was performed during the RI to characterize these areas; and no risk 
assessment was performed for these areas. 

From the RI sampling, the sediment in the Cooling Water Recharge Pond contained one sample 
with a concentration of 437 mg/kg of PCBs, but the next highest PCB concentration in the 
sediment was 12.5 mg/kg.  Uranium (determined to be DU) was detected at a concentration of 
129 mg/kg in one sediment sample, with the next highest concentration at 42.5 mg/kg.  Both of 
the high concentration samples are located at the southern end of the Cooling Water Recharge 
Pond.  These concentrations exceeded the final risk-based screening levels (RBSLs) presented in 
the Risk Assessment Plan (Volume V of the RI/FS Work Plan, de maximis, inc., 2005).  The RBSLs 
represent the lowest of the human and ecological risk-based values for each 
chemical.  Exceedance of the RBSL for PCBs by 5 orders of magnitude and that of uranium by 2 
orders of magnitude created an expectation that these concentrations would lead to 
unacceptable risks.  Accordingly, no ecological risk assessment for this area was performed, 
although it was included in the human health risk assessment.  The PCB and uranium 
concentrations both exceed human health risk levels and ecological risk based PRGs derived for 
other areas of the site.  The sediments in the Cooling Water Recharge Pond exceeding PRGs are 
addressed in this FS. 

In the Old Landfill, USEPA conducted a Time-Critical Removal Action in 2002 that resulted in the 
regrading of the area and installation of a temporary cap and fencing.  The temporary cap is 
exposed to sunlight, and subject to photodegradation over time.  It was installed as an interim 
measure, as this area was expected to be addressed as part of the remedy.  During the RI, a 
limited amount of soil sampling was conducted, away from areas of known metallic debris.  The 
extent of metallic debris was characterized using both ground penetrating radar and 
electromagnetic survey.  There were some reports that shock-sensitive materials were disposed 
along with the metallic debris.  This potential presented safety hazards to sampling personnel 
so sampling in this area was limited.  Of the samples collected, DU was identified at 
concentrations ranging from non-detect to 97.8 mg/kg, with soils from surface soils to 8 feet 
below ground surface exceeding PRGs. Most of the soils exceeding PRGs are in the western half 
of the landfill.  The presumptive remedy for this area involves removal of the temporary cover 
and all metallic debris, along with some volume of soils in the immediate vicinity of the debris.  
As the sampling strategy biased sample collection away from the debris, which would have 
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likely had the highest levels of contamination, the HHRA may have underestimated risk in this 
area.  This issue will be addressed by applying remediation goals derived for other soil areas to 
this portion of the Site during implementation of the remedy 

Soil beneath the existing building foundation slabs was not accessible during the RI.  This soil is 
expected to be accessible after the building contents are removed pursuant to the NTCRA work 
that started in August 2011.  Sub-slab soil sampling results will not be available for evaluation in 
this FS.  However, based on experience at other sites, due to many cracks and old drains in the 
foundation it is reasonable to expect that some sub-slab soils may have unacceptable levels of 
contamination.  Existing PRGs will be used to determine the remedial action for affected soils.  
If contaminants are found that have not been evaluated in the HHRA/BERA, then those 
contaminants will be evaluated to see if new PRGs should be considered. 

For purposes of this FS, removal of the slabs and excavation of sub-slab soils exceeding 
remediation goals derived for other soil areas will be the presumptive remedy.  For cost 
estimating purposes, the soils below the slabs of Buildings C, D, and E were assumed to be 
excavated to a depth to 5 feet deep due to the historic industrial use of these buildings, for a 
total of 12,457 cy of soil.  Buildings A and B and the Butler buildings did not have a history of 
uranium manufacturing, so those soils were only estimated to be removed to 2.5 feet below 
the slabs, for a total of 3,414 cy.  These numbers are purely for cost estimating purposes, and 
will be changed to meet project PRGs as needed during implementation of the remedy.   

Following completion of the RI, in the Spring of 2014, a survey of the site identified discrete 
pieces of DU metal and/or pieces of yellow oxidized uranium that had not been previously 
identified (DDES, 2014). After implementing the careful removal of all visible pieces of DU metal 
and yellow oxidized uranium, locations remain where soil or asphalt readings indicate 
additional remediation will be necessary (see Figure 2.5.1). All of these areas are identified to 
be removed, along with paving surrounding the buildings and 1 foot of soil under this pavement 
for a total of 5,500 cy.    
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2. IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS, REMEDIAL ACTION OBJECTIVES, PRELIMINARY 
REMEDIATION GOALS, AND GENERAL RESPONSE ACTIONS 

The identification of potentially applicable remedial technologies in the FS begins with the 
identification of applicable or relevant and appropriate requirements (ARARs), remedial action 
objectives (RAOs), preliminary remediation goals (PRGs), and general response actions (GRAs).  
The areas or volumes of media of concern to which remedial action might be applied are 
identified based on these criteria, and specific remedial technologies to address those media 
are listed and screened in a two-step process.  Initially, the universe of potentially applicable 
technologies are identified and screened solely on the basis of technical implementability.  
Following this initial screening, the options for the remaining technologies are evaluated with 
respect to relative effectiveness, implementability and cost to select one or more 
representative process options for each technology. 

Throughout this section of the FS, the terms “technology” or “technology type” refer to general 
categories of technologies.  The term “process option” refers to specific cleanup processes 
within each technology type.  For example, “physical treatment” would represent a technology 
type, while “air stripping,” a type of physical treatment, would be a process option under this 
technology. 

2.1 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

ARARs are promulgated, enforceable federal and state environmental, or public health 
requirements, which fit into either of two categories:  "applicable requirements” or "relevant 
and appropriate requirements."  “Applicable” requirements are those cleanup standards, 
standards of control, and other substantive environmental protection requirements, criteria, or 
limitations promulgated under federal or state law that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance at a 
CERCLA site.  “Relevant and appropriate” requirements are those cleanup standards, standards 
of control, and other substantive environmental protection requirements, criteria, or 
limitations promulgated under federal or state law that, while not legally applicable to a 
hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance 
at a CERCLA site, address problems or situations sufficiently similar to those encountered at the 
CERCLA site that their use is well suited to the particular site or actions at the site. 

USEPA and states have also identified certain guidance as "to be considered" criteria (TBCs).  
TBCs are non-promulgated advisories or guidance issued by federal or state government that 
are not legally binding and do not have the status of potential ARARS.  Along with ARARS, TBCs 
may be used to develop the remedial action limits necessary to protect human health and the 
environment. 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 2-2 

USEPA categorizes ARARs and TBCs as chemical-specific, location-specific, or action-specific.  
These ARAR categories are described below. 

2.1.1 Potential Location-Specific ARARs and TBCs 

The location-specific ARARs address requirements that arise from the location of the Site being 
near a river (floodplain), near wetlands, the bog, endangered species, or other critical 
environmental habitats or historic concerns.  Table 2.1.1 includes descriptions of location-
specific ARARs that may be associated with the technologies evaluated. 

2.1.2 Potential Chemical-Specific ARARs and TBCs 

Descriptions of chemical-specific ARARs that may be associated with the COCs identified in the 
soil and sediment, and groundwater, are provided in Tables 2.1.2 and 2.1.3, respectively.  A few 
critical chemical-specific ARARs are further explained immediately below. 

2.1.2.1 Risk-Based Requirements 

40 CFR 300.430(e)(i)(A)(2) indicates that excess cancer risks greater than one in ten thousand 
(10–4) are unacceptable, while excess cancer risk between 10–4 and one in one million (10–6) 
may require risk management.  The USEPA states that “where the cumulative carcinogenic risk 
to an individual, based on a reasonable maximum exposure for both current and future land 
use is less than 10–4, and the non-carcinogenic hazard quotient is less than 1.0, action generally 
is not warranted unless there are adverse environmental impacts,” unless maximum 
contaminant levels (MCLs) are exceeded. USEPA uses the general 10–4 to 10–6 risk range as a 
“target range” within which risk management measures are taken as part of the Superfund 
cleanup process (USEPA, 1991).  40 CFR Part 300.430(e)(2) also indicates that “the 10–6 risk level 
shall be used as the point of departure for determining remediation goals for alternatives when 
ARARs are not available or are not sufficiently protective because of the presence of multiple 
contaminants at a site or multiple pathways of exposure.”  USEPA (1989) indicates that an HI 
greater than 1.0 may be associated with a non-carcinogenic adverse health effect.  Section 2.3 
evaluates the implications of this guidance further. 

2.1.2.2 Federal and State ARARs 

Massachusetts Regulations for the Control of Radiation, Standards for Protection Against 
Radiation, 105 CMR 120.245, require that the annual total effective dose equivalent (TEDE) to any 
individual after the Site is released for unrestricted use should not exceed ten millirem above 
background.  This requirement will be considered when determining the minimum cap 
requirements to protect the public from potential exposures to any soils left on the Site. 

VOCs contribute to the issue of vapor intrusion (VI), which is evaluated within this FS.  
Regulations and guidance concerning VI are still evolving, so groundwater regulations are the 
closest applicable ARARs for VI, though risk-based concentrations calculated from site-specific 
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data may be more relevant to VI.  In addition, the Massachusetts Contingency Plan (MCP), 310 
CMR 40.0932(6), defines groundwater standards for which no further action is necessary to 
protect the vapor intrusion pathway.  Groundwater contaminated with VOCs is defined as “GW-
2” when it lies within 30 feet of an existing or planned building and the average annual depth to 
groundwater in that area is less than 15 feet.  Vapor intrusion screening levels derived using the 
vapor intrusion screening levels (VISL) calculator and indicated on Figure 1.4.6 may not be 
appropriate for use as ARARs or PRGs because they are derived from conservative, generic, 
default assumptions.  No separate table for the VI technologies or alternatives is presented 
herein. 

2.1.3 Potential Action-Specific ARARs and TBCs 

The action-specific ARARs address treatment, transportation, and disposal requirements for the 
soils and sediments, and the treatment and discharge requirements for the groundwater.  
Table 2.1.4 includes descriptions of action-specific ARARs that may be associated with the 
possible remedial actions. 10 CFR 20 has been identified as relevant and appropriate.  This 
requirement states in relevant part:  “Control and access to sites and prevention of misuse of 
on-site residual radioactive material by appropriate administrative controls and physical 
barriers designed to be effective, to the extent reasonable, for at least 200 years.” 

2.1.4 Superfund Program Expectations 

USEPA expects to select a remedy for a site considering the Superfund program’s “goal and 
expectations” which are stated in the NCP as follows: 

Program Goal (40 CFR 300.430(a)(1)(I)) 

The national goal of the remedy selection process is to select remedies that are protective of 
human health and the environment, that maintain protection over time, and that minimize 
untreated waste. 

Program Expectations (40 CFR 300.430(a)(1)(iii)) 

A. USEPA expects to use treatment to address the principal threats posed by a site, wherever 
practicable.  Principal threats for which treatment is most likely to be appropriate include 
liquids, areas contaminated with high concentrations of toxic compounds, and highly mobile 
materials. 

B. USEPA expects to use engineering controls, such as containment, for waste that poses a 
relatively low long-term threat or where treatment is impracticable. 

C. USEPA expects to use a combination of methods, as appropriate, to achieve protection of 
human health and the environment. 
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D. USEPA expects to use institutional controls, such as water use and deed restrictions, to 
supplement engineering controls as appropriate for short- and long-term management to 
prevent or limit exposure to hazardous substances, pollutants, or contaminants. 

E. USEPA expects to consider using innovative technology when such technology offers the 
potential for comparable or superior treatment performance or implementability, fewer or 
lesser adverse impacts than other available approaches, or lower costs for similar levels of 
performance than demonstrated technologies. 

F. USEPA expects to return usable ground waters to their beneficial uses wherever practicable, 
within a time frame that is reasonable given the particular circumstances of the site.  When 
restoration of groundwater to beneficial uses is not practicable, USEPA expects to prevent 
further migration of the plume, prevent exposure to contaminated groundwater and 
evaluate further risk reduction. 

2.2 REMEDIAL ACTION OBJECTIVES 

RAOs consist of media-specific goals for protecting human health and the environment.  As 
defined in USEPA RI/FS guidance (USEPA, 1988b), RAOs should specify the COCs, exposure 
routes and receptors, and an acceptable contaminant level or range of levels for each exposure 
route.  The baseline HHRA identified several COCs with respect to human health risk in the 
study area groundwater, shallow soil, surface water, and sediment. 

RAOs have been developed for soil; overburden and bedrock groundwater; and sediment.  No 
RAOs were identified as being required for surface water, as there was no unacceptable risk 
attributed to surface water.  Furthermore, since the RI showed that the nature and extent of 
any surface water contamination generally mirrors sediment contamination, the remedial 
alternative selected for addressing sediment contamination will also address surface water 
contamination.  Therefore, a separate surface water remedy is not needed.  The RAOs were 
developed in consideration of the potential human health or ecological risks associated with 
exposure to these media, and the definition of principal threat wastes (Section 1.5). 

The RAOs for each environmental medium of concern are presented below. 

2.2.1 Surface and Subsurface Soil 

Prevent potential direct human exposure for a future resident (by ingestion, inhalation or 
ionizing radiation) to soils with contaminants that would result in an ELCR greater than the 
target risk range of 10-4 to 106 or a non-carcinogenic HI greater than 1; 

 
Prevent migration of DU from soils in the Holding Basin that would result in groundwater 
concentrations exceeding ARARs. 
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2.2.2 Sediment 

Protect ecological receptors from exposure to contaminants in sediments indicative of adverse 
effects at the Cooling Water Recharge Pond; 

Protect ecological receptors from exposure to contaminants in sediments indicative of adverse 
effects at the Sphagnum Bog while maintaining the physical and ecological integrity of the bog; 

Prevent exposure for a current trespasser/future resident (by ingestion, dermal contact or 
ionizing radiation) to contaminants in the Cooling Water Recharge Pond sediments that result 
in a cumulative ELCR greater than the target risk range of 10-4 to 10-6 or a non-carcinogenic HI 
greater than 1. 

2.2.3 Groundwater – Overburden 

Prevent potential human exposure (ingestion/dermal contact/vapor inhalation) by a future 
resident to overburden groundwater used as a domestic water supply with COC concentrations 
that exceed ARARs or result in a cumulative ELCR greater than 10-4 or non-carcinogenic HI 
greater than 1. 

Prevent inhalation of indoor air that could be impacted by migration of volatile organic COCs in 
overburden groundwater with resultant COC concentrations which result in a cumulative ELCR 
greater than 10-4 or a non-carcinogenic HI greater than 1 to a future resident /commercial 
worker, and meet ARARs. 

Limit migration of COCs in groundwater at concentrations that would exceed ARARs or result in 
a cumulative ELCR greater than 10-4 or non-carcinogenic HI greater than 1 for a future resident 
exposed to the groundwater by ingestion, dermal contact, and vapor inhalation. 

Restore the overburden groundwater within the contaminant plume, to a level protective of 
human health and the environment and that meets ARARs. 

2.2.4 Groundwater – Bedrock 

Prevent potential human exposure (ingestion/dermal contact/vapor inhalation) by a future 
resident to bedrock groundwater as soon as practicable. 

Limit migration of natural uranium in bedrock groundwater at concentrations that would 
exceed ARARs or result in an ELCR greater than the target risk range of 10-4 to 10-6 or non-
carcinogenic HI greater than 1 for a future resident exposed to the groundwater by ingestion or 
dermal contact. 

Limit migration of TCE and 1,4 dioxane in bedrock groundwater from concentrations that would 
exceed ARARs or result in a cumulative ELCR greater than 10-4 or non-carcinogenic HI greater 
than 1 for a future resident exposed to the groundwater by ingestion, dermal contact, or and 
vapor inhalation. 
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Restore bedrock groundwater throughout contaminated plume to a level protective of human 
health and the environment and meeting ARARs. 

2.3 PRELIMINARY REMEDIATION GOALS 

Preliminary Remediation Goals (PRGs) represent chemical concentrations that correspond to 
specified levels of risk.  They are used to help set remediation goals that, when achieved, will 
result in residual (post-response action) health and environmental risks that do not exceed a 
cancer risk range of 10-6 to 10-4 or an HI of 1, as stipulated in the NCP. 

PRGs were developed for the COCs identified in the human health and ecological risk 
assessments.  COCs are the chemicals that, based on the results of the risk assessment, were 
determined to pose an ELCR greater than 1 in 1 million (10-6) or a HI greater than 1.  COCs were 
identified for exposure areas that posed a) a cancer risk in excess of an ELCR of 10-4, b) an HI 
greater than 1, or c) a significant ecological risk. 

2.3.1 Development of Human Health-Based PRGs 

COCs are presented in Table 2.3.1 for each of the exposure areas identified in Section 1.9.2 and 
Figure 1.9.1.  COCs were identified as follows: 

1. For each future land use scenario evaluated in the risk assessment (e.g., commercial, 
recreational, residential), exposure areas that posed risks greater than an ELCR of 10-4 or 
a HI of 1 were identified. 

2. Within each of the identified exposure areas, COCs were identified that contributed a 
total ELCR greater than 1 x 10-6 or a total HI greater than 1.  (Total risk is the summation 
of risks for all exposure routes that are applicable to the COC and the exposure area.  
For example, a COC for residential exposure to soil is identified based on the ELCR and 
HI that is the summation of risks for the incidental ingestion, dermal contact, dust 
inhalation, vapor inhalation exposure routes, and produce ingestion exposure routes, as 
applicable.) 

PRGs that are protective for risks to human health were developed for the COCs using the 
methodology, input parameters, and equations provided in Appendix B.  PRGs for soil, 
sediment, and groundwater are summarized in Tables 2.3.2, 2.3.3, and 2.3.4, respectively. 

1. The COCs for each exposure area and each land use scenario were combined to create a 
single list of COCs for each exposure medium.  The lists of COCs for soil, sediment, and 
groundwater are presented in Table 2.3.1. 

2. For each COC, at each exposure medium, PRGs were calculated for all land use scenarios 
applicable to that medium. 
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PRGs were calculated using the receptor scenario-specific intake values, and toxicity 
values, that were used to derive risks in the HHRA (Appendix B).  The target risk levels 
used to calculate PRGs were an ELCR of 1 x 10-6, 1 x 10-5, 1 x 10-4, and HI values of 0.1, 1, 
and 10. 

PRGs for soil, sediment, and groundwater are summarized in Tables 2.3.2, 2.3.3, and 2.3.4, 
respectively. 

2.3.2 Development of Ecological PRGs 

The results of the ecological risk assessment indicated that there are potential risks to the 
benthic community in the Sphagnum Bog, as determined by a weight-of-evidence evaluation 
which concluded that the hazard index for effects to the benthic community is greater than 1.  
Risks were determined to be primarily associated with sediment in the southwestern portion of 
the bog, as this area of the bog has higher concentrations of several Site-related COPCs. 

An analysis of toxicity test data with sediment chemistry data indicated that risks to the benthic 
community were likely to be associated with two COPCs:  PCBs; and copper.  Lead and mercury 
were also identified as potential contributors to risk in the samples that contained elevated 
concentrations of PCBs and copper.  Consequently, these four constituents were identified as 
COCs in Sphagnum Bog sediment. 

PRGs for sediment in the Sphagnum Bog were derived by identifying ‘no effect’ COC 
concentrations and ‘effect’ COC concentrations.  The ‘no effect’ concentrations were identified 
as the highest COC concentrations measured in sediment samples which exhibited no toxicity, 
as determined by the sediment toxicity tests performed in support of the BERA.  The ‘effect’ 
concentrations were identified as the lowest COC concentrations measured in sediment 
samples which exhibited statistically significant toxicity, as determined by the sediment toxicity 
tests performed in support of the BERA.  The selected PRGs were then calculated as the 
geometric mean of the ‘no effect’ and ‘effect’ values.  Ecological PRGs for sediment are 
presented in Table 2.3.3.  Documentation of the ecological PRGs is provided in Appendix A.  
Note that the ecological PRGs for sediment were developed for the Sphagnum Bog, but will also 
be applied to the Cooling Water Pond. 

2.3.3 Selected PRGs 

Selected PRGs for each medium were identified by considering the human health risk-based 
PRGs, ecological risk-based PRGs, ARARs, and background values.  Chemical-specific ARARs are 
numerical standards, and are published for PCBs in soil and for several COCs in groundwater.  In 
accordance with the NCP and associated USEPA guidance, ARARs are considered to be 
representative of an acceptable level of exposure and are generally considered to be protective 
even when they are associated with risks that are outside of the USEPA risk range (USEPA, 
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1991c).  Therefore, when available, ARARs are typically used as PRGs.  In addition, PRGs are 
typically not set at concentrations below naturally-occurring background concentrations. 

Selected PRGs were identified as follows: 

1) When an ARAR was available, the ARAR was used as the PRG unless the Site-specific 
background value was greater than the ARAR, in which case the background value was 
used as the PRG; 

2) When an ARAR was not available, the lower of PRGs based on the following were 
identified: 

a. PRG based on a human health ELCR of 1x10-6; 
b. PRG based on a human health hazard index of 1; 
c. PRG based on protection of benthic invertebrates (applies to sediment only). 

3) The risk-based PRGs identified in Step 2 were compared to Site-specific background 
values, and the greater of the risk-based PRG or background value was selected as the 
Final PRG. 

Selected PRGs are presented in Tables 2.3.2, 2.3.3 and 2.3.4. 

Tables 2.3.2 and 2.3.3 also present residual human health risks.  The residual risks represent the 
ELCR and HI associated with exposure to soil or sediment under the assumption that the COC 
concentrations in soil or sediment are equal to the selected PRG. 

2.4 AREAS TO WHICH RISK MANAGEMENT MAY APPLY 

2.4.1 Initial Identification of Areas 

As described in Section 1.7, six soil exposure areas, one sediment exposure area in the Cooling 
Water Recharge Pond, and all groundwater exposure areas were identified for evaluation in the 
FS based on human health cumulative ELCR values that exceeded 10-4 and/or cumulative HI 
values that exceeded 1.  In addition, two sediment exposure areas were identified (including 
the same sediment location identified in the Cooling Water Recharge Pond) for evaluation in 
the FS based on ecological HI values that exceeded 1. 

One of the site-specific considerations that is taken into account in deciding if response actions 
are warranted is determining whether the risks are related to activities that occurred at the 
Site, or are related to natural or anthropogenic background conditions.  Response actions are 
generally not required to address risks that are associated with ambient background conditions 
(USEPA, 2002a).  This is particularly the case when total site risks are contributed by naturally 
occurring constituents which are not related to releases at the Site. 

The HHRA showed that two of the most substantial contributors to cancer risks in soil are 
arsenic and thorium.  However, the HHRA also concluded that arsenic and thorium 
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concentrations in soil at the Site are consistent with local background concentrations.  
Consequently, the risks calculated in the HHRA for arsenic and thorium in soil are a reflection of 
the risks associated with ambient background conditions, and not a representation of risks 
associated with site-related contamination.  The HHRA included an incremental risk analysis 
which identified the differences between risk for exposure to site soil concentrations and risks 
for exposure to background levels. 

The conclusions of the incremental risk analysis were that ELCR values for all of the soil 
exposure areas that had cumulative ELCR values greater than 10-4, except A6 (AOI 7 and 11 - 
Industrial Area East), were reduced to be within the NCP risk range when the background 
contribution from naturally occurring arsenic and thorium were accounted for.  Based on that 
analysis, non-cancer HI values greater than 1 are the primary drivers for initiating response 
actions in soil, and the soil areas to which remedial action may apply are refined.  Specifically: 

• Exposure area B4 (Rt. 62 Outfall) is removed from further analysis in the FS because the 
cumulative HI value for that EA is below 1 and the incremental cancer risk does not 
exceed 10-4.  Aside from naturally occurring arsenic and thorium, the only COCs at B4 
are PAHs, which are likely attributable to storm water runoff from Rt. 62, and not to 
activities that occurred at the Site. 

• Drivers for initiating response actions at exposure areas A4, A5, B2, and B5 are 
associated with cumulative HI values greater than 1, due to PCBs and/or uranium, 
specifically: 
• A4 (AOI 09 – Northern Pavement Drain Outfall, surface soil), due to PCBs; 

• A5 (Sweepings and Fill Area, surface and subsurface soil), due to PCBs; 

• B2 (AOI 2 and AOI 4 Soils, surface and subsurface soil), due to PCBs; 

• B5 (AOI 1 – Holding Basin, surface and subsurface soil), due to uranium. 

• At exposure area A6 (Industrial Courtyard – surface and subsurface soil), the cumulative 
HI exceeds 1 due to PCBs and uranium, and the cumulative ELCR exceeds 10-4 even 
when incremental risks are considered.  The contributors to cancer risk (i.e., the 
constituents retained as COCs due to cancer risks) are benzo(a)pyrene, 
benzo(b)fluoranthene, PCBs, arsenic, thorium, and uranium.  However, arsenic and 
thorium are a background condition, and are therefore not retained as COCs in the 
evaluation of remedial alternatives. 

In summary, PRGs that are used to develop remedial alternatives for soil are those identified for 
PCBs and/or uranium at exposure areas A4, A5, B2, and B5.  PRGs that are used to develop 
remedial alternatives at exposure area A6 are those that are identified for PCBs, uranium, 
benzo(a)pyrene and benzo(b)fluoranthene.  For these areas, the PRGs used to evaluate soil 
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areas and volumes for which remedial action may apply are based on residential land use at a 
target ELCR of 1 x 10-6 or target HI of 1, as well as ARARs and background values as described in 
Section 2.3.3. 

In sediment, two exposure areas are identified as areas to which remedial action may apply: 

• SW/SD-3 (Cooling Water Recharge Pond, sediment), due to a human health HI greater 
than 1 for PCBs and ecological risks; and 

• Sediment within the southwest corner of the Sphagnum Bog (AOI 6) due to ecological 
risks associated with PCBs, copper, lead and mercury. 

For groundwater, all exposure areas, on-property and off-property, are identified as areas to 
which remedial action may apply, due to human health cancer risk greater than 10-4 and HI 
values greater than one, due to chlorinated VOCs (1,1-dichloroethane, tetrachloroethene, 
trichloroethene, vinyl chloride), 1,4-dioxane, bis(2-ethylhexyl)phthalate, and metals (arsenic, 
barium, chromium, cobalt, copper, iron, manganese, molybdenum, thorium, uranium, and 
nitrate/nitrite). 

Finally, three additional areas will be carried forward into the FS: 

• The Old Landfill (AOI 3) due to the presence of metallic anomalies within the subsurface 
soil, exceedances of soil PRGs in subsurface soil, and the need to provide a permanent 
remedy to replace the interim removal action cap installed by USEPA; and 

• The on- and off-property areas identified as a potential future vapor intrusion exposure 
pathway.  These are shown as colored “Areas Exceeding Vapor Intrusion Screening 
Levels” on Figure 1.4.5. 

• Locations where discrete pieces of DU metal and/or pieces of yellow oxidized uranium 
were identified (Figure 2.5.1). Following removal of visible pieces of DU metal and 
yellow oxidized uranium, the locations remain where soil or asphalt readings indicate 
additional remediation needs to be conducted. 

The following is select information from the RI Report (de maximis, 2014) to be used in 
determining the areas and volumes of soils, sediments, and groundwater to which each 
alternative will apply.  The discussion below refers to RSLs since the information comes from 
the RI Report.  Section 2.4.2 evaluates these areas against the PRGs. 

2.4.1.1 Holding Basin - AOI 1 

The Holding Basin was constructed in 1958.  A pre-existing glacial depression was enlarged by 
removing soil to flatten the floor and construct an earthen dike on its face (NMI, 1997).  It was 
actively used from 1958 to September 1985 for disposal of waste sludges derived from pickling 
copper-clad DU rods in nitric acid, at which time waste discharges ceased due to a change in 
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waste processing methods.  In December 1986, an impermeable cover was installed over the 
Holding Basin by NMI.  In 1997, Starmet, with financial support from the U.S. Army, removed 
the cover and excavated 8,000 cubic yards of soil and sludge.  The excavated materials were 
disposed at an approved off-site facility.  In 2002, USEPA installed a temporary impermeable 
cover on the Holding Basin.  This included reshaping the basin wall, backfilling the bottom of 
the basin with six feet of clean fill, and placing a stone blanket over the basin walls and sides 
prior to cover installation.  The northern berm was breached and reconstructed to install an 
overflow pipe to drain stormwater from the cover to the Cooling Water Recharge Pond.  The 
current dimensions of the basin are approximately 180 feet in length and approximately 100 
feet in width (just under a half an acre in area). 

In the unsaturated soils between the bottom of the Holding Basin (elevation between 161 to 
169 feet msl, approximately 20 feet bgs depending on where on the slope one stands) and the 
water table (elevation 140 feet msl), elevated uranium concentrations are contained within the 
footprint of the Holding Basin depression and range up to an approximate maximum 
concentration of 12,000 mg/kg (Figure 1.6.2).  The average uranium concentration of the 
unsaturated soils is 93 mg/kg and the volume is 12,487 cubic yards (cy). In the saturated zone 
from the water table to the top of bedrock (elevation 140 to 110 feet msl), uranium 
concentrations in soil were generally lower with an approximate maximum concentration of 
1,300 mg/kg, average concentration of 30 mg/kg, and volume of 19,472 cy.  Concentrations of 
uranium drop off sharply at elevation 125 feet msl, except within an area below the center of 
the Holding Basin at an approximate elevation of 110 feet msl where some soils were found to 
contain greater than 200 mg/kg uranium.  Additionally, uranium concentrations greater than 
approximately 100 mg/kg were found to extend beyond the northwest boundary of the Holding 
Basin.  These impacted soils are believed to be the result of aqueous phase uranium migration 
in groundwater that has re-adsorbed to soils downgradient of the Holding Basin. 

Soil volume estimates indicate a small likelihood of significant uranium mass in the till above 
the bedrock (less than 200 cy above 100 mg/kg), and no soil containing uranium at greater than 
500 mg/kg in the till layer. 

2.4.1.2 Old Landfill – AOI 3 

The Old Landfill is located south of the Sphagnum Bog.  An area of cleared land and possibly a 
borrow pit pre-date construction of the Site.  Anecdotal reports indicate laboratory equipment 
and waste that resulted from the initial relocation to the facility were buried in this area along 
the southern shore of the Sphagnum Bog.  Anecdotal reports also indicate that local residents 
disposed of white goods in this area.  In 2002, after limited investigation found drum fragments 
and evidence of radiological and chemical impacts, USEPA completed a limited removal and 
capping of the landfill.  Aerial photographs indicate that additional areas of fill may lie to the 
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south of the landfill cap.  The presumptive remedy for this area involves removal of the 
temporary cover and all debris, associated laboratory equipment and materials, along with 
some volume of soils in the immediate vicinity of the debris.  The following are findings from 
the RI. The discussion below refers to RSLs since the information comes from the RI Report (de 
maximis, 2014).  Section 2.4.2 evaluates these areas against the PRGs. 

• At this AOI, PCBs were detected at up to 3.3 mg/kg in the 4-6 feet bgs sample at location 
SB-RI-03006, but were detected at a concentration of only 0.00077 mg/kg in the 8-10 
feet bgs sample at this location.  Therefore, the vertical delineation of PCBs at AOI 3 has 
been achieved, as evidenced by the deepest samples at each boring location having PCB 
concentrations that are less than the RSL.  

• Only two shallow subsurface sample locations (SB-RI-03006 and SB-RI-03010) contain 
uranium at concentrations more than ten times the RSL.  These concentrations are from 
samples collected from the 4 to 6 feet bgs depth interval; samples collected 8 to 10 feet 
bgs were associated with uranium concentrations below RSLs.  Therefore, the vertical 
delineation of uranium at AOI 3 has been achieved, as evidenced by the deepest 
samples at each boring location having uranium concentrations that are less than the 
RSL. 

2.4.1.3 Cooling Water Recharge Pond (AOI 4) and Drum Burial Area (AOI 2) 

The Cooling Water Recharge Pond is located in a natural topographic depression in the center 
of the Site, approximately 75 feet north of the Holding Basin.  The Pond was created by placing 
a sand dam across the swale.  Water was pumped into the facility from on-site supply wells, 
where it was used as non-contact cooling water and then discharged to the Cooling Water 
Recharge Pond.  In addition, the pond receives water from some facility roof drains and storm 
water run-off.  The pond is approximately 26,000 square feet (0.6 acres), but the actual size has 
varied over time, depending on facility operations (i.e., amount of cooling water discharged). 

The Cooling Water Recharge Pond was much smaller in the 1960s, and the edge of the pond 
would have been well to the north of the inferred trench location at the time of drum burial.  
The pond surface expanded throughout the 1980s and 1990s as the facility used and discharged 
more production water, and sedimentation likely lowered the rate of infiltration to underlying 
soils.  It appears that at its maximum extent, the pond encroached on the burial area.  The 
current pond extent has receded to the north because of the decreased rate of discharge of 
non-contact cooling water since facility closure. 

In addition to receiving cooling water from the facility, waste water discharged into the Holding 
Basin reportedly overflowed into the Cooling Water Recharge Pond on at least two occasions 
(January 1982 and April 1986) (NMI, 1993). 
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A removal action was implemented in 2004 as part of the RI field activities to remove and 
dispose of the waste materials from the Drum Burial Area and the Cooling Water Recharge 
Pond.  The following are findings from the RI Report.  The discussion below refers to RSLs since 
the information comes from the RI Report (de maximis, 2014).  Section 2.4.2 evaluates these 
areas against the PRGs. 

• RSL exceedances for Aroclor 1260 were detected at most of the surface soil locations 
collected from AOIs 2 and 4.  PCBs exceeding RSLs were detected with less frequency 
with depth.  Although soil sampling did not horizontally or vertically bound the extent of 
PCB contamination within AOIs 2 and 4 exceeding RSLs, there was sufficient data to 
proceed with the FS. 

• Soils from AOI 2 trench samples at 10 to 11 feet bgs, and boring SB-RI-02006 at 14 to 16 
feet bgs, located to the east of the drum burial trench, contained PCBs at concentrations 
greater than the PRG (1 mg/kg).  In addition, at the far southwestern end of the trench, 
Aroclor 1254 was detected at a concentration of 1.5 mg/kg in soil boring SB-RI-02004 at 
a depth of 18 feet bgs.  A deeper sample (22 to 24 feet bgs) at SB-RI-02004 detected 
only Aroclor 1254 at 0.000484 mg/kg, less than the PRG.  To further define the vertical 
extent of PCBs, a new boring, SB-RI-02009, was sampled from 18 to 20 feet bgs, and no 
PCBs were detected. 

• PCB concentrations in the range of 3 mg/kg to 5 mg/kg were detected in soils in the 
saddle area between AOIs 4 and the Sphagnum Bog (AOI 6).  Samples from explorations 
SS-RI-04020, -04029, -04030, and -04031 contained PCBs at concentrations less than 
their respective RSLs, and successfully bound the area between AOIs 4 and 6.  Samples 
from explorations SB-RI-02005, -02006, -02007, and -02008 to the south, and SS-RI-
14094 to the east contain concentrations of Aroclors 1254 and 1260 exceeding the PRG.  
Although soil sampling did not horizontally or vertically bound the extent of PCB 
contamination, there was sufficient data to proceed with the FS. 

• Uranium concentrations in deep subsurface soil in the Drum Burial Area decrease with 
exceptions being the 18 to 20 feet bgs sample collected from location SB-RI-02004 (12.1 
mg/kg). 

2.4.1.4 Drain Line Area (AOI 11) 

The following is a discussion of the drain lines that may be encountered when removing 
subsurface soils.  These drain lines may have provided a conduit for contamination of these 
soils.  Any pipelines found within an area of soil requiring excavation will also require removal.  
All known pipeline locations are identified on Figure 2.5.2. 

Two main process lines have been used historically at the facility.  The first is the process waste 
line designated on facility plans as CAD (Building C Acid Drain).  This line was installed in 1958 to 
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convey waste acid pickling solution from Building C to the Tank House.  The line was extended 
in 1978 to convey uranium and copper-bearing spent nitric acid pickling solution and floor drain 
discharges from Building D to the Tank House.  Part of the CAD was removed during the 
construction of Building E and replaced with new lines that did not fall within the Building E 
footprint.  At the Tank House, fluids were then conveyed from a diverter valve to two above 
ground cypress tanks (subsequently replaced with fiberglass-reinforced resinous tanks), located 
in the Tank House.  In 1985, NMI converted to a closed loop recycling system using sulfuric acid 
and stopped discharging nitric acid to the CAD.  Floor wash-water and pickling rinse-water have 
been the primary fluids draining through the CAD since 1985. 

From the Tank House, supernatant liquid (the neutralized and clarified liquid component of the 
pickling waste acids) was discharged through subsurface pipes that ran between the Cooling 
Water Recharge Pond and the Holding Basin to the west side of the Sphagnum Bog.  Floor 
drains from the Tank House also connected to this line.  The line from the Tank House to the 
Sphagnum Bog was reportedly abandoned in place and the supernatant liquid was then gravity 
fed to the Holding Basin with the pickling sludge. 

The second process line is the Building A acid drain (AD).  This line was installed in 1958 to 
transport waste liquids from floor drains and laboratory sinks in Building A to the Sphagnum 
Bog.  Since abandonment of the property by the Starmet entities, the AD no longer receives any 
fluids. 

In addition to these two lines, a former four-inch PVC subsurface drain line running from the 
prior location of Building B3, at the current location of the southeast corner of Building E, to the 
Holding Basin was reportedly partially abandoned in place (Weaver, 1985).  This line was 
connected to a sump in Building B3, and a yard drain outside the former Building B3 location.  
The line reportedly was used to drain water-soluble machine coolant from drums containing DU 
turnings (Weaver, 1985). 

The following are the findings from the RI Report (de maximis, 2014) on the drain lines.  The 
discussion below refers to RSLs since the information comes from the RI Report. Section 2.4.2 
evaluates these areas against the PRGs. 

• PCBs were detected above RSLs in soils from AOI 11 in soil boring SB-RI-11009 at a 
depth of 2 feet bgs.  The concentration of Aroclor 1254 in this sample was 44.1 mg/kg, 
which may be attributable to its proximity (20 feet) to a transformer (AOI 15).  Aroclor 
1254 and Aroclor 1260 were detected at AOI 15 in excess of RSLs in seven and six 
surface soil samples, respectively.  The highest concentration detected was 9.07 mg/kg 
of Aroclor 1254 and 1.78 mg/kg of Aroclor 1260, both from SS-RI-15028.  Two samples 
collected from a depth of 2 to 3 feet bgs at AOI 15 exceeded RSLs, but at significantly 
lower concentrations.  To better assess the spatial distribution of PCBs in soils, twelve 
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additional soil samples were collected from four separate soil borings at AOI 11(SB-RI-
11026 through SB-RI-11029).  Samples were collected from three discrete depth 
intervals at each location (0 to 2 feet bgs, 8 to 10 feet bgs, and 18 to 20 feet bgs).  
Aroclor 1254 was detected at concentrations exceeding the RSL of 0.11 mg/kg in each of 
the soil borings except SB-RI-11029.  The highest Aroclor 1254 result is from boring SB-
RI-11026 in the 18 to 20 feet bgs sample at a concentration of 3.69 mg/kg.  The 
concentrations of Aroclor 1254 in 18 to 20 feet bgs samples from borings SB-RI-11027 
and SB-RI-11028 are substantially lower, at concentrations of 0.514 and 0.288 mg/kg, 
respectively. 

• Deep subsurface soil samples collected at AOI 11 indicate that uranium concentrations 
are generally within two times RSLs, but range from 14.9 to 182 mg/kg in the 20 to 22 
foot bgs soil samples collected at locations SB-RI-11008, -019, -020, and -021 (the 
deepest collected at these locations). 

• Uranium was detected at 5,070 mg/kg in one surface soil sample from the Transformer 
Pad, SS-RI-15028.  This sample is bounded by sample SS-RI-11026 to the southeast, 
which contained uranium at a concentration below detectable limits, and is also 
bounded by buildings to the north and west.  Vertically, the uranium concentration in 
the 0 to 1 foot sample of SS-RI-15028 is bounded by samples between 1 and 10 feet bgs 
interval with uranium concentrations less than two times the RSL. 

2.4.1.5 Utility Lines in Industrial Courtyard Area 

All underground utilities will be disconnected upon completion of the NTCRA, but not removed. 
All underground utilities and drain lines encountered during any component of an active soil 
remedy would be removed.   

One transformer is currently located between Buildings B and B4, three transformers are 
located on the east side of Building D, and additional electrical units are located on the former 
switchgear pad located in the paved yard behind Buildings C and D. 

2.4.1.6 Sweepings and Fill Area (AOI 8) 

The discussion below refers to RSLs since the information comes from the RI Report.  Section 
2.4.2 evaluates these areas against the PRGs. 

• PCBs were detected at elevated concentrations (up to 16.6 mg/kg) in shallow subsurface 
soil samples at this AOI.  The majority of shallow subsurface soil samples with elevated 
PCB concentrations were actually collected from within the soil piles at the Sweepings 
and Fill Area.  Soil samples collected from shallow subsurface soil beneath and around 
the piles showed PCB concentrations either below RSLs or only slightly greater than 
RSLs. 
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• The majority of surface and shallow subsurface soil samples with elevated uranium 
concentrations were actually collected from within the soil piles at the Sweepings and 
Fill Area.  Soil samples collected from shallow subsurface soil beneath and around the 
piles showed uranium concentrations either below RSLs or only slightly greater than 
RSLs. 

2.4.1.7 Soils Beneath Building Foundations 

Sub-slab soils are expected to contain unacceptable levels of contamination where drain lines 
and building pits may have leaked, as well as other possible locations.  Existing PRGs will be 
used to determine the remedial action for affected soils.  If contaminants are found that have 
not been evaluated in the HHRA/BERA or are detected at higher concentrations, then those 
contaminants will be evaluated to see if new PRGs should be considered. 

2.4.1.8 Soils Around Discrete DU Pieces 

Figure 2.5.1 identifies the locations of surface soil to be remediated to an assumed depth of 2 
feet.   

2.4.2 Soils Exceeding Risk-Based Preliminary Remediation Goals 

Figures have been developed indicating the locations of surface soil and subsurface soil samples 
that exceed the PRG developed for the following parameters: 

• Uranium exceeding 2.3 mg/kg (above 10-6) (Figures 2.4.1 and 2.4.2); and 
• Total PCBs exceeding 1 mg/kg (EPA policy) (Figures 2.4.3 and 2.4.4). 

The Holding Basin, Old Landfill, and sediments from the Cooling Water Recharge Pond are not 
identified on these drawings since these areas were not further investigated in the RI.  These 
are known areas of contamination that have been separately identified for inclusion in this FS.  
The sediments to be addressed in the Sphagnum Bog are identified on Figure 2.4.5. 

2.4.2.1 Northern Pavement Drain Outfall (AOI 9) 

2.4.2.1.1 Surface Soils (from 0 to 1 feet bgs) 

Uranium (Figure 2.4.1) 
Northern Drainage Area surface soils that exceed the uranium PRG (2.3 mg/kg) are all 
concentrated on the south end of this exposure unit in the former waste storage area.  Surface 
soil samples that exceed the PRG range from 3.3 to 300 mg/kg uranium. 

Total PCBs (Figure 2.4.3) 

All PCBs that exceed the PRG fall within the uranium footprint except for one sample (SS-RI-
09029) at a concentration of 1.306 mg/kg on the east side. 
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2.4.2.1.2 Subsurface Soils (from 1 to 10 feet bgs) 

No sub-surface soils are involved in this area. 

2.4.2.2 Sweepings and Fill Area (AOI 8) Soils 

2.4.2.2.1 Surface Soils (from 0 to 1 feet bgs) 

Uranium 
Sweepings and Fill Area surface soil samples that exceed the PRG for uranium are located 
throughout the north end of AOI 8 at concentrations ranging from 28.2 to 300 mg/kg.  
However, a few samples extend further south, with one lone sample at the southeastern corner 
(TP-RI-08009 at 8.6 mg/kg). 

Total PCBs 

All PCB locations exceeding the PRG of 1 mg/kg are co-located with uranium exceeding the PRG. 

2.4.2.2.2 Subsurface Soils (from 1 to 10 feet bgs) 

Uranium (Figure 2.4.2) 
Sweepings and Fill Area subsurface soil samples that exceed the PRG for uranium are located 
throughout the north end of the area, and extend further south, with one lone sample at the 
southeastern corner.  The concentrations of uranium in the subsurface range from 2.3 to 94.3 
mg/kg. 

Total PCBs (Figure 2.4.4) 

Sweepings and Fill Area subsurface soils that exceed the PRG are at concentrations ranging 
from 3.406 to 18.84 mg/kg.  Five of the seven locations also contain surface soils exceeding 
PRGs.  TP-RI-08007 is in close enough proximity to include with the other soils. TP-RI-08008 is 
further to the west, and is co-located with uranium at 28 mg/kg. 

2.4.2.3 Industrial Courtyard Area Soils 

The excavation of the subsurface soils in the Industrial Courtyard will most likely follow the lines 
of underground pipeline and utility lines which may have provided a conduit for contamination 
to migrate.  Figure 2.4.6 identifies the likely locations of existing underground lines. 

2.4.2.3.1 Surface Soils (from 0 to 1 feet bgs) 

Uranium 

Industrial Courtyard surface soils that exceed the PRG for uranium are located as follows: 

• At one location, the highest concentration found was in sample SS-RI-15028 at 5,070 
mg/kg uranium, with no other samples exceeding 2.3 mg/kg near it; 
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• Three samples located in the southernmost corner of the courtyard with concentrations 
of 2.6, 13, and 31 mg/kg uranium; and 

• Several samples located in the former waste storage area, with concentrations ranging 
from 2.5 to 363 mg/kg uranium. 

Total PCBs 

The only surface soil location inside the courtyard containing PCBs greater than the PRG is SS-
RI-15029 (10.85 mg/kg), near the same old transformer pad where high uranium was indicated. 

2.4.2.3.2 Subsurface Soils (from 1 to 10 feet bgs) 

Uranium 

Industrial Courtyard subsurface soils that exceed the 10-6 PRG for uranium are located 
throughout the area, ranging in concentration from 2.3 to 3360 mg/kg uranium. 

Total PCBs 

PCBs were indicated in the three subsurface soils exceeding the PRG.  Two samples ranged from 
1.41 to 3.55 mg/kg, and one sample near the transformer pad contained 50.46 mg/kg. 

2.4.2.4 Soils along the Edge of the Cooling Water Recharge Pond 

2.4.2.4.1 Surface Soils (from 0 to 1 feet bgs) 

Uranium 
Surface soils samples that exceed the PRG are located throughout the area indicated in Figure 
2.4.1 on the eastern side of the Cooling Water Recharge Pond, and one sample on the 
northwest side of the pond. 

PCBs 

PCBs along the Cooling Water Recharge Pond edge exceeding the PRG are concentrated in the 
northern corner (with a high concentration of 41.8 mg/kg), the eastern corner (with a high 
concentration of 13.97 mg/kg), and the southern corner (with a high concentration of 12.32 
mg/kg). 

The northern corner is not co-located with any other contaminants.  The eastern and southern 
corners are co-located with uranium. 

2.4.2.4.2 Subsurface Soils (from 1 to 10 feet bgs) 

Uranium 

Subsurface soil samples along the edge of the pond that exceed the PRG are located 
throughout the eastern and southern portion of the pond. 
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PCBs 

The soils along the edge of the Cooling Water Recharge Pond contain three subsurface soil 
samples with PCBs that exceed the PRG, each co-located or very close to samples with uranium. 

2.4.2.5 Old Landfill 

Samples exceeding the PRG for uranium extend throughout the western half of the landfill 
footprint, and down to approximately 6 feet bgs, with one location down to 8 feet bgs.  Review 
of the available data for the Old Landfill shows three of 78 samples with concentrations greater 
than the PRG: SB-RI 03008 at 43.2 mg/kg (0.5 to 2 feet bgs), SB-RI-03020 at 97.8 mg/kg (0 to 2 
feet bgs), and TP-RI-03015 at 27.2 mg/kg (0 to 1 feet bgs).  Sample location SB-RI-03004 
contains the only “hit” in PCBS at 1.969 mg/kg and is co-located with uranium. 

The reduced sampling in this area was due to the presence of metallic debris limiting access to 
the soils.  The presumptive remedy process was discussed for this area with the USEPA and 
would include removal of the temporary cover, all metallic debris and soils exceeding PRGs to 
meet the RAOs for the Site as part of any active soil remedy.  Additional sampling will be 
performed as part of the remedial action to further evaluate extent of soil PRG exceedances. 

2.4.2.6 Sub-Slab Soils 

Soils beneath the buildings have not been accessible for sampling.  As the buildings are 
removed down to their foundations as part of the NTCRA, a soil sampling campaign is planned 
to characterize these soils.  It is anticipated that the building foundations have protected the 
soils from dispersion of contaminants to these soils to some degree, but also that floor drains, 
pipelines, and cracks in the building foundations have allowed migration of some contaminants 
to specific areas in both surface and subsurface soils. 

2.4.2.7 Holding Basin 

The Holding Basin will require an action separate from the other site soils, due to the depth of 
contamination, extending below the water table. DU in the Holding Basin footprint constitutes 
the primary source to groundwater, with an estimated 8,900 kg of DU present (not counting soil 
weight), with 5,800 kg above the water table, and 3,100 below the water table. 

2.4.2.8 Soils Around Discrete DU Pieces 

Figure 2.5.1 identifies the locations of surface soil to be removed to a depth of 2 feet.   

2.4.3 Sediments Exceeding Risk-Based Preliminary Remediation Goals 

2.4.3.1 Southwest Open Water Margin of Sphagnum Bog 

The Sphagnum Bog is a palustrine, broad leafed evergreen, scrub-shrub, saturated, acidic 
wetland.  The bog is located approximately 75 feet east of the Cooling Water Recharge Pond 
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and the Holding Basin.  The bog covers an area of approximately 3.5 acres, with an additional 
drainage area of approximately 1.6 acres. 

The Sphagnum Bog is composed primarily of sphagnum peat.  The substrate of the bog varies 
from growing sphagnum at the surface, to decomposed peat below the surface.  The 
percentage of decomposed peat and the amount of compaction increases with depth, reaching 
a maximum at about eight feet below the surface.  Little additional decomposition appears to 
occur below this point.  The bottom of the bog appears to be irregular in shape, with the 
maximum thickness of the sediment measured at 27 feet in the west central portion of the Bog. 

The Sphagnum Bog has no inlets or outlets and receives the majority of its moisture from 
precipitation and run-off.  Although the bottom of the bog extends below the regional 
groundwater surface, little discharge is expected from the bog due to the low permeability of 
the peat. 

At the start of operations in the 1950s, NMI reportedly discharged supernatant from the 
Holding Basin to the Sphagnum Bog through two discharge pipes located on the southwest 
portion of the wetland.  Sinks and floor drains from the laboratories in Building A also 
reportedly discharged to the Sphagnum Bog.  The southern shore of the bog has been altered 
by the placement of fill and the construction of an impermeable cover over a portion of the Old 
Landfill. 

Based on the ecological risk assessment process, the Sphagnum Bog has PRGs defined as: 

• Total PCBs   1.08 mg/kg 
• Copper  176 mg/kg 
• Lead  97.3 mg/kg 
• Mercury  1.3 mg/kg 

The southwest corner of the bog (Figure 2.4.5) contains sediment exceeding these PRGs that 
will be removed.  One sample outside of the southwest corner has been identified as exceeding 
PRG for PCBs at 4.8 mg/kg, but the benefits of physically removing this one area does not 
outweigh the damage that would occur to the bog, which has taken thousands of years to 
become established; so this one location will be left undisturbed to avoid impacting the well-
established peat. 

2.4.3.2 SW/SD3 Cooling Water Recharge Pond 

The sediments inside the Cooling Water Recharge Pond were not fully characterized due to the 
understanding that these sediments would be removed as part of a presumptive remedy 
(Section 2.6).  The depth of sediments in the Cooling Water Recharge Pond is approximately 1.5 
feet deep.  The sediment in the Cooling Water Recharge Pond contained one sample with a 
concentration of 437 mg/kg, but the next highest PCB concentration in the sediment was 12.5 
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mg/kg.  Uranium was detected at a concentration of 129 mg/kg in one sediment sample, with 
the next highest concentration at 42.5 mg/kg.  Both of the high concentration samples are 
located at the southern end of the Cooling Water Recharge Pond. 

2.4.4 Groundwater Exceeding Risk-Based Preliminary Remediation Goals 

Three separate groundwater contaminant issues are addressed in this report: 

1. The DU plume originating from the Holding Basin (referenced as “DU” in the evaluations 
of remedial alternatives); 

2. The larger VOC and 1,4-dioxane plumes in overburden and bedrock that have no known 
on-going sources (referenced as “VOC”); and 

3. The uranium plume in bedrock (referenced as “UROCK”). 

In general, the extent of overburden groundwater contamination is defined by areas of the Site 
where concentrations of DU, TCE, PCE and 1,4-dioxane exceed MCLs in overburden 
groundwater.  Other contaminants detected in overburden groundwater are generally present 
within the delineated overburden plume or have been detected at low concentrations and/or 
infrequently at other locations.  Most overburden groundwater samples at the Site containing 
elevated concentrations of uranium (above 1 µg/L) specifically contain DU.  The extent of the 
DU plume exceeding the MCL of 30 µg/L is laterally constrained to a narrow zone extending 
southeast from the Holding Basin to the northwest.  The DU plume extends downgradient to 
just beyond Building D.  The distribution of DU in overburden groundwater is presented on 
Figures 1.4.2 and 1.7.2.  VOCs (PCE, TCE, and 1,1-DCE) and the SVOC 1,4-dioxane were detected 
in excess of MCLs (for VOCs) or the risk-based PRG (for 1,4-dioxane) in overburden 
groundwater.  The lateral extent of VOCs and 1,4-dioxane is constrained by monitoring wells 
where VOCs were not detected.  The downgradient extent of VOCs and 1,4-dioxane extends 
across the Assabet River to the west.  The distribution of VOCs and 1,4-dioxane in overburden is 
presented on Figure 1.7.4.  In most areas the VOC and 1,4-dioxane plumes are co-located.  
Historically, elevated nitrate has long since migrated through the Site, with only slightly 
elevated nitrate concentrations currently found downgradient of the ST-1 septic system. 

The extent of bedrock groundwater contamination is primarily limited to areas of the Site 
where concentrations of uranium, TCE, 1,4-dioxane, or nitrate exceed MCLs in bedrock 
groundwater.  Uranium detected in bedrock groundwater consistently has a natural isotopic 
signature.  Uranium concentrations in bedrock groundwater are consistent with background 
conditions across much of the Site, with a zone of elevated uranium concentration extending 
southeast to northwest, from the region downgradient of the Holding Basin to just up gradient 
of the property boundary.  The distribution of uranium impacts to bedrock groundwater are 
presented on Figure 1.7.3.  Based on seven sampling rounds since 2005, these concentrations 
appear to be at steady-state. 
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Two VOCs, TCE and 1,1,-DCE, along with 1,4-dioxane were detected at concentrations 
exceeding MCLs and risk-based PRG, respectively, in bedrock groundwater, but at maximum 
concentrations lower than in overburden groundwater.  The lateral and downgradient extent of 
the VOC plume is delineated by the monitoring well network.  Bedrock groundwater containing 
1,4-dioxane in excess of the risk-based PRG extends to the downgradient edge of the 
monitoring well network on the western side of the Assabet River.  The distributions of VOCs 
and 1,4-dioxane in bedrock groundwater are illustrated on Figure 1.7.4. 

2.4.5 Soil Gas Exceeding Risk-Based Targets 

Risk-based target indoor air TCE concentrations can be used as starting points to estimate the 
long-term averaged sub-slab soil gas concentration that would pose an unacceptable risk to 
building occupants by estimating the amount of dilution that occurs when sub-slab soil gas 
crosses the slab and mixes with indoor air.  The 10-6 (one in a million) ELCR indoor air target for 
a commercial scenario is 3.0 μg/m3, assuming 25 years of occupation, 250 days per year, 8 
hours each day.  Using the conservative “generic” sub-slab-to-indoor air attenuation factor of 
0.1 from the USEPA Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway 
from Groundwater and Soils (USEPA, 2002b), the TCE concentration in sub-slab soil gas would 
need to be greater than 30 μg/m3 to pose a potential ELCR above 1 in 1 million (10-6).  This 
threshold sub-slab soil gas concentration is more than any individual measurement from the 
building at 2250 Main Street, or the annualized average sub-slab concentration.  No TCE was 
detected in soil gas collected beneath the smaller building at 2254 Main Street. 

2.5 VOLUMES OF MEDIA TO WHICH REMEDIAL ACTION MAY APPLY 

2.5.1 Soil Volumes 

The areas identified as exceeding the PRGs and requiring remediation are identified in Figures 
2.5.1 and 2.5.2.  In most cases, where PCBs exceed the PRG, uranium is also identified as 
exceeding its PRG.  The estimated volume of soil to be addressed, not including the Holding 
Basin, and including the sediment volume discussed in Section 2.5.2 below, is 82,500 cy.  This 
volume includes the volume of soils estimated to require remediation from beneath the 
building slabs.  This also includes the volume of concrete and asphalt to be removed, estimated 
to be over 6,000 cy.  The volume of Holding Basin soils down to groundwater is estimated to be 
12,500 cy.  These numbers are all without bulking factors included.  Soil volumes for the 82,500 
cy include: 

• Landfill soils and debris 
• Sweepings and Fill Area soils 
• All Industrial Courtyard soils, asphalt, and piping.  Contamination detected around 

underground pipelines was assumed to require excavation of the entire pipeline down 
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to 8 feet bgs and also at a radius of 2.5 feet out in both directions from the pipeline.  All 
pipelines encountered while removing soils will be removed together with the soils. 

• All soil locations that are identified as a dot on Figures 2.5.1 and 2.5.2 have been 
assumed to be excavated to a radius of 2.5 feet from the center of the location. The 
actual extent of excavation will be finalized in the Excavation Work Plan during remedial 
design. 

• Soils around discrete DU pieces (DU has already been removed, additional remediation 
required to meet PRGs); 

• Pavement surrounding buildings and an assumed 1 foot of soil underneath pavement; 
• Concrete from building foundations; and 
• Sub-slab soils (assumed depth of five (5) feet below grade). 

2.5.2 Sediment Volumes 

Sediment volumes include: 
 

• Cooling Water Recharge Pond sediments; and 
• Sphagnum Bog sediments. 

The southwest open water margin of the Sphagnum Bog and the entire footprint of the Cooling 
Water Recharge Pond are to be addressed, for a total estimated 6,667 cy of sediment to be 
removed.  An excavation depth of 3 feet has been assumed for cost estimation purposes for all 
sediment areas.  The actual extent of excavation will be finalized in the Excavation Work Plan 
during remedial design. 

2.5.3 Groundwater Volumes 

Plume volume estimates were developed for 1) DU concentrations exceeding the MCL in 
overburden,2) VOCs (1,1-DCE, PCE and TCE) exceeding MCLs and 1,4-dioxane exceeding the 
risk-based PRG in overburden and bedrock, and the 3) natural uranium plume in bedrock 
exceeding the MCL.  Areal extents were calculated from isoconcentration maps of 2010-2011 
MCL or MassDEP Drinking Water Guideline exceedances in groundwater.  Approximate plume 
volumes were calculated by multiplying the areal plume extent by the weighted average 
impacted depth interval along the plume axis for each analyte.  Pore volume estimates for 
overburden plumes assumed porosity of 30 percent, and for bedrock a porosity of 2 percent.  
Weighted average concentrations were calculated using a representative area surrounding 
each data point.  A non-weighted average was calculated for plumes where the spatial 
distribution of data points was approximately equal.  Calculated plume areas and saturated 
volumes are presented on Table 2.5.1.  Estimates of the mass of each analyte within the 
overburden and bedrock plumes are also presented on Table 2.5.1.   
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As estimated in Table 2.5.1, the overburden DU plume is the smallest in areal extent (0.92 
acres) and saturated volume affected (253,000 ft3), but has the highest average concentration, 
and contains the greatest contaminant mass (6.08 kg).  The VOC and 1,4-dioxane plume are the 
largest in area and are defined by the areal extent of 1,4-dioxane in bedrock, which affects 
approximately 28 acres.  The VOC plumes (TCE, and PCE) are smaller in area, and exist 
approximately within the 1,4-dioxane plume, affecting 7.4 and 2.6 acres, respectively.  The 
saturated volume of overburden impacted by VOCs and 1,4-dioxane is approximately 
380,000,000 ft3, which contains an estimated 0.49 kg of TCE, 1.48 kg of PCE, and 2.3 kg of 1,4-
dioxane.  The saturated volume of bedrock impacted by VOCs and 1,4-dioxane is approximately 
18,800,000 ft3, which contains an estimated 0.02 kg of TCE and 0.43 kg of 1,4-dioxane.  The 
bedrock uranium plume affects 8 acres, 15,600,000 ft3, and contains an estimated 0.76 kg of 
uranium. 

2.5.4 Soil Gas (Vapor Intrusion) Volumes 

The site areas exceeding the vapor intrusion screening levels are provided in Figure 1.4.6.  TCE 
was the only analyte detected in sub-slab soil gas samples and it was only detected in the 
building at 2250 Main Street.  No TCE was detected beneath the building at 2254 Main Street. 
There are separate HVAC systems and air intakes on each floor.  Total VOC concentrations were 
measured with the PID in each room and ranged between 0.03 and 0.08 parts per million by 
volume (ppmv).  The only through-going penetrations of the basement slab were several pipes 
located in the mechanical room in the southwest corner against the southern wall.  As a 
protective measure, a mitigation system was installed in the building at 2250 Main Street and 
started operation in August 2013.   

2.6 USEPA PRESUMPTIVE REMEDY INITIATIVE 

Presumptive remedies are preferred technologies or response actions for sites with similar 
characteristics.  The objective of the presumptive remedies initiative is to use the program’s 
past experience to streamline site investigations and speed up selection of cleanup actions. 
Presumptive remedies are expected to be used at all appropriate sites. 

The Presumptive Remedy for Metals-in-Soils-Sites (USEPA, 1999b) is intended for use at sites 
where metal contamination in soils is the primary problem, including when co-located with 
other contaminants.  Sediment from metals sites may be handled with the soils as long as the 
selected remedy is effective for the sediments as well.  Therefore, this presumptive remedy will 
be used for several applicable site areas, including: 

• Holding Basin soils, 
• Old Landfill soils, 
• Cooling Water Recharge Pond sediments, soils from side slope of the pond, and 

additional soils from below the pond, 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 2-25 

• Sphagnum Bog sediments, 
• North Drainage Area soils, 
• Sweepings and Fill Area soils, 
• Soils throughout the Industrial Courtyard, and 
• Soils from beneath the buildings. 

All soils within these areas to be addressed are considered low level threat metals-in-soil waste, 
except the soils underlying the Holding Basin and some limited soils in the Industrial Courtyard, 
which will be considered principal threat waste due to their toxicity.  See Section 1.5 for further 
discussion of principal threat waste.  The fact that organic compounds also are present, or that 
the metals may be migrating to groundwater do not preclude use of the presumptive remedy 
(USEPA, 1999b).  The presumptive remedy for low level threat metals-in-soil wastes is 
containment.  “Containment” includes both on-site disposal and off-site disposal at a permitted 
facility. Containment of wastes in place includes horizontal and vertical barriers.  This 
technology is generally protective and cost effective for areas of shallow, wide-spread, low-
level contamination (USEPA, 1999b).  Note that this presumptive remedy does not apply to the 
deep soils below the Holding Basin because they are principal threat wastes. 

Concerning disposal, the potential co-mingling of PCBs with uranium is only a concern if the 
concentration of PCBs exceeds 50 mg/kg.  The highest concentration of PCBs in soils on site is 
12.3 mg/kg in area B4.  Only one sediment sample from the south end of the Cooling Water 
Recharge Pond contained PCBs greater than 50 mg/kg.  Sample SD-RI-04002 contained 437 
mg/kg PCBs.  This does not warrant a separate on-site treatment evaluation for PCBs to be 
carried forward, but may require separate handling and disposal since TSCA disposal 
requirements will apply for these sediments.  The presumptive remedy for low level threat 
metals-in-soil wastes is containment.   

2.7 GENERAL RESPONSE ACTIONS 

GRAs are non-specific remedial strategies that will achieve the RAOs identified for the Site.  
GRAs may include treatment, containment, excavation, extraction, disposal, institutional 
actions, or a combination of these.  Like RAOs, GRAs are medium-specific.  A listing of the GRAs 
for each medium of concern is presented below.  Each of the GRAs includes “Institutional 
Controls” as a generic response action.  A more detailed evaluation of the available types and 
forms of Institutional Controls is provided in Appendix I – Institutional Controls Analysis. 

2.7.1 Soils 

All soils with the exception of 12 samples from the Holding Basin and Industrial Courtyard Area 
are low level threat waste.  Per the USEPA Presumptive Remedies:  Policies and Procedures 
(USEPA September 1993), this FS may “limit its consideration to the no action alternative and 
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the presumptive remedy technologies.”  Therefore, GRAs considered for the site soils (surface 
and subsurface) include: 

• No Action, 
• Institutional Controls/Limited Actions, 
• On-Site Containment, 
• Excavation, 
• Transportation and Off-Site Disposal, and 
• Restoration of Excavated Areas. 

Although not required through the presumptive remedy process, the soils present beneath the 
Holding Basin are evaluated for additional stabilization beyond containment to provide an 
additional layer of protection due to the longevity of DU in soils.  Soils beneath the buildings 
have not been accessible for sampling.  Therefore, as the buildings are removed down to their 
foundations as part of the NTCRA, a soil sampling campaign is planned to characterize these 
soils.  It is anticipated that the building foundations have protected the soils from dispersion of 
contaminants to these soils to some degree, but also that floor drains, pipelines, and cracks in 
the building foundations have allowed migration of some contaminants to specific areas in both 
surface soils and subsurface soils. 

If soil sampling indicates contaminants for which no PRG has been determined, then an 
evaluation would be performed to develop a PRG for those contaminants, so that the remedy 
would be protective with respect to all contaminants.   

2.7.2 Sediment 

The site sediments contain similar contaminant characteristics to the soils, and it is appropriate 
to consider their final disposal together with the other site soils, except in the area of SD-RI-
04002 in the Cooling Water Recharge Pond. 

Sediment sample SD-RI-04002 indicates 437 mg/kg of PCBs in the top six inches of sediment in 
the southern end of the Cooling Water Recharge Pond.  This sample is bounded on two sides 
with three sediment samples collected 25 feet away with concentrations of PCBs ranging from 
4.09 mg/kg (SC-RI-04003) to 12.5 mg/kg (SD-RI-04012).  The sample is bounded below by a 
sediment sample collected from 2 to 4 feet below sediment surface with a concentration of 
1.39 mg/kg PCBs.  This sediment area may require separate handling since TSCA disposal 
requirements will apply for these sediments. 

The GRAs considered for the remaining Site sediments are: 

• No action, 
• Institutional Controls/Limited Actions, 
• On-Site Containment, 
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• Excavation, 
• Transportation and Off-Site Disposal, and 
• Restoration of Excavated Areas. 

2.7.3 Groundwater 

The overburden groundwater unit contains DU, VOCs, 1,4dioxane and metals.  The evaluation 
in this FS Report considers what response is necessary for groundwater in addition to the 
remedial actions necessary for the surface and subsurface soils. 

The GRAs considered for the overburden groundwater unit include: 

• No Action, 
• Institutional Controls/Limited Actions, 
• Containment, 
• Groundwater Extraction, Ex-Situ Treatment and Discharge, and 
• In-Situ Treatment. 

Bedrock groundwater COCs to be addressed include uranium and other metals, VOCs and 1,4-
dioxane.  The GRAs considered for the bedrock groundwater unit include: 

• No Action, 
• Institutional Controls/Limited Actions, 
• Containment, 
• Groundwater Extraction, Ex-Situ Treatment and Discharge, and 
• In-situ Treatment. 

2.7.4 Vapor Intrusion 

Site areas exceeding the generic VISL are indicated in Figure 1.4.6, VISLs were calculated using 
conservative, generic, default model inputs, and were not derived from site-specific risk-based 
criteria; therefore the areas indicated on Figure 1.4.6 are considered to be extremely 
conservative.  TCE is the main VOC present in the groundwater that is driving the Vapor 
Intrusion GRAs.  TCE was the only analyte detected in sub-slab soil gas samples collected in the 
off-site VI investigation, and it was only detected at the main building at 2250 Main Street.  TCE 
concentrations in shallow groundwater sampled from off-site wells also exhibit a decreasing 
trend with time.  The groundwater remedy selected should address TCE concentrations in 
groundwater, which will greatly reduce the TCE concentrations in soil gas. 

Future VI risk was not evaluated in the HHRA, with concurrence from USEPA, since future site 
use is unknown at this time; VI risk is difficult to define.  The GRAs defined here may be 
applicable at such a time that re-development of the Site occurs.  The GRAs that can be applied 
following the implementation of the groundwater remedy to address vapor intrusion of TCE 
include: 
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• No Action, 
• Institutional Controls/Limited Actions, 
• Containment, 
• Building Mitigation, 
• Vapor Extraction, and 
• Ex-situ Treatment. 
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3. IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND PROCESS 
OPTIONS 

In this section, a list of potentially applicable technologies and technology process options 
corresponding to the identified GRAs for each medium of concern is compiled and then 
reduced by evaluating the process options with respect to effectiveness, technical 
implementability, and cost.  A summary of the GRAs, technology types and process options for 
each medium of concern is presented in Tables 3.1.1 through 3.4.1. 

For the site areas where a presumptive remedy is recommended, presumptive remedy 
guidance states that the nationwide Feasibility Study Analysis report prepared in support of this 
presumptive remedy substitutes for the site-specific technology identification and screening 
steps of the FS (USEPA, 1999b). 

3.1 SITE-WIDE SOILS AND SEDIMENTS 

The site soils to be addressed as part of any active remedy include: 

• soils beneath the Holding Basin; 

• impacted soils and debris in the Old Landfill; 

• soils beneath the Cooling Water Recharge Pond and side slope of Cooling Water 
Recharge Pond; 

• impacted surface and subsurface soils in the Industrial Courtyard Area and asphalt 
areas; 

• surface soils at southern pavement drain outfall of North Drainage Basin; 

• surface and subsurface soils in the Sweepings and Fill Area; and 

• impacted soils beneath the existing buildings. 

The anticipated approach to soils exceeding PRGs beneath the building slabs is to address them 
together with other site-wide soils if soil characterization indicates the same contaminants are 
present.  If soil sampling indicates contaminants for which no PRG has been determined, then 
an evaluation would be performed to develop a PRG, so that the remedy would be protective 
with respect to all contaminants. 

The Holding Basin would require an action separate from the other site soils, due to the depth 
of contamination.  DU in the Holding Basin footprint constitutes the primary source of 
contamination to groundwater, with an estimated 8,900 kg of DU present, with 5,800 kg above 
the water table, and 3,100 kg below the water table.  This area would be addressed with both 
the soil (source control) and the groundwater (both source control and final remedy for 
groundwater) in the active remedial alternatives. 
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The sediments that would be addressed in the active soil remedies include sediments in the 
southwest corner of the Sphagnum Bog and the Cooling Water Recharge Pond. 

The potentially applicable technology types and process options for each GRA associated with 
the site wide soils and the sediments are discussed together below since the technologies that 
remain following the GRA evaluation are identical.  A summary of the technical 
implementability, effectiveness, and cost screening of the technologies is presented in Table 
3.1.1. 

3.1.1 No Action 

The NCP requires that the no action alternative be considered during the FS process.  Under the 
no action alternative, no additional actions will be taken to address exposure to soils or 
sediments.  The no action alternative will serve as a baseline for comparing the effectiveness of 
other remedial alternatives to be developed for soils and sediments. 

Effectiveness, Technical Implementability, and Cost 

No further action is technically feasible, but not effective in reducing risk or protecting the 
public or environment.  The No Action option is retained for alternative development as 
required by the NCP. 

3.1.2 Institutional Controls / Limited Actions 

Options under the institutional controls category include, for example, the use of deed 
restrictions to restrict or prohibit the excavation of soils and/or construction activities in certain 
areas on a property.  A more detailed evaluation of the available types and forms of 
Institutional Controls is provided in Appendix I – Institutional Controls Analysis.  These controls 
may be used in conjunction with long-term limited actions such as maintaining a fence and 
posting “No Trespassing” signs around the property to prevent or limit exposure to 
contaminants. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective at protecting human health, 
but not effective at protecting the environment (in sediment), unless combined with other 
remedial actions.  The cost for implementing deed restrictions and the installation of fencing 
and posting signs is minimal.  The institutional Control/Limited Action option is retained for 
alternative development. 

3.1.3 On-Site Containment 

Containment technologies are designed to isolate contaminated materials in order to prevent 
exposure to humans and the environment.  Physical containment technologies for the surface 
and subsurface soils and sediments at the Site include horizontal barriers such as caps and 
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liners, and vertical barriers such as underground walls, and land encapsulation.  Land 
encapsulation is the term used for excavating a disposal area, installing a liner or other 
impermeable material in the excavated area, excavating contaminated soils, placing the 
contaminated soils in the lined area, and capping.  Institutional controls generally are used in 
conjunction with containment to further limit the potential for unintended access to the waste 
materials. 

Containment technologies can: 

• provide sustained isolation of contaminants; 

• prevent solubilization and mobilization of compounds by removing the flow of water, 
and therefore the hydraulic gradient, through the soils; 

• reduce surface water infiltration; and 

• limit direct contact. 

Specific factors that influence the design and the selection of construction materials include: 

• local availability of construction materials; 

• projected future use of the Site; 

• desired function of the containment structure; 

• nature of the contaminants; 

• local climate and hydrogeology; and 

• ARARs. 

The soils requiring remedial action are spread across the Site at various locations making 
containment of all the affected soils and sediments in-place difficult.  Any containment 
structures must be designed to be effective for a prolonged duration as required by ARARs (40 
CFR Part 192 and 10 CFR Part 40).  Groundwater monitoring also will be required to be 
performed for the life of the containment facility to ensure that contaminants remain in place.  
Various containment technologies are discussed below. 

3.1.3.1 Vertical Barrier 

Vertical barriers generally can be constructed to depths of about 100 feet using equipment such 
as augers, draglines, clamshells, and special excavators with extended booms.  The cost rises as 
the depth of the wall increases.  Costs for vertical barriers correspond to the type and amount 
of construction and materials necessary, considering the depth to groundwater, total length of 
vertical barrier, type of barrier wall construction, type of cap, and the need (if any) to construct 
a bottom.  Monitoring systems are necessary, but usually are not complex or costly. 
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The installation of a vertical barrier will alter the flow of groundwater, and groundwater 
modeling will be necessary during the design process to identify the changes.  Adjacent areas of 
the Site can be affected as water diverts around the barrier; and groundwater mounding can 
occur upgradient of the barrier.  If modeling predicts that mounding will be substantial, then 
the potential for groundwater to overtop the barrier will be a significant concern, and a 
diversion or drainage method might have to be implemented. 

Many proven barrier wall technologies exist under this process option.  Three technologies are 
introduced below, but this is not an exhaustive list.  Final evaluation of the most applicable 
technology should be made during the final design stage when all site factors can be evaluated. 

3.1.3.1.1 Slurry Walls 

Slurry walls are constructed by filling a trench with a soil-bentonite or cement-bentonite slurry 
that acts as a low permeability barrier to horizontal groundwater migration.  Slurry walls are 
commonly used subsurface barriers because they are a relatively inexpensive means of 
reducing groundwater flow in unconsolidated earth material.  Contaminated soil, wastes, and 
groundwater can be physically isolated within surrounding low-permeability barriers by 
constructing a vertical trench excavated down to and keyed into a deeper confining layer, such 
as a low-permeability clay or shale, and filling the trench with the slurry.  Cement and bentonite 
construction of a wall can adsorb and retard the escape of heavy metals and larger organic 
molecules but cannot completely stop water movement.  The use of slurry walls is generally 
limited to relatively flat and unconfined sites.  A distance of 50 to 75 feet of open area adjacent 
to the trench is required for mixing bentonite with backfill materials. 

A benefit to the slurry wall technology is that site soils that are excavated to make room for the 
wall are mixed in with the slurry and placed back into the ground. 

Cement/bentonite walls are more expensive than soil/bentonite walls and generally are used 
where: 

• there is no room to mix and place soil/bentonite backfill, 
• increased mechanical strength is required, or 
• extreme topography conditions (slopes) make it impractical to grade a site level. 

Cement-bentonite slurry walls are limited in their use by their higher permeability and their 
narrow range of chemical compatibilities, (i.e., they are more susceptible to attack by sulfates, 
strong acids or acid bases, and other highly ionic substances).  For soil-bentonite, costs range 
from $8 to $12 per square foot, with a minimum width of 3 feet and a possible depth of 100 
feet.  Hydraulic conductivities of <1 x 10-7 cm/sec can be achieved.  With cement-bentonite, 
costs range from $16 to $24 per square foot with a minimum width of 2 to 3 feet, and hydraulic 
conductivity of <1 x 10-6 cm/sec can be achieved. 
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3.1.3.1.2 Sheet Pile 

Similarly, sheet pile walls involve driving interlocking metal sheets into the subsurface to 
provide a vertical barrier to groundwater flow.  Each sheet is designed to lock into the next 
sheet, and grout or gaskets are used to seal joints and minimize leaks.  If not driven or sealed 
correctly, the interlocking joints can leak.  The use of sheet piles is limited to soils into which 
the sheets can be driven, (e.g., areas with no cobbles or boulders).  Lengths of the piles are 
commonly available from 4 to 40 feet, although longer lengths are available by special order.  
The lifetime of steel sheet pile could be limited by corrosion, although corrosion tends to be 
significant only under oxidizing conditions, and subsurface contamination frequently creates 
reducing conditions in the aquifer. 

Sheet pile is a relatively expensive barrier technology, but it can be installed rapidly without soil 
excavation and also can be removed when it is no longer needed.  For construction of a sheet 
piling cut-off, the pilings are assembled at their edge interlocks before they are driven into the 
ground.  The piles are then driven a few feet at a time over the entire length of the wall.  This 
process is repeated until the piles are all driven to the desired depth.  Costs range from $40 to 
$60 per square foot.  Hydraulic conductivities of <1 x 10-6 cm/sec can be achieved. 

3.1.3.1.3 Grout Curtains 

Construction of grout curtains involves injection of a grout into the subsurface.  Pressure 
grouting and jet grouting are both forms of injection grouting, in which a grout mixture is 
injected into the pore spaces of the soil or rock.  When a vibrating beam is used, the grout is 
injected through a special H-pile into the space created by the driven pile when the pile is 
removed.  Particulate or chemical grouts can be used for grouted barriers.  Particulate grouts 
include slurries of bentonite, cement, or both and water.  Chemical grouts generally contain a 
chemical base, a catalyst, and water or another solvent.  Common chemical grouts include 
sodium silicate, acrylate, and urethane.  Particulate grouts have higher viscosities than chemical 
grouts and are therefore better suited for larger pore spaces, whereas chemical grouts are 
better suited for smaller pore spaces.  Combinations of particulate and chemical grouts also can 
be used.  Up to three separate parallel curtains may be needed to provide an adequate seal.  
Costs range from $30 to $50 per square foot for conventional jet grouting, achieving hydraulic 
conductivities of <1 x 10-6 cm/sec.  For chemical grouts, the costs range from $40 to $60 per 
square foot, achieving better hydraulic conductivities at <1 x 10-7 cm/sec. 

A benefit to this technology is less operating space is needed than for slurry wall construction. 

Effectiveness, Technical Implementability, and Cost 

Vertical barriers have been proven effective in soils and sediments.  Vertical barriers also may 
be used in controlling groundwater migration off-site.  Slurry walls and grout curtains are both 
technically implementable and effective and will be retained for further evaluation. 
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Costs likely to be incurred in the design and installation of a vertical wall range from standard 
$8 to $12 per square foot for a soil-bentonite wall to $40 to $60 per square foot for a grout wall 
or sheet piling.  These costs do not include variable costs required for chemical analyses, 
feasibility, or compatibility testing.  Testing costs depend heavily on site-specific factors.  
Factors that have the most significant impact on the final cost of vertical wall installation 
include: 

• Type, activity, and distribution of contaminants; 
• Depth, length, and width of wall; 
• Geological and hydrological characteristics; 
• Distance from source of materials and equipment; 
• Requirements for wall protection and maintenance; 
• Type of slurry and backfill used; 
• Other site-specific requirements as identified in the initial site assessment (e.g., 

presence of contaminants or debris); and 
• Planning, permitting, regulatory interaction, and site restoration. 

The costs for each type of containment increases in the following order:  slurry walls, grout 
curtains, cement/bentonite walls, and sheet pile walls.  This technology type is retained for 
alternative development. If chosen as part of the selected remedy, the specific type of vertical 
barrier can be determined in final design. 

3.1.3.2 Horizontal Barrier 

Low-permeability engineered covers, or caps, prevent exposure to contaminated soil and 
prevent infiltration of surface water to minimize further migration of contaminants.  Low-
permeability covers can be used to: 

• Minimize exposure on the surface of the waste management unit; 
• Prevent vertical infiltration of water into wastes, minimizing mobilization of the 

contaminants contained; and 
• Create a land surface that can support vegetation and/or be used for other purposes. 

A low-permeability cover is the most common form of remediation for soils because it is 
generally less expensive than other technologies and effectively manages the human and 
ecological risks associated with a remediation site. 

The design of a low-permeability cover is site specific and depends on the intended functions of 
the system.  Low-permeability covers can range from a one-layer system of vegetated soil to a 
complex multi-layer system of soils and geosynthetics.  In general, less complex systems are 
required in dry climates and more complex systems are required in wet climates.  Other 
materials may be used to increase slope stability. 
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The most critical components of a low permeability cover are the barrier layer and the drainage 
layer.  The barrier layer can be low-permeability soil (clay) and/or geosynthetic clay liners 
(GCLs). A flexible geomembrane liner can be placed on top of the barrier layer. Geomembranes 
are usually supplied in large rolls and are available in several thickness (20 to 140 mil), widths 
(15 to 100 feet), and lengths (180 to 840 feet).  The candidate list of polymers commonly used 
is lengthy, which includes polyvinyl chloride, polyethylenes of various densities, reinforced 
chlorosulfonated polyethylene, polypropylene, ethylene interpolymer alloy, and many 
newcomers.  Soils used as barrier materials generally are clays that are compacted to a 
hydraulic conductivity no greater than 1 x 10-6 cm/sec.  Compacted soil barriers are generally 
installed in 6-inch minimum lifts to achieve a thickness of 2 feet or more.  A composite barrier 
uses both soil and a geomembrane, taking advantage of the properties of each.  The 
geomembrane is essentially impermeable, but, if it develops a leak, the soil component 
prevents significant leakage into the underlying waste. 

Effectiveness, Technical Implementability, and Cost 

Low-permeability covers are a proven technology that can effectively contain the site 
contaminants and are generally the most common form of soil remedy selected.  A cap will not 
reduce the toxicity or volume of hazardous wastes, but does lessen the mobility by preventing 
surface water from infiltrating through the contaminated materials.  In many cases, caps are 
used in conjunction with vertical walls to minimize horizontal flow and migration.  
The effective life of low-permeability covers can be extended by long-term inspection and 
maintenance.  Vegetation, which has a tendency for deep root penetration, must be eliminated 
from the cap area. In addition, Institutional Controls may be necessary to ensure the integrity of 
the cover is not compromised by land use activities 
Low-permeability cover construction costs are approximately $225,000 per acre.  This 
technology type is retained for alternative development. 

3.1.3.3 On-Site Consolidation Area 

Consolidation cells or areas are excavated or engineered sites where non-liquid hazardous 
waste is deposited for final disposal and covered.  These units are selected and designed to 
minimize the chance of release of hazardous waste into the environment.  Design standards for 
hazardous waste consolidation areas can be constructed with double liners; double leachate 
collection and removal systems; leak detection system; run on, runoff, and wind dispersal 
controls; and a construction quality assurance program.  Liquid wastes may not be placed in a 
hazardous waste consolidation area.  Operators must also comply with inspection, monitoring, 
and release response requirements.  Since containment facilities are permanent disposal sites 
and are closed with waste in place, closure and post-closure care requirements include 
installing and maintaining a final cover, continuing operation of the leachate collection and 
removal system until leachate is no longer detected, maintaining and monitoring the leak 
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detection system, maintaining ground water monitoring, preventing storm water run on and 
runoff, and installing and protecting surveyed benchmarks. (40 CFR Parts 264/265, Subpart N). 

Effectiveness, Technical Implementability, and Cost 

While consolidation areas are highly reliable in long-term effectiveness, the construction costs 
run extremely high due to the excavation of highly contaminated materials.  Construction of a 
disposal area on site will be technically feasible once the building foundations are removed. If 
clean soil on site is excavated to install a consolidation area, a disposal location of the resulting 
clean soil will need to be located.  Dry soil separation technologies (Section 3.1.7) can be 
utilized to identify clean soil for use as backfill on site.  

A consolidation area can be placed over the Holding Basin footprint, which is an area that will 
require a long-term solution. In this case, a combination of ex-situ treatment (evaluated in the 
groundwater remedy) and a consolidation area may be feasible. 

Consolidation does not lessen toxicity or volume of hazardous wastes, but does lessen the 
mobility.  The groundwater table at the Site is low enough that a consolidation area could be 
constructed to be more than four feet above the water table.  The effective life of consolidation 
area components (including cap) can be extended by long-term inspection and maintenance.  
Vegetation, which has a tendency for deep root penetration, must be eliminated from the cap 
area. In addition, Institutional Controls may be necessary to ensure the integrity of the cap is 
not compromised by land use activities. 

Materials, construction, and installation costs for the consolidation facility are approximately 
$300,000 per acre.  First year operation and maintenance (O&M) costs are $0.034 per cubic 
yard (ORNL and INEL, 1993).  Cap construction costs are approximately $225,000 per acre. This 
technology is retained for alternative development. 

3.1.4 Excavation 

Excavation may include partial or total waste removal as necessary to control contaminant 
sources and prevent further releases to the environment.  An excavation plan would be 
required to ensure performance PRGs are met throughout the Site in the excavation process.  
The excavation plan would also address any ecologically sensitive issues regarding the 
Sphagnum Bog ecosystem and the Cooling Water Recharge Pond. 

Effectiveness, Technical Implementability, and Cost 

Excavation is easily implementable in every area of the Site except for the Holding Basin. 
Excavation throughout the Site (other than the Holding Basin) provides permanent removal of 
source contaminants, thereby being very effective.  Soil excavation uses standard construction 
equipment such as a backhoe or excavator and is typically inexpensive.  The Old Landfill soils 
would be mixed with debris and the Industrial Courtyard soils would have underground piping 
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to address, which would require more precise excavation techniques to be used and a higher 
cost than “just moving dirt.”  The site soils would need to be consolidated within one area to be 
prepared for disposal, so double handling of the soils is anticipated.  Any excavation would be 
no more than 10 feet bgs8, unless the Holding Basin remedy requires more.  Also, 40-hour 
trained personnel and equipment decontamination would be required.  Excavation of soils from 
above the water table may range from $10 to $15 per cy, since double handling is required. 

The Holding Basin currently contains an estimated 8,900 kg of DU, with 5,800 kg above the 
water table (down to 35 feet bgs), and 3,100 kg below the water table down to bedrock (85 feet 
bgs).  In addition to the materials directly under the Holding Basin, leaching and migration of 
DU has created an additional DU source area below the water table in the direction of 
groundwater flow (towards Building D).  This area is depicted on Figures 1.6.2, and 1.8.1 
through 1.8.8. In order to remove the entire source of DU from the soils above and below the 
water table, the excavation would also have to target soils to the northwest of the Holding 
Basin, under the Courtyard Area, and extending from the edge of the Holding Basin to a point 
beyond monitoring well MW-S24.  This would target ~95,000 cubic yards of soils with DU 
concentrations exceeding 100 mg/kg.  This volume includes some lesser contaminated soils that 
overlie the contaminated, saturated soils.  The extent to which such soils could be segregated 
to minimize transportation and disposal volumes is not certain, so this analysis assumes 
complete excavation, disposal, and back fill.  Clam shell excavation is the most appropriate 
method for the soils below the water table, where the clam shell bucket is attached to an 
excavator machine that stays on a stable side of the excavation.  The stability of the side walls 
of the excavation area will be a major concern, and these sides would need to be supported.  
Sheet pile walls and bracing are typically used for this application.  However, the contaminated 
soils in the Holding Basin extend to bedrock, and sheet pile design typically requires that 30 
percent of the length of the sheet pile extend to below the excavation, which cannot be done 
here due to the presence of bedrock.  Therefore, side wall shoring would require significant 
internal bracing that would need to be progressively installed as the excavation proceeds.  Such 
shoring would interfere with and slow the excavation process, and add substantial cost.  For 
example, a typical unit cost for deep sheet piling is $80 per square foot.  Adding in the 
structural steel needed for the cross bracing is estimated to triple that cost.  Using estimates of 
90 feet deep, and a wall 700 feet long, the sheet piling component of this excavation could cost 
~$11,600,000.  Designing a safe method to excavate the Holding Basin soils is the first major 
difficulty associated with excavation.  An added difficulty is that a large quantity of water would 
need to be removed to allow excavation and that would be contained in excavated soils.  All of 
this water would be contaminated with DU, and it would require extensive and expensive water 
                                                      
8 The HHRA assumed exposure to subsurface soils between 1 to 10 feet bgs. 
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treatment before discharge or disposal.  Water treatment would generate residuals that would 
also require off-site disposal.  Using the groundwater pumping and treatment estimates 
developed under groundwater scenario GW-3 in this FS, groundwater treatment alone would 
be ~$2,000,000. 

Excavation, stabilization (of saturated soils), transportation and disposal, and backfill of this 
~95,000 cubic yard hole would add approximately $104,000,000, for a total estimated cost of 
Holding Basin excavation of $117,600,000. 

The implementability of total excavation of Holding Basin and immediate downgradient source 
materials below the water table is low, the costs are extremely high, and the effectiveness is 
medium (as excavation of the entire area of the DU plume is not practicable from a cost 
perspective).  When compared to other process options, the costs and likely technical 
difficulties of total excavation to bedrock are grossly disproportionate to the effectiveness of 
this option, so total excavation of the Holding Basin will not be considered further. 

Excavation of the sediments from the Sphagnum Bog will be handled more delicately to 
minimize disturbance of the established peat layer.  The Sphagnum Bog is a wetland and 
consultation with the town conservation commission may be required to disturb the sediment 
in the Bog.  An excavation rate of $25 to $30 per cubic yard will be used for these sediments. 

This technology is retained for alternative development. 

3.1.5 Solidification 

Solidification is a process that uses an additive, such as fly ash or kiln dust, to absorb water that 
is present in sediments and soils in order to achieve a material that is dry enough to pass a 
paint filter test.  Paint filter tests are used to determine if a material is dry enough to be 
disposed in a licensed landfill.  An added benefit of solidification is that metals are further 
bound into the solidified material, minimizing the potential for metals to leach out.  A drawback 
to adding the technique is the resulting increase in volume after mixing in the additive. 

Effectiveness, Technical Implementability, and Cost 

Solidification is a proven technology to be used together with containment for disposal.  
Solidification additives are readily available at a minimal cost and can be added using standard 
construction equipment such as a backhoe or excavator.  More advanced technology can be 
used involving auger/caisson systems and injector head systems for in-situ, or pug mills for ex-
situ, to more evenly apply and blend the solidification agent. 

Ex-situ costs are typically less than $100 per ton (US DOD, 1994).  The chemical additive 
increases the volume of waste (up to double the original volume) ultimately to be disposed and 
needs to be considered in the ultimate disposal cost calculation for the material. 
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Ex-situ solidification of soils and sediments in preparation for disposal is retained for further 
consideration. 

3.1.6 Chemical Stabilization – For Soils Beneath Holding Basin Only  

The DU-impacted soils beneath and immediately downgradient of the Holding Basin consist of 
approximately 60 ft of dense to very dense stratified glacial drift (sands and fine gravels) 
underlain by hard silt and clay-rich glacial till.  The ambient groundwater level is approximately 
20 ft below the current bottom of the Holding Basin (approximately 40-50 ft below the ground 
surface at the perimeter of the Holding Basin).  This subsection 3.1.6 specifically addresses the 
treatment of these soils. 

Chemical stabilization involves adding chemical reagents to waste in order to limit the 
contaminant solubility and mobility.  Typical chemical stabilizing agents for radioactive metals 
in soils include cement, polyphosphates such as apatite, thermoplastic polymers (asphalt 
bitumen, paraffin, polyethylene), thermosetting polymers (vinyl ester monomers, urea 
formaldehyde, epoxy polymers), and other proprietary additives.  These chemicals reduce the 
mobility of wastes by physically sorbing contaminants or chemically transforming them to less 
soluble forms.  Cement or grout may also be added to occupy pore spaces of impacted soils to 
isolate sorbed contaminants from potential dissolution to and migration in groundwater.  
Chemical reagents and cement may be mixed with the contaminated soils using soil mixing or 
jet injection techniques. 

The chemical additive increases the volume of waste (up to double the original volume of 
waste), except for in the application of apatite, making additional volume of spoils an important 
consideration in determining the ultimate disposition of the material. 

Ex-situ stabilization of the soils beneath the Holding Basin requires moving highly contaminated 
soils below groundwater levels down to 85 feet bgs, which is very difficult and unsafe.  Ex-situ 
stabilization is not retained for future consideration. 

In-situ stabilization of the soils beneath the Holding Basin using cement or apatite would be a 
means of isolating and immobilizing DU in the source soils.  The following sections present 
more detailed information on stabilization using apatite or cement.  However, if part of the 
selected remedy, selection of stabilization agent would be during remedial design.  Alternatives 
in this FS that call for apatite or cement are for cost estimating purposes only.  Similar agents 
that are similar in cost may be used if design studies show that they are more effective. 

3.1.6.1 In-situ Soil Stabilization Using Apatite 

Remediation of uranium and other metals in groundwater using apatite has been demonstrated 
at various locations throughout the country.  Laboratory testing has shown that media 
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composed of apatite, a polyphosphate based mineral, has the ability to greatly reduce uranium 
mobility. 

A pilot scale test was performed between December 2013 and August 2014 to evaluate the 
efficacy of in-situ DU sequestration from the NMI overburden groundwater by a commercially-
available calcium phosphate medium, Apatite IITM (Geosyntec, 2013). The results of the study, 
presented in Appendix J (Final Report Field and Laboratory Media Testing for Depleted Uranium 
Sequestration in Overburden Groundwater), indicate that Apatite IITM media would be a viable 
approach to immobilize DU in-situ and reduce concentrations of overburden groundwater 
sufficiently to meet RAOs downgradient of the Holding Basin. 

The volume of apatite required to be injected is only 4 percent by volume to fill the pore spaces 
of the soil.  This results in no additional spoils to be disposed of, unlike other stabilization 
media.  The use of apatite sequesters uranium in two ways:  1) dissolution of apatite and 
subsequent precipitation of U(VI)-phosphate minerals, such as autunite (which has very low 
solubility and dissolution kinetics); and 2) direct sorption of uranium on the apatite mineral 
itself.  The apatite stabilization technique assumes that sorbed uranium on soils that could 
become solubilized would come in contact with the apatite media or phosphate in the pore 
water and become sequestered.  Because autunite sequesters uranium in the oxidized form 
U(VI) rather than forcing reduction to U(IV), the possibility of re-oxidation and subsequent re-
mobilization is very low.  Extensive testing has demonstrated the very low solubility and slow 
dissolution kinetics of autunite.  In addition to autunite, excess phosphorous may result in 
apatite mineral formation, which provides a long-term source of treatment capacity (PNNL, 
2009).  More detailed information regarding uranium sequestration using apatite is presented 
in Section 5.2.1.3 and Appendix J. 

Effectiveness, Technical Implementability, and Cost 

This technology is effective in isolating and immobilizing DU in the source soils.  Remediation of 
uranium and other metals in groundwater using apatite has been demonstrated at various 
locations throughout the country, most notably at the 300 Area uranium plume at the Hanford 
Site in Washington.   

Pilot-scale testing on the NMI overburden groundwater proved that with uranium loading, 
Apatite II™ releases calcium and retains uranium (see Appendix J). The results also suggest that 
in the raw media, around half of the calcium and phosphorus are bound to weakly crystalline 
phases, which explains its high reactivity.  Of the uranium bound to the media, almost none of 
the uranium is weakly sorbed and almost all is bound to the organic/highly-crystalline fraction.  

These interim test results indicate that Apatite II™ media can effectively sequester aqueous 
uranium, leading to the formation of stable uranyl phosphate minerals.  Aggressive loading of 
uranium on the Apatite II™ media during active testing resulted in greater than 99 percent  
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aqueous uranium removal. Total uranium loading on media from the active column field test 
indicate that the Apatite II™ media can sequester greater than 30 weight percent uranium, and 
that the kinetics of uranium uptake are fast enough that no breakthrough was observed even 
under extreme uranium loading conditions for 90 days.  These interim results provide strong 
evidence that Apatite II™ would be an effective in-situ media to sequester uranium.  The media 
used in both the in-situ passive and ex-situ active tests was contacted with groundwater and 
equilibrated with the saturated overburden soil.  Thus, sub-surface injection of Apatite II™ in 
reactive zones will dilute the media by soil mixing but will not alter its chemical reactivity or its 
efficacy.  Use of Apatite II™ in-situ, could result in meeting RAOs and provide a sustainable, 
long-term remedy for uranium in groundwater and soils.  Further remedial design and pilot 
study work will be needed to determine optimum apatite dosing, injection techniques, and 
injection well spacing in order to design the actual implementation approach, if this technology 
is selected.  The technology of soil stabilization is retained for alternative development for the 
soils beneath the Holding Basin.    

For apatite injection, in-situ soil mixing/auger technique costs begin at $40 to $250 per cy, and 
increase with the cost of the stabilizing agent and the depth of the application (US DOD, 1994).  
This range of costs is still applicable. 

 

3.1.6.2 In-Situ Solidification/Stabilization of Soils Using Cement-Based Ground 
Modification Methods 

The conceptual approach for a cement based containment and solidification/stabilization (S/S) 
remedy consists of two approaches: 

1) Constructing a 20-foot thick vertical outer ring of cement-S/S soil within and 
around the perimeter of the Holding Basin footprint, providing vertical 
containment and isolation from lateral groundwater flow; together with a 
connected horizontal cover of solidified/stabilized soils providing a barrier to 
infiltration of precipitation into the impacted soils.  

2) Constructing a concrete monolith of the impacted soils within the perimeter and 
beneath the Holding Basin footprint. 

This cement-based ground modification concept serves the same purpose as 
solidifying/stabilizing the entire impacted saturated zone while reducing the large spoil volumes 
of excess grout, soil, and water generated during remedial construction, which will also reduce 
costs.  This technology is different than the vertical barrier technology (Section 3.1.3.1) in that it 
targets the outer perimeter of the affected soils, has a much wider vertical thickness, and 
includes a cement-solidified/stabilized cover over and in the saturated zone.  
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The assumed composite hydraulic conductivity of the ground modification system would be 1 × 
10-5 to 1 × 10-7 cm/s, approximately two or more orders of magnitude lower than the impacted 
stratified drift soils.  The concept assumes that the vertical component of the cement-based 
system will be approximately 20 ft thick and the horizontal cap over the saturated impacted 
soils will be approximately 15 ft thick.  Design thicknesses and target hydraulic conductivities 
would be based on detailed modeling, analysis, and pre-implementation field trials and testing 
conducted during detailed design. 

The 20-foot vertical walls would have an outer perimeter of approximately 120-ft by 120-ft and 
tie into the lower permeability underlying till, solidifying and stabilizing the affected soils and 
providing containment at the same time.  The wall could consist of overlapping patterns of jet 
grouted columns, deep soil mixed columns, or secant piles, all of which are feasible 
construction techniques in these glacial soil conditions.  Each of these methods can be used to 
create a near-continuous wall of soil-cement or concrete material with a low hydraulic 
conductivity.  Jet grouting involves mixing Portland cement grout with soil in-situ using high 
fluid velocity rotational cutting and grout injection; deep soil mixing relies on mechanical mixing 
of soil and cement using excavators or augers.  Secant piles are a replacement technique, not 
an in-situ mixing technique, but they are very amenable to the construction of controlled 
geometries needed to create effective hydraulic barriers, potentially at reduced overall 
thicknesses compared to jet grouting or deep soil mixing.  For the horizontal cap intended to tie 
into the vertical walls to limit vertical infiltration, overlapping patterns of jet grouted columns 
or deep soil mixed columns could be used to create a 15-ft thick solidified zone with low 
hydraulic conductivity. 

Pre-implementation field trials and testing would be critical for full-scale design and 
development of an appropriate containment and S/S method.  Pilot testing during the remedial 
design should include constructing a prototype test pattern consisting of a cell of vertical 
barrier elements surrounding an unstabilized mass of soil outside of the Holding Basin area.  For 
this test pattern, a minimum of two rows of the vertical wall elements would be recommended.  
A pumping well would be installed within the cell and a number of piezometers would be 
constructed outside of the cell.  The composite hydraulic conductivity of the vertical walls can 
be estimated from the pumping rate versus measured drawdown.  The vertical hydraulic 
conductivity of the S/S cover would be assessed by either direct measurements (i.e., zoned 
Packer testing) or through a specially designed infiltration test. 

Risk factors that could impact final pricing include but are not limited to spoils handling, PPE 
levels required during construction, and decontamination or tooling abandonment costs due to 
exposure to DU impacted soils.  The potential spoil volumes from this work could range from 
25,000 cy for deep soil mixing to 35,000 to 40,000 cy for jet grouting of the unsaturated and 
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saturated soils beneath the Holding Basin.  The spoil volumes for jet grouting result from 
advancing the tooling through each column twice vertically (called “double-cutting”) in order to 
create the necessary column sizes and overlaps in soils that are dense to very dense (as is the 
case for impacted soils beneath the Holding Basin).  These costs assume no on-site or off-
property transport or disposal of drilling spoils.  However, even if left on-site for permanent 
burial in the Holding Basin area, spoils must be handled during construction to keep the 
working zone clear and safe. 

Effectiveness, Technical Implementability, and Cost 

Effectiveness in reducing the leachability of radionuclides is site and contaminant specific and 
requires bench and pilot scale testing to verify.  This technology reduces the toxicity of DU by 
rendering it insoluble; similarly, this technology reduces the mobility of DU in the subsurface.  
However, it increases rather than decreases the volume of DU-impacted soils. 

For in-situ applications of cement, the increases in total volume results in the generation of 
spoils which must be managed during remedial construction.  Cement stabilization by soil 
mixing and jet grouting are reliable and often used technologies in unconsolidated soils.  

Canvassing of specialty geotechnical/geoenvironmental contractors operating in the New 
England area was conducted to establish technical feasibility and generate screening level costs 
to implement this conceptual alternative.  The cost estimates ranged from approximately $6.0 
million to $17.0 million, with a breakdown as follows for the different installation methods: 

 Cost Estimate Range ($M) 
Complete Jet Grouting Solution $16M – $17M 
Complete Soil Mixing Solution $6M - $7M 
Mixed Secant Pile Wall and Jet Grouting Solution $13M - $14M 

Total Estimated Cost Range $6M - $17M 

Risk factors that could impact final pricing include but are not limited to spoils handling, PPE 
levels required during construction, and decontamination or tooling abandonment costs due to 
exposure to DU impacted soils.  The potential spoil volumes from this work could range from 
25,000 cy for deep soil mixing to 35,000 – 40,000 cy for jet grouting of the unsaturated and 
saturated soils beneath the Holding Basin.  Transportation and disposal of the spoil volumes is 
estimated to cost $175 per cy, resulting in an additional $4.3M for deep soil mixing to $7M for 
jet grouting.  The spoil volumes for jet grouting result from advancing the tooling through each 
column twice vertically (called “double-cutting”) in order to create the necessary column sizes 
and overlaps in soils that are dense to very dense (as is the case for impacted soils beneath the 
Holding Basin).   
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The technology of soil stabilization is retained for alternative development for the soils beneath 
the Holding Basin.  The specific type of stabilization agent would be determined during final 
design. 

3.1.7 Dry Soil Separation 

Physical separation technologies for radiologically contaminated soils include the separation of 
clean from contaminated fractions of soil to minimize the volume of non-contaminated soils 
shipped off-site for disposal.  The simplest application of this technology involves monitoring 
site contaminants for gamma-emitting radionuclides and using this information to sort the 
gamma-emitting soils from the non-gamma emitting soils with use of a conveyor belt and a 
segmented gate system.  Following excavation, stockpiled material is loaded into a rotating 
crusher that discharges a continuous weight of soil to the survey conveyor belt.  The material is 
then separated into “above criteria” soil which will require off-site disposal; and “below 
criteria” soil, which can be used as on-site backfill.  The soil segregation system can be 
calibrated on-site using large-volume soil calibration standards.  If the DU gamma emissions are 
too low to read in this method, this system can be designed for beta detection.  

Effectiveness, Technical Implementability, and Cost 

This technology is not effective where nuclide distribution is homogenous or where 
concentrations are higher than 800 pCi/g.  Large rocks and debris must first be separated or 
crushed.  Thick vegetation and root systems are problematic as well.  Costs include the rental or 
purchase of the crushing equipment, conveyor belt, gamma detector, front end loader, and the 
fuel and labor required to operate the equipment.  The physical separation of the soil will 
require more time than a simple excavation technology, so the separation should continue 24-
hours per day to keep up with the excavation and transportation activities.  The estimated cost, 
including 3 shifts of operation, is approximately $110,000 per month, if the equipment can be 
rented, cleaned and returned.  This technology is retained for alternative development. 

3.1.8 Transportation and Off-Site Disposal 

Off-site disposal will require transporting soils to a properly licensed commercial disposal 
facility.  Up to 82,500 cy of soils, sediment and bulk concrete (not counting a bulking factor) 
may require transport off-site for disposal, which could occur at a limited number of facilities. 
Approximately 15,872 cy of these soils are the assumed volume of contaminated soils beneath 
the building foundations.  The 82,500 cy of excavations will need to be refilled with clean fill 
that is either borrowed from an area on-site, or brought on-site from an alternate borrow site.  
Using a 20 percent bulking factor, approximately 6,200 trucks will travel off-site with 
contaminated soils, and the same number may travel in the opposite direction, bringing clean 
soil to refill the excavations, unless on-site soils can be used as fill.  The estimated uranium 
concentrations for soils to be disposed are provided in Section 2.4.1. 
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Effectiveness, Technical Implementability, and Cost 

Disposal of the affected soils off-site provides permanent removal of source contaminants, 
thereby being very effective. 

Costs for transportation and off-site disposal are dependent on the location of the disposal 
facility that can accept the soils.  One facility can accept soils that contain up to 50 mg/kg PCBs 
and up to 75 pCi/g uranium (approximately 200 mg/kg).  The transport and disposal costs for 
the soils projected for disposal at this facility will be approximately $175 per cy. 

Soils greater than 200 mg/kg and less than 500 mg/kg uranium, on average across a load, can 
be taken to a different facility at $463 per ton.  There would not be soils greater than 500 
mg/kg uranium that would need to go to a facility permitted to receive low-level radiation 
waste.  This technology is retained for alternative development. 

3.1.9 Restoration of Excavated Areas 

3.1.9.1 Restoration of Soils 

Restoration of excavated areas will be required following excavation activities.  Restoration will 
include replacing soils to return the area to the pre-existing grade, and applying seed, mulch 
and possibly soil amendments to restore the area.  The condition of the area excavated will 
actually be in better condition due to the removal of contaminants that were harmful to the 
environment. 

Effectiveness, Technical Implementability, and Cost 

Restoration activities are easily implementable and effective in re-establishing a healthy 
environment.  The cost for restoration activities is low compared to the total project costs.  
Backfill costs $2 to $4 per cy, depending on the compaction required.  The higher cost would be 
anticipated since 40-hour OSHA trained personnel may be required (although this will be after 
contamination has been removed from all areas except Holding Basin).  This technology is 
retained for alternative development. 

3.1.9.2 Restoration of Sphagnum Bog 

Wetland restoration will be required in the Sphagnum Bog and the Cooling Water Recharge 
Pond following removal of the sediments.  A restoration plan will be developed to restore the 
Pond and the Bog to the extent possible, recognizing that complete restoration of a peat bog is 
not possible.  This may include replacement of soils and possibly native plants that are known 
to be beneficial for area wetlands.  The condition of the area excavated will actually be in better 
condition due to the removal of contaminants that were harmful to the environment. 
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Effectiveness, Technical Implementability, and Cost 

Wetland restoration activities are easily implementable and effective in re-establishing a 
healthy wetland environment.  The cost for wetland restoration will be minimal due to the 
limited area that will be affected. This technology is retained for alternative development. 

3.2 GROUNDWATER 

Leaching of DU and chlorinated VOCs to groundwater has resulted in an overburden 
groundwater plume of DU that extends approximately 400 feet downgradient of the Holding 
Basin, and an overburden groundwater plume of VOCs, nitrate and 1,4 dioxane that exist on 
and off of the facility property.  A bedrock plume of isotopically natural uranium exists within 
the property boundary.  In addition, bedrock plumes of nitrate and 1,4-dioxane are present on 
and off property.  The nitrate is likely due to both releases to the Holding Basin and discharge to 
septic systems.  1,4-dioxane is used as a stabilizer in some solvents, and was carried with those 
solvents as they leached to groundwater. 

The potentially applicable technology types and process options for each GRA associated with 
(1) DU in overburden groundwater, (2) VOCs, nitrate, and 1,4-dioxane in overburden and 
bedrock groundwater, and (3) uranium in bedrock groundwater are discussed individually in the 
following sections.  Summaries of the effectiveness, technical implementability, and cost 
screening of the technologies are presented in Tables 3.2.1, 3.2.2 and 3.2.3. 

3.2.1 Depleted Uranium in Overburden 

The potentially applicable technology types and process options for each GRA associated with 
DU in overburden groundwater are discussed below.  A summary of the effectiveness, technical 
implementability, and cost screening of the technologies for DU in overburden groundwater is 
presented in Table 3.2.1. 

3.2.1.1 No Action 

The NCP requires that the no action alternative be considered during the FS process.  Under the 
no action alternative, no additional actions would be taken to address groundwater 
contamination.  The annual monitoring program currently in place would continue, and annual 
inspections and five-year reviews would occur as part of the no action alternative.  The no 
action alternative provides a baseline for comparing the other remedial alternatives to be 
developed for DU in overburden groundwater. 

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring and five-year reviews are technically feasible, but not effective in 
reducing risk or protecting the public or environment.  The current cost of groundwater 
monitoring is low compared to active remedial alternatives.  The No Action option is retained as 
required by the NCP. 
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3.2.1.2 Limited Actions 

Limited actions include access controls, institutional controls, such as deed restrictions, and 
long-term monitoring activities. 

3.2.1.2.1 Access Controls 

Options under the access controls category include limiting access to impacted media through 
the posting of signs or construction of fences.  Typically these controls are used in conjunction 
with other long-term management strategies to prevent or limit exposure to contaminants 
during implementation of the remedial action and, where necessary, as a component of the 
completed remedy. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective for protecting human health. 
It is generally not effective for protecting the environment where environmental risks are 
present, unless combined with other remedial actions.  However, here there are no identified 
environmental risks associated with impacted groundwater.  The cost for installing signs or 
fencing is minimal.  The future use of the property is intended to have as much open access as 
possible.  However, some areas may require limiting access through access controls.  This 
process option is retained for alternative development. 

3.2.1.2.2 Institutional Controls 

Options under the institutional controls category include the application of water use 
restrictions or deed restrictions to prohibit the use of groundwater as a potable supply.  
Typically these controls are used in conjunction with other long-term management strategies to 
prevent or limit exposure to contaminants during implementation of the remedial action and, 
where necessary, as a component of the completed remedy.  A more detailed evaluation of the 
available types and forms of Institutional Controls is provided in Appendix I – Institutional 
Controls Analysis. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective for protecting human health. 
It is generally not effective at protecting the environment where environmental risk is present, 
unless combined with other remedial actions.  However, here there are no identified 
environmental risks associated with impacted groundwater.  The cost for implementing deed 
restrictions is minimal in comparison with remedial measures.  This process option is retained 
for alternative development. 
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3.2.1.2.3 Long-Term Monitoring 

Long-term monitoring options include monitoring conducted to evaluate the performance of an 
active remedial technology.  Long-term monitoring may be required for the Holding Basin as 
part of the selected Holding Basin remedy (discussed in the soil alternative evaluation in Section 
4), and for the selected groundwater remedy.  Groundwater monitoring is currently being 
performed to obtain data on groundwater elevations, COC concentrations, and groundwater 
geochemistry (e.g., pH, dissolved oxygen, oxidation reduction potential, anions and cations).   

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring is currently being performed and is relatively easy to implement. 

Long-term monitoring is retained for alternative development. 

3.2.1.2.4 Monitored Natural Attenuation 

The term “monitored natural attenuation” (MNA), as defined by The Use of Monitored Natural 
Attenuation at Superfund, RCRA Corrective Action, and Underground Storage Tank Sites (USEPA,  
1999b) refers to the reliance on natural attenuation processes to achieve site-specific 
remediation objectives within a time frame that is reasonable compared to that offered by 
other more active methods.  The “natural attenuation processes” that are at work in such a 
remediation approach include a variety of physical, chemical, or biological processes that, 
under favorable conditions, act without human intervention to reduce the mass, toxicity, 
mobility, volume, or concentration of contaminants in soil or groundwater.  These in-situ 
processes may include biodegradation; dispersion; dilution; sorption; volatilization; radioactive 
decay; and chemical or biological stabilization, transformation, or destruction of contaminants.  
Further discussion on natural attenuation of site COCs is presented in Section 5.1. 

MNA can be used in conjunction with active remediation measures.  Following source control 
measures, natural attenuation may be sufficiently effective to achieve remediation objectives 
without the aid of other (active) remedial measures in downgradient areas.  Where conditions 
are favorable, natural attenuation processes may reduce groundwater concentrations at 
sufficiently rapid rates to be integrated into a site’s soil or groundwater remedy.  For example, 
active remedial measures could be applied in areas with high concentrations of contaminants 
while MNA is used for low concentration areas; or MNA could be used as a follow-up to active 
remedial measures (USEPA, 1999b). 

Metal contaminants such as DU at the Site persist in the subsurface because, except for 
radioactive decay, they are not degraded by the other natural attenuation processes.  Often, 
however, they may exist in forms that have low mobility, toxicity, or bioavailability such that 
they pose a relatively low level of risk.  Therefore, natural attenuation of metal contaminants 
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such as DU is most applicable to sites where immobilization or radioactive decay is 
demonstrated to be in effect and the process/mechanism is irreversible (USEPA, 1999b). 

Uranium transport studies performed during the RI (Section 5 of the RI Report, de maximis 
2014) indicated the following: 

1. adsorption is the dominant process affecting the fate of uranium in groundwater, 
2. adsorbed uranium is primarily associated with amorphous iron oxide and oxyhydroxide 

coatings on aquifer particles, and 
3. specific soil particle surface area and pH are important variables in uranium retention. 

Effectiveness, Technical Implementability, and Cost 

Groundwater modeling has determined that natural attenuation processes are already 
occurring at the Site and are active in retarding DU in overburden groundwater.  
Implementation of MNA to address site COCs would be relatively simple and inexpensive 
compared to active remedial technologies.  Although the migration of DU in the groundwater is 
being retarded by natural attenuation processes, surface complexation modeling suggests that 
the plume will continue to advance and that achieving RAOs in a reasonable timeframe is 
unlikely without some other form of treatment.  

MNA is retained for alternative development. 

3.2.1.3 Containment/Removal 

The containment and removal GRA includes groundwater extraction, physical containment, 
hydraulic containment, and aquifer soil excavation technology types.  The different technology 
process options considered for each of these technology types are discussed below. 

3.2.1.3.1 Groundwater Extraction for Mass Removal via Ex-Situ Treatment 

Groundwater extraction using extraction wells or an interceptor trench are two process options 
that would use groundwater extraction to remove DU mass from overburden groundwater.  
Extraction wells or horizontal trenches would be installed and the extracted water would 
require treatment through an appropriate ex-situ treatment technology, as discussed below, 
and then either re-injection into the overburden, or discharge to a surface water body. 

The following factors may limit the applicability and effectiveness of groundwater pumping as 
part of the remedial process: 

• The extremely long time necessary to achieve RAOs; 
• Residual saturation of uranium that is highly sorbed to the soil matrix and therefore 

difficult to extract by groundwater pumping alone; 
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• The relatively high cost of demonstrating achievement of applicable MCLs or cleanup 
goals, procuring and operating treatment systems (additional cost may also be 
attributed to the disposal of spent media and other treatment residuals); and 

• Potential for biofouling of the extraction wells and associated treatment stream (this 
problem should be evaluated prior to the installation). 

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring has indicated the DU in large part has sorbed to the aquifer soils and 
has been highly retarded relative to advective groundwater flow.  An extraction process may 
slowly desorb uranium from soil and allow gradual extraction of DU from the aquifer over a 
prolonged time.  Groundwater extraction and treatment has proven to be costly at similar sites 
(USEPA, 2001a) and will have limited benefit relative to achieving RAOs.  Accordingly, process 
options focused on groundwater extraction as a method for DU mass removal will not be 
retained for further evaluation.  The use of extraction wells as a method of hydraulic 
containment is discussed separately below. 

3.2.1.3.2 Physical Containment 

Installation of vertical barriers was identified as a physical containment process option for the 
DU plume in overburden.  Slurry walls or grout curtains would be installed to mitigate 
downgradient migration of impacted groundwater. 

Effectiveness, Technical Implementability, and Cost 

Vertical barriers are expected to be moderately effective at controlling groundwater flow; 
however, they would likely need to be combined with groundwater extraction and treatment.  
At this site, vertical barriers would be difficult to implement for the aqueous phase DU because 
the area to be contained is large and the barriers would also need to be quite deep.  The initial 
capital costs associated with this process option would be high.  While the O&M costs for the 
barriers themselves might be relatively low, because this process option would need to be 
combined with groundwater extraction and treatment, the overall O&M costs would be 
moderate.  Because this process option would be difficult to implement and is only expected to 
have moderate effectiveness, vertical barriers for the aqueous DU will not be retained for 
further evaluation. 

3.2.1.3.3 Hydraulic Containment 

In addition to being evaluated as a groundwater extraction process option for DU mass removal 
(Section 3.2.1.3.1), the use of extraction wells was also considered as a hydraulic containment 
process option.  As a hydraulic containment process option, extraction wells would be used to 
control or contain plume migration through active pumping. 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 3-23 

Effectiveness, Technical Implementability, and Cost 

Some of the same factors discussed above regarding groundwater extraction could impact the 
effectiveness of extraction wells as a hydraulic containment process option, but overall, 
extraction wells are expected to be effective at preventing migration of DU impacted 
groundwater, though remedial timeframes would be long.  This process option is readily 
implementable and is a commonly used component of groundwater remedies.  Initial capital 
costs are expected to be high, but ongoing O&M costs are expected to be moderate.  Based on 
the expected effectiveness and implementability of this process option, the use of extraction 
wells as a method of hydraulic containment will be retained. 

3.2.1.3.4 Aquifer Soil Excavation 

Aquifer soil excavation for the source soils within the Holding Basin footprint is evaluated 
within the Soil Alternatives in Section 4.  This evaluation is for all other uranium contaminated 
soils outside the Holding Basin footprint.  Under this process option, all contaminated saturated 
zone soils would be excavated to a depth of almost 80 feet bgs, and the area would be at least 
partially dewatered during the excavation process. 

Effectiveness, Technical Implementability, and Cost 

This process option would be very effective in addressing residual DU that is sorbed to aquifer 
solids within the plume; however, the size and depth of the required excavation would make 
this process option extremely difficult, if not impossible, to implement.  Substantial shoring 
would be required for such a large excavation in the sandy soils present at the Site.  The capital 
costs for this process option would be very high, but there would be no ongoing O&M costs.  
Because this process option is not practically implementable, aquifer soil excavation and 
dewatering will not be retained for further consideration. 

3.2.1.4 Ex-Situ Treatment 

The primary advantage of ex-situ treatment is the certainty of treatment because of the ability 
to monitor influent and effluent and modify the treatment process as necessary.  Ex-situ 
treatment, however, requires pumping of ground water, leading to increased costs and 
engineering for equipment, possible permitting, and material handling relative to in-situ 
treatment technologies. 

Available ex-situ treatment technology types for aqueous DU include chemical reaction and 
physical separation.  The different technology process options considered for these technology 
types are discussed below. 

3.2.1.4.1 Chemical Reaction 

Precipitation was identified as a possible technology process option to treat DU in overburden 
groundwater.  Precipitation of metals from contaminated water involves the conversion of 
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soluble heavy metal salts to insoluble salts that will precipitate.  The precipitate can then be 
removed from the treated water by physical methods such as clarification (settling) and/or 
filtration.  The process usually uses pH adjustment, addition of a chemical precipitant, and 
flocculation.  Typically, metals precipitate from the solution as hydroxides, sulfides, or 
carbonates.  The solubilities of the specific metal contaminants and the required cleanup 
standards will dictate the process used. In some cases, process design will allow for the 
generation of sludges that can be sent to recyclers for metal recovery. 

Precipitation of metals has long been the primary method of treating metal-laden industrial 
wastewaters.  As a result of the success of metals precipitation in such applications, the 
technology is being considered and selected for use in remediating groundwater containing 
heavy metals, including their radioactive isotopes.  In groundwater treatment applications, the 
metal precipitation process is often used upstream of other treatment technologies (such as 
chemical oxidation or air stripping) where the presence of metals would interfere with the 
other treatment processes. 

To address DU in overburden groundwater, extracted groundwater would be acidified to 
precipitate uranium from solution to insoluble U (IV) solid phases. 

Disadvantages of metals precipitation may include the following: 

• As with any pump and treat process, if the source of contamination is not removed (e.g., 
metals absorbed to soil), treatment of the groundwater may be superfluous, as such 
pumping and treatment will only prevent further migration of contaminated 
groundwater. 

• The presence of multiple metal species may lead to removal difficulties as a result of 
amphoteric natures of different compounds (i.e., optimization for one metal species 
may prevent removal of another). 

• Metal hydroxide sludges must pass the Toxicity Characteristic Leaching Procedure (TCLP) 
prior to land disposal. 

• Reagent addition must be carefully controlled to preclude unacceptable concentrations 
in treatment effluent. 

• Efficacy of the system relies on adequate solids separation techniques (e.g., clarification, 
flocculation, and/or filtration). 

• The process may generate toxic sludge requiring proper disposal. 
• The process can be costly, depending on reagents used, required system controls, and 

required operator involvement in system operation. 
• Treated water will often require pH adjustment; dissolved salts are added to the treated 

water as a result of pH adjustment. 
• Polymer may need to be added to the water to achieve adequate settling of solids. 
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Effectiveness, Technical Implementability, and Cost 

Costs for precipitation technologies range greatly as do costs for sludge dewatering and 
disposal.  Treatment residuals from separation techniques will require treatment or disposal, 
which will add to the total project costs and may require permits. 

This process option would likely be effective for removing DU from extracted groundwater.  It 
would also be readily implementable.  Both initial capital costs and continuing O&M costs 
would be high.  This process option would also need to be combined with a separation or 
filtration process option, which would introduce additional costs separate from the 
precipitation process itself.  The best ex-situ treatment technologies to be used will be 
dependent on many factors and can be determined during detailed design.  This option will be 
retained for alternative development. 

3.2.1.4.2 Separation 

Separation processes seek to detach contaminants from their medium (i.e., groundwater 
and/or binding material that contain them).  Three ex-situ separation process options were 
considered:  gravity separation, ion exchange, and reverse osmosis. 

Gravity separation is the physical process of separating suspended solid phase uranium from 
solution using gravity, based on the difference in specific weight between the suspended 
uranium and the surrounding mixture.  Because this process option separates solid uranium 
from solution, it would need to be used in conjunction with a precipitation process option. 

Ion exchange is an exchange of ions between an electrolyte solution and a complex.  The ion 
exchange process option would remove uranium from extracted groundwater using a strong 
base anion resin. 

In reverse osmosis, water is forced through semi-permeable membranes that block the passage 
of uranium complexes.  The uranium is removed in a discharge stream. 

Effectiveness, Technical Implementability, and Cost 

Each of these separation process options is expected to be effective at removing DU from 
extracted groundwater if combined with other ex-situ treatments, i.e., precipitation or 
filtration.  The three separation process options are also considered readily implementable.  
The capital costs for all three options are expected to be moderate relative to chemical 
precipitation.  The O&M costs for gravity separation and ion exchange are also expected to be 
high, with the O&M costs for reverse osmosis being slightly lower.  While the O&M costs for 
reverse osmosis are expected to be lower than for ion exchange, the overall cost associated 
with this process option would be higher because the constant waste stream that this process 
would generate would require additional treatment or management.  The best ex-situ 
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treatment technologies to be used will be dependent on many factors and can be determined 
during detailed design.  This option will be retained for alternative development. 

3.2.1.5 In-Situ Treatment (Fixation) 

In-situ fixation (both biological and chemical) is a proven passive technology to sequester DU 
from groundwater.  In-situ fixation can be accomplished with the installation of in-situ reactive 
zones (ISRZs) comprised of selected treatment media or mixed media.  There are multiple 
configurations for ISRZ emplacement, but in general, design strategies focus on one or more 
ISRZs oriented perpendicular to the plume axis and may include continuous trenching, funnel 
and gate construction, or media injections.  Multiple in-situ technologies have been identified; 
some work abiotically (without conditioning of microbial communities), and others involve 
bioaugmentation/ biological manipulation of the aquifer.  These technologies include iron-
based media, phosphate based media, selected other media and redox manipulation.  Each of 
these technologies are presented in Table 3.2.1 and summarized below.  Detailed descriptions 
of the recommended media are presented in Section 5.2. 

Iron-Based Media 

Zero valent iron (ZVI), ferric oxyhydroxide and amorphous ferric oxyhydroxides, and nanoscale 
zero valent iron (nZVI) can be effective for immobilizing dissolved uranium via reductive 
precipitation and/or adsorption onto secondary iron corrosion products or iron minerals.  A 
disadvantage to iron based media is potential occlusion due to passivating inorganic 
precipitates forming in response to pH and oxidation/reduction potential gradients created by 
corrosion chemistry.  Further, sorbed species may be remobilized under changing geochemical 
conditions. 

Phosphate-Based Media 

Injection of Apatite II, orthophospate, or vanadate-modified apatite can be used to create ISRZs 
to sequester uranium via (1) dissolution of phosphate based minerals and subsequent 
precipitation of stable U(VI)-phosphate or U(VI)-vanadate minerals, (2) sorption and (3) ion-
exchange reactions.  The dominant mechanism (sorbtion vs. mineral precipitation) will be 
controlled by the geochemical environment with precipitation resulting in a more permanent 
long-term solution.  Polyphosphate is a long chain phosphate polymer that is designed to 
promote the direct formation of U(VI)-phosphate minerals, such as autunite, while minimizing 
occlusion of pore space.  The structure of polyphosphate may control in-situ precipitation 
kinetics such that the hydraulic conductivity of the aquifer is not reduced.  More detailed 
discussion of the mechanisms of uranium sequestration via phosphate based media is 
presented in Section 5.3. 
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Other Media 

Polymer coated silica is synthesized for specificity to the dissolved uranyl cation.  The polymer 
(PANSIL) is a polyacryloamidoxime resin that is coated onto the surface of quartz sand; it 
sequesters uranium through the formation of stable amino and oxime structures.  The efficacy 
of PANSIL may be impacted by dissolved iron.  Zeolite is an aluminosilicate mineral with high 
adsorption capacity for uranium.  However, sorption of uranium onto Zeolite is highly sensitive 
to pH and may be inhibited by the dissolved uranyl carbonate species present in the 
overburden groundwater. 

Redox Manipulation 

Redox manipulation of the aquifer via the injection of calcium citrate and sodium phosphate, 
dithionite, or other electron donor can stimulate the reduction of U(VI) to U(IV) and subsequent 
precipitation of U(IV) minerals.  This reaction can be both biotic and abiotic and would require 
continuous monitoring and geochemical/biological manipulation to ensure that a geochemically 
reducing environment is maintained. 

Effectiveness, Technical Implementability, and Cost 

Of these available treatment media, only apatite, vanadate-modified apatite, ZVI, and 
polyphosphate will be retained for further evaluation.  Efficacy of these technologies has been 
demonstrated at the bench scale, but only marginally at the field scale; therefore, additional 
bench and pilot scale testing will be required during the remedial design stage.  Injection of one 
or more of the retained media is readily implementable in the overburden via direct push 
technology (DPT) or vertical hydraulic fracturing (VHF).  Relative to ex-situ treatment 
technologies, capital costs are moderate and long-term O&M costs are low.  The cost of 
phosphate-based media is lower than ZVI; however, proof of concept for sequestration of 
uranium by ZVI may be considered more robust.  Ferric oxyhydroxide/amorphous ferric 
oxyhdroxide will not be retained due to greater efficacy of ZVI.  Zeolite will not be retained as 
other ISRZ media have been proven more effective and selective for uranium removal.  Polymer 
coated silica will not be retained because the technology is not well developed at this point.  
Orthophosphate will not be retained as direct injection of apatite or polyphosphate is more 
efficient.  nZVI will not be retained for DU because the media is very costly, and granular ZVI is 
already a proven technology for DU treatment in unconsolidated formations.  No treatment 
option involving the geochemical or biological manipulation of the aquifer matrix will be 
retained (calcium citrate/sodium phosphate, dithionite, or other promotion of dissimilatory 
reduction of U(VI)).  While these technologies may be effective at sequestering uranium, it may 
be considered technically and administratively infeasible and cost prohibitive to maintain 
microbial communities and reducing conditions in an oxidizing aquifer system to ensure a long-
term solution for uranium removal. 
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3.2.2 VOCs and 1,4 Dioxane in Overburden and Bedrock 

The potentially applicable technology types and process options for each GRA associated with 
VOCs and 1,4-dioxane in overburden and bedrock groundwater are discussed below.  A 
summary of the effectiveness, technical implementability, and cost screening of the 
technologies for VOCs and 1,4-dioxane in overburden and bedrock groundwater are presented 
in Table 3.2.2.  Some technology types and process options that were evaluated for the DU 
plume in overburden are evaluated again here; process options that were described in Section 
3.2.1 will not be described in detail in this section.  The evaluations of technology effectiveness 
consider mitigation of potential human health impacts associated with VOCs and 1,4-dioxane; 
no potential impacts to the environment have been identified for VOCs or 1,4-dioxane in 
groundwater at the Site so technology effectiveness related to environmental impacts is not 
considered. 

3.2.2.1 No Action 

The no action alternative was also considered for VOCs and 1,4-dioxane in groundwater and will 
serve as a baseline for comparing the effectiveness of other remedial alternatives.  The annual 
monitoring program in place would continue, and annual inspections and five-year reviews 
would be conducted as part of the no-action alternative. 

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring and five-year reviews are technically feasible, but not effective for 
reducing risk or protecting the public or environment.  The current cost of groundwater 
monitoring is relatively low.  The No Action option is retained as required by the NCP. 

3.2.2.2 Limited Action 

Limited actions include access controls, institutional controls, such as deed restrictions, and 
long-term monitoring activities.  

3.2.2.2.1 Access Controls 

Options under the access controls category include limiting access through the posting of signs 
or construction of fences. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective for protecting human health, 
particularly when potential risks are associated with surface conditions.  Because of the depth 
and nature of impacts associated with VOCs and 1,4-dioxane at the Site, access controls are 
unnecessary for addressing potential impacts to human health.  However, a groundwater 
treatment system may require limiting access to some areas through controls.  This process 
option is retained for alternative development. 
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3.2.2.2.2 Institutional Controls 

Options under the institutional controls category include the use of water use restrictions or 
deed restrictions to restrict or prohibit the use of groundwater as a potable supply.  A more 
detailed evaluation of the available types and forms of Institutional Controls is provided in 
Appendix I – Institutional Controls Analysis. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective for protecting human health. 
The cost for implementing deed restrictions is minimal.  This process option will be retained for 
further evaluation. 

3.2.2.2.3 Long-Term Monitoring 

Long-term monitoring options include monitoring conducted to evaluate the success of an 
active remedial technology.   

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring is currently being performed to obtain data on groundwater 
elevations, COC concentrations, and groundwater geochemistry (e.g., pH, dissolved oxygen, 
oxidation reduction potential, anions and cations).  Long-term monitoring of an active remedy 
is retained for further evaluation. 

3.2.2.2.4 MNA 

MNA is described conceptually in Section 3.2.1.2.4.  Although not applicable for 1,4-dioxane, a 
detailed analysis of attenuation rates for VOCs at the Site is presented in Section 5.1. 

Effectiveness, Technical Implementability, and Cost 

Implementation of MNA to address VOCs in groundwater would be relatively simple and 
inexpensive compared to active remedial technologies.  However, since MNA is not applicable 
for 1,4-dioxane, it is only being retained for further evaluation for VOCs. 

3.2.2.3 Containment/Removal 

The containment and removal GRA includes groundwater extraction, physical containment, 
hydraulic containment, and aquifer soil excavation technology types.  The different technology 
process options considered for each of these technology types are discussed below. 

3.2.2.3.1 Groundwater Extraction for Mass Removal via Ex-situ Treatment 

The use of extraction wells or interceptor trenches were evaluated as process options to 
remove VOC and 1,4-dioxane mass.  Both options would need to be combed with an ex-situ 
treatment process option. 
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Effectiveness, Technical Implementability, and Cost 

Groundwater extraction using either extraction wells or interceptor trenches is expected to be 
effective at removing VOCs and 1,4-dioxane mass; however, remedial timeframes are expected 
to be long.  Groundwater extraction using wells is expected to be more implementable than 
interceptor trenches because impacted groundwater is as deep as 80 feet bgs and extends into 
bedrock in some areas.  Both extraction wells and interceptor trenches would have relatively 
high capital costs and O&M costs (costs for trenches would be higher than for wells).  Because 
of the high costs associated with both process options and the implementability difficulties with 
the interceptor trench process option, neither of the groundwater extraction for mass removal 
process options will be retained for further evaluation. 

3.2.2.3.2 Physical Containment 

Installation of vertical barriers was identified as a physical containment process option for VOCs 
and 1,4-dioxane in groundwater.  Slurry walls or grout curtains would be installed to mitigate 
downgradient migration of impacted groundwater. 

Effectiveness, Technical Implementability, and Cost 

Vertical barriers are expected to be moderately effective for controlling groundwater flow; 
however, they would likely need to be combined with groundwater extraction and treatment.  
At the Site, vertical barriers would be difficult to implement because the area to be contained is 
large and the barriers would also need to be quite deep (on the order of 80 feet bgs).  Further, 
in some areas, the barriers would need to extend into bedrock.  The initial capital costs 
associated with this process option would be very high.  While the O&M costs for the barriers 
themselves might be relatively low, because this process option would need to be combined 
with groundwater extraction and treatment, the overall O&M costs would be moderate.  
Because this process option would be difficult to implement, would be very expensive and is 
only expected to have moderate effectiveness, vertical barriers will not be retained for further 
evaluation. 

3.2.2.3.3 Hydraulic Containment 

The use of extraction wells was evaluated as a hydraulic containment process option to control 
or contain plume migration through active pumping. 

Effectiveness, Technical Implementability, and Cost 

Extraction wells are expected to be effective at preventing migration of VOCs and 1,4-dioxane, 
though remedial timeframes are likely to be long in on-site areas.  This process option is readily 
implementable and is a commonly used component of groundwater remedies, though pumping 
at off-site locations may be challenging because of access constraints.  Initial capital costs are 
expected to be relatively high, and ongoing O&M costs would also be high because this process 
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option would need to be combined with an ex-situ treatment process option.  Based on the 
expected effectiveness and implementability of this process option, the use of extraction wells 
as a method of hydraulic containment will be retained for further evaluation. 

3.2.2.3.4 Aquifer Soil Excavation 

The aquifer soil excavation process option involves soil excavation and associated dewatering. 

Effectiveness, Technical Implementability, and Cost 

This process option is expected to be very effective; however, it is not practically 
implementable because source zone areas are not well defined, the areas of excavation would 
be large and the required excavation would be quite deep, requiring substantial shoring and 
excavation into impacted bedrock.  The capital costs for this process option would be very high, 
but there would be no ongoing O&M costs.  Because this process option is not practically 
implementable, aquifer soil excavation and dewatering will not be retained for further 
consideration. 

3.2.2.4 Ex-Situ Treatment 

Available ex-situ treatment technology types include organic separation and chemical 
destruction.  Ex-situ treatment would be used in conjunction with groundwater extraction.  The 
different technology process options considered for ex-situ treatment technology types are 
discussed below. 

3.2.2.4.1 Organic Separation 

Air stripping and carbon adsorption were evaluated as organic separation process options.  The 
carbon adsorption process option involves passing extracted groundwater through activated 
carbon; organic compounds then adsorb to the surface of the carbon.  Activated carbon has a 
very high surface area due to the presence of small, low-volume pores and thus has many 
available adsorption sites for organic compounds. 

Effectiveness, Technical Implementability, and Cost 

Both air stripping and carbon adsorption are expected to be effective for removal of VOCs, 
though these process options are not reliable for removal of 1,4-dioxane.  Both process options 
are also readily implementable when combined with a groundwater extraction process option. 
Air stripping and carbon adsorption are both expected to have moderate capital and O&M 
costs.  For these reasons, both process options will be retained for further evaluation. 

3.2.2.4.2 Chemical Destruction 

Advanced oxidation was evaluated as a chemical destruction process option.  Advanced 
oxidation involves the use of hydroxyl radicals to oxidize organic contaminants to carbon 
dioxide and water (and residual chloride in the case of chlorinated VOCs). 
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Effectiveness, Technical Implementability, and Cost 

Advanced oxidation is expected to be an effective process option for both VOCs and 1,4-
dioxane and would be more effective in treating 1,4-dioxane than other available ex-situ 
treatment process options. This process option is readily implementable when combined with a 
groundwater extraction process option.  Capital and O&M costs associated with advanced 
oxidation are expected to be moderate.  For these reasons, advanced oxidation will be retained 
for further evaluation. 

3.2.2.4.3 Synthetic Media Adsorption 

Synthetic media adsorption involves passing extracted groundwater through a vessel of 
synthetic media; organic compounds then adsorb to the surface of the media. The media have 
very high surface areas due to the presence of small, low-volume pores, and thus have many 
available adsorption sites for organic compounds. 

Effectiveness, Technical Implementability, and Cost 

Synthetic media adsorption is expected to be effective for removal of VOCs and 1,4-dioxane.  
Both process options are also readily implementable when combined with a groundwater 
extraction process option.  Synthetic media adsorption is expected to have moderate capital 
and O&M costs.  For these reasons, this process options will be retained for further evaluation. 

3.2.2.5 In-Situ Treatment 

The in-situ treatment GRA involves treating contaminated groundwater in place, rather than 
removing it for treatment in an aboveground treatment facility.  Available in-situ treatment 
technologies types include chemical biological and/or physical treatment.  The different process 
options considered for in-situ treatment technology types are discussed below. 

3.2.2.5.1 Chemical Treatment 

Installation of ZVI ISRZs was evaluated as a chemical treatment process option.  This process 
option involves the placement of iron granules or other iron bearing minerals in the subsurface.  
When the iron is placed, it has an oxidation state of zero, and the process relies on the 
oxidation of iron to a higher valence number, which results in a corresponding reduction of 
chlorinated VOCs.  This process is referred to as reductive dechlorination; it removes chlorine 
atoms from chlorinated VOCs ultimately degrading the VOCs to non-toxic endpoints.  The iron 
granules dissolve slowly and are expected to remain effective for many years, if not decades. 

Effectiveness, Technical Implementability, and Cost 

This process option is expected to be very effective for VOCs, but will not be effective for 
treatment of 1,4-dioxane.  The ZVI may have a finite operating lifetime as a result of surface 
passivation and potentially a decrease in permeability through the barrier resulting from 
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formation of iron precipitates.  This process would be difficult to implement given the deep 
target depth interval and the fact that treatment is required not only in overburden 
groundwater but also in bedrock.  Initial capital costs are expected to be moderate, and O&M 
costs are expected to be low.  This process option will not be retained for further evaluation. 

3.2.2.5.2 Biological Treatment 

Anaerobic reductive dechlorination (bioremediation) was evaluated as a biological process 
option.  Bioremediation involves distributing an electron donor additive within the affected 
aquifer to stimulate biological activity in the subsurface (referred to as biostimulation), then 
adding a naturally-occurring bacterial culture to biodegrade chlorinated VOCs such as PCE and 
TCE to ethene, a non-toxic end product (referred to as bioaugmentation).  This process requires 
initial concentrations of chlorinated VOCs in the subsurface greater than approximately 50 µg/L 
to establish a viable microbial community. 

Effectiveness, Technical Implementability, and Cost 

This process option is expected to be only minimally effective at treating chlorinated VOCs 
because of the low initial VOC concentrations; this process option is not expected to be 
effective at treating 1,4-dioxane.  The implementation of this process option could be 
challenging because it may require long-term maintenance of reducing conditions and 
continuous inputs of bacteria.  The initial capital costs are expected to be moderate to high, and 
the O&M costs are expected to be moderate.  Because of the expected limited effectiveness of 
this process option, bioremediation will not be retained for further evaluation. 

3.2.2.5.3 Physical Treatment 

Dual phase extraction (DPE), air sparging, and Accelerated Remediation Technology (ART)© are 
available physical treatment options for VOCs and 1,4-dioxane in groundwater.  DPE removes 
VOCs from groundwater using a system of vacuum wells to extract water and soil vapor from 
the subsurface.  The air sparging process option involves injecting air directly into groundwater, 
remediating groundwater by volatilizing contaminants into the injected air.  ART combines air 
stripping, air sparging, soil vapor extraction, and enhanced bioremediation/oxidation through a 
proprietary wellhead design. 

Effectiveness, Technical Implementability, and Cost 

DPE is expected to be effective for both VOCs and 1,4-dioxane, while air sparging and ART are 
likely to be effective for VOCs only.  All three physical treatment process options require 
significant infrastructure that may need to be installed in off-site areas, making these process 
options potentially difficult to implement.  The three physical treatment process options are 
expected to have high capital and high O&M costs.  None of the physical treatment process 
options will be retained for further evaluation because the costs are significant, they are 
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expected to be less efficient than other technologies, and implementation could be challenging 
due to the need to install significant infrastructure in off-site areas. 

3.2.3 Uranium in Bedrock 

The potentially applicable technology types and process options for each GRA associated with 
uranium in bedrock groundwater are discussed below.  A summary of the effectiveness, 
technical implementability, and cost screening of the technologies for uranium in bedrock 
groundwater are presented in Table 3.2.3.  Some technology types and process options that 
were evaluated for the DU plume in overburden are evaluated again here; process options that 
were described in Section 3.2.1 will not be described in detail in this section. 

3.2.3.1 No Action 

The no action alternative was also considered for uranium in bedrock and will serve as a 
baseline for comparing the effectiveness of other remedial alternatives.  Because the bedrock 
on-site is deep, the only identified risk is hypothetical future drinking water use, however, 
considering the yields from the bedrock are quite low, drinking water use is not practical.  
Nevertheless, the annual monitoring program in place would continue, and annual inspections 
and five-year reviews would be conducted as part of the no-action alternative. 

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring and five-year reviews are technically feasible, but not effective for 
reducing potential risk associated with uranium in bedrock groundwater.  The current cost of 
groundwater monitoring is relatively low. 

3.2.3.2 Limited Action 

Limited actions include access controls, institutional controls, such as deed restrictions, and 
long-term monitoring activities. 

3.2.3.2.1 Access Controls 

Options under the access controls category include limiting access through the posting of signs 
or construction of fences. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective at protecting human health, 
but not effective at protecting the environment if environmental risks are present, unless 
combined with other remedial actions.  However, there are no identified environmental risks 
associated with impacted groundwater.  While the cost for installing signs or fencing is minimal, 
this process option will not be retained for further evaluation because bedrock groundwater is 
more than 50 feet bgs and is not readily accessible. 
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3.2.3.2.2 Institutional Controls 

Options under the institutional controls category include the application of water activity and 
use limitations or deed restrictions to prohibit the use of groundwater as a potable supply.  
Typically these controls are used in conjunction with other long-term management strategies to 
prevent or limit exposure to contaminants during implementation of the remedial action and, 
where necessary, as a component of the completed remedy.  A more detailed evaluation of the 
available types and forms of Institutional Controls is provided in Appendix I – Institutional 
Controls Analysis. 

Effectiveness, Technical Implementability, and Cost 

This option is technically implementable and somewhat effective for protecting human health. 
The cost for implementing deed restrictions is minimal in comparison with remedial measures.  
This option is being retained for alternative development. 

3.2.3.2.3 Long-Term Monitoring 

Long-term monitoring options include monitoring conducted to evaluate the performance of an 
active remedial technology.  Long-term monitoring may be required for the Holding Basin as 
part of the selected Holding Basin remedy (discussed in the soil alternative evaluation in Section 
4), and for the selected groundwater remedy.  Groundwater monitoring is currently being 
performed to obtain data on groundwater elevations, COC concentrations, and groundwater 
geochemistry (e.g., pH, dissolved oxygen, oxidation reduction potential, anions and cations).   

Effectiveness, Technical Implementability, and Cost 

Groundwater monitoring is currently being performed and is relatively easy to implement. 
Long-term monitoring is retained for alternative development. 

3.2.3.2.4 Monitored Natural Attenuation 

MNA is described conceptually in Section 3.2.1.2.4.  A detailed analysis of attenuation rates for 
uranium in bedrock groundwater at the Site is presented in Section 5.1, indicating that MNA 
does not appear to be effective for the bedrock uranium.  

Effectiveness, Technical Implementability, and Cost 

Implementation of MNA to address site COCs would be relatively simple and inexpensive 
compared to active remedial technologies.   However, MNA currently does not appear to be 
effective for the bedrock groundwater.  MNA will not be retained for further evaluation in the 
bedrock groundwater. 
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3.2.3.3 Containment/Removal 

The containment and removal GRA includes groundwater extraction, physical containment, and 
hydraulic containment technology types.  The different technology process options considered 
for each of these technology types are discussed below. 

3.2.3.3.1 Groundwater Extraction for Mass Removal 

The use of extraction wells was evaluated as process options to remove uranium mass from 
bedrock groundwater.  Extraction wells would need to be combined with an ex-situ treatment 
process option.  For the uranium plume in bedrock numerous extraction wells would be 
necessary to achieve RAOs; however, pumping from numerous wells would not ensure 
sufficient mass removal within a reasonable timeframe.  Specific factors that may limit the 
applicability and effectiveness of groundwater pumping for mass removal are presented in 
Section 3.2.1.3.1. 

Effectiveness, Technical Implementability, and Cost 

Groundwater extraction using pumping wells is expected to be effective at removing uranium 
mass; however, remedial timeframes are expected to be long because uranium may be strongly 
sorbed to the bedrock matrix.  Groundwater extraction using wells is readily implementable.  
Extraction wells would have high capital and O&M costs.  Because of high costs, the 
groundwater extraction for mass removal process options will not be retained for further 
evaluation. 

3.2.3.3.2 Physical Containment 

Installation of vertical barriers was identified as a physical containment process option for 
uranium in bedrock.  Slurry walls or grout curtains would be installed to mitigate downgradient 
migration of impacted groundwater. 

Effectiveness, Technical Implementability, and Cost 

Vertical barriers are expected to be moderately effective at controlling groundwater flow; 
however, they would need to be combined with groundwater extraction and treatment.  At this 
site, vertical barriers would be difficult to implement because the area to be contained is large 
and the barriers would need to be installed in bedrock which is deep.  The initial capital costs 
associated with this process option would be high.  While the O&M costs for the barriers 
themselves might be relatively low, the overall O&M costs would be moderate because this 
process option would need to be combined with groundwater extraction and treatment.  
Because this process option would be difficult to implement and is only expected to have 
moderate effectiveness, vertical barriers will not be retained for further evaluation. 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 3-37 

3.2.3.3.3 Hydraulic Containment 

The use of extraction wells was evaluated as a hydraulic containment process option.  As a 
hydraulic containment process option, extraction wells would be used to control or contain 
plume migration through active pumping. 

Effectiveness, Technical Implementability, and Cost 

Extraction wells are expected to be effective at preventing migration of impacted groundwater, 
though remedial timeframes would be long.  This process option is readily implementable and 
is a commonly used component of groundwater remedies.  Initial capital costs are expected to 
be high, but ongoing O&M costs are expected to be moderate.  Based on the expected 
effectiveness and implementability of this process option, the use of extraction wells as a 
method of hydraulic containment will be retained for further evaluation. 

3.2.3.4 Ex-Situ Treatment 

The primary advantage of ex-situ treatment is the certainty of treatment because of the ability 
to monitor influent and effluent and modify the treatment process as necessary.  Ex-situ 
treatment, however, requires pumping of ground water, leading to increased costs and 
engineering for equipment, possible permitting, and material handling relative to in-situ 
treatment technologies. 

Available ex-situ treatment technologies types include chemical reaction and separation.  The 
different technology process options considered for these technology types are discussed 
below. 

3.2.3.4.1 Chemical Reaction 

Precipitation was identified as a possible technology process option to treat uranium in bedrock 
groundwater.  To address uranium in bedrock groundwater, extracted groundwater would be 
acidified to precipitate uranium from solution to insoluble U (IV) solid phases.  Further 
discussion is found in Section 3.2.1.4.1. 

Effectiveness, Technical Implementability, and Cost 

This process option would likely be effective for removing uranium from extracted 
groundwater.  It would also be readily implementable.  Both initial capital costs and continuing 
O&M costs would be high.  This process option will not be retained for further evaluation 
because it is likely to be more costly and no more effective than other ex-situ treatment 
options, e.g., ion exchange.  This process would also need to be combined with a separation or 
filtration process option, which would introduce additional costs separate from the 
precipitation process itself. 
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3.2.3.4.2 Separation 

Separation processes seek to detach contaminants from their medium (i.e., ground water 
and/or binding material that contain them).  Four ex-situ separation process options were 
considered:  gravity separation, filtration of suspended solids, ion exchange, and reverse 
osmosis. 

Gravity separation is the physical process of separating suspended solid phase uranium from 
solution using gravity, based on the difference in specific weight between the suspended 
uranium and the surrounding mixture.  Because this process option separates solid uranium 
from solution, it would need to be used in conjunction with a precipitation process option. 

Filtration relies on physical separation of solid particles from solution based on particle size.  
Filtration can be used as a pre-treatment option for larger particles before a more costly 
treatment technology designed for uranium removal 

Ion exchange is an exchange of ions between an electrolyte solution and a complex.  The ion 
exchange process option would remove uranium from extracted groundwater using a strong 
base anion resin. 

In reverse osmosis, water is forced through a semi-permeable membrane.  Uranium complexes 
that are not able to pass through the membrane is removed in a discharge stream. 

Effectiveness, Technical Implementability, and Cost 

Each of these separation process options is expected to be effective at removing uranium from 
extracted groundwater if combined with other ex-situ treatments, i.e., precipitation or 
filtration.  Each of the separation process options are also considered readily implementable.  
The capital costs for filtration are expected to be moderate; the capital costs for the other three 
options are expected to be moderate relative to chemical precipitation.  The O&M costs for 
gravity separation and ion exchange are expected to be high, with the O&M costs for filtration 
and reverse osmosis being somewhat lower.  Of these process options, ion exchange and 
filtration will be retained for further evaluation.  Gravity separation will not be retained 
because it would need to be combined with a precipitation process option and, therefore, 
would be more costly than the ion exchange process option.  Filtration is retained as a lower 
cost pre-treatment option.  While the O&M costs for reverse osmosis are expected to be lower 
than for ion exchange, the overall cost associated with this process option would be higher 
because the constant waste stream that this process would generate would require additional 
treatment or management. 

3.2.3.5 In-Situ Treatment 

Viable in-situ treatment media are described in Section 3.2.1.5.1.  The only technologies 
retained for remedial alternative development for uranium in bedrock include ZVI and Apatite II 
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(Table 3.2.3), although it will be very difficult to implement these technologies in the crystalline 
fractured bedrock compared to the overburden.  Delivery of amendments to targeted areas is 
more difficult in discretely fractured bedrock and the ability to adequately deliver amendments 
is questionable.  Bench and pilot scale testing would be required during the remedial design 
phase. 

3.3 VAPOR INTRUSION 

TCE was the only analyte detected in sub-slab soil gas samples, and it was only detected under 
the building at 2250 Main Street.  The reported concentrations were below USEPA soil gas 
vapor intrusion screening levels (VISLs) protective for indoor air within a commercial space, but 
were greater than soil gas VISLs protective for air within a residential space.  As a protective 
measure, in August 2013, a mitigation system was installed and started operation.  The 
structure already incorporated most elements of a radon-style sub-slab mitigation system 
including approximately one-foot of compacted gravel beneath the slab, a horizontal 
perforated pipe buried within this gravel, and a nominal three-inch-diameter riser terminating 
in the attic.  Completion of the mitigation system consisted of extending the riser to the 
exterior roof, and installing a RadonAwayTM model XP201 radon fan in-line in the attic. Sub-slab 
soil vapor samples were collected prior to system start up, and again in December 2013.  Low 
concentrations of TCE were detected in the sub-slab soil samples, generally declining in 
concentration from 2009 to 2013.  Groundwater concentrations of TCE measured at nearby 
monitoring wells have also declined from 2009 to 2013.  TCE was not detected in the sub-slab 
sample collected in December 2013 (Geosyntec, 2014). 

The groundwater remedy should address the source of the TCE to the groundwater, which will 
greatly reduce the TCE concentrations in soil gas.  VI controls will only be needed as long as soil 
gases still cause an exceedance of the risk-based indoor air concentration target levels 
discussed in Section 2.4.5, which will depend on the rate of reduction of TCE in the 
groundwater.  

Future VI risk was not evaluated in the HHRA for on-site structures, with concurrence from 
USEPA because 1) the NTCRA will result in demolishing and removing current site structures, 2) 
future site use is unknown at this time, and 3) the soil remedy is expected to alter the extent of 
VOC impacts.  Collectively, these issues make future VI risk is difficult to define.  The 
technologies defined here may be applicable at such a time that re-development of the Site 
occurs. 

The GRAs to address vapor intrusion are provided in Table 3.4.1 and include: 
• No Action, 
• Institutional Controls/Limited Actions, 
• Passive Barrier, 
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• Passive Venting, 
• Subslab depressurization, 
• Building Pressurization, and 
• Indoor Air treatment. 

3.3.1 No Action 

Under the no action option, no additional actions would be taken to address exposure to soil 
gas vapors.  The groundwater remedy will still be implemented and soil gas concentrations will 
greatly reduce as a result.  Groundwater monitoring and five-year reviews also will still be 
performed as part of the no-action option.  (These are addressed in the groundwater 
alternative evaluations, provided in Section 6.)  The no action option will serve as a baseline for 
comparing the effectiveness of other remedial alternatives to be developed for the vapor 
intrusion pathway. 

Effectiveness, Technical Implementability, and Cost 

No further action for vapor control is technically feasible and may be applicable following 
reduction of VOC concentrations from the selected groundwater remedy.  No additional costs 
are experienced since groundwater monitoring is provided for in the groundwater remedy.  The 
No Action option is retained for alternative development as required by the NCP. 

3.3.2 Institutional Controls/Limited Actions 

Institutional and/or limited control actions include institutional measures, such as access 
controls, deed restrictions and monitoring.  Access controls can be used to prevent access to 
areas where soil gas concentrations are considered dangerous to human health.  Deed 
restrictions can prevent construction of buildings above the soil gas plume, or can require that 
buildings that are constructed include building designs to control potential for vapor intrusion 
into any newly constructed buildings.  A more detailed evaluation of the available types and 
forms of Institutional Controls is provided in Appendix I – Institutional Controls Analysis. 

Effectiveness, Technical Implementability, and Cost 

Institutional controls such as deed restrictions requiring future construction to include vapor 
control and/or abatement systems will be effective, are easily implemented and are relatively 
low cost.  For example, although there are no state or federal regulations for naturally occurring 
radon or radon daughters, the EPA has recommended guidelines for taking action.  The EPA 
suggests that if an initial screening measurement results in a reading greater than 4 picocuries 
per liter (pCi/l), further measurements should be taken to determine the annual average 
exposure to radon and that action be taken within a reasonable period of time.  EPA 
recommends the ASTM E1464-08a Standard Practice for Radon Mitigation Systems in Existing 
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Low-Rise Residential Buildings for installing radon barriers and controls in new construction.  
This option is retained for alternative development.  

3.3.3 Passive Barriers 

Vapor barriers have been used to effectively minimize unwanted gas from migrating into 
commercial and residential buildings.  Risks from soil vapors can be mitigated by installing a 
geomembrane either below or over the foundation of the building.  Geomembranes with a 
thickness of 10 to 15 mil polyethylene material have been used in the past, but thicker, more 
resilient geomembranes of 20 to 40 mil are now used in new construction.  The membrane is 
placed to encapsulate the foundation of the building and is sealed onto the walls of the 
building’s basement to prevent soil vapors from entering the building.  The most important part 
of the effectiveness of any vapor barrier system is a tight seal to foundation walls and around 
the utility penetrations of the membrane.  A filter fabric layer below the vapor barrier is 
recommended to protect the vapor barriers from punctures associated with construction debris 
and the underlying stone.  Thick layers of spray-on rubberized asphalt emulsions also have been 
used as vapor barriers.   

Effectiveness, Technical Implementability, and Cost 

Vapor barriers are easily installed and have been used to effectively minimize unwanted gas 
from migrating into commercial and residential buildings though the results have varied more 
widely than with other mitigation methods.  Barriers are not often used alone, but rather in 
combination with passive or active venting or depressurization from beneath the barrier.  Also, 
the MassDEP has a strong preference for active mitigation systems and would require extensive 
performance testing of a barrier-only mitigation solution which would increase its cost. 

Estimated costs for flexible membranes range from $1.50 to $3 per square foot of building area.  
Spray-on asphaltic emulsions have been installed for $5 to $7 per square foot.  Price ranges 
vary based on several factors, including overall area to be covered, number of utility or 
structural penetrations that require sealing, and the material used (USEPA 2008). The less 
expensive, flexible membrane option, is retained for alternative development. 

3.3.4 Passive Venting 

Passive venting makes use of the conductive layer of engineered fill below the foundation slab 
to gather sub-slab soil gas in piping and vent it to the atmosphere rather than allow it to 
migrate into indoor air.  Passive venting relies on contrasts in the conductivity of construction 
materials to provide a preferential pathway for soil gas to escape to the atmosphere without 
entering the building.  Therefore, passive vents should be combined with passive barriers, as 
discussed above.  Sands or pea gravel (i.e., nonangular materials that will not damage the 
membrane) is generally preferred below liners.  Nonwoven geotextiles or geogrids with 
sufficient conductivity to gas may also function as passive venting materials; however, care 
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must be taken to ensure that concrete and fine-grained soils do not penetrate and block the 
pores of thin geosynthetic materials.  In addition to the venting layer, perforated collection 
pipes are typically routed through the venting media to collect soil gas and convey it to an 
exhaust point outside the building (ITRC, 2007).  Passive systems often are paired with wind-
driven turbines at the roofline to enhance flow and therefore enhance the dilution of VOCs in 
sub-slab soil gas.  Aerated flooring is an alternative construction technique capable of 
improving passive venting efficiency and function, particularly in new construction.  Typically, 
aerated flooring is constructed by laying out a series of connected forms with box-shapes or 
arches that form an interconnected void below.  The forms replace the compacted gravel 
usually installed beneath a slab and replace up to 75% of the concrete needed for the floor.  
The void has much lower resistance to flow (i.e., higher gas conductivity) than gravel and 
almost no need for piping beyond risers.  

Effectiveness, Technical Implementability, and Cost 

Passive venting systems are easily installed and have been used to effectively reduce unwanted 
gas from migrating into commercial and residential buildings.  Installed passive venting system 
costs for new structures range from $1 to $5 per square foot, not including the cost of a passive 
barrier (see above).  Most of the system cost is associated with the venting media material 
(typically gravel) and installation.  Collection and riser pipes are generally a relatively small part 
of the overall cost, depending on the complexity of pipe chases in the building.  Some vendors 
have developed geosynthetic venting materials that can be applied in strips along foundation 
walls.  Passive venting systems lack the long-term operation and maintenance costs of active 
system fans.  However, the MassDEP has a strong preference for active mitigation systems and 
would require extensive performance testing of a passive mitigation solution which would 
increase its cost. 

Aerated flooring ranges in cost between approximately $3 to $6 per square foot but can lower 
construction costs for new buildings by eliminating the engineered fill beneath the slab and 
reducing the amount of concrete needed for the slab.  This option is retained for alternative 
development. 

3.3.5 Sub-Slab (Active) Depressurization or Ventilation 

Sub-slab depressurization (SSD) and ventilation (SSV) are considered collectively the most 
practical vapor intrusion mitigation strategy for most existing and new structures, including 
those with basement slabs or slab-on-grade foundations (USEPA, 2008).  SSD/V systems 
function by actively removing sub-slab soil gas through vent piping.  SSD systems have as an 
engineering design goal, maintaining a pressure differential across the slab, typically of at least 
6-9 Pascals (Pa) and SSV systems are designed to increase the exchange rate of air in the sub-
slab without necessarily maintaining the same pressure differential.  Both the pressure 
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differential and the increased sub-slab air exchange rate are accomplished by pulling soil gases 
from beneath the slab and venting them to the atmosphere at a height well above the outdoor 
breathing zone and away from windows and air supply intakes.  In new construction, SSD/V 
systems are similar to passive venting systems except that a fan is used to draw soil gas through 
the sub-slab venting layer prior to discharging it to the atmosphere.  In existing structures, 
SSD/V systems entail the cutting of one or more holes in the existing slab, the removal of a 
quantity of soil from beneath the slab to create an open hole or “suction pit” (6–18 inch radius), 
and the placement of vertical suction pipes into the holes.  These pipes are then manifolded 
together and connected to a fan, which draws soil gas from the sub-slab area through the 
piping and vents it outdoors (ITRC, 2007).  

In new construction, permeable venting layers and passive barriers may be placed under the 
slab to increase the efficiency of the system, essentially by extending the suction field and 
reducing the number of suction pits.  However, venting layers and passive barriers do not have 
to be as robust for active systems as they do for passive systems.  Aerated flooring is an 
alternative construction technique capable of improving active SSD/V efficiency and function, 
particularly in new construction.  Typically, aerated flooring is constructed by laying out a series 
of connected forms with box-shapes or arches that form an interconnected void below.  The 
forms replace the compacted gravel usually installed beneath a slab and replace up to 75% of 
the concrete needed for the floor.  The void has much lower resistance to flow (i.e., higher gas 
conductivity) than gravel and almost no need for piping beyond risers.  This lowered resistance 
allows a much smaller fan to achieve the same air exchange (SSV) or depressurization (SSD) as 
higher wattage fans or systems of fans. 

Effectiveness, Technical Implementability, and Cost 

Active SSD/V systems are the most reliable, cost effective, and efficient technique for 
controlling vapor intrusion in the majority of cases, with concentration reductions in the 90 to 
99% range (USEPA, 2008).  Typical installed costs for SSDs in residential homes range about 
$1,000 to $2,500, including electrical and mechanical permit fees.  For commercial buildings, 
installation costs range from $1 to $5 per square foot (ITRC, 2007). 

Although the fans for houses are low wattage and rarely require separate electrical circuits, 
they are commonly installed by an electrician and usually require inspection before operation. 
Annual operation and maintenance costs for these systems are typically very low.  Running a 
90-watt fan typically costs less than $100 per year, and most fans have an expected life span of 
5 to 15 years, with a replacement cost of about $100 plus labor (ITRC, 2007).  With aerated 
flooring, fans as small as 20 watts can be effective at mitigating up to a 4,000 square foot 
building.  In a small building the difference between depressurization and venting is academic; 
but in a large building, the incremental electrical and HVAC operating costs associated with 
maintaining a larger pressure differential can be substantial.  Fan noise may be viewed 
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negatively by some building occupants. (ITRC, 2007).  Aerated flooring ranges in cost between 
$3 to $6 per square foot, but can lower construction costs for new buildings by eliminating the 
engineered fill beneath the slab and reducing the amount of concrete needed for the slab. Due 
to MassDEP preference for active mitigation systems, this option is retained for alternative 
development. 

3.3.6 Building Pressurization/HVAC Optimization 

Vapor intrusion can be mitigated by positively pressurizing the building interior relative to the 
sub-slab.  This effect is typically achieved by increasing the amount of fresh air makeup being 
brought into the system and closing down the dampers on return air.  It may be possible to 
tune the building’s existing HVAC system to achieve this positive pressurization, or a new 
system can be installed.  Typically, only small increases in building pressure (e.g., <0.001 inches 
H2O) are required to prevent vapor intrusion (USEPA, 1994b).  Building pressurization is 
applicable to both existing and new buildings, although it may be easier to achieve and more 
cost-effective in new buildings. 

Effectiveness, Technical Implementability, and Cost 

Building pressurization is typically applied to large commercial structures.  Building 
pressurization may be the most cost effective method of vapor intrusion mitigation if the HVAC 
system already creates positive pressures.  In other cases, positive HVAC pressures can be 
achieved with minor adjustments to existing systems, resulting in small or negligible capital 
costs but potentially increasing energy costs.  The increased energy costs associated with 
positive HVAC system operation will be building-specific, depending on the additional airflow 
required to achieve positive pressures and heating and/or air conditioning requirements caused 
by temperature differentials between indoor and outdoor air (i.e., the degree of incremental 
heating or cooling necessitated by increasing the flow of makeup air), but could exceed $1 per 
square foot annually (ITRC, 2007).  Moreover, newer building designs are “tighter” and can be 
more cost-effectively modified than older structures (ITRC, 2007).  This option is not retained 
for alternative development. 

3.3.7 Indoor Air Treatment 

As an alternative to other forms of vapor intrusion mitigation, air within the structure can also 
be directed to air pollution control equipment (e.g., carbon adsorption) to remove toxic air 
contaminants from the building interior.  This technique is generally instituted on a temporary 
basis until more efficient systems can be installed.  However, it can be an effective mitigation 
strategy when combined with other techniques to control vapor concentrations in problem 
rooms.  Indoor air treatment is an alternative to whole-building pressurization (see above) or 
when subsurface depressurization and/or pressurization methods are not feasible (e.g., high 
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water tables and wet soils).  Indoor air treatment is generally only applied in existing buildings, 
since more cost-effective systems can generally be installed in new buildings (ITRC, 2007). 

Effectiveness, Technical Implementability, and Cost 

Indoor air treatment is typically more expensive than the other control technologies presented.  
It requires relatively larger energy consumption and develops a waste stream (used carbon) 
that requires disposal.  Mobile units can be purchased for $500 to $1,000 each and may require 
$10 to $100 per month in energy costs.  Buildings with multiple rooms requiring treatment may 
require multiple units.  This option is not retained for alternative development. 

3.4 TECHNOLOGIES RETAINED FOR FURTHER EVALUATION 

The technologies (and their associated process options) retained for further evaluation are 
presented in Tables 3.1.1 through 3.4.1.   
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4. DEVELOPMENT OF ALTERNATIVES FOR SITE-WIDE SOILS AND SEDIMENTS 

Under the Presumptive Remedy Guidance for metals in soils (USEPA, 1999b), the site soils and 
sediments can be addressed together if determined to be amenable to the same presumptive 
remedy.  The soils and sediments to be addressed during the RD/RA process include: 

• Holding Basin, 

• Old Landfill, 

• Cooling Water Recharge Pond and side slope of Cooling Water Recharge Pond, 

• Select surface soils in the North Drainage Area, 

• Select surface and subsurface soils in the Sweepings and Fill Area, 

• Select surface and subsurface soils in the Industrial Courtyard Area, 

• Select sediment in the Sphagnum Bog, and 

• Select soils from beneath the existing building foundations. 

Note that, according to the Presumptive Remedy Guidance for metals-in-soils sites (USEPA, 
1999b), the presumptive remedy of containment also may be applicable for the final disposal 
option for sediments once they are excavated, dewatered, and are determined to be amenable 
to the same presumptive remedy (containment) applicable to the soils. 

The Cooling Water Recharge Pond and the Sphagnum Bog may require additional consideration 
in the excavation process (if excavated) for the ecosystem is more sensitive than the soil 
environments.  For example, additional dewatering of the Cooling Water Recharge Pond may 
be required beyond the dewatering effort assumed for cost estimation purposes, or excavation 
of the Sphagnum Bog by backhoe (as has been assumed for cost estimating purposes) may be 
too disturbing to the ecosystem and a more delicate excavation technique may be necessary.  
The detailed Excavation Work Plan will define these requirements while more fully evaluating 
each ecosystem’s characteristics.  The sediments from these areas contain similar contaminant 
characteristics to the soils and therefore, they have been considered for disposal together with 
the other site soils. 

The contaminants, and levels of contamination are similar for all areas, so it would not be 
reasonable to select a different remedial approach for separate areas of impacted soil and 
sediment (e.g., select monitoring for one area, but excavate another similarly impacted area).  
Therefore, all impacted soil and sediment has been considered together for remediation in this 
analysis. 
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4.1 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

Following the screening evaluation, those technologies and process options considered feasible 
are assembled into remedial alternatives to address the impacted media at the Site.  When 
multiple technologies are considered effective, implementable, and cost-effective, a 
representative option is selected or combined with others and used in the development and 
analysis of remedial alternatives.  This is to reduce the number of alternative permutations to a 
manageable number of alternatives that are representative of the overall technology type and 
response action.  The specific selected technology is not necessarily preferred or superior as 
compared to all other potential options.  Final technology selection will be determined during 
remedial design or during development of the design basis planning while detailing 
implementation means and methods. 

This section of the FS presents a detailed analysis of those remedial alternatives that survived 
the preliminary screening presented in Section 3.  The purpose of this detailed analysis is to 
assess each alternative relative to the evaluation criteria prescribed in the NCP, so that a 
comparison of each alternatives’ performance can be made to support the selection of a 
preferred alternative for the Site. 

As detailed in USEPA’s RI/FS guidance (USEPA, 1988b), remedial actions must: 

• be protective of human health and the environment; 

• attain ARARs (or attain by a waiver of requirement); 

• be cost-effective; 

• utilize permanent solutions and alternative treatment technologies or resource recovery 
technologies to the maximum extent practicable; and 

• satisfy the preference for treatment that reduces toxicity, mobility, or volume as a 
principal element or provide an explanation in the ROD as to why it does not. 

In addition, CERCLA places an emphasis on evaluating long-term effectiveness and related 
considerations for each of the remedial action alternatives.  These statutory considerations 
include: 

• the long-term uncertainties associated with land disposal; 

• the goals, objectives, and requirements of the Solid Waste Disposal Act; 

• the persistence, toxicity, and mobility of hazardous substances and their constituents, 
and their propensity to bioaccumulate; 

• short-and long-term potential for adverse health effects from human exposure; 

• long-term maintenance costs; 
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• the potential for future remedial action costs if the alternative remedial action in 
question were to fail; and 

• the potential threat to human health and the environment associated with excavation, 
transportation, and re-disposal, or containment. 

The detailed analysis consists of a technical description of each alternative, followed by an 
assessment of each of the remedial alternatives against the following seven NCP evaluation 
criteria as described in 40 CFR 300.43(e)(9)(iii): 

• Overall Protection of Human Health and the Environment; 

• Compliance with ARARs; 

• Long-Term Effectiveness and Permanence; 

• Reduction of Toxicity, Mobility, or Volume Through Treatment; 

• Short-Term Effectiveness; 

• Implementability; and 

• Cost. 

Two additional NCP evaluation criteria, State Acceptance and Community Acceptance, are 
considered “balancing criteria,” and will be fully factored into the analysis of alternatives by the 
USEPA following its review and comments on the FS.  According to USEPA’s RI/FS guidance 
(USEPA, 1988b), the results of the detailed analysis provide the basis for identifying a preferred 
alternative and preparing the proposed plan for the Site.  Upon completion of the detailed 
analysis, the RI and FS Reports and the proposed plan are submitted for public review and 
comment.  The results of the detailed analysis support the foundation for the ROD and the final 
selection of a remedial action. 

As requested by EPA, green remediation has also been included in this comparative analysis. 

4.2 DESCRIPTION OF EVALUATION CRITERIA 

The detailed analysis of each alternative is preceded by a technical description.  The technical 
description presents a discussion of the characteristics of the remedial alternative, including 
any unique engineering aspects of the physical components associated with the alternative.  
Assessments against the first two evaluation criteria relate directly to statutory findings that 
must ultimately be made in the ROD.  These are categorized as threshold criteria in that each 
alternative must meet them. 
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4.2.1 Overall Protection of Human Health and the Environment 

This evaluation criterion assesses how the alternative, as a whole, achieves and maintains 
adequate protection of human health and the environment.  Protection is determined by 
assessing whether the risks associated with each exposure pathway are eliminated, reduced, or 
controlled through treatment and engineering or institutional controls. 

4.2.2 Compliance with ARARs 

This evaluation criterion evaluates the ability of the remedial alternative to comply with ARARs 
or to provide grounds for invoking one of the ARAR waivers.  The following items are 
considered during the evaluation of the remedial alternative: 

• Compliance with chemical-specific ARARs; 
• Compliance with location-specific ARARs; and 
• Compliance with action-specific ARARs. 

This evaluation also considers whether or not the remedial alternative would be in compliance 
with TBCs, including appropriate criteria, advisories, and guidance. 

A summary of the evaluation of each soil/sediment alternative with chemical-specific, location-
specific, and action-specific ARARs, respectively, is provided in Tables 4.2.2a, 4.2.2b, and 
4.2.2c. 

The remaining five criteria are grouped together because they represent the “primary” criteria 
upon which the analysis is based. 

4.2.3 Long-Term Effectiveness and Permanence 

The evaluation of each remedial alternative relative to its long-term effectiveness and 
permanence is made by considering the risks that may remain following completion of the 
remedial alternative.  The following factors and specific factor considerations are assessed in 
the evaluation of the alternative’s long-term effectiveness and permanence: 

• Magnitude of residual risk remaining from untreated waste or treatment residuals at 
the completion of the remedial alternative: 

- magnitude of the remaining risks; 
- identification of remaining sources of risk; and 
- need for a five-year review. 

• Adequacy and long-term reliability of controls (if any) that will be used to manage 
treatment residuals and untreated wastes, and the potential need to replace 
components of the remedy over time: 

- likelihood that the technologies will meet required process efficiencies or 
performance specifications; 
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- type and degree of long-term management required; 
- requirements for long-term monitoring; 
- operation and maintenance functions necessary; 
- difficulties and uncertainties associated with long-term operation and 

maintenance; 
- potential need for replacement of technical components; 
- magnitude of the threats or risks should the components need replacement; 
- degree of confidence that controls can adequately handle potential problems; 

and 
- uncertainties associated with land disposal of residuals and untreated wastes. 

4.2.4 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment 

This evaluation criterion addresses the degree to which remedial actions will permanently and 
significantly reduce contaminant toxicity, mobility, and/or volume through removal and/or 
treatment of the chemical constituents in site media.  The evaluation focuses on the following 
factors and specific related considerations: 

• The treatment process and materials to be treated: 

- whether the treatment process employed addresses the principal threats; and 
- whether there are any special requirements for the treatment process. 

• The amount of hazardous substances, pollutants, or contaminants that will be destroyed 
or treated: 

- portion of the contaminated material destroyed; and 
- portion of the contaminated material treated. 

• The degree of expected reduction in toxicity, mobility, and/or volume of waste due  to 
treatment: 

- reduction in toxic contaminant mass; 
- reduction in toxic contaminant mobility; and 
- reduction in toxic contaminant volume. 

• The degree to which the treatment is irreversible; 

• The type and quantity of residuals that will remain after treatment: 

- types of residuals remaining; 
- quantities and characteristics of remaining residuals; and 
- risks posed by treatment residuals. 

• The degree to which treatment reduces inherent hazards posed by principal threats at 
the Site. 
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4.2.5 Short-Term Effectiveness 

The short-term effectiveness of each remedial alternative is evaluated relative to its effect on 
human health and the environment during implementation.  The evaluation of the alternative 
with respect to short-term effectiveness considers the following analysis factors and specific 
related considerations: 

• Short-term exposures that might be posed to the community during implementation of 
the alternative: 

- risks to the community during the remedial action; 
- methods of addressing and mitigating risks to the community; and 
- identification of risks that cannot be readily controlled. 

• Potential impacts to on-site workers during remedial action, and the effectiveness and 
reliability of protective measures: 

- risks to workers during the remedial action; 
- methods of addressing and mitigating risks to workers; and 
- identification of risks that cannot be readily controlled. 

• Potential environmental impacts (e.g., wetland destruction or migration of 
contaminants to other media) of the remedial action and the effectiveness and 
reliability of mitigative measures to be used during implementation: 

- identification of environmental impacts from construction and implementation 
of the remedy; 

- availability and reliability of mitigation measures; and 
- identification of impacts that cannot be avoided. 

• The time until protection is achieved: 

- time until protection against the threats is achieved; 
- time until remaining site threats will be addressed; and 
- time until RAOs are achieved. 

4.2.6 Implementability 

This evaluation criterion assesses the ease or difficulty of implementing the remedial 
alternatives.  The following factors and related considerations are considered during the 
implementability evaluation. 

• Technical Feasibility - This factor includes assessment of the technical difficulties and 
unknowns associated with the construction and operation of the technology, the 
reliability of the technology, the ease of undertaking additional remedial actions, and 
the ability to monitor remedy effectiveness: 
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- difficulties associated with construction; 
- uncertainties related to construction; 
- likelihood that technical problems will lead to schedule delays; 
- anticipated likely future remedial actions; 
- difficulty in implementing additional remedial actions, if required; 
- presence of migration or exposure pathways that cannot be monitored 

adequately; and 
- risks of exposure should monitoring be insufficient to detect failure. 

• Administrative Feasibility - This factor includes activities needed to coordinate with 
other offices and agencies, as well as the ability and time required to obtain any 
necessary approval and permits from other agencies: 

- steps required to coordinate with other agencies; 
- steps required to set up long-term or future coordination among agencies; and 
- ability to obtain permits for off-site activities. 

• Availability of Services and Materials - This factor includes the availability of adequate 
off-site treatment, storage capacity, and disposal capacity and services in addition to the 
availability of prospective technologies, necessary equipment and specialists, and 
provisions for necessary additional resources: 

- availability of adequate treatment, storage capacity, and disposal services; 
- additional capacity needed; 
- additional provisions required to ensure the needed additional capacity; 
- availability of equipment and specialists; 
- identification of necessary additional equipment and specialists; 
- additional provisions required to ensure the needed additional equipment and 

specialists; 
- availability and demonstrated appropriateness of the technologies under 

consideration; 
- need for further development of technologies before they can be applied full-

scale 
- time required to have full-scale use available; and 
- degree of competition available between vendors. 

4.2.7 Cost 

This criterion refers to the total cost to implement the remedial alternative.  The total cost of 
each alternative represents the sum of direct capital costs (materials, equipment, and labor), 
indirect capital costs (engineering, licenses or permits, and contingency allowances), and 
operation and maintenance (O&M) costs.  O&M may include operating labor, energy, 
chemicals, and sampling and analysis.  These costs are estimated with expected accuracy of -30 
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to +50 percent in accordance with A Guide to Developing and Documenting Cost Estimates 
During the Feasibility Study (USEPA, 2000b), and allow the comparison of the remedial 
alternatives against each other. 

Present worth costs are calculated for alternatives expected to last more than two years.  
According to FS guidance (USEPA, 2000), Net Present Value (NPV) values are to be calculated 
for 30 years, using a discount rate of 7 percent.9  For purposes of cost estimating, costs are 
calculated to 200 years to provide control of the facility for a minimum duration of that period. 

4.2.8 Green Remediation 

Various stakeholders are now recognizing that the commendable intentions of cleaning up 
contaminated sites can have unintended negative impacts on the overall environment.  To 
respond to these concerns, USEPA and others have called for the consideration of sustainable 
remedial alternatives and practices to minimize the environmental footprint of remedial 
actions.  To that end, USEPA issued its “Superfund Green Remediation Strategy” (EPA, 2010) to 
reduce greenhouse gas (GHG) emissions and other negative effects that might occur during the 
site assessment and remediation.  Each remedial alternative has been evaluated to reduce the 
environmental footprint of cleanup activities to the maximum extent practicable.  

The process of cleaning up hazardous waste sites uses energy, water, and other natural 
resources and consequently creates an environmental footprint of its own.  Treatment 
technologies and remedial actions can conserve natural resources, minimize waste generation 
and energy consumption, reduce releases and emissions while fulfilling the mission to protect 
human health and the environment.  Initiatives include: 

• Maximize use of renewable energy with a goal of using 100 percent renewable energy 
to power site operations, and identify methods for increasing energy efficiency; 

• Pursue ways to reduce the use of natural resources and energy during remedial actions 
and when developing cleanup alternatives; 

                                                      
9 While the NPV analysis of alternatives uses a 7% discount rate in accordance with EPA 
guidance (USEPA, 2000b), the current interest rate recommended by the White House Office of 
Management and Budget (OMB) for discounting constant-dollar flows (NPV analysis) is 1.9%.  
The impact of changing discount rates between the EPA guidance value and the current OMB 
recommendation is to more than triple the long-term operations and maintenance costs.  While 
not significant for comparative analysis or the selection of this remedy, the real discount rate 
will need to be considered for purposes of funding the remedy. 

 

http://www.epa.gov/superfund/renewableenergy/index.htm
http://www.epa.gov/superfund/renewableenergy/index.htm
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• Integrate clean, renewable, and innovative energy sources and advanced diesel 
technologies (such as diesel particulate filters and alternative fuels) and encourage 
operational practices (such as engine idle reduction practices) to minimize total 
emissions; 

• Establish tools to track and increase potable water conservation, the reuse of treated 
water, and recharge of aquifers; 

• Identify additional on-site or off-site uses of materials or energy otherwise considered 
waste; 

• Include language in statements of work for removal action, remedial design, and 
remedial action procurement contracts that specifies use of green remediation practices 
and requires separate reports for energy/fuel usage and costs. 

Green remediation also considers the broader impacts of each stage of the remedial 
process (design and construction, operation of treatment and containment remedies, 
monitoring and maintenance of remedies, etc.) in the community and environment-at-large 
beyond the immediacy of the site and adjacent impacts.  Green remediation generally is 
recognized as a major step in maximizing the environmental outcome of contaminated land 
cleanup.  OSWER has identified five core elements of green remediation: 

• Energy:  Many Superfund cleanups involve energy intensive technologies.  Green 
remediation strategies focus on opportunities to improve energy efficiency and use 
renewable energy sources. 

• Air and atmosphere:  Many Superfund cleanups involve on-site and off-site emissions of 
GHGs and air pollutants from activities such as treatment processes, operation of heavy 
machinery, and transportation of routine vehicles and cargo trucks.  These emissions 
may be reduced by applying the most appropriate advanced technologies and sound 
field practices. 

• Water:  Superfund cleanups may also involve consumption of significant amounts of 
water for treatment processes and typically need management of surface water.  Green 
remediation strategies focus on reducing water consumption, reusing treated water, 
and using efficient techniques to manage and protect surface water and groundwater. 

• Land and ecosystems:  Superfund sites often involve degraded on-site and off-site 
ecosystems and may have conditions that make the site unsafe for human or other use.  
Green remediation strategies focus on remedial actions that minimize further harm to 
the area, protect land resources and ecosystems at or near the site, and foster the 
return of sites to ecological, economic, social, or other uses. 
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• Materials and waste:  Site remediation may use significant amounts of raw materials 
and sometimes generates its own hazardous and non-hazardous wastes, including 
materials and debris that often are shipped off-site.  Green remediation strategies offer 
opportunities to reduce materials consumption and waste generation, use recycled and 
local materials and spent products, and purchase environmentally preferred products. 

 

4.3 DEVELOPMENT AND SCREENING OF ALTERNATIVES FOR SOILS AND SEDIMENT 

GRAs, technology types, and technology process options retained from Section 3, identified in 
Table 3.1.1 , are combined in this section to develop remedial alternatives for the soils and 
sediments.  This is followed by a detailed analysis of each alternative with respect to the 
evaluation criteria. 

4.3.1 Development of Alternatives 

The compilation of retained technologies into remedial alternatives considers the ability to 
meet RAOs for soil and sediment which: 

4.3.1.1 Surface and Subsurface Soil 

• Prevent potential direct human exposure for a future resident (by ingestion, 
inhalation or ionizing radiation) to soils with contaminants that would result in 
an ELCR greater than the target risk range of 10-4 to 10 -6 or a non-carcinogenic 
HI greater than 1; 

 
• Prevent migration of DU from soils in the Holding Basin that would result in 

groundwater concentrations exceeding ARARs. 

4.3.1.2 Sediment 

• Protect ecological receptors from exposure to contaminants in sediments 
indicative of adverse effects at the Cooling Water Recharge Pond; 

• Protect ecological receptors from exposure to contaminants in sediments 
indicative of adverse effects at the Sphagnum Bog while maintaining the physical 
and ecological integrity of the bog; 

• Prevent exposure for a current trespasser/future resident (by ingestion, dermal 
contact or ionizing radiation) to contaminants in the Cooling Water Recharge 
Pond sediments that result in in an ELCR greater than the target risk range of 10-4 
to 10-6 or a non-carcinogenic HI greater than 1. 
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Groundwater remedies, including all groundwater monitoring requirements, are evaluated in 
Section 6 of this report.   Although the remedy for saturated soils is mentioned in the 
groundwater sections of this report, the costs are accounted for completely within the soil 
remedy.  Summary cost tables for all soil and sediment remedial alternatives are presented in 
Appendix C.  Although the media-specific alternatives have been developed separately, in order 
to avoid additive costs, certain costs that will apply to the site-wide remedy have been carried 
in the costs for a single media.  Specifically: 

• costs for preparing the Remedial Design Work Plan and Remedial Design Project 
Operations Plan, which will detail pre-design investigations and the design process for 
all media, are carried in only the soil and sediment alternative costs, 

• costs associated with institutional controls are carried in only the Groundwater – VOC 
and 1,4-dioxane alternatives.  These costs incorporate the potential ICs applicable to all 
media (i.e., prevention of disturbance of a cap, prohibition of use of groundwater, and 
those that might be needed with respect to vapor intrusion). Higher costs that are 
expected to obtain off-property easements that would be needed to implement ex-situ 
treatment are carried in that alternative, and 

• costs associated with performing five-year reviews are carried in the Groundwater – 
Depleted Uranium alternatives. 

The alternatives developed and retained for detailed analysis for addressing site soils and 
sediments (SS) include: 

SS-1 No Action 
SS-2 Excavation and On-Site Consolidation of Soils (including Unsaturated Holding 

Basin Soils) and Sediments with Cap and Liner System, In-Situ Stabilization of 
Holding Basin Saturated Soils Using Apatite Injection  

SS-3 Excavation and Off-Site Disposal of Sediments and Non-Holding Basin Soils,  
Containment with Partial In-Situ Solidification/Stabilization of Holding Basin Soils 
Using Cement Grouting and a Low-Permeability Sub-Grade Cover 

SS-4 Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils, 
Containment with Vertical Containment Wall, Low-Permeability Sub-Grade 
Cover, and In-Situ Stabilization of Holding Basin Soils Using Apatite Injection,  

SS-5  Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated 
Holding Basin Soils), and Containment with Full In-Situ Solidification/Stabilization 
of Holding Basin Saturated Soils Using Deep Soil Mixing, and Low-Permeability 
Sub-Grade Cover 

Each alternative component is described in more detailed in the following sections. 
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4.3.2 SS-1 - No Action 

Under the no action alternative, no additional actions would be taken to address exposure to 
soils or sediments.  Groundwater monitoring and five-year reviews will still be performed as 
part of the no-action alternative, but these are addressed in the groundwater section.  The no 
action alternative will serve as a baseline for comparing the effectiveness of other remedial 
alternatives to be developed for soils and sediments.  A summary of this alternative is provided 
in Table 4.3.1a, and a detailed evaluation of this alternative against each of the evaluation 
criteria is provided in Table 4.3.1b. 

4.3.2.1 Overall Protection of Human Health and the Environment 

Protection is determined by assessing whether the risks associated with each exposure 
pathway, e.g., ingestion of soil, ingestion of groundwater, are eliminated, reduced, or 
controlled through treatment and engineering or institutional controls. 

No further action is not effective in reducing risk or in protecting the public or the environment. 

4.3.2.2 Compliance with ARARs 

Risk-based PRGs were developed based on human health risk guidance and other TBC 
advisories.  The lists of applicable ARARs are provided in Tables 2.1.1 through 2.1.4.  The No 
Action Alternative would not comply with these ARARs or TBCs.  A summary of the evaluation 
of each soil/sediment alternative with chemical-specific, location-specific, and action-specific 
ARARs, respectively, is provided in Tables 4.2.2a, 4.2.2b, and 4.2.2c. 

4.3.2.3 Long-Term Effectiveness and Permanence 

This criterion evaluates the ability of a remedial alternative to maintain reliable protection of 
human health and the environment once remediation goals have been achieved.  The 
magnitude of the residual risk is considered as well as the adequacy and reliability of controls. 

The No Action Alternative does not provide long-term effectiveness or permanence. 

4.3.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

This criterion addresses the statutory preference for selecting remedial actions that use 
treatment technologies that permanently reduce the toxicity, mobility, or volume of the 
hazardous substances. 

The No Action Alternative does not provide for any treatment of the soils or sediments. 

4.3.2.5 Short-Term Effectiveness 

This criterion refers to the period of time needed to achieve protection that may be posed 
during the construction and implementation period until cleanup goals are achieved. 
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Because the No Action Alternative would not require any action, there would be no short-term 
impacts to the community or to on-site workers. 

4.3.2.6 Implementability 

This criterion refers to the technical and administrative feasibility of a remedial alternative, 
including the availability of goods and services needed to implement the selected remedy. 

The No Action Alternative is the easiest alternative to implement because there are no actions 
to implement.  Groundwater monitoring is already occurring and would not be stopped and 
Five Year Review reports would be required. 

4.3.2.7 Cost 

Evaluation of costs requires an estimation of the net present value of capital costs and 
operation and maintenance costs. 

The No Action Alternative is the least costly alternative to implement because there are no 
actions to implement.  Groundwater monitoring is already occurring and is covered under the 
groundwater evaluation. 

4.3.3  SS-2 – Excavation and On-Site Consolidation of Soils (including Unsaturated 
Holding Basin Soils) and Sediments with Cap and Liner System, In-Situ Stabilization 
of Holding Basin Saturated Soils Using Apatite Injection 

Alternative SS-2 includes: 

• Construction of an on-site consolidation area; 
• Excavation and placement of approximately 82,500 cy of site soils and sediments, 

including from the Old Landfill, into the on-site consolidation area; 
• Installation of a temporary downgradient hydraulic containment well with ex-situ 

treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ stabilization of saturated soils beneath the Holding Basin footprint. 

• Holding Basin 
o Excavation, separation, and placement of 12,500 cy unsaturated zone soils 

within the consolidation area; and 
o In-situ stabilization of  saturated soils beneath the Holding Basin; and 

• Restoration of the Site; and 
• Development of Institutional Controls. 

Soil and sediment remedial areas are indicated in Figures 2.5.1 and 2.5.2.  Under this 
alternative, all site soils and sediments that are excavated will be placed within an on-site 
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consolidation area.  The description of site soils and sediments is provided in Section 2.5.  Clean 
soils that are excavated for building the consolidation area will be verified clean through a 
sampling process and used to refill site excavations and bring them up to grade.  Soils excavated 
for consolidation may be physically separated through a radiation conveyor/detector to 
separate clean soil that can be used for refill from soil that requires containment. 

Unsaturated Holding Basin soils will be excavated down to but not below the highest known 
elevation of the water table (approximately 35 feet bgs), removing the highest uranium 
contamination source on the Site.  The unsaturated soil volume to be excavated within the 
Holding Basin footprint is approximately 12,500 cy with an average concentration of 93.3 mg/kg 
uranium.  These soils will be stockpiled during the construction of the consolidation area.  
Excavation of these soils would be conducted according to the conceptual excavation plan 
outlined in Section 4.3.3.1 below (which would be refined during remedial design should this 
alternative be selected). 

Saturated soils beneath the Holding Basin contain DU down to the till layer with an average 
concentration of 29.5 mg/kg (from 35 feet bgs to approximately 85 feet bgs).  In this 
alternative, the saturated soils will be stabilized in-situ using a polyphosphate based mineral 
called apatite.  Based on evaluation of the groundwater geochemistry at the Site, in-situ 
sequestration of uranium via apatite injection has strong possibilities for being effective.  
Remediation of uranium and other metals in groundwater using apatite has been demonstrated 
at various locations throughout the country, most notably at the 300 Area uranium plume at 
the Hanford Site in Washington.  However, as apatite has not been used in a full-scale 
operation to date, the selection of the specific form of apatite and method of injection will be 
based on extensive bench and pilot scale testing.   

Pilot-scale tests performed at NMI provide strong evidence that Apatite II™ would be an 
effective in-situ media to sequester uranium.  The media used in both the in-situ passive and 
ex-situ active tests was contacted with groundwater and equilibrated with the saturated 
overburden soil.  Thus, sub-surface injection of Apatite II™ in reactive zones will dilute the 
media by soil mixing but will not alter its chemical reactivity or its efficacy. Use of Apatite II™ in-
situ, could result in meeting RAOs and provide a sustainable, long-term remedy for uranium in 
groundwater and soils.  The media formulation and the injection or mixing methods would be 
determined during the remedial design phase through bench and pilot testing outlined in 
Section 4.3.3.2.   

A concern during excavation of the unsaturated soils beneath the Holding Basin is the 
mobilization of DU into the overburden groundwater for the time frame that the excavation is 
open and receiving run-on.  The Holding Basin is currently lined, minimizing current 
mobilization of DU.  Historic excavation of the Holding Basin has resulted in pronounced 
increases of DU to the overburden for a long as the Holding Basin was open (de maximis, 2014).  
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Therefore, a temporary downgradient hydraulic containment well with ex-situ treatment will be 
installed to capture and treat uranium impacted groundwater during construction.  The 
extracted groundwater would be treated on-site using ion-exchange resins and discharged on-
site to surface water.  More details concerning this system are found in Section 5.5.1.2. 

Following the removal of building foundations, sufficient area will have been cleared to extend 
the Holding Basin excavation to the south and to construct the consolidation area to receive 
site soils and sediments.  The estimated volume of soils to be excavated to build a 2.5-acre (32 
feet deep) consolidation area is 129,040 cy.  The purpose of constructing the consolidation area 
32 feet deep is to prevent the creation of a large mound on the property as shown in Figures 
4.3.1 and 4.3.2.  The actual dimensions of the consolidation area are dependent on how deep 
the facility is constructed.  Per the Massachusetts regulations at 310 CMR 30.622, the bottom 
of a consolidation area must be no less than 4 feet above the high groundwater elevation.  
Groundwater in this area of the Holding Basin and extending south is more than 36 feet bgs.  
Each acre-foot of property can hold 1,613 cy of soils and sediments.  If the excavation to the 
highest water table mark is 36 feet, then 32 feet bgs will be the depth of the consolidation area.  
Up to 5 feet of this depth is needed for the construction of the liner and cap components in 
order to keep the area at or below grade.  Each acre for the resulting 27-foot deep containment 
cell could contain 43,551 cy of soils and sediment.  With approximately 90,000 cy of 
contaminated soils to be disposed, the consolidation area would take less than 2.5 acres of 
property.  Additionally, the cap could be constructed with a gentle slope at an elevation close to 
the current ground contour.  Following construction of the cap, runoff from the consolidation 
area cap will be directed to the existing Cooling Water Recharge Pond (after contaminated 
sediments have been removed from the pond). 

The consolidation area will be designed to meet applicable landfill requirements.  The 
estimated average concentration of uranium in the soils to be excavated is 11 mg/kg.  Soils and 
sediments containing PCBs greater than 50 mg/kg would be transported off-site for disposal in 
a TSCA-licensed facility, which would be more readily implementable than designing the on-site 
consolidation area to meet TSCA standards and obtaining a waiver to have the greater than 50 
mg/kg PCB-affected soils disposed within the consolidation area. 

All disturbed areas will be restored to existing grades (where appropriate), top soiled, mulched 
and seeded.  Restoration will include replacing soils to return the area to the pre-existing grade, 
and applying seed, mulch and possibly soil amendments to restore the area. 

The primary components of alternative SS-2 include: 

• Develop an excavation plan through the use of topographical surveys and data kriging 
tools to define quantities and locations of all soils and sediments to be excavated; 
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• Installing a temporary groundwater hydraulic containment well and ex-situ groundwater 
treatment system; 

• Excavating contaminated soils and sediments, including those from the Old Landfill 
(currently estimated as 82,500 cy); 

• Developing a detailed excavation plan for removal of vadose zone soils beneath the 
Holding Basin footprint, including design of sheet piling and/or temporary shoring; 

• Excavating Holding Basin soils down to groundwater (approximately 12,500 additional 
cy) as described in the conceptual excavation plan in Section 4.3.3.1 below; 

• Testing and selecting stabilizing reagent, and design the injection system to stabilize the 
remaining soils in the saturated zone within the Holding Basin footprint; 

• Stabilizing soils within the saturated zone within the Holding Basin footprint; 
• Designing sampling plan to certify clean soils from on-site consolidation excavation area; 
• Designing consolidation area; 
• Constructing liner and leachate collection system for consolidation area; 
• Placing contaminated soils in consolidation area; 
• Solidifying soils if needed to meet paint filter test and compaction requirements for 

consolidation within the facility; 
• Constructing a  cap for the consolidation area, including 4 total feet of cover over liner 

for freeze protection; 
• Restoring excavated areas to obtain original grades; 
• Restoring Sphagnum Bog; 
• Developing a long-term sampling and maintenance program for groundwater and 

leachate; 
• Coordinate with local, state, and federal agencies to develop property-specific 

institutional control documents; 
• Filing appropriate institutional controls, as further evaluated in Appendix I; 
• Perform long-term inspections to ensure that that the institutional controls  are being 

enforced; and 
• Perform 5-year reviews to monitor the effectiveness of the remedy. 

The future use of the Site has not been determined at the time of this report.  The maintenance 
of the consolidation area will require activity/use restrictions for the estimated 2.5 acres that 
the cap will cover.  A summary of this alternative is provided in Table 4.3.2a, and a detailed 
evaluation of this alternative against each of the evaluation criteria is provided in Table 4.3.2b. 

4.3.3.1 Conceptual Plan for Excavation of Unsaturated Soils Beneath the Holding 
Basin 
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Excavation of unsaturated soils beneath the Holding Basin poses significant physical risks due to 
the potential for side-slope failure during construction.  These risks would be addressed 
through the design process.  For the purpose of this FS Report, a conceptual plan for excavation 
of unsaturated zone Holding Basin soils would include a detailed assessment of excavation 
depths based on existing soil data, design of erosion and sediment control measures, 
installation of temporary shoring, retaining wall, or sheet piling on the east (adjacent to 
Sphagnum Bog), north (adjacent to the Cooling Water Recharge Pond) and west sides of the 
Holding Basin, and construction of an east-west oriented access ramp to the south side of the 
Holding Basin.  Installation of the sheet piling would include establishing a working platform 
and execution of exploratory geotechnical borings along the proposed alignment of the sheet 
pile wall to confirm subsurface conditions.  A stockpile area would need to be designated to 
temporarily store excavated soils prior to final placement in an on-site containment area.  A 
temporary sump and pumping system would be set up to control stormwater within the 
excavation.  Water pumped from the excavation would be treated with a temporary ion-
exchange (IX) system on-site to remove dissolved uranium.  Once excavation is complete, a low-
permeability horizontal barrier layer (typically, GCL, geomembrane and geotextile cushion) 
would be installed. 

4.3.3.2 Bench and Pilot Scale Testing of Apatite Application for In-Situ 
Stabilization of Saturated Soil in Holding Basin 

Previous laboratory tests at Hanford demonstrated that when a soluble form of apatite is 
injected into uranium-bearing saturated porous media, immobilization of uranium occurs, 
forming autunite (See Section 3.1.6 for further explanation).  These Hanford tests were 
conducted at conditions expected for the aquifer, and used in Hanford soils and groundwater 
containing very low concentrations of uranium (10-6 mg/L).  Because apatite sequesters 
uranium in the oxidized form U(VI) rather than forcing reduction to U(IV), the possibility of re-
oxidation and subsequent re-mobilization is negated (PNNL, 2009).  The use of phosphate 
injections has been selected in the Hanford 300 Area Record of Decision (December 2013) for 
use in addressing uranium in groundwater and soils to achieve a cleanup level of 30 mg/l in the 
groundwater. 

Hydroxyapatite and modified hydroxyapatite specifically have been demonstrated to be 
effective sequestration media for a variety of contaminants including uranium.  Through 
conversations with the principal researchers working on the Hanford uranium plumes at the 
Pacific Northwest National Laboratory in Washington, and Dr. Quicksall at Southern Methodist 
University, the geochemical and hydraulic conditions at the Site are favorable for effective 
uranium sequestration using hydroxyapatite (Geosyntec, 2012).  Modified hydroxyapatite is 
customized with vanadate substituted in the near-surface rind.  This substitution provides not 
just phosphate for potential uranyl phosphate precipitation, but also vanadate to promote the 
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precipitation of uranyl vanadates or mixed vanadate-phosphates.  Vanadate containing phases 
of uranium are significantly more stable than uranyl phases containing only phosphate. 

A pilot scale test was performed in 2013 to evaluate the use of a commercially-available 
calcium phosphate medium, Apatite II TM in the in-situ sequestration of DU from the NMI 
overburden groundwater. The results of the study, presented in Appendix J, indicate that 
Apatite IITM media should be a viable approach to immobilize DU in-situ and reduce 
concentrations of overburden groundwater sufficiently to meet RAOs downgradient of the 
Holding Basin. Further testing would be performed as part of the Remedial Design to provide 
design information for applying this technology. 

4.3.3.3 Overall Protection of Human Health and the Environment 

Protection is determined by assessing whether the risks associated with each exposure 
pathway are eliminated, reduced, or controlled through treatment and engineering or 
institutional controls.  The COCs that are leading the remediation of soils and sediments are 
uranium and PCBs.  All areas that contain COCs that exceed PRGS, except for the saturated soils 
beneath the Holding Basin, will be excavated for disposal. 

In this alternative, all exposure pathways to the affected surface and subsurface soils (and 
sediments) are eliminated by containment within the consolidation area, complete with a 
leachate collection system.  The consolidation area cap will be constructed to be maintained for 
200 years in accordance with 10 CFR Part 40, Appendix A, Criterion 6.  Soils remaining in the 
saturated zone, with an estimated average concentration of 29.5 mg/kg uranium, will be 
immobilized in-situ with a stabilizing reagent. 

Together with the groundwater alternative selected, this alternative is protective of human 
health and the environment. 

4.3.3.4 Compliance with ARARs 

The ARARs associated with this alternative are provided in Tables 2.1.1 through 2.1.4.  This 
alternative will meet all ARARs, when combined with an appropriate groundwater remedy. The 
key ARARs are the technical requirements for land disposal facilities for land disposal of 
radioactive wastes (10 CFR 61, Subparts C and D) and the Massachusetts’ licensing and 
operational requirements for low-level radioactive waste facilities (105 CMR 120.800). The 
MCP, 310 CMR 40.0900 (Subpart I), and 10 CFR Part 20 Appendix B will be used to develop 
acceptable limits to radiation levels of the soils to be placed within the RCRA Subtitle C 
designed consolidation area.  If the limit calculated does not allow all soils to be disposed within 
the on-site consolidation area, then the most contaminated soil will require disposal off-site, 
which will increase the cost of this alternative. Preliminary calculations, provided in Appendix 
H, indicate that all soils can be placed inside the consolidation area and meet ARARs. 
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Design of any containment structures requires the design to be effective for a prolonged 
duration as suggested by the ARARs (10 CFR Part 40).  As waste will be left in place, the Holding 
Basin and consolidation area will become a waste management unit (WMU), which will result in 
the point of compliance for groundwater ARARs being at the edge of the WMU.  The 
consolidation area will be designed with a leachate collection system and a leak detection 
system to control any water that may increase the potential of migration of contaminants 
through the containment walls.  Groundwater monitoring also will be required for the life of 
the facility to ensure that contaminants do not escape the containment.  The point of 
compliance for groundwater ARARs will be at the edge of the WMU. 

If the consolidation area is designed to meet RCRA Subtitle C (40 CFR Part 264) requirements, a 
TSCA waiver would need to be obtained to allow the disposal of TSCA-level PCBs within the 
consolidation area.  As discussed above, for the minimal volume of TSCA-level materials, it 
would be more efficient to simply dispose of such materials at an off-site TSCA disposal facility. 

Massachusetts Regulations for the Control of Radiation, Standards for Protection against 
Radiation, 105 CMR 120.245, require after the Site is released for unrestricted use that the annual 
total effective dose equivalent to any individual should not exceed ten millirem above 
background.  An evaluation of the cap thickness in providing the required protection to the public 
has been performed and is provided in Appendix H.  The concentrations of DU under the 
consolidation area would not violate the 105 CMR 120.245 ARAR, provided they remain beneath 
the cap and future exposure does not occur.  The cap design as provided in Figure 4.3.2 has been 
determined to be protective.  ARARs would be achieved at “construction completion.” 

4.3.3.5 Long-Term Effectiveness and Permanence 

The evaluation of long-term effectiveness and permanence is made by considering the risks 
that may remain following completion of the remedy. 

The consolidation area will be designed with a double liner, a leachate collection system, and a 
lower leak detection system, and a cap.  Solidification of the materials will be performed if 
needed to meet the paint filter test requirements for landfills (USEPA Method 9095B to meet 
requirements of 40 CFR 264.314).  These items will ensure that leachate from the contents does 
not extend beyond the liners. 

This approach isolates the wastes from contact with moisture, thereby protecting the 
surrounding groundwater from the leaching potential of these soils, for as long as the 
consolidation area is maintained and leachate is removed.  The cost estimate provides funding 
for maintenance of the facility, including leachate removal, groundwater monitoring, and 5-
year reviews, for 200 years.  In accordance with NRC regulation 10 CFR Part 40, Appendix A, 
Criterion 6, costs are calculated to 200 years to provide control of the facility for a minimum 
duration of that period. 
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The long-term effectiveness of the stabilization technology is dependent on the local 
geochemical and hydrodynamic conditions of the overburden aquifer.  The efficacy of uranium 
sequestration by apatite assumes that the adsorbed uranium would subsequently convert to 
autunite, or other stable uranium phases.  Site studies are required before implementation of 
this alternative to determine that use of this stabilization method is viable for the geochemical 
conditions of the Site. 

Long-term effectiveness is also dependent on limiting future land use of a 3-acre area (which 
includes the 2.5 acre cap and a ½ acre buffer zone) to include no construction or planting of 
trees that would interfere with the effectiveness of the cap.  As designed, only a slight slope of 
the capped area (3 percent) is required to permit precipitation to run off the cap.   

4.3.3.6 Reduction of Toxicity, Mobility, or Volume through Treatment 

The mobility of uranium from all the soils except from the saturated zone in the Holding Basin is 
greatly reduced by placing these soils within the consolidation area.  Any materials that do not 
meet the paint filter test will be solidified as they are placed into the consolidation area.  
Solidification with respect to removing excess liquids is not generally considered a treatment 
process, therefore this alternative does not address the preference for treatment of principal 
threat wastes located in the unsaturated Holding Basin soils.  The toxicity and mobility of the 
DU in the saturated soils beneath the Holding Basin footprint are reduced through treatment 
and sequestration using apatite media. 

4.3.3.7 Short-Term Effectiveness 

Short-term impacts to site workers and the community includes the potential inhalation of 
airborne contaminants during excavation activities.  Dust control measures and site perimeter 
air monitoring will be implemented during all site activities associated with soil excavation and 
handling.  Appropriate PPE will be utilized by all site crew members. 

Worker protections during excavation of the Holding Basin, and bringing stabilization 
equipment into the excavation, will require careful planning and execution to prevent the 
sidewalls from collapsing.  The sidewalls on the side nearest the Cooling Water Recharge Pond, 
and on the side of the Sphagnum Bog, may need stabilization with a temporary retaining wall, 
bracing, or sheet piling to prevent cave-ins.  Additionally, the stabilization equipment may 
consist of a drill rig equipped with a hollow stem auger to provide in-situ mixing of the soils, 
which will cause vibration of neighboring soils. 

Short-term impacts to the environment include exposure of subsoil contaminants after the 
excavations are opened up.  Most excavations will require confirmation samples to be 
approved before each excavation is re-filled with clean soil.  While open, the excavations will be 
vulnerable to precipitation events which can further mobilize site contaminants.  This is of 
special concern for the Holding Basin.  The Holding Basin is currently lined, minimizing current 
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mobilization of DU.  Historic excavation of the Holding Basin has resulted in pronounced 
increases of DU to the overburden for as long as the Holding Basin was open (de maximis, 
2014).  This alternative includes installation of a temporary downgradient hydraulic 
containment well to capture any potential DU that may be released during excavation and 
construction activities. 

Short-term impacts to the Sphagnum Bog include removing moss and sediments from the 
mineral-sediment fraction of the along the southwestern open-water portion of the bog.  The 
rate at which quaking bogs fill their aquatic environment via Sphagnum peat moss growth is 
extremely slow, and is thought to take hundreds to thousands of years.  Therefore, the 
excavation of the mineral sediments within the bog will be performed very carefully to 
minimize the impact to the bog environment.  Following excavation of affected sediments 
within the bog, restoration of the bog will be performed following an approved design to help 
the bog recover. 

Short-term impacts to the community include the trucking of supplies and materials to the Site.  
The number of truck trips are minimized by containing the soils on site, instead of transporting 
them off-site, and using site soils to re-fill excavations.  The time required (starting at approval 
of the Remedial Action Work Plan) to reach “Construction Complete,” in this case, to perform 
all excavation and to complete the consolidation area is approximately three years.    The 
remedy would be protective, and the areas of the Site affected by the soil remedy would be 
ready for reuse after reaching “Construction Complete” and implementing Institutional 
Controls. 

4.3.3.8 Implementability 

Excavation of the affected soils, including the soils around the underground pipelines can be 
performed using standard excavation techniques throughout the Site, except for the Old 
Landfill and the Sphagnum Bog.  The excavations will pepper the Site especially in the Industrial 
Courtyard, and will need to be staged appropriately so as not to impede construction vehicle 
movement about the Site.  The excavations will be above the water table so dewatering 
activities will only be needed during storm events (if any excavation is open).  Removing the 
building foundations and affected soils beneath the excavations should also be readily 
implementable. 

Section 2.12.1 of the RI Report (de maximis, 2014) states that the Old Landfill could not be 
completely sampled due to the presence of metallic debris within the landfill footprint.  The 
determination was made that the temporary cover installed by USEPA during the 2001 Time-
Critical Removal Action would need to be removed, along with the debris and contaminated soil 
in immediate proximity to the debris.  Once the debris is removed, soil sampling, and if needed, 



Feasibility Study Report  November2014 
Nuclear Metals, Inc. Superfund Site   
 

 4-22 

further excavation, will be performed to confirm that all soil exceeding PRGs has been 
removed. 

The Sphagnum Bog is located at the bottom of a deep ravine at the foot of the Old Landfill.   
Accessing this area with excavation equipment and heavy trucks will have to be planned and 
implemented carefully to avoid unnecessary impacts to the bog. 

Construction of the 2.5-acre consolidation area will be completed using standard construction 
techniques and with readily accessible materials.  Leachate management will require treatment 
and disposal of leachate that is removed from the consolidation area.  The clean soil from the 
excavation of the consolidation area can be used as backfill for the excavated areas throughout 
the Site (82,500 cy) and/or for the construction of a frost barrier for the cap.  Any remaining 
clean soils can be distributed on-site, or transported off-site.  Local road construction projects 
typically can be found that need fill materials.  Soil excavated to the south of the Holding Basin 
can be sampled and certified as clean (below background concentrations).  To be certified as 
clean, the soils in the area of the off-site road construction project can be sampled to 
determine what will be the acceptable background concentration. 

Bringing drill rigs within the Holding Basin footprint will be difficult, as the excavation will then 
be 35 feet bgs.  Two sides of the Holding Basin may require the use of a temporary retaining 
wall, bracing, or sheet piling to ensure the slopes do not fail during excavation, or during the 
stabilization activities which will be performed in the open pit.  A gently sloped access can be 
provided for entry and egress by the equipment from the south end of the excavation, which 
will need to be dug out for the consolidation area anyway.  Another concern is the stability of 
the subsurface as the apatite is being injected, and as the soils are being turned.  The 
stabilization design will need to address the weight of the equipment on these subsurface soils.  
Providing entry and egress for stabilization equipment will require careful planning and 
execution.  The Holding Basin will have been excavated down to 35 feet bgs.  This will require 
placement of sheet pile on at least two sides of the basin that do not have enough land to 
provide side slopes.  Access can be provided from the south, where the land will be excavated 
to form the consolidation area.  Another concern is the mobilization of DU into the overburden 
groundwater for the time frame that the excavation is open and receiving run-on.  The Holding 
Basin is currently lined, minimizing current mobilization of DU.  Historic excavation of the 
Holding Basin resulted in pronounced increases of DU to the overburden groundwater due to 
leaching during the period of time that the Holding Basin was open (de maximis, 2014).  
Mobilization would be minimized by designing and implementing appropriate mitigation 
measures, which might include drilling and injecting through the existing cover, and minimizing 
run-on through berms.  

Institutional controls will be required to limit future use of specific areas of the property such as 
limiting excavating below ten feet without regulatory oversight.  The cap for the on-site 
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consolidation area may be designed to be at-grade and may be seeded with grass for 
recreational use, but will have restrictions on digging or planting trees or bushes, which could 
compromise the integrity of the cap.  Furthermore, based on the limitations which would be 
placed on site re-use, ownership issues may impact the implementability of this alternative.  For 
example, if the town declines to take the property based on non-payment of taxes, this could 
further complicate the implementation of institutional controls and long-term operation and 
maintenance of the remedy. 

4.3.3.9 Cost 

Evaluation of the project costs requires an estimation of the NPV of capital costs and operation 
and maintenance costs for as long as the site contaminants pose a risk.  The cost estimates 
presented in Table 4.3.2b were calculated for 200 years.  Actual costs could vary based on final 
design and detailed cost itemization. 

4.3.3.10 Green Remediation 

The implications of the five core elements of green remediation identified by OSWER for this 
alternative are as follows: 

• Energy.  This alternative will require the use of fuel to power the excavation and 
construction equipment, and for the drill rig used in the stabilization of the saturated 
zone soils.  B20 Fuels (20 percent ethanol) can be used in most construction equipment.  
This alternative reduces the number of truck miles required compared to the next least 
energy intensive alternative (SS-4) by: 

o using on-site soils excavated to create the consolidation area to fill soil 
excavations, savings 1,775 round trips from borrow area, when compared to 
other alternatives (SS-3 – SS-5), which will each require 100% off-site backfill for 
soil excavations.  No estimate of overall fuel used to bring backfill is made, as the 
borrow location has not been defined; 

o saving approximately 7.2 million gallons of fuel by disposing of the contaminated 
soils on-site and not transporting them off-site for disposal (saving 6,200 round 
trips to Idaho at 2,700 miles each way.  Transportation assumes movement by 
truck from the Site to transload facility in Newark, NJ, then by rail to Grand View, 
ID, and from there, a 30 mile trip by truck to the disposal facility.  Fuel usage 
estimated based on information at:  www.csx.com). 

• Air and Atmosphere.  Air emissions will include the exhaust from the heavy machinery, 
construction vehicles and heavy duty trucks required to implement the excavation, 
construction, and stabilization activities.  However, this alternative eliminates the risk of 
trucks spilling contaminated soils on public roadways from either incidental releases 
from truck beds that are not properly latched, or from the result of a truck turning over.  
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• Water – A water source will be required to form a slurry with the reagent to be used in 
stabilizing the saturated zone of the Holding Basin. 

• Land and Ecosystems.  An excavation and restoration plan for the Sphagnum Bog will be 
developed to implement whatever methods are feasible to minimize damage to the bog 
while removing affected sediments.  The plan will also include steps to restore the 
margins of the bog that will be affected by excavation.  The construction of the cap over 
the consolidation area will be designed to minimize the obstruction of the use of the 
property by future visitors by minimizing the height of the cap to gently blend in with 
the rest of the property, while providing proper drainage for cap maintenance. 

• Materials and Wastes.  This alternative requires liner, geotextile, and capping materials 
to construct the consolidation area properly.  The depth of the consolidation area to 32 
feet minimizes the use of these textiles by reducing the footprint required for the 
consolidation area. 

This alternative entirely eliminates the need to dispose of 82,500 cy of site-wide soils and 
12,500 cy of Holding Basin soils in an off-site facility. 

 

4.3.4  SS-3 – Excavation and Off-Site Disposal of Sediments and Non-Holding Basin 
Soils,  Containment with Partial In-Situ Solidification/Stabilization of Holding Basin 
Soils Using Cement Grouting and a Low-Permeability Sub-Grade Cover 

Alternative SS-3 is shown in Figure 4.3.3 and includes: 

• Excavation of approximately 82,500 cy of site soils and sediments, including those from 
the Old Landfill; 

• Transportation of 99,000 cy  soils to disposal facility (82,500 cy plus 20 percent bulking 
factor); 

• Installation of a temporary downgradient hydraulic containment well with ex-situ 
treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ S/S of soils beneath the Holding Basin. 

• For the Holding Basin 
o Partial S/S and containment of DU-impacted soils in the unsaturated and 

saturated zones beneath/around the Holding Basin by cement based 
solidification (assumed 20-ft thick wall inside perimeter of basin soils).   

o Installation of  a sub-grade low- permeability   cover to limit infiltration;  
o Transportation of  18,500 cy  spoils resulting from S/S process to disposal facility; 
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o Placement of clean on-site soils to restore the Holding Basin footprint to grade 
level;  

• Restoration of the site; and  
• Development of Institutional Controls 

Excavated soil and sediments requiring disposal will be solidified, if needed, and transferred off-
site for disposal at a properly licensed facility.  The excavations will need to be refilled with 
clean fill that is either borrowed from an area on-site, or brought on-site from an alternate 
borrow site.  Using a 20 percent bulking factor, approximately 99,000 cy of clean soil will be 
required to fill the excavations.   

Unsaturated soils within the Holding Basin footprint extend from the existing top of the basin 
(approximately 20 feet bgs) to the elevation of the water table (approximately 35 feet bgs).  
The highest concentrations of DU in soil at the Site are in this zone.  The unsaturated soil 
volume to be treated within the Holding Basin footprint is approximately 12,500 cy with an 
average concentration of 93.3 mg/kg uranium.  Saturated soils within the Holding Basin 
footprint contain DU down to the till layer with an average concentration of 29.5 mg/kg (from 
35 feet bgs to approximately 85 feet bgs).  In this alternative, the unsaturated and saturated 
soils will be stabilized in-situ.  The S/S agent will be determined during detailed design together 
with bench scale and pilot scale testing.  For cost-estimating purposes, the proven cement-
based technology will be used. 

Approximately 22,700 cy of spoils are expected to be generated to stabilize the saturated and 
unsaturated soils.  Approximately 4,200 cy can be used to fill the Holding Basin before installing 
the sub-grade low-permeability cover above that.  The remaining 18,500 cy of spoils will require 
off-site disposal. 

A low-permeability sub-grade cover will be installed over the stabilized soils to limit infiltration 
into the stabilized soils.  The cover will be placed at least 10 ft below the surface of the 
excavation area to increase re-use options, with clean soil fill placed on top of the cover to 
restore the surface of the Holding Basin footprint to grade level. 

All disturbed areas will be restored.  Restoration will include replacing soils to return the area to 
the pre-existing grade, and applying seed, mulch and possibly soil amendments to restore the 
area.   

The primary components of this alternative include: 

• Development of an excavation plan through the use of topographical surveys and data 
kriging tools to define quantities and locations of all soils and sediments to be 
excavated;  

• Design of a sampling plan to certify clean soils if on-site borrow area is used; 
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• Design of a low-permeability, sub-grade cover to be placed below grade within the 
Holding Basin footprint; 

• Installation of a temporary hydraulic containment well immediately downgradient of 
the Holding Basin to capture uranium-impacted groundwater generated during remedial 
construction; 

• Design and operation of  an ex-situ water treatment facility to treat uranium-impacted 
groundwater using ion-exchange (IX) resins; 

• Testing  and selection of a cement mix and designing the injection system to partially 
solidify/stabilize the soils in the unsaturated and saturated zones within the Holding 
Basin footprint; 

• S/S of soils within the unsaturated and saturated zones within the perimeter of the 
Holding Basin footprint; 

• Excavation of contaminated soils and sediments, including those from the Old Landfill 
(currently estimated as 82,500 cy); 

• Solidification of soils if needed to meet paint filter test and compaction requirements 
for disposal in off-site facility; 

• Transportation of approximately 99,000 cy  soils to disposal facility (82,500 in-place cy 
plus 20 percent bulking factor); 

• Management of  spoils generated during the Holding Basin soil S/S and off-site disposal 
of approximately 18,500 cy; 

• Installation of a sub-grade low-permeability cover over the Holding Basin footprint; 
• Transportation of  approximately 95,000 cy of clean soil to refill excavations and to 

restore the surface of the Holding Basin footprint to grade level, if necessary; 
• Restoration of excavated areas to obtain original grades; 
• Restoration of the Sphagnum Bog; 
• Development of a long-term sampling and maintenance program; 
• Coordination with local, state, and federal agencies to develop institutional controls; 
• Filing appropriate institutional controls, as further evaluated in Appendix I; and 
• Performing 5-year reviews to monitor the effectiveness of the remedy. 

The future use of the Site has not been determined at the time of this report.  The maintenance 
of the cover will require activity/use restrictions for approximately a 1 acre area, which includes 
the Holding Basin footprint of ½ acre and ½ acre buffer zone.  A summary of this alternative is 
provided in Table 4.3.3a, and a detailed evaluation of this alternative against each of the 
evaluation criteria is provided in Table 4.3.3b. 
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4.3.4.1 Cement S/S Application 

As described in Section 3.1.6, the cement based containment and S/S concept consists of 
creating a vertical outer ring of stabilized soil within the perimeter of the Holding Basin and a 
connected horizontal cover of stabilized and treated soils with the following assumed functions: 

• Vertical containment and isolation from lateral groundwater flow; and 

• Horizontal cutoff to prevent infiltration of precipitation into the impacted soils. 

This cement-based grout modification concept was chosen over stabilizing the entire impacted 
saturated zone because it will serve the same purpose and is easier to construct.  This 
alternative is different than the vertical containment wall alternative (SS-4) in that it would use 
S/S technology to form a cement ring within the Holding Basin perimeter, solidifying/stabilizing 
the majority of principal threat waste within the walls and cover formed with the cement. Any 
principal threat waste that is not in the cement formation will be within and contained by the 
cement ring. 

Approximately 22,500 cy of spoils are expected to be generated to stabilize the saturated and 
unsaturated soils.  In order to leave 10 feet of clean soil above the Holding Basin, only 
approximately 4,000 cy can be used to fill the Holding Basin before installing the sub-grade low-
permeability cover above that.  The remaining 18,500 cy of spoils will require off-site disposal. 

4.3.4.2 Overall Protection of Human Health and the Environment 

The primary COCs that are requiring the remediation of soils and sediments are uranium and 
PCBs.  All areas except the Holding Basin that contain COCs that exceed PRGs will be excavated 
for disposal. 

In this alternative, all exposure pathways to the affected surface and subsurface soils and 
sediments will be eliminated by removal and disposal off-site.  DU-impacted soils 
beneath/within the Holding Basin footprint perimeter will be stabilized in place and covered 
with a low-permeability sub-grade cover to prevent dissolution of DU in groundwater and 
eliminate potential human exposure to these soils. 

Maintenance of this alternative will include groundwater monitoring, which is addressed within 
the groundwater alternatives evaluated (Section 5). 

This alternative will be protective of human health and the environment. 

4.3.4.3 Compliance with ARARs 

The ARARs associated with this alternative are provided in Tables 2.1.1 through 2.1.4.  This 
alternative complies with all ARARs, when combined with an appropriate groundwater remedy.  
Massachusetts Regulations for the Control of Radiation, Standards for Protection Against 
Radiation, 105 CMR 120.245, require that the annual total effective dose equivalent (TEDE) to any 
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individual after any areas of the Site are released for unrestricted use not exceed ten millirem 
above background.  An evaluation of the cover thickness in providing the required protection to 
the public has been performed and is provided in Appendix H.  The evaluation used the two most 
common computer software programs for calculating radiation dose, Residual Radioactivity 
(ResRad) software, developed by Argonne National Laboratory, and the Dose Compliance 
Calculator (DCC), developed by USEPA.  ResRad is a multi-media, multi-exposure pathway 
computer code that is widely accepted at NRC- and Department of Energy (DOE)-regulated Sites 
for deriving dose-based cleanup goals and evaluating compliance with dose-based standards.  
The DCC was developed by USEPA to evaluate dose-based ARAR compliance at sites where 
cleanup goals were derived based on cancer risk and non-cancer hazard, including CERCLA sites 
such as the Site.  By comparison to ResRad, the DCC is a more basic model which is best suited 
to evaluate single exposure media. 

The cover design as provided in Figure 4.3.3 is protective, as the evaluation shows that pure DU 
metal could be present immediately beneath the cover while still meeting the ten millirem 
(mrem)/year TEDE ARAR.  The evaluation shows that at the selected PRG of 2.3 mg/kg DU, the 
associated radiation dose would be 0.04 mrem/year TEDE.  The dose associated with alternative 
would be de minimis, and comply with ARARs. 

Design of any containment structure requires the design to be effective for a minimum of 200 
years (10 CFR Part 40, Appendix A).  Groundwater monitoring will be performed for the life of 
the facility to ensure that contaminants do not escape the containment.  ARARs would be 
achieved at “construction completion.” 

All TSCA soils (materials with PCB concentrations > 50 mg/kg) will be disposed off-site at a 
TSCA-licensed facility. 

4.3.4.4 Long-Term Effectiveness and Permanence 

The evaluation of long-term effectiveness and permanence is made by considering the risks 
that may remain following completion of the remedial alternative. 

The specific technology used for S/S of soils beneath the Holding Basin footprint will be selected 
as part of the remedial design.  In-situ treatment to stabilize soils beneath the Holding Basin via 
cement S/S (soil mixing or jet grouting) provides a reliable means of isolating DU sorbed to 
these soils and preventing dissolution to and migration in groundwater. 

This alternative removes the contamination from throughout the property, and stabilizes the 
remaining soils within the Holding Basin footprint to prevent DU from impacting groundwater.  
All the excavated soils are disposed off-site.  Some DU-affected soils will remain within the 
footprint of the Holding Basin, with an estimated average concentration of 93 mg/kg above the 
water table and 30 mg/kg below the water table, but most of those soils will be stabilized in 
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place and all will be covered with a low-permeability sub-grade cover.  This approach isolates 
the remaining contamination from contact with groundwater and precipitation, thereby 
protecting the surrounding groundwater. 

The cost estimate provides funding for maintenance of the facility, including groundwater 
monitoring and 5-year reviews, for at least 200 years in accordance with NRC regulation 10 CFR 
Part 40, Appendix A, Criterion 6. 

4.3.4.5 Reduction of Toxicity, Mobility, or Volume through Treatment 

The mobility of DU is greatly reduced by disposing of soils off-site and by stabilizing the 
remaining materials and limiting water infiltration.  Any excavated materials that do not meet 
the paint filter test will be solidified as they are placed into trucks for transport to the off-site 
disposal facility.   

S/S technology is used to form a cement ring within the Holding Basin perimeter, 
solidifying/stabilizing the majority of principal threat waste within the walls and cover formed 
with the cement. Any principal threat waste that is not in the cement formation will be within 
and contained by the cement ring, however, since it would not be treated it does not meet the 
preference for treatment of principal threat waste.  This will inhibit dissolution of uranium in 
groundwater, significantly limiting its mobility.  The S/S process will generate spoils consisting 
of grout and DU impacted soils.  Spoils will be placed back in the Holding Basin to the extent 
practical or transported off-site for disposal. 

The installation of a low-permeability sub-grade cover will limit infiltration into the 
solidified/stabilized soils beneath the Holding Basin, further limiting the potential for 
dissolution of uranium in groundwater.  Hydraulic containment and ex-situ treatment will limit 
the mobility of additional DU impacted groundwater and reduce the volume of DU by 
concentrating it on ion exchange resins. 

4.3.4.6 Short-Term Effectiveness 

Short-term impacts to site workers and the community include the potential inhalation of 
airborne contaminants during the excavation activities.  Dust control measures and Site 
perimeter air monitoring will be implemented during all site activities associated with soil 
excavation and handling.  If cement is selected as the S/S agent, the spoils generated during the 
process (approximately 22,500 cy) will potentially expose the workers to these high-uranium 
concentration soils.  Appropriate PPE will be utilized by all crew members performing work at 
the Site. 

Short-term impacts to the environment include exposure of subsoil contaminants after the 
excavations are completed.  The schedule for implementing Holding Basin work will include 
minimizing the period of time that the soils are exposed after the temporary cover is removed. 
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Most excavations will require confirmation samples to be approved before each excavation is 
re-filled with clean soil.  Each excavation will be confirmed clean and re-filled as soon as 
possible to minimize migration potential of site contaminants.  A temporary hydraulic 
containment well and ex-situ treatment system will be installed downgradient of the Holding 
Basin to capture and treat uranium-impacted groundwater that may be generated during 
remedial construction. 

Short-term impacts to the Sphagnum Bog include disturbing moss and sediments from the edge 
of the minerals-sediment fraction along the south-western open-water portion of the Bog.  The 
rate at which quaking bogs fill their aquatic environment via sphagnum peat moss growth is 
extremely slow, and is thought to take hundreds to thousands of years.  Therefore, the 
excavation of the mineral sediments within the bog will be performed in a manner that will 
minimize the impact to the bog environment.  Following excavation of affected sediments 
within the bog, restoration of the bog will be performed following an approved design to help 
the bog recover. 

Short-term impacts to the community include the trucking of supplies and materials to the Site.  
This alternative involves the transport of over 82,500 cy of contaminated soil, and potentially 
18,500 cy of cement stabilized spoils from the Site.  Community protections will be critical in 
planning the transport of soils off-site for disposal.  The time required (starting at approval of 
the Remedial Action Work Plan) to reach “Construction Complete”, in this case, to perform and 
backfill all excavations, Holding Basin work, and complete restoration work area is 
approximately three years.    The remedy would be protective, and the areas of the site 
affected by the soil remedy would ready for reuse at the time of “Construction Complete.” 

4.3.4.7 Implementability 

Excavation of the affected soils, including the soils around the underground pipelines can be 
performed using standard excavation techniques throughout the Site, except for the Old 
Landfill and the Sphagnum Bog.  Especially in the Industrial Courtyard, the excavations will 
pepper the Site and will need to be staged appropriately so as not to prevent movement about 
the Site.  The excavations will be above the water table, so dewatering activities will only be 
needed during storm events (if any excavation is open).  Two sides of the Holding Basin may 
require the use of sheet piling to ensure the slopes do not fail during S/S activities.  Removing 
the building foundations and affected soils beneath the excavations should also be readily 
implementable. 

Section 2.12.1 of the RI Report (de maximis, 2014) states that the Old Landfill could not be 
completely sampled due to the presence of metallic debris within its footprint.  The 
determination was made that the temporary cover installed by USEPA during the 2001 Time-
Critical Removal Action would need to be removed, along with the debris and contaminated soil 
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exceeding PRGs in immediate proximity to the debris.  Once the debris is removed, soil 
sampling, and if needed, further excavation will be performed to confirm that all soil exceeding 
PRGs has been removed. 

The Sphagnum Bog is located at the bottom of a deep ravine at the foot of the Old Landfill.  
Accessing this area with excavation equipment and heavy trucks will have to be planned and 
implemented carefully to avoid unnecessary impacts to the bog. 

In-situ S/S of soil beneath the Holding Basin footprint will be implemented using the technology 
selected during detailed design.  

If cement is used, approximately 21,000 cubic yards of spoils are expected to be generated by 
displacing the soils that are being treated.  Approximately 8,000 cy can be used to fill the 
Holding Basin before installing the sub-grade low-permeability cover above that.  The remaining 
13,000 cy of spoils will require off-site disposal. 

Extraction and ex-situ treatment of DU-impacted groundwater are proven and reliable 
technologies that are easily implemented. Institutional controls will be required to limit future 
use of specific areas of the property.  

4.3.4.8 Cost 

Evaluation of the project costs requires an estimation of the NPV of capital costs and operation 
and maintenance costs for as long as the site contaminants pose a risk.  The cost estimates 
presented in Table 4.3.3b were calculated for 200 years.  In accordance with NRC regulation 10 
CFR Part 40, Appendix A, Criterion 6, costs are calculated to 200 years to provide control of the 
facility for a minimum duration of that period.  Actual costs could vary based on final design 
and detailed cost itemization. 

The cost for SS-3, presented in Table 4.3.3b, was determined using the most expensive S/S 
technology process option of cement S/S.  The reason that this process option is the most 
expensive is that most of the volume of soil that the cement displaces will have to be disposed 
off-site.  Other options do not displace such a large volume of soil.  The process option used in 
this alternative will be determined during the detailed design phase. 

4.3.4.9 Green Remediation 

The implications of the five core elements of green remediation identified by OSWER for this 
alternative are as follows: 

• Energy. This alternative will require the use of fuel to power the excavation, S/S, and 
construction equipment, and for the equipment used to install the containment wall.  
B20 Fuels (20 percent ethanol) can be used in most construction equipment.  This 
alternative will use approximately 8.8 million gallons of fuel during transporting for off-
site disposal (assumes 7,600 round trips to Idaho at 2,700 miles each way.  
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Transportation assumes movement by truck from Site to transload facility in Newark, NJ, 
then by rail to Grand View, ID, and a 30 mile trip by truck to the disposal facility.  Fuel 
usage estimated based on information at:  www.csx.com).  No estimate of overall fuel 
used to bring backfill is made, as the borrow location has not been defined 

• Air and Atmosphere. Air emissions will include the exhaust from the heavy machinery, 
construction vehicles and heavy duty trucks required to implement the excavation, S/S 
and construction activities.   

• Water. A water supply may be needed for injection of the S/S agent. 

• Land and Ecosystems. A Sphagnum Bog excavation and restoration plan will be 
developed to implement whatever methods are feasible to minimize damage to the bog 
while removing affected sediments.  The plan will also include steps to restore the 
margins of the bog that will be affected by excavation.  The construction of the cover 
over the vertical barrier wall will be designed to minimize the obstruction of the use of 
the property by future visitors by minimizing the height of the cover to gently blend in 
with the rest of the property, while providing proper drainage for cover maintenance. 

• Materials and Wastes. This alternative requires S/S reagents and geotextile and capping 
materials to construct the cover properly.  Also, the resulting spoils generated will need 
to be handled as additional waste. 

4.3.5  SS-4 – Excavation and Off-Site Disposal of Sediments and Non-Holding Basin Soils, 
Full In-Situ Stabilization of Holding Basin Soils Using Apatite Injection, and 
Containment with Low-Permeability Vertical Containment Wall and Sub-Grade 
Cover  

Alternative SS-4 is shown in Figures 4.3.4 and 4.3.5 and includes: 
• Excavation of approximately 82,500 cy of site soils and sediments, including those from 

the Old Landfill; 
• Disposal of all excavated soils and sediments off-site; 
• Installation of a temporary downgradient hydraulic containment well with ex-situ 

treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ stabilization of soils beneath the Holding Basin. 

• Holding Basin 
o In-situ stabilization of all soils beneath Holding Basin; 
o Installation of vertical containment wall; 
o Installation of sub-grade, low-permeability cover;  
o Use of clean off-site soils to bring to grade; 

http://www.csx.com/
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• Restoration of the Site; and 
• Development of Institutional Controls. 

Alternative SS-4 includes the excavation and removal of approximately 82,500 cy of site soils 
and sediments based on the initial PRGs defined in Section 2.3 and as indicated in Figures 2.5.1 
and 2.5.2.  Soils excavated for disposal may be physically separated through a radiation 
conveyor/detector to separate clean soil that can be used for refill from soil that requires 
containment. 

Apatite would be used to stabilize the soils beneath the Holding Basin.  Apatite works to 
sequester the uranium in the soils.  The stabilized soils would then be contained within a 
vertical containment wall and low-permeability horizontal cover.  The use of apatite has been 
tested and proven in bench scale and pilot scale tests as described in Section 4.3.3.2.  
Installation techniques will also be fully designed during this testing, though they are expected 
to involve injection of apatite through specially-designed flights of a drill auger placed close 
together to create ISRZs.  

A vertical containment wall will be constructed to be keyed into the bedrock (approximately 90 
feet bgs) and a low-permeability cover placed above the soils within the Holding Basin 
footprint.  This will minimize water from infiltrating to the stabilized soils within the 
containment, further minimizing the leaching potential of the remaining uranium to the 
groundwater. 

If this alternative is selected, the placement of the vertical containment wall will be included in 
the design of the selected remedy for groundwater, as it will affect the hydraulic gradients of 
the overburden groundwater.  The groundwater alternative selected will address the control of 
contaminants within the overburden and bedrock groundwater. 

The 82,500 cy of contaminated soil and sediments excavated from throughout the Site will be 
solidified if needed and transferred off-site for disposal at a properly licensed facility.  The 
excavations will need to be refilled with clean fill that is either borrowed from an area on-site, 
or brought on-site from an alternate borrow site.  Using a 20 percent bulking factor, 
approximately 99,000 cy of clean soil will be required to fill the excavations. 

All disturbed areas will be restored to existing grades (where appropriate), top soiled, mulched 
and seeded.   

The primary components of this alternative include: 

• Developing an excavation plan through the use of topographical surveys and data 
kriging tools to define quantities and locations of all soils and sediments to be 
excavated;  

• Designing sampling plan to certify clean soils if on-site borrow area is used; 
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• Designing a low-permeability, sub-grade cover to be placed below grade within the 
Holding Basin footprint; 

• Installing a temporary hydraulic containment well immediately downgradient of the 
Holding Basin to capture uranium-impacted groundwater generated during remedial 
construction; 

• Designing and operation of an ex-situ water treatment facility to treat uranium-
impacted groundwater using ion-exchange (IX) resins; 

• Further testing application rate for use of apatite stabilizing reagent, and design 
injection system to stabilize the soils beneath the Holding Basin; 

• Excavating contaminated soils and sediments, including those from the Old Landfill 
(currently estimated as 82,500 cy); 

• Solidification of soils, if needed, to meet paint filter test and compaction requirements 
for disposal in off-site facility; 

• Transporting 99,000 cy  soils to disposal facility (82,500 cy plus 20 percent bulking 
factor); 

• Stabilizing soils beneath the Holding Basin; 
• Installing vertical containment wall around perimeter of Holding Basin; 
• Installing sub-grade low-permeability cover system; 
• Transporting 99,000 cy of clean soil to re-fill excavations; 
• Restoring excavated areas to obtain original grades; 
• Restoring Sphagnum Bog; 
• Developing long-term sampling and maintenance program; 
• Coordinating with local, state, and federal agencies to develop institutional control 

documents, as further evaluated in Appendix I; 
• Filing institutional controls; and 
• Performing 5-year reviews to monitor the effectiveness of the remedy. 

The future use of the Site has not been determined at the time of this report.  Maintenance of 
the soil cover will require use restrictions for the estimated 1 acre area it will cover.  A summary 
of this alternative is provided in Table 4.3.4a, and a detailed evaluation of this alternative 
against each of the evaluation criteria is provided in Table 4.3.4b. 

4.3.5.1 Overall Protection of Human Health and the Environment 

The primary COCs that define the area requiring remediation of soils and sediments are DU and 
PCBs.  All areas, except for the Holding Basin, that contain COCs that exceed PRGs will be 
excavated for disposal. 

In this alternative, all exposure pathways are eliminated to the affected non-Holding Basin 
surface and subsurface soils and sediments by removal and disposal off-site.  The Holding Basin 
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soils will be contained within a vertical containment wall and a horizontal low-permeability 
cover.  The containment wall and cover will be constructed to be maintained for a minimum of 
200 years.  The additional protectiveness of stabilizing the Holding Basin soils is provided in this 
alternative. Institutional controls will be put in place to ensure that any use of the site will not 
disturb the cover. 

Maintenance considered in this alternative will include groundwater monitoring, which is 
addressed with the groundwater alternative evaluations provided in Section 6. 

This alternative is protective of human health and the environment. 

4.3.5.2 Compliance with ARARs 

The ARARs associated with this alternative are provided in Tables 2.1.1 through 2.1.4.  This 
alternative complies with all ARARs, when combined with an appropriate groundwater remedy.  
Massachusetts Regulations for the Control of Radiation, Standards for Protection Against 
Radiation, 105 CMR 120.245, require that the annual total effective dose equivalent to any 
individual after any areas of the Site are released for unrestricted use not exceed ten millirem 
above background.  An evaluation of the clean cover thickness in providing the required 
protection to the public has been performed and is provided in Appendix H.  The horizontal cover 
and soil cover design as provided in Figure 4.3.5 is protective. 

Design of any containment structures requires the design to be effective for a prolonged 
duration as suggested by the ARARs (10 CFR 40).  Although waste will be left in place, since the 
source to groundwater will be eliminated by stabilizing the Holding Basin soils, it is expected 
that over time ARARs for groundwater will be achieved underneath the Holding Basin as well as 
downgradient of the Holding Basin.  Groundwater monitoring also will be required indefinitely 
to ensure that contaminants do not escape the Holding Basin area.   ARARs would be achieved 
at “Construction Completion.” 

All TSCA soils (materials with PCB concentrations > 50 mg/kg) will be disposed off-site at a 
TSCA-licensed facility. 

4.3.5.3 Long-Term Effectiveness and Permanence 

The evaluation of long-term effectiveness and permanence is made by considering the risks 
that may remain following completion of the remedial alternative. 

The specific type of vertical containment wall (slurry wall, jet grout, etc.) will be selected during 
detailed design.  The wall will be installed around the outside of the Holding Basin footprint to 
contain the DU that is considered a source to the groundwater.  The wall will be keyed into the 
bedrock so that contaminants cannot escape below the wall.  This approach removes the 
contamination from throughout the property, and contains remaining contaminated soils 
within the Holding Basin footprint.  All the excavated soils are disposed off-site.  Some DU-
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affected soils will remain within the footprint of the Holding Basin, with an estimated average 
concentration of 93 mg/kg above the water table, and 30 mg/kg uranium below the water 
table; but those soils will be both stabilized and contained within a barrier that will be keyed 
into the bedrock.  This approach isolates the remaining contamination from contact with 
groundwater and precipitation with a vertical containment wall and horizontal low-
permeability sub-grade cover, thereby protecting the surrounding groundwater. 

The cost estimate provides funding for maintenance of the facility, including groundwater 
monitoring and 5-year reviews, for a minimum of 200 years in accordance with NRC regulation 
10 CFR Part 40, Appendix A, Criterion 6. 

Long-term effectiveness is also dependent on limiting future uses of the covered area to include 
no construction or planting of trees that would interfere with the effectiveness, maintenance or 
protectiveness of the soil cover. 

4.3.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

This alternative provides for the reduction of the mobility of DU from the Holding Basin through 
stabilization using apatite treatment.  The mobility of DU is further limited by placement of 
vertical containment wall and a low-permeability cover around/above the Holding Basin.  
Treatment of the Holding Basin principal threat waste also addresses the preference for 
treatment of these wastes. 

4.3.5.5 Short-Term Effectiveness 

Short-term impacts to the site workers and community is the potential inhalation of airborne 
contaminants during implementation of the excavation activities.  Dust control measures and 
site perimeter air monitoring will be implemented during all site activities associated with soil 
excavation and handling.  Appropriate PPE will be utilized by all site crew members. 

Short-term impacts to the environment include exposure of subsoil contaminants after the 
excavations are opened up, and through the stabilization operations.  Most excavations will 
require confirmation samples to be approved before each excavation is re-filled with clean soil.  
While open, the excavations will be open to precipitation events which can further mobilize site 
contaminants.  Each excavation will be confirmed clean and re-filled as soon as possible to 
minimize migration potential of site contaminants.   

Short-term impacts to the Sphagnum Bog include removing moss and sediments from the 
mineral-sediment fraction of the along the south-western open-water portion of the bog.  The 
rate at which quaking bogs fill their aquatic environment via Sphagnum peat moss growth is 
extremely slow, and is thought to take hundreds to thousands of years.  Therefore, the 
excavation of the sediments within the bog will be performed to minimize the impact to the 
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bog environment.  Following excavation of affected sediments within the bog, restoration of 
the bog will be performed following an approved design to help the bog recover. 

Short-term impacts to the community include the trucking of supplies and materials to the Site.  
Community protections will be critical in planning the transport of 99,000 cy of soil off-site for 
disposal.  If clean site soils are not used for refilling excavations, then additional clean soils will 
need to be transported on-site for that purpose. 

The time required (starting at approval of the Remedial Action Work Plan) to reach 
“Construction Complete,” in this case, to perform and backfill all excavations, Holding Basin 
work, and complete restoration work area is approximately three years.    The remedy would be 
protective, and the areas of the Site affected by the soil remedy would be ready for reuse after 
reaching “Construction Complete,” and implementation of Institutional Controls.  

4.3.5.6 Implementability 

Excavation of the affected soils, including the soils around the underground pipelines can be 
performed using standard excavation techniques throughout the Site, except for the Old 
Landfill and the Sphagnum Bog.  Especially in the Industrial Courtyard, the excavations will 
pepper the Site and will need to be staged appropriately so as not to prevent movement about 
the Site.  The excavations will be above the water table so dewatering activities will only be 
needed during storm events (if any excavation is open). 

Section 2.12.1 of the RI Report (de maximis, 2014) states that the Old Landfill could not be 
completely sampled due to the presence of metallic debris within the Landfill footprint.  The 
determination was made that the temporary cover installed by USEPA during the 2001 Time-
Critical Removal Action would need to be removed, along with the debris and contaminated soil 
in immediate proximity to the debris.  Once the debris is removed, soil sampling, and if needed, 
further excavation will be performed to confirm that all soil exceeding PRGs has been removed. 

The Sphagnum Bog is located at the bottom of a deep ravine at the foot of the Old Landfill.  
Accessing this area with excavation equipment and heavy trucks will have to be planned and 
implemented carefully to avoid unnecessary impacts to the Bog. 

Construction of the vertical containment wall will be difficult due to the proximity of the 
Cooling Water Recharge Pond and the steep slope down to the Sphagnum Bog, but 
construction is still possible.  Most materials used for vertical containment walls and caps are 
readily accessible in the volumes necessary for this alternative. 

In-situ stabilization of soil beneath the Holding Basin footprint can be implemented fairly 
readily.  Apatite injection is a new technology for addressing uranium-impacted soils and will 
require further testing, but should be fairly reliable as injection technologies are relatively 
common.  
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Institutional controls will be required to limit future use of most of the property such as limiting 
excavating below ten feet without regulatory oversight.  The former Holding Basin area could 
be paved and used as a parking lot or some low-impact recreational use, but will have 
restrictions limiting certain uses of the area above the sub-grade cover which could 
compromise the integrity of the soil cover and sub-grade cover. 

4.3.5.7 Cost 

Evaluation of the project costs requires an estimation of the NPV of capital costs and operation 
and maintenance costs for as long as the site contaminants pose a risk.  The cost estimates 
presented in Table 4.3.4b were calculated for 200 years.  In accordance with NRC regulation 10 
CFR Part 40, Appendix A, Criterion 6, costs are calculated to 200 years to provide control of the 
facility for a minimum duration of that period. Actual costs could vary based on final design and 
detailed cost itemization. 

4.3.5.8 Green Remediation 

The implications of the five core elements of green remediation identified by OSWER for this 
alternative are as follows: 

• Energy. This alternative will require the use of fuel to power the excavation, 
stabilization, and construction equipment, and for the equipment used to install the 
containment wall.  B20 Fuels (20 percent ethanol) can be used in most construction 
equipment.  This alternative will use approximately 15.2 million gallons of fuel during 
transporting for off-site disposal.  This assumes 6,200 round trips to Idaho at2,700 miles 
each way.  Transportation assumes movement by truck from the Site to transload 
facility in Newark, NJ, then by rail to Grand View, ID, and a 30-mile trip by truck to the 
disposal facility.  Fuel usage estimated based on information at:  www.csx.com). 

• Water. A water supply will be needed for construction of the vertical barrier and to 
slurry the apatite for injection. 

• Land and Ecosystems. A Sphagnum Bog Excavation and Restoration Plan will be 
developed to implement whatever methods are feasible to minimize damage to the bog 
while removing affected sediments.  The plan will also include steps to restore the 
margins of the bog affected by excavation.  The construction of the cover over the 
vertical barrier wall will be designed to be placed below grade to minimize the 
obstruction of the use of the property. 

• Materials and Wastes. This alternative requires materials for the following: 

o geotextile and capping materials to construct the cover properly; 

o materials for the vertical barrier wall; and 
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o apatite for stabilization. 

 

4.3.6  SS-5 – Excavation and Off-Site Disposal of Sediments and Soils (including 
Unsaturated Holding Basin Soils), and Containment with Full In-Situ 
Solidification/Stabilization of Holding Basin Saturated Soils Using Cement Deep Soil 
Mixing, and Low-Permeability Sub-Grade Cover 

Alternative SS-5 is shown in Figure 4.3.6 and includes: 

• Excavation and off-site disposal of approximately 95,000 cy of site soils and sediments, 
including the Old Landfill; 

• Transportation of 114,000 cy  soils to disposal facility (95,000 cy plus 20 percent bulking 
factor); 

• Disposal of soils and sediments off-site; 
• Installation of a temporary downgradient hydraulic containment well with ex-situ 

treatment to capture and treat DU-impacted groundwater that may be generated 
during remedial construction when the existing temporary cover is removed and 
infiltration enters the Holding Basin soils, and also when groundwater is displaced 
during in-situ stabilization of soils beneath the Holding Basin. 

• For the Holding Basin 
o Excavation and off-site disposal of approximately 12,500 cy of DU-impacted soils 

in the unsaturated zone beneath the Holding Basin; 
o S/S of approximately 20,000 cy of DU-impacted soils in the saturated zone 

beneath the Holding Basin by cement-based soil mixing; 
o Management of spoils generated during the Holding Basin soil stabilization and 

provide off-site disposal of approximately an additional 12,700 cy; 
o Installation of low permeability cover layer below grade to limit infiltration; and 
o Placement of clean on-site soils to restore the Holding Basin footprint; 

• Restoration of the Site; and 
• Development of Institutional Controls. 

Soils excavated for disposal may be physically separated through a radiation conveyor/detector 
to separate clean soil that can be used for fill from soil that requires disposal.  Excavated soil 
and sediments will be solidified, if needed, and transferred off-site for disposal at a properly 
licensed facility.  The excavations will need to be refilled with clean fill that is either borrowed 
from an area on-site, or brought on-site from an alternate borrow site.  Using a 20 percent 
bulking factor, approximately 99,000 cy of clean soil will be required to fill the excavations.  The 
existing air space in the Holding Basin footprint (approximately 8,500 cy) will be used to place 
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spoils from the in-situ stabilization process.  At least 10 ft of clean soil will be used above the 
low- permeability cover and to restore the surface of the Holding Basin footprint. 

Unsaturated soils within the Holding Basin footprint extend from the ground surface to the 
highest known elevation of the water table (approximately 35 feet bgs).  The highest 
concentrations of DU in soil at the Site are in this zone.  The unsaturated soil volume to be 
excavated within the Holding Basin footprint is approximately 12,500 cy with an average 
concentration of 93.3 mg/kg uranium.  Excavation of these soils will be conducted according to 
the conceptual excavation plan outlined in Section 4.3.3.1. 

Saturated soils within the Holding Basin footprint are known to contain DU down to the till 
layer with an average concentration of 29.5 mg/kg (from 35 feet bgs to approximately 85 feet 
bgs).  In this alternative, the saturated soils will be stabilized in-situ with cement.  Using cement 
as a stabilization agent fills the pore spaces of the DU-impacted soil, thereby isolating the 
sorbed DU from potential dissolution to groundwater, but results in up to 50 percent by volume 
additional spoils to be disposed off-site.   

The technical approach for containment and stabilization of Holding Basin soils using cement-
based ground modification methods is described in Section 3.1.6.2.   

Due to cement being used for stabilization, approximately 28,700 cy of spoils are expected to 
be generated to stabilize the saturated soils.  Approximately 16,000 cy can be used to fill the 
Holding Basin before installing the sub-grade low-permeability cover above that.  The remaining 
12,700 cy of spoils will require off-site disposal. 

Where possible, the temporary cover above the Holding Basin and vadose zone soils will be left 
in place during stabilization of saturated soils to provide a competent soil surface for drill rigs 
and other equipment.  If possible, the cover will be removed and vadose zone soils excavated 
after saturated soils have been stabilized. 

A low-permeability cover will be installed over the Holding Basin footprint to act as a barrier 
layer to limit infiltration into the stabilized soils.  The cover will be placed as deep as possible 
within the excavation area to increase re-use options, and clean soil fill be placed on top of the 
cover to restore the surface of the Holding Basin footprint. 

Disturbed areas will be backfilled to existing grades (where appropriate), covered with top soil 
and mulch, and seeded to restore natural vegetation.   

The primary components of alternative SS-5 include: 

• Developing an excavation plan through the use of topographical surveys and data 
kriging tools to define quantities and locations of all soils and sediments to be excavated 
(currently estimated as 95,000 cy); 
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• Developing a detailed excavation plan for removal of vadose zone soils beneath the 
Holding Basin footprint, including design of sheet piling and/or temporary shoring, if 
needed; 

• Designing a sampling plan to verify soil quality if an on-site borrow area is used; 
• Designing a low-permeability, sub-grade cover to be placed below grade within the 

Holding Basin footprint; 
• Installing a temporary hydraulic containment well immediately downgradient of the 

Holding Basin to capture highly impacted groundwater that may result from removing 
the temporary cover and allowing infiltration through Holding Basin soils and 
groundwater displaced during in-situ stabilization of soils beneath the Holding Basin; 

• Designing and operating an ex-situ treatment facility for the treatment of impacted 
groundwater using ion-exchange (IX) resins; 

• Testing and selecting stabilizing reagent, and design the injection system to stabilize the 
soils in the saturated zone within the Holding Basin footprint; 

• Stabilizing soils within the saturated zone within the Holding Basin footprint; 
• Excavating contaminated soils in the unsaturated zone beneath the Holding Basin; 
• Excavating contaminated soils and sediments from the remainder of the Site, including 

those from the Old Landfill; 
• Solidifying soils if needed to meet paint filter test and compaction requirements for 

disposal in off-site facility; 
• Transporting 114,000 cy soils to disposal facility (95,000 in-place cy plus 20 percent 

bulking factor); 
• Installing sub-grade low-permeability cover layer over Holding Basin footprint; 
• Transporting approximately 99,000 cy of clean soil to refill excavations and to restore 

the surface of the Holding Basin footprint; 
• Restoring excavated areas to obtain original grades; 
• Restoring the Sphagnum Bog; 
• Developing a long-term sampling and maintenance program; 
• Coordinating with local, state, and federal agencies to develop appropriate institutional 

control documents; 
• Filing appropriate institutional controls, as further evaluated in Appendix I; and 
• Performing 5-year reviews to monitor the effectiveness of the remedy. 

The future use of the Site has not been determined at the time of this report.  A summary of 
this alternative is provided in Table 4.3.5a, and a detailed evaluation of this alternative against 
each of the evaluation criteria is provided in Table 4.3.5b. 
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4.3.6.1 Overall Protection of Human Health and the Environment 

The primary COCs in soils and sediments are uranium and PCBs.  Areas that contain COCs above 
PRGs will be excavated for disposal. 

In this alternative, identified exposure pathways to the affected surface and subsurface soils 
and sediments will be eliminated by removal and disposal off-site of these impacted media.  
DU-impacted soils in the saturated zone beneath the Holding Basin footprint will be stabilized 
in place and covered with a low-permeability sub-grade cover to limit further dissolution of DU 
into groundwater and eliminate potential human exposure to these soils.  

Maintenance of this alternative will include groundwater monitoring, which is addressed as 
part of the groundwater alternatives (Section 5), and periodic inspections to ensure 
institutional controls are being complied with. 

This alternative will be protective of human health and the environment. 

4.3.6.2 Compliance with ARARs 

The ARARs associated with this alternative are provided in Tables 2.1.1 through 2.1.4.  This 
alternative complies with the identified ARARs when combined with an appropriate 
groundwater remedy.   

This alternative will comply with Massachusetts Regulations for the Control of Radiation, 
Standards for Protection Against Radiation, 105 CMR 120.245, require that the annual total 
effective dose equivalent (TEDE) to any individual after the Site is released for unrestricted use 
should not exceed ten millirem above background.   

Design of any containment structures requires the design to be effective for a minimum of 200 
years (10 CFR 40, Appendix A).  Although waste will be left in place, since the source to 
groundwater will be eliminated by stabilizing the Holding Basin soils, it is expected that over 
time ARARs for groundwater will be achieved underneath the Holding Basin as well as 
downgradient of the Holding Basin.    Soil ARARs would be achieved at “Construction 
Completion.” 

All TSCA soils (materials with PCB concentrations > 50 mg/kg) will be disposed off-site at a 
TSCA-licensed facility. 

4.3.6.3 Long-Term Effectiveness and Permanence 

The evaluation of long-term effectiveness and permanence is made by considering the risks 
that may remain following completion of the remedial alternative. 

The specific technology to be used for cement-based stabilization of saturated soils beneath the 
Holding Basin footprint will be selected during detailed design.  In-situ treatment to stabilize 
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soils beneath the Holding Basin via cement stabilization (soil mixing or jet grouting) provides a 
reliable means of isolating DU sorbed to these soils, limiting its dissolution to and migration in 
groundwater.  The long-term effectiveness, however, will need to be further evaluated by 
bench and pilot testing. 

This alternative removes uranium-impacted soil and sediment from throughout the Site and 
from the vadose zone beneath the Holding Basin, and stabilizes the saturated soils within the 
Holding Basin footprint to prevent DU from impacting groundwater.  All the excavated soils are 
disposed off-site.  Some DU-affected soils will remain in the saturated zone within the footprint 
of the Holding Basin, with an estimated average concentration of 30 mg/kg uranium; however, 
those soils will be stabilized in place and covered with clean fill and a low-permeability sub-
grade cover.  This approach isolates the remaining DU-impacted soil from contact with 
groundwater and precipitation, thereby protecting the surrounding groundwater. 

The cost estimate provides funding for maintenance of the facility, including groundwater 
monitoring and 5-year reviews, for a minimum of 200 years in accordance with NRC regulation 
10 CFR Part 40, Appendix A, Criterion 6. 

4.3.6.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The mobility of DU is greatly reduced by disposing of soils off-site and by stabilizing the 
remaining materials and limiting water infiltration.  Excavated materials that do not meet the 
paint filter test will be solidified as they are placed into trucks for transport to the off-site 
disposal facility.  

In-situ stabilization of saturated soils beneath the Holding Basin by soil mixing/jet grouting will 
inhibit dissolution of uranium in groundwater.  Soil mixing or jet grouting prevents groundwater 
from penetrating pore spaces and contacting uranium sorbed on soils.  The stabilization process 
will generate spoils consisting of grout and DU impacted soils.  Spoils will be placed back in the 
Holding Basin to the extent practical or transported off-site. 

The installation of a low-permeability sub-grade cover will limit infiltration into the stabilized 
soils beneath the Holding Basin, further limiting the potential for dissolution of uranium in 
groundwater.  Hydraulic containment and ex-situ treatment will limit the mobility of additional 
DU impacted groundwater and reduce the volume of DU by concentrating it on ion exchange 
resins during construction of the remedy. 

4.3.6.5 Short-Term Effectiveness 

Short-term impacts to site workers and the community include the potential inhalation of 
airborne contaminants during the excavation activities.  The spoils generated during the 
stabilization process (approximately 28,700 cy) will potentially expose the workers to these 
high-uranium concentration soils.  Dust control measures and site perimeter air monitoring will 
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be implemented during site activities associated with soil excavation and handling.  Appropriate 
PPE will be utilized by site work crew members. 

Short-term impacts to the environment include exposure of subsurface contaminants after the 
excavations are open.  Most excavations will require confirmation samples to be approved 
before being backfilled with clean soil.  While open, precipitation may enter the excavations 
which can further mobilize site contaminants; to the extent any are present in excavation 
bottom soils.  Excavations will be confirmed clean and backfilled expeditiously to limit the 
migration potential of site contaminants.  A temporary hydraulic containment well and ex-situ 
treatment system will be installed downgradient of the Holding Basin to treat uranium 
impacted groundwater that may be generated during remedial construction activities.  The 
schedule for implementing Holding Basin work will minimize the period of time that the soils 
are exposed after the temporary cover is removed 

Short-term impacts to the Sphagnum Bog include disturbing moss and sediments along the 
south-western open-water portion of the bog.  The rate at which quaking bogs fill their aquatic 
environment via sphagnum peat moss growth is extremely slow, and is thought to take 
hundreds to thousands of years.  Therefore, the excavation of the sediments within the bog will 
be performed to minimize the impact to the bog environment.  Following excavation of 
affected sediments within the bog, restoration of the bog will be performed following an 
approved design to help the bog recover. 

Short-term impacts to the community include the trucking of supplies and materials to the Site.  
Community protections will be critical in planning the transport of approximately 114,000 cy of 
soil off-site for disposal.  Additional clean soils will need to be transported on-site for that 
purpose. 

The time required (starting at approval of the Remedial Action Work Plan) to reach 
“Construction Complete”, in this case, to perform and backfill all excavations, Holding Basin 
work, and complete restoration work area is approximately three years.    The remedy would be 
protective, and the areas of the site affected by the soil remedy would be ready for reuse after 
reaching “Construction Complete,” and implementing Institutional Controls.  

4.3.6.6 Implementability 

Excavation of the affected soils, including the soils around the underground pipelines can be 
performed using standard excavation techniques throughout the Site, except for the Old 
Landfill and the Sphagnum Bog.  Especially in the Industrial Courtyard, the excavations will 
pepper the Site and will need to be staged appropriately so as not to prevent movement about 
the Site.  The excavations will be above the water table so dewatering activities will only be 
needed during storm events (if any excavation is open).  Excavation of vadose zone soils within 
the Holding Basin will likely require the use of sheet piling to ensure the slopes do not fail 
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during excavation.  Removing the building foundations and affected soils beneath the 
excavations should also be readily implementable. 

Section 2.12.1 of the RI Report (de maximis, 2014) states that the Old Landfill could not be 
completely sampled due to the presence of metallic debris within the Landfill footprint.  The 
determination was made that the temporary cover installed by USEPA during the 2001 Time-
Critical Removal Action would need to be removed, along with the debris and contaminated soil 
in immediate proximity to the debris.  Once the debris is removed, soil sampling, and if needed, 
further excavation will be performed to confirm that all soil exceeding PRGs has been removed. 

The Sphagnum Bog is located at the bottom of a deep ravine at the foot of the Old Landfill.  
Accessing this area with excavation equipment and heavy trucks will have to be planned and 
implemented carefully to avoid unnecessary impacts to the bog. 

In-situ stabilization of soil beneath the Holding Basin footprint will be implemented using 
cement as the stabilization agent and a method determined during detailed design.  Both soil 
mixing and jet grouting using cement are reliable technologies.    

Approximately 28,700 cy of spoils are expected to be generated to stabilize the saturated.  
Approximately 16,000 cy can be used to fill the Holding Basin before installing the sub-grade 
low-permeability cover above that.  The remaining 12,700 cy of spoils will require off-site 
disposal.  Extraction and ex-situ treatment of DU impacted groundwater are proven and reliable 
technologies that are easily implemented. 

Institutional controls will be required to limit future uses such as excavating below ten feet in 
impacted areas without regulatory oversight.  The low permeability sub-grade cover over the 
Holding Basin will be placed at least 10 ft below grade and covered with clean fill to increase 
potential re-use options. 

4.3.6.7 Cost 

Evaluation of the project costs requires an estimation of the NPV of capital costs and operation 
and maintenance costs for as long as the site contaminants pose a risk.  The cost estimates 
presented in Table 4.3.5b were calculated for 200 years.  In accordance with NRC regulation 10 
CFR Part 40, Appendix A, Criterion 6, costs are calculated to 200 years to provide control of the 
facility for a minimum duration of that period.  Actual costs could vary based on final design 
and detailed cost itemization. 

4.3.6.8 Green Remediation 

The implications of the five core elements of green remediation identified by OSWER for this 
alternative are as follows: 

• Energy. This alternative will require the use of fuel to power the excavation and 
construction equipment, and for the equipment used to install the containment wall.  
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B20 Fuels (20 percent ethanol) can be used in most construction equipment.  This 
alternative will use approximately 19.8 million gallons of fuel during transporting for off-
site disposal.  This assumes 8,100 round trips to Idaho at 2,700 miles each way.  
Transportation assumes movement by truck from Site to transload facility in Newark, NJ, 
then by rail to Grand View, ID, and a 30 mile trip by truck to the disposal facility.  Fuel 
usage estimated based on information at:  www.csx.com.  No estimate of overall fuel 
used to bring backfill is made, as the borrow location has not been defined. 

• Water. A water supply may be needed to slurry the cement for injection. 

• Land and Ecosystems. A Sphagnum Bog Excavation and Restoration Plan will be 
developed to implement whatever methods are feasible to minimize damage to the bog 
while removing affected sediments.  The plan will also include steps to restore the 
margins of the bog affected by excavation.  The construction of the horizontal cover 
over the Holding Basin will be designed to be below grade to minimize obstruction of 
the use of the property. 

• Materials and Waste. This alternative requires materials for the following: 

o geotextile and capping materials to construct the cover properly; 
o materials for the vertical barrier wall; and 
o cement for stabilization. 

4.4 COMPARATIVE ANALYSIS OF ALTERNATIVES FOR SOILS AND SEDIMENT 

A comparative analysis of each alternative for addressing soils and sediments is provided in 
Table 4.4.1.  Per FS guidance (USEPA, 1988b), alternatives for separate media may be combined 
if they are similar in scope and intent (e.g., the treatment components of potential overburden 
groundwater and bedrock groundwater alternatives), or are logically linked based on consistent 
objectives (e.g., the excavation and containment of impacted soil and groundwater remedy and 
monitoring components).  The soil/sediment and groundwater alternatives are not combined in 
this FS Report because the different media are not similar or logically linked.  As a result, each 
media-specific comparative analysis is presented separately.  The comparative analysis for each 
remedial alternative is intended to present advantages and disadvantages of each alternative to 
aid in the selection of a remedial alternative. 

According to FS Guidance (USEPA, 1988b), the overall protection of human health and the 
environment and compliance with ARARs are threshold criteria that must be met to be eligible 
for selection.  The remaining five criteria are leveling criteria, important to understanding the 
advantages and disadvantages of each alternative. 

Table 4.5.1 uses a three-star tier system to evaluate each alternative against each criterion, 
with three stars indicating an alternative meets that criterion most favorably, and no stars 

http://www.csx.com/
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indicating that alternative does not meet the criterion.  All alternatives except for the No Action 
alternative (SS-1), when combined with a groundwater remedy, meet both threshold criteria. 

4.4.1 Overall Protection of Human Health and the Environment 

All alternatives except for the No Action alternative are protective of human health and the 
environment when combined with a groundwater remedy.  All the alternatives other than the 
No Action alternative provide for in-situ stabilization of the saturated soils within the Holding 
Basin footprint.  Alternative SS-2 provides for in-situ stabilization of the saturated Holding Basin 
soils, and consolidates all the other excavated site soils and sediments within one on-site 
consolidation area.  Alternative SS-3 provides for partial in-situ stabilization of the unsaturated 
and saturated soils within the Holding Basin footprint, contained within an encapsulated area, 
and for a cover above the stabilized soils; and disposes of the other excavated site soils and 
sediments off-site.  Alternative SS-4 provides for in-situ stabilization of all the saturated and 
unsaturated soils within the Holding Basin footprint, and for a vertical containment wall and 
sub-grade low-permeability cover around/above the stabilized soils, and disposes of the other 
excavated site soils and sediments off-site.  Alternative SS-5 provides for excavation and off-site 
disposal of the unsaturated soils within the Holding Basin footprint, in-situ stabilization of most 
of the saturated soils within the Holding Basin footprint, within an encapsulated area, and for a 
cover above the stabilized soils, and disposes of the other excavated site soils and sediments 
off-site. 

4.4.2 Compliance with ARARs 

All alternatives except for the No Action alternative have been developed to comply with 
ARARs.  The key ARARs are the technical requirements for land disposal facilities for radioactive 
waste (10 CFR 61, Subparts C and D and Massachusetts’ licensing and operational requirements 
for low-level radioactive waste facilities (105 CMR 120.800).  Alternative SS-2’s 2.5-acre 
consolidation area would present more challenges with respect to active maintenance and 
monitoring due to its multi-layer cap and liner, which the other alternatives do not have.  Any 
consolidation area designed on-site will include a cap to reduce water infiltration to the 
contained materials.  The cap would be designed to provide protection as required by 105 CMR 
120.245 to maintain a total effective dose equivalent of less than 10 mrem/year TEDE above 
background at any point on the cap.  This is the limit established by Massachusetts and by the 
NRC considered to be protective for unrestricted use. 

4.4.3 Long-Term Effectiveness and Permanence 

The long-term effectiveness and permanence of each alternative is anticipated to be the same 
for the excavation and cap designs. Although containment is an approved presumptive remedy 
for metals in soils, a much larger amount of contaminated soil will be left on site and will be 
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much closer to the surface in alternative SS-2 than SS-3, SS-4, or SS-5.  All alternatives except 
the No-Action alternative include stabilization of some, if not all, of the saturated soils below 
the Holding Basin, with only alternative SS-4 providing the added protection of a vertical barrier 
wall around the stabilized soils. Alternatives SS-3 and SS-5 allow for stabilization to be 
performed with cement; however, SS-3 creates a 20-foot thick “ring” and a 15- foot thick top 
layer around unsaturated and/or saturated soils that have not been stabilized.  Cement is a 
proven technology; however, it is a technology that does not allow easily for further actions to 
be easily implemented.  SS-2 provides for apatite stabilization of saturated soils in the Holding 
Basin.  Alternative SS-4 provides for in-situ stabilization of all the soils within the Holding Basin 
footprint using apatite, and for a vertical containment wall around and sub-grade low-
permeability cover above the stabilized soils.  Through bench-scale studies conducted at the 
Site, apatite has been shown to be extremely effective in preventing DU from becoming soluble 
in groundwater.  Section 5 evaluates the application of apatite and the environment of the 
overburden groundwater and establishes that the technology should have long-term 
effectiveness and permanence.  However, if the apatite application technology fails in the 
future and additional action is needed, SS-4 provides the added protection of a vertical 
containment barrier.  The vertical containment wall (SS-3, SS-4, &SS-5) is a well-established 
technology, and if the wall is found in the future to be leaking in any area, additional action can 
easily be implemented to correct the issue.  

4.4.4 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment 

All the alternatives, except the No Action alternative, provide for treatment of principal threat 
wastes, reduce the mobility of DU and PCBs throughout the Site by providing for their on-site 
containment or off-site disposal.  Alternative SS-2 contains all soils on-site, SS-3 and -4 contain 
holding basin soils on-site and dispose of other contaminated soils off site, and SS-5 disposes all 
soils off-site except for saturated Holding Basin soils.  Alternatives SS-2, SS-3, SS-4, and SS-5 
include treatment.  In alternatives SS-2 and SS-5, only the saturated soils within the Holding 
Basin footprint are stabilized in place.  In alternatives SS-3 and SS-4, both saturated and 
unsaturated soils are stabilized in place, although SS-3 limits stabilization to just the cement 
ring inside the perimeter of the Holding Basin.  Stabilization reduces the mobility of DU from 
these soils.  Section 5 evaluates the application of apatite in depth for the environment of the 
overburden groundwater and establishes that the technology should work for this 
environment.  A site-specific pilot-study showed that apatite would be effective in the 
groundwater environment at the Site.  Alternative SS-4 considers the use of apatite for 
stabilization of the Holding Basin soils and provides for the added containment of the entire 
footprint of the Holding Basin with a vertical containment wall, which further reduces the 
mobility of the DU in these soils.  Alternatives SS-3 and SS-5 allow for stabilization to be 
performed with cement.  Cement is a proven technology; however, it is a technology that does 
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not allow easily for further actions to be easily implemented, and increases the volume of 
contaminated materials that need to be handled by generating spoils equal to 50% of the 
contaminated soil treated. 

4.4.5 Short Term Effectiveness 

SS-2, SS-3, SS-4 and SS-5 meet the established RAOs for the soils and sediments.  However, in 
the short-term, additional DU may be released into the groundwater in the implementation of 
SS-2 and SS-5 during excavation of the soils down to the water table.  The Holding Basin 
currently has a liner placed over the soils that when removed will allow infiltration of 
precipitation for as long as the excavation remains open.  Section 5.2.1.1 of the RI Report (de 
maximis, 2014) provides details of when this has occurred in the past with observable releases 
of DU into the overburden.  A temporary downgradient hydraulic containment groundwater 
well is planned for both of these alternatives to capture any DU that may be released during 
excavation and construction activities.    The schedule for implementing Holding Basin work will 
minimize the period of time that the soils are exposed after the temporary cover is removed. 

The community is protected the most in the short term by alternative SS-2 because no soils are 
transported off-site.  Alternative SS-4 will require 82,500 cy of mildly DU contaminated soil to 
be transported off-site.  Alternative SS-5 will also require the most heavily contaminated soil 
(the Holding Basin unsaturated soils) to be transported off-site.  SS-3 requires the most off-site 
disposal and transportation due to additional spoils generated through the stabilization 
method.   

Alternatives SS-2 and SS-5 are the least protective of workers, as these alternatives include the 
excavation down to 35 feet bgs in soils that may be unstable.  The excavation will require 
extensive shoring before allowing a drill rig into the excavation to inject the stabilization agent 
into the subsurface soils.  At this point, the protection provided by distance from the DU will 
have been removed as the workers stabilize the most contaminated soils.  SS-3 involves the 
stabilization of saturated and unsaturated soils, exposing some workers to the soils and drilling 
muds or displaced soils.  Cement stabilization will increase the potential for exposure of 
workers to approximately 31,000 cy of spoils, while apatite, projected to be used in SS-4, will 
not generate additional spoils, making alternative SS-4 more protective of workers.  
Alternatives SS-2, SS-3, SS-4 and SS-5 will each take approximately 3 years to complete, starting 
from approval of the RAWP. 

4.4.6 Implementability 

Excluding the No-Action alternative, alternative SS-4 is the easiest to implement, because 
Holding Basin soils are treated in place and no additional spoils are produced.,  Transportation 
and disposal activities for SS-4  are less than for SS-3 and SS-5 and more extensive than in SS-2.  
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In both alternatives SS-4 and SS-3, the soils beneath the Holding Basin (both saturated and 
unsaturated) are stabilized, but in SS-4 apatite is used, which results in no additional spoils to 
be disposed, and although SS-3 only partially stabilizes the contaminated soils, spoils are 
generated from the stabilization process which adds a considerable amount of additional 
material that requires off-site disposal.  Both alternatives require procuring machinery that can 
stabilize down to 85 feet bgs.  Alternatives SS-2 and SS-5 are the most difficult to implement 
due to the difficulty in excavating soils down to 35 feet and then also procuring the machinery 
and stabilizing the saturated soils down to 85 feet. All of the alternatives except the No-Action 
alternative will require extensive pilot scale testing to prove the technology before it is 
implemented. 

4.4.7 Cost 

Off-site transport and disposal is expensive, making alternative SS-3 the most expensive.  
Alternative SS-2 involves on-site containment and disposal and is the least expensive 
alternative.  See Table 4.4.1 for specific dollar amounts. 

While the NPV analysis of alternatives for comparative analysis purpose used a 7% discount 
rate in accordance with EPA guidance (USEPA, 2000b), the current interest rate recommended 
by the White House Office of Management and Budget (OMB) for discounting constant-dollar 
flows (NPV analysis) is 1.9%.10  The impact of changing discount rates between the EPA 
guidance value, and the current OMB recommendation, is to more than triple the long-term 
operations and maintenance costs.  While not significant for comparative analysis or the 
selection of this remedy, the real discount rate will need to be considered for purposes of 
funding the remedy. 

4.4.8 Green Remediation 

The alternative that provides the least demand on the environment, after the No Action 
alternative, is SS-2.  SS-2 provides for on-site containment of the soils, negating the need to 
transport any soils (except for possibly TSCA soils) off-site.  Even the energy and materials 
required for the construction of a 2.5-acre consolidation area does not match the energy 
requirements and the effect on the air and atmosphere of transporting thousands of truckloads 
of contaminated soils to a disposal facility, and the use of soil removed to construct the 
consolidation area for excavation backfill.  For alternatives SS-3, SS-4, and SS-5, the alternative 
that requires less energy consumption is SS-4, because SS-4 reduces the number of trucks 

                                                      
10 http://www.whitehouse.gov/omb/circulars_a094/a94_appx-c. 

http://www.whitehouse.gov/omb/circulars_a094/a94_appx-c
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transporting soil to a disposal facility.  SS-3, SS-4 and SS-5, respectively, involve 7,600, 6,200 and 
8,100 truckloads of material to be moved from Concord, MA to Grand View, ID. 

For alternatives incorporating stabilization of soils beneath the Holding Basin, the use of apatite 
is preferred over the use of a stabilization agent that will displace large volumes of soil, such as 
cement. An estimated 4,000 to 16,000 cy of spoils from stabilization activities may remain with 
the stabilized soils below the sub-grade low-permeability cap, but the rest will require off-site 
disposal.  The difference is estimated to range from 12,700 to 18,500 cy of additional spoils for 
stabilization of both the saturated and unsaturated zones.  By proving the application of apatite 
is appropriate for the Site, the beneficial ecological impacts could be realized at many 
additional remediation projects that involve uranium in soils. 
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5. SUPPLEMENTAL ANALYSES FOR SELECTED RETAINED TECHNOLOGIES FOR 

GROUNDWATER 

Supplemental analyses were conducted to aid combining the retained technologies into viable 
remedial alternatives.  These additional analyses included (1) an MNA evaluation for VOCs and 
1,4-dioxane in overburden and bedrock and uranium in bedrock, (2) research into the feasibility 
and adequacy of using apatite-based media and ZVI for in-situ uranium sequestration, 
(3) hydraulic conductivity testing to support estimation of pumping rates for /ex-situ remedial 
alternatives, and (4) evaluation of the benefit of isolating the residual DU beneath the Holding 
Basin.  The results of these analyses are presented below. 

5.1 MONITORED NATURAL ATTENTUATION 

In order to evaluate monitored natural attenuation (MNA) as a potential remedial alternative 
for groundwater contaminants at the Site, an assessment of the natural attenuation of 1,4-
dioxane, PCE, TCE, 1,1-DCE and uranium was performed using monitoring well data through 
2012 from on and off-property wells.11  The PRG for VOCs and uranium in groundwater is the 
MCL (PCE = 5 µg/L, TCE = 5 µg/L, 1,1-DCE = 7 µg/L and uranium = 30 µg/L), and for 1,4-dioxane, 
the PRG is the a risk-based value (0.67 µg/L).  Monitoring wells having at least one exceedance 
of the PRG for a given analyte since the start of data collection were selected for analysis.  Time 
series concentrations of the selected analytes in these wells were evaluated using the 
procedure outlined in EPA’s “An Approach for Evaluating the Progress of Natural Attenuation in 
Groundwater” (USEPA, 2011b) to estimate the first-order attenuation rate constant (k) for each 
analyte in each well.  These attenuation rates were used to predict the time (t) required to 
reach the PRG for a given analyte at each well location from the date of the first sample taken 
for the analyte at that location. 

In calculating the attenuation rate constants (k), one half the method detection limit (MDL) was 
used as a conservative concentration estimate for samples in which the concentration of a 
given analyte was below the MDL.12  Locations having fewer than three samples for a given 
analyte were excluded from attenuation rate calculations for that analyte.  The attenuation 
rates for different groups of wells (e.g., bedrock, overburden, on-site and off-site) were 
evaluated by calculating the mean attenuation rate for each analyte.  As shown on the figure 
below, the mean attenuation rates for VOCs and 1,4-dioxane are positive for both bedrock and 
overburden wells located off-property, indicating that concentrations in these wells are 

                                                      
11 As discussed below, the 2012 data for 1,4-dioxane were not included in the analysis due to a change in the 
laboratory analytical method which was biased high relative to the previous method. 
12 For 1,4-dioxane, three analysis results were non-detects with no MDL reported.  In these cases, one half of the 
average MDL for 1,4-dioxane was substituted. 
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generally decreasing.  In on-property bedrock wells, the VOCs are attenuating, while uranium 
and 1,4-dioxane have negative attenuation rates.  PCE has a large negative attenuation rate in 
on-property overburden wells indicating, based on this analysis approach, that PCE 
concentrations are not attenuating on-property. 

Mean First Order Attenuation Rate for On- or Off-Property Wells 

Screened in Overburden (OB) or Bedrock (BR) 

 

To further assess these attenuation rates, the mean, maximum and minimum dates at which 
the PRG is expected to be reached for each analyte were also calculated.  These results are 
presented in Table 5.1.1 and on the figure below.  At some locations and for some analytes, the 
predicted date at which the PRG would be reached was prior to 2013, and thus was excluded 
from this evaluation.  Details concerning the number of wells in a particular category (e.g., off-
property bedrock), the number of wells excluded, and the number of wells included in the 
analysis for a particular COC are presented on Table 5.1.1. 
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Mean Predicted Date to Reach PRGs for On- or Off-Property Wells 
Screened in Overburden (OB) Or Bedrock (BR) 

 

At on-property locations with 1,4-dioxane and PCE above the PRGs, calculated attenuation 
rates are relatively slow and the predicted time to attain PRGs is very long ( >100 years).  
However, considering the reliability of institutional controls to limit exposure to contaminants 
on-site, a MNA remedy for VOCs is still considered viable on-property. 

For off-property locations, the calculated attenuation rates are more favorable.  For VOCs, the 
majority of the off-property locations with past detections above the MCL are predicted to 
reach the MCL in 2020 (Table 5.1.1).  On average, the off-property wells are anticipated to 
reach PRGs for all COCs within the next 30 years.   

The relatively short time frames predicted to reach PRGs for off-property wells suggest that 
MNA may be a very effective remedy for VOCs in off-property groundwater. 

The mean predicted dates to reach PRGs presented in Table 5.1.1 are based on the most likely 
values of first-order attenuation rates calculated using the available data.  To evaluate the 
uncertainty associated with this date, EPA’s “An Approach for Evaluating the Progress of 
Natural Attenuation in Groundwater” (EPA, 2011b) recommends calculating the 90 percent 
lower confidence bound on the attenuation rate.  For a given data set, statistically speaking, 
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there is 90 percent confidence that the real attenuation rate is greater than or equal to this 
value.  The difference between the most likely value and the 90 percent lower confidence 
bound, i.e., the size of the confidence interval, is inversely related to the number of available 
data points.  The relatively small number of data points for PCE in off-property wells results in 
large confidence intervals for the predicted attenuation rates for these compounds.  As a result, 
the 90 percent lower bound attenuation rates are very low and in some cases negative.  
Additional samples to be collected between the RI/FS and RD phases may help to reduce the 
uncertainty associated with these predictions and allow for a more complete evaluation of 
MNA as a viable alternative. 

For all off-property wells, 1,4-dioxane shows the greatest persistence, with an expected date to 
reach PRGs of at least 2034.   Beginning with the 2012 monitoring event, the analytical method 
for 1,4-dioxane was switched from 8270C to 8270 SIM (with isotope dilution) to achieve lower 
detection limits.  This was necessary because MassDEP revised the Drinking Water Guideline for 
1,4-dioxane to 0.3 µg/L from 3.0 µg/L and the site-specific risk-based PRG is 0.67 µg/L.  Both 
methods use the same semi-volatile extraction technique which results in some loss of 1,4-
dioxane (because it is slightly volatile).  The new method (8270 SIM), however, is biased high 
relative to the previous method because it is possible to roughly quantify the mass lost on 
extraction and this mass is added back into the result.  Therefore, the 1,4-dioxane data from 
2012 and 2013, although reliable data, are not consistent with previous data and cannot be 
included in the full data set to estimate attenuation rate constants. 

An initial analysis of the 1,4-dioxane data indicated negative attenuation rates, i.e., increasing 
concentration, in several off-property wells. Overburden wells OW-1 and MW-1 and bedrock 
well MW-BS26 had non-detects for 1,4-dioxane in the spring of 2005 (with detection limits of 
9.5 and 11.6 ug/L, respectively) followed by detections slightly above 20 parts per billion (ppb) 
in the fall of 2005.  The 1,4-dioxane concentration had been steadily decreasing in each of these 
wells since the fall of 2005, but both increased in 2012 and 2013, with concentrations up to 
15.4 ug/L.   

Data from several off-property wells indicate increasing concentrations of 1,4-dioxane.  For 
overburden wells located off-property, three wells show attenuation, while one well (PT-11B1) 
has a negative attenuation rate, indicating that little or no attenuation is taking place.  As 
illustrated on Figure 1.4.4, 1,4-dioxane was detected above the PRG of 0.67 ug/L for the first 
time in August 2013 at monitoring wells on the west side of the Assabet River (PT-09, just on 
the western side, had 14.2 ug/L,  ~360’ further west wells PT-03B1 had 2.16 ug/L and J2-B1 had 
1.16 ug/L).  Production wells for the Acton Water Department are located ~360’ further west 
than the PT-03B1 and J2-B1 locations.    
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5.2 IN-SITU SEQUESTRATION TECHNOLOGY REVIEW 

Research has shown that in-situ uranium sequestration via injected apatite, vanadate-modified 
apatite and ZVI are suitable passive technologies for the DU plume at the Site.  In the following 
sections, the technologies are described in greater detail and the justification for their use is 
provided. 

5.2.1 Descriptions of Recommended Media 

Descriptions of apatite, vanadate-modified apatite, polyphosphate and ZVI are presented 
below. 

5.2.1.1 Apatite 

Metals and radionuclides dissolved in groundwater can be immobilized through abiotic 
precipitation as insoluble phosphate minerals.  This remediation technology has been applied at 
the bench and field scale for the sequestration of metals such as Pb, Cd, Zn, Al, Cu, and U and 
other actinide elements (Bostick et al. 2003; Fuller et al. 2002; Fuller et al. 2003; Krestou and 
Panias 2004; Wellman et al. 2008; Simon et al. 2008).  In general, the concept for this 
technology relies on a continuous release of low levels of phosphate ions from calcium 
phosphate mineral species such as apatite (Bostick et al. 2003).  There are three possible 
reaction mechanisms responsible for the removal of uranium from solution using apatite: 
(1) dissolution of apatite and subsequent precipitation of U(VI)-phosphates such as 
chernikovite, autunite, or Ba-autunite, (2) sorption, and (3) ion exchange (Simon et al. 2008).  
These reactions can occur concomitantly, and will vary depending on the groundwater 
geochemistry.  The solubility products for U(VI)-phosphates such as autunite are extremely low 
(e.g., Ksp= 10-49; Conca 2000).  In fact, in oxidizing, apatite rich environments, it has been 
suggested that the U(VI)-phosphates formed via dissolution-precipitation reactions are stable 
for tens to hundreds of thousands of years (Jerden and Sinha 2003). 

Apatite is readily available via natural and synthetic sources.  Apatite IITM, produced by PIMS 
NW, Inc., is synthesized from fish bones (waste product from the commercial fish industry) and 
is currently the most reactive and cost-effective apatite product available (Wright et al. 2004).  
It is formulated to have high internal porosity, be poorly crystalline (but with sufficient 
nucleation sites for precipitation of metal phosphates), contain minimal trace metals, contain 
minimal fluorine in the hydroxyl position, and be fully carbonated.  In addition, the apatite 
structure is stable over a wide range of pH conditions (2-12), temperature fluctuations (up to 
1,000°C), and timescale (millions of years) (Conca 2000).  These properties result in high 
reactivity and removal efficiency of uranium and other metals from groundwater.  Because 
Apatite II is non-specific for metal adsorption, it is effective at mitigating impacts from multiple 
metal contaminants. 
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Remediation of uranium and other metals in groundwater using apatite has been demonstrated 
at various locations throughout the country; most notably at the 300 Area uranium plume at 
the Hanford Site in Washington.  As discussed in Section 3.1.6.1 and detailed in Appendix J, a 
site-specific pilot study has been conducted, which indicated that Apatite II™ media can 
effectively sequester aqueous uranium from groundwater, leading to the formation of stable 
uranyl phosphate minerals.  Aggressive loading of uranium on the Apatite II™ media during 
active testing resulted in greater than 99% aqueous uranium removal. 

5.2.1.2 Vanadate Modification 

Precipitation is an attractive in-situ stabilization technology due to the low solubility product of 
uranyl phosphates.  However, uranyl vanadates such as carnotite [K2(UO2)2(VO4)2·3H2O] have 
even lower solubility products and thus may be even more favorable for in-situ stabilization 
(Tokunaga, 2009).  The concept of uranium stabilization via uranyl vanadate formation arises 
from the mineralogy of oxidizing uranium ore deposits.  Precipitation and maintenance of 
uranyl vanadates is favorable under circum-neutral pH conditions (5.5-7) (Tokunaga, 2009).  At 
vanadium concentrations typical of groundwater and over a broad pH range, vanadate occurs 
primarily as the oxyanion H2VO4, which is similar to the phosphate ion.  Additions of moderate 
levels of vanadium and potassium at these pH levels may result in the removal of uranium from 
groundwater to concentrations below the MCL via the formation of potassium or calcium 
vanadate minerals (Tokunaga et al. 2009).  Surface modification of apatite minerals with 
vanadate has been synthesized in the laboratory; it is possible to implement in the field, and 
would likely perform better than Apatite II alone (personal communication, A. Quicksall, August 
2012).  A potential issue with using this media, however, is that vanadium can leach into the 
groundwater and become a separate COC, therefore, the bench study evaluated the 
leachability of vanadium into the groundwater to determine if this is occurring.  The bench 
study found that the vanadate modified Apatite II™ may be slightly more efficient and effective 
at sequestering DU, without leaching vanadium from the media.    

5.2.1.3 Polyphosphates 

As discussed in Sections 3.1.6 and 3.2.3, the formation of uranyl phosphates is an effective 
method for sequestering uranium due to the low solubility of phosphate minerals such as 
autunite.  However, the potential exists for the formation of these minerals to occlude pore 
space, thus decreasing the hydraulic conductivity of a ISRZ and reducing its effectiveness 
prematurely.  The formation of phosphate minerals is slower when the source of phosphate is 
polyphosphate (Wellman, 2007).  Soluble long-chain polyphosphate minerals such as sodium 
tripolyphosphate have a slow hydrolysis rate: the longer the phosphate chain, the slower the 
production of the orthophosphate molecule (PO4

3-) needed to precipitate phosphate minerals 
such as autunite (Wellman, 2007).  Thus, the slow kinetics of orthophosphate formation from 
polyphosphates can inhibit the occlusion of the pore space in an ISRZ, effectively increasing its 
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longevity (Wellman, 2007).  The formation of uranyl phosphate minerals through this reaction 
mechanism is highly pH dependent, requiring a pH >6. 

5.2.1.4 Zero Valent Iron 

ZVI is a proven technology for immobilization of metals through reductive precipitation and 
adsorption onto secondary iron corrosion products.  ZVI has been applied widely in applications 
as ISRZs and also as a primary ex-situ treatment mechanism for metals.  Similar to other metals, 
uranium removal occurs primarily by the reduction of U(VI) to U(IV) and the formation of UO2 
precipitates on the surfaces of ZVI particles, and through adsorption onto secondary iron 
precipitates derived from ZVI (Morrison, 2001; Fuller, 2009).  Secondary phase inorganic 
precipitation, formed in response to pH/Eh gradients created by ZVI corrosion chemistry 
increases the initial efficacy of a ZVI ISRZ; however, over the long term these precipitates can 
clog internal pore spaces in the ZVI medium, rendering the ISRZ barrier less effective overall 
(Fuller, 2009; Henderson, 2007).  This mechanism, referred to as passivation, underscores that 
ZVI is most effective for uranium treatment under low fluxes of uranium and other ions; i.e., 
DO, carbonates, nitrate, sulfate (if microbial sulfate reduction is established), silica and certain 
types of dissolved organic carbon (DOC). 

ZVI ISRZs have been installed for the treatment of uranium at a number of locations throughout 
the country.  Examples of locations where ZVI was applied to treat uranium are presented in 
the table below. 

Example Locations with ZVI ISRZs 

Location 
Type and 

thickness of ZVI 
ISRZ Duration 

Initial Uranium 
Concentration* 

Source 

Monticello Mill 
Tailings Site, UT 

Course Peerless 
ZVI, 2 ft thick 
(13% ZVI/87% 
gravel) + 4 ft 

100%ZVI 

<2 yrs (variable 
along ISRZ 
alignment) 

~ 3 mg/L 

Henderson 
and 

Demond 
2007 

Y-12 Plant (Oak 
Ridge, TN 

Course Peerless 
ZVI, 2 ft thick 

<4 (variable 
along ISRZ 
alignment) 

Not available 

Henderson 
and 

Demond 
2007 

Fry Canyon 3 ft thick >4 yrs 
17 mg/L, 

Achieved 99% 
Removal 

EPA, 2000 
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Bodo Canyon, CO 
Peerless -8 + 20 
mesh granular 

ZVI. 
~ 3 years 

Reduction from 
5540 µg/L to 

<6 ug/L 
uranium 

Clu-in.org 

Cotter Uranium 
Mill 

5 ft thick ~ 4 years 
1 mg/L to 

<0.006 mg/L 
DOE, 2005 

Rocky Flats, 
Golden, CO 

ZVI plus 
organics- 

Not available 
0.2 mg/L to 
<0.2 mg/L 

Clu-in.org 

* After ZVI concentration noted when available 

For the isotopically natural uranium plume in bedrock, it is likely that nano-scale ZVI (nZVI) 
would be needed to adequately distribute ZVI in the discretely fractured bedrock.   Prior to 
applying this technology, treatability testing using site groundwater would be conducted to 
evaluate site-specific nZVI performance and the stability of nZVI-sequestered uranium.  Crane 
et. al., 2011, showed in laboratory tests that remobilization of initially sequestered uranium on 
nZVI is possible under some conditions due to incomplete reduction of U(VI) to U(IV), allowing 
release of U(VI) to solution. This was attributed to releases during nZVI corrosion and 
subsequent formation of stable uranyl-carbonate or other aqueous uranium complexes.  
Theoretically this could be overcome by deploying a mass of nZVI significantly in excess of 
estimated requirements or resupplying nZVI within the contaminated zone (Crane and Scott, 
2012).  

Although the use of nZVI for sequestration of uranium in the isotopically natural uranium plume 
in bedrock is possible, most of the previous in-situ remedial applications of nZVI targeted 
unconsolidated lithologies.  A recent review of nZVI applications identified only 7 pilot-scale and 
1 full-scale application of nZVI in bedrock and 50 applications in unconsolidated materials.  
Further, all of the identified nZVI applications were for VOC plumes (Bardos, et. al., 2011).  Due 
to limited previous experience using nZVI for uranium in bedrock, a bench scale test and field-
scale pilot study would be necessary to evaluate both the uranium sequestering ability of nZVI 
in bedrock and hydraulic connections for optimal well spacing design.    

5.2.2 Justification for In-Situ Sequestration 

The justifications for recommending uranium sequestration for the groundwater remedy, based 
on an evaluation of literature and sites’ data applicable to the hydrogeochemical conditions in 
the DU and isotopically natural uranium plumes at theSite, are presented below. 
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5.2.2.1 Phosphate Amendments 

There are multiple justifications for the use and application of apatite relative to other in-situ 
media or ex-situ technologies.  In addition to cost savings (apatite media are less expensive 
than other retained media), the Site offers a geochemically and hydrologically suitable 
environment for this technology.  Where this approach has not been successful as a 
groundwater remedy, such as the Hanford site, it was due to elevated pH (>8), elevated 
bicarbonate (~150 mg/L), and extremely high groundwater velocities (60 ft/day).  In particular, 
elevated alkalinity will inhibit the transformation of sorbed uranium species to stable 
precipitated species such as autunite.  In contrast to the groundwater studies of apatite at 
Hanford, apatite was selected as the mechanism to enhance attenuation of uranium using 
sequestration in the vadose zone, periodically rewetted zone and top of the aquifer in a 
November 2013 Record of Decision for the 300 Area of the Hanford Site (USEPA, 2013). 

Conditions in the DU plume at the Site are appropriate for application of Apatite II given the pH 
range in groundwater (5.0-6.7), average bicarbonate concentrations of 53 mg/L, and 
groundwater flow velocity of 1-2 ft/day (Conca, J. 2012, Wellman, D. 2012).  In the bedrock 
uranium plume, however, geochemical conditions are somewhat less favorable due to elevated 
bicarbonate concentrations, although groundwater pH and estimated groundwater velocities 
are suitable for apatite sequestration.  The most recent data from the bedrock uranium plume 
indicate a pH range of 6.3-7.8 and an average bicarbonate concentration of approximately 140 
mg/L with several locations over 200 mg/L.  The estimated ambient groundwater seepage 
velocity within bedrock fractures is expected to be less than 0.1 ft/d assuming a geometric 
mean hydraulic conductivity within the bedrock uranium plume of 0.1 ft/d, a hydraulic gradient 
of 0.0063 ft/d, and a conservatively estimated effective porosity of 1%. 

Polyphosphate has a slower rate of occlusion than other media and has been demonstrated as 
an effective uranium sequestration method at the bench scale for the Hanford site (Wellman, 
2007).  However, the formation of uranyl phosphates directly from orthophosphate is highly pH 
dependent requiring pH <6, and thus it is not an ideal technology for the Site. 

Selection of Apatite II is also favorable over the application of biologically mediated in-situ 
technologies in that it may be considered technically impracticable to permanently maintain 
reducing conditions in an oxidizing aquifer as would be required for biological stabilization. 
Bioreduction for uranium sequestration requires:  1) continuous geochemical manipulation to 
promote the biological reduction of uranium (VI) to uranium (IV) mineral species and 
2) continuous geochemical monitoring to ensure that conditions persist to support the long-
term stability of the reduced species.  Furthermore, the employment of an in-situ apatite 
fixation strategy does not require ex-situ treatment, and requires minimal operation and 
maintenance costs. 
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Overall, the use of in-situ apatite fixation is advantageous at the Site for the stability of sorbed 
and precipitated phases, ideal pH range, low cost, no need for geochemical alteration in the 
sub-surface, no need for ex-situ treatment, and low operation and maintenance costs.  
However, this technology has not been demonstrated at the field scale for uranium in 
groundwater.  Thus, detailed pilot testing will need to be conducted during the remedial design 
phase to effectively administer this technology. 

5.2.2.2 Zero Valent Iron 

Previous applications in unconsolidated deposits of ZVI for treatment of uranium at Monticello, 
Utah, Fry Canyon, Utah, and the Y-12 Plant in Tennessee demonstrate that the longevity of ZVI 
ISRZs is sometimes reduced by passivating inorganic precipitates forming in response to pH and 
oxidation reduction potential gradients created by ZVI corrosion chemistry (Henderson and 
Demond, 2007; EPA 2000).  These processes result in both a gradual loss of ZVI reactivity 
towards the COCs and potentially a decrease in permeability of the ZVI zone.  These effects are 
proportional to the mass fluxes of relevant constituents, i.e., dissolved oxygen, carbonates, 
nitrate, sulfate (once microbial sulfate reduction is established), silica and certain types of DOC.  
The mass fluxes are a function of the concentration of the relevant constituents and the 
groundwater velocity. 

In the table below, the groundwater velocity and concentrations of the key constituents that 
can impact the longevity of ZVI ISRZs in these types of applications are shown.  The mass fluxes 
of those constituents through a ZVI ISRZ at the Site are expected to be much lower than were 
present at other ZVI ISRZs treating uranium and therefore a ZVI ISRZ at the Site should last 
longer than has been reported in the literature.  Furthermore, use of ZVI as a secondary 
treatment mechanism at the Site, i.e., installation of a ZVI ISRZ downgradient of another type of 
ISRZ, will further increase the longevity of a ZVI ISRZ by reducing the mass flux of U through the 
ISRZ relative to a stand-alone ZVI ISRZ. 

Comparison of Hydro-Geochemical Conditions and ISRZ Design Parameters 
for Two Previous Uranium ZVI ISRZs and the Site. 

Parameter 

Site 

Monticello Mill 
Tailing Site, UTa 

Y-12 Plant, TNb NMI DU Plume 

GW seepage 
velocity (ft/day) 

18.7 7.2 0.8 -1.9 

pH 6.5 6.7 6.5 
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Parameter 

Site 

Monticello Mill 
Tailing Site, UTa 

Y-12 Plant, TNb NMI DU Plume 

Ca (mg/L) 339 190 17.3 

Carb. alkalinity 
(mg/L as CaCO3) 

237 360 53 (HCO3
-) 

Sulfate (mg/L) 1,170 118 16 

Nitrate (mg/L) 92.5 85 4.1 

Uranium (mg/L) 0.5 1.0 
<0.1 

At distal end of plume 

Type of ZVI 
Coarse - Peerless 

(8/20 US Mesh) 

Coarse - Peerless 

(4/25 US Mesh) 

• Medium (30/70 US Mesh-
VHFc) or Micro ZVI (<100 

m- DPTd) 

• To be finalized during 
remedial design 

ZVI thickness (ft) 

2 ft (13%ZVI/87% 
gravel) + 

4 ft 100% ZVI 

2 ft 

• 20 ft (1%vol ZVI to soil 
(DPT), 0.5 (VHF) 

• To be finalized during 
remedial design 

Effective 
performance  (yrs) 

<2 (variable along 
ISRZ alignment) 

<4 (variable along 
ISRZ alignment) 

To Be Determined 

a data from Henderson and Demond, 2007 and Liang et al., 2005 
b data from Henderson and Demond, 2007 and Morrison et al., 2001 
c VHF = Vertical Hydrofracturing 
d DPT = Direct Push Technology 

5.3 ADDITIONAL HYDRAULIC CONDUCTIVITY TESTING FOR ESTIMATING HYDRAULIC 

CONTAINMENT EXTRACTION RATES 

Although numerous hydraulic conductivity tests were performed during the RI, additional tests 
were performed in October 2012 to collect hydraulic conductivity data in the bedrock to 
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estimate extraction rates for groundwater treatment scenarios.  Manual slug tests with 
recording pressure transducers to measure water levels were performed at MW-BS28 to collect 
data for the distal end of the uranium plume in bedrock.  Similar tests were conducted in MW-
BS15 and MW-BS31 located at the distal end of the 1,4-dioxane plume in bedrock.  Data from 
these tests were analyzed using the Aqtesolv™ (version 4.50.002) aquifer test analysis software.  
The estimated hydraulic conductivity based on the slug test data at MW-BS28 was 4.8 ft/d, at 
MW-BS15 was 0.03 ft/d and at MW-BS31 was 0.4 ft/d.  Curve matches from the analysis are 
presented in Appendix F. 

5.4 GROUNDWATER MODELING SIMULATIONS 

5.4.1 Isolating Residual DU Beneath the Holding Basin 

As part of the RI, a three-dimensional numerical flow and transport model was created to 
assess DU migration in the overburden groundwater downgradient of the Holding Basin.  The 
model report was presented in Appendix F of the RI Report (de maximis, 2014). 

After calibrating the numerical flow model (MODFLOW), initial geochemical conditions were 
estimated using a combination of site data and equilibrium geochemical modeling using 
PHREEQC.  Aqueous species transport was simulated using PHT3D, a numerical model which 
combines the equilibrium geochemistry model of PHREEQC with the transport model MT3DMS.  
The model was successfully calibrated to current site conditions and used to simulate DU 
migration under current conditions (essentially a no action scenario) out to 300 years.  Results 
suggested that it will take slightly longer than 100 years for DU concentrations greater than 30 
µg/L to migrate beyond the site boundary and more than 300 years to migrate to the Assabet 
River.  The conclusion of the modeling effort was that without source control, concentrations of 
DU above the MCL would migrate off-site and ultimately to the Assabet River. 

For purposes of the FS, the residual source of DU beneath the Holding Basin was removed from 
the model domain and the model was rerun out to 100 and 300 years to evaluate the effects of 
DU source control on the DU plume.  Source isolation was simulated by changing the constant 
concentration cells in the Holding Basin area to the upgradient/initial condition composition.  
Although instantaneous and complete DU removal is a simplifying assumption, it is appropriate 
within the context of the time scales used in these simulations. 

Simulation results indicate that the aqueous phase DU plume will become smaller and detach 
from the Holding Basin source.  For the 100-year simulation, the 3 µg/L contour travels 
approximately the same distance as it did in the no action scenario; however, the migration 
distance of the 30 µg/L contour is limited to approximately 690 feet downgradient of the 
Holding Basin, which is about 230 feet from the site boundary and Route 62.  Results of this 
simulation are presented in Appendix G. 
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For the 300-year simulation, the DU plume continues to attenuate.  The extent of the 30 µg/L 
contour recedes to within 400 feet from the Holding Basin as a result of additional mass 
transfer from the aqueous to the sorbed phase from year 100 to year 300.  The extent of DU 
exceeding 3 µg/L migrates from just beyond Route 62 to approximately the Assabet River over 
this period.  Results of this simulation are presented in Appendix G. 

Conclusions of this additional modeling effort indicate that with source control, concentrations 
of DU above the MCL would not migrate off-site and would never reach the Assabet River. 

5.5 ALTERNATIVE DEVELOPMENT AND SCREENING OF ALTERNATIVES FOR GROUNDWATER 

BY MEDIA AND PLUME 

General response actions, technology types, and technology process options retained from 
Section 3 are combined in this section to develop remedial alternatives for the DU plume in 
overburden (DU alternatives), the VOC and 1,4-dioxane plumes in overburden and bedrock 
(VOC alternatives), and the uranium plume in bedrock (UROCK alternatives).  This is followed by 
a detailed analysis, using the evaluation criteria, of each alternative.  In discussing the 
groundwater alternatives, reference is made to the remedy for the soils below the water table, 
since these soils are a source of DU to groundwater.13 

The compilation of retained technologies into remedial alternatives considers the ability to 
meet RAOs for each of the three separate groundwater plume categories: 

• DU in overburden; 
• VOCs and 1,4-dioxane in overburden and bedrock; and 
• Uranium in bedrock. 

Each of these plume categories has different characteristics with respect to depth, on- and off-
site presence, migration potential, longevity, and risk.  The estimated plume areas, volumes, 
and masses of contaminants in each plume are presented in Table 2.5.1 and discussed in 
Section 2.5.3.  The DU plume is limited in its current extent, has a well-characterized source 
zone with high source concentrations, is contained within the overburden, and if no action is 
taken, will persist at concentrations above acceptable drinking water levels and migrate off-site.  
The VOC and 1,4-dioxane plumes are characterized by low contaminant concentrations that are 
shallow on-property and deep off-property, are widespread and sometimes discontinuous, do 
not have clearly identified source areas, and already have migrated off-property.  The uranium 
plume in bedrock is deep, the bedrock has low permeability, and the plume appears to be at 
steady-state with little potential for off-property migration above the MCL.  Thus, remedial 

                                                      
13 Although aspects of the soils remedy are mentioned here, the remedial costs for uranium-impacted saturated 
soils are accounted for completely within the remedial alternatives for soils remedy. 
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alternatives for each of the three plume categories will consider in different ways:  (1) source 
control; (2) management of migration; and (3) restoration of the plume areas. 

Due to the expected longevity of the DU plume, the known source, and modeling that shows 
the ability of source isolation to limit off-site migration, source control was considered in the 
development of alternatives for the DU plume.  Additionally, because the plume is wholly 
within the overburden, in-situ remediation for DU in groundwater was retained as an 
alternative because in-situ technologies can be passive remedies likely to be effective with low 
long-term costs.  The more commonly implemented remedy of ex-situ treatment was also 
retained as an alternative for DU. 

Because no source is known for VOCs and 1,4-dioxane, a source control process option was not 
considered a viable remedy component.  Because the VOC and 1,4-dioxane plumes are 
widespread and discontinuous in some areas, and the aquifer is aerobic, in-situ bioremediation 
was not retained, nor were other in-situ remedies including in-situ oxidation.  Further 
complicating the VOC and 1,4-dioxane evaluation is the fact that the VOC and 1,4-dioxane 
plumes are in both deep overburden and bedrock.  However, the plumes are more than 30 
years old and there is some evidence of ongoing natural attenuation for VOCs.  Thus, MNA was 
retained for VOCs and ex-situ treatment was retained for both VOCs and 1,4-dioxane. 

No source for uranium in bedrock is known, and thus a source control process option for 
uranium in bedrock was not retained.  Because the plume is well delineated and currently at 
steady state, the no-action alternative (with annual monitoring) may be a viable option.  An ex-
situ treatment alternative was also retained for detailed evaluation.  The in-situ process options 
retained for DU in overburden were also considered for the bedrock uranium although low 
permeability and discretely fractured bedrock could make adequate distribution of 
amendments difficult. 

The No Action alternatives include only annual site inspections, five-year reviews and continued 
annual monitoring.  All other remedies include institutional controls in the form of deed 
restrictions to prohibit the future use of groundwater as a source of drinking water. 

Table 5.6.1 lists the technology process options retained for each plume category, and Table 
5.6.2 shows how the technologies retained were assembled into remedial alternatives.  
Remedial alternatives retained for detailed analysis include: 

DU (overburden): 

• DU-1 No Action 
• DU-2 Source Isolation (Holding Basin Cap and Vertical Barrier) with Ex-Situ Treatment 
• DU-3 Source Isolation (Holding Basin Cap and Vertical Barrier) with In-Situ Treatment 

VOCs and 1,4-dioxane (overburden and bedrock): 
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• VOC-1 No Action 
• VOC-2 Ex-Situ Treatment 
• VOC-3 Monitored Natural Attenuation 

Uranium (bedrock): 

• UROCK-1 No Action 
• UROCK-2 Ex-Situ Treatment 
• UROCK-3 In-Situ Treatment 

 
With respect to vapor intrusion (VI), only one off-property building indicates the potential need 
for a VI remedy, and that VI remedy has already been implemented.  Additional vapor control 
actions may only be needed if buildings are constructed within the areas identified on Figure 
1.4.6, and if the results of future soil-gas studies indicate that there is unacceptable risk to 
indoor air in such future buildings.   The active VOC alternatives each incorporate groundwater 
monitoring, which will be used to evaluate the potential VI risk at the time construction is 
contemplated, and in the area of construction.  If VI risks are identified, then appropriate 
mitigation measures will be integrated into that future construction. 

The following subsections present the detailed analyses of all alternatives.  Costs for each of 
these alternatives are not presented in these tables.  After presentation of each of the 
media/plume/VI specific alternatives, four separate site-wide groundwater alternatives, 
including costs for each, are presented in Section 6.   

5.5.1 DEPLETED URANIUM ALTERNATIVES 

The following sections present the detailed analyses of each DU alternative.  Each alternative 
assumes that an active remedial alternative is selected to provide source control of the Holding 
Basin footprint. 

5.5.1.1 DU-1 – No Action 

Under the No Action alternative, no additional actions would be taken to address DU in 
overburden groundwater.  Five-year reviews will be performed as part of this alternative.  The 
No Action alternative serves as a baseline for comparing the effectiveness of other remedial 
alternatives for DU in overburden groundwater.  This alternative provides no additional 
protection to human health or the environment and is not expected to achieve chemical-
specific ARARs.  Groundwater concentrations likely will continue to exceed ARARs for hundreds 
of years, so this alternative is not expected to be effective for achieving RAOs over either the 
short or long term.  This alternative provides no reduction in the toxicity, mobility, or volume of 
DU present in overburden groundwater.  Since this alternative does not involve any 
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construction or operations, it is readily implementable and could be implemented for minimal 
cost. 

5.5.1.2 DU-2 – Ex-situ Treatment 

The alternative (DU-2) for DU in overburden groundwater includes:  (1) groundwater extraction 
from an overburden extraction well and ex-situ treatment of extracted groundwater; and 
(2) implementation of institutional controls to prohibit future use of impacted groundwater.  
Figure 5.6.1 shows the conceptual design of this remedial alternative including the extraction 
well location and estimated extraction capture zones.  It is estimated that one groundwater 
extraction well pumping at approximately 15 gpm could contain the depleted uranium plume.  
Groundwater elevations and groundwater quality would be monitored to ensure that the 
capture zone of the extraction system adequately contains DU concentrations exceeding the 
MCL from migrating and to understand concentration trends within the DU plume over time.  
System influent and effluent concentrations would be monitored to evaluate the extraction 
system effectiveness and to ensure compliance with permits to discharge the treated 
groundwater (likely to a nearby surface water body).  It is assumed that the system would 
operate for approximately 30 years and monitoring would occur out to 200 years to meet NRC 
ARARs.  A summary of hydraulic parameter data used to estimate the groundwater extraction 
rate is presented in Table 5.6.3.   

Alternative DU-2 protects human health by restricting use of impacted groundwater on-
property (with institutional controls), and by stopping the potential for off-property migration 
of DU-impacted groundwater (with ex-situ treatment).  Ex-situ treatment is expected to achieve 
chemical-specific ARARs in off-property areas.  Installation of the Holding Basin source control 
will result in reduced on-property DU concentrations over time.  This alternative will be 
designed and monitored to ensure compliance with action-specific ARARs, such as a discharge 
permit for treated groundwater.  While it may take a long time to achieve chemical-specific 
ARARs, the RAOs of preventing human exposure and limiting off-property migration of DU will 
be achieved over a much shorter time frame, so the residual risk to human receptors is low, and 
the implementation of the remedy is not expected to cause any short-term increase in 
incremental risk associated with the Site.  The DU-2 alternative will reduce the mobility of DU in 
overburden groundwater and also will reduce the volume of DU present on the property 
through very long-term treatment of extracted groundwater.  The costs associated with this 
alternative are expected to be high. 

5.5.1.3 DU-3 – In-Situ Treatment 

The source isolation with in-situ treatment alternative (DU-3) includes:  (1)   in-situ treatment 
(sequestration) of DU using apatite and ZVI ISRZs and (2) implementation of institutional 
controls to prohibit future use of impacted groundwater.  As described in Sections 5.2 and 5.3, 
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the in-situ ISRZ technology using apatite is based on an evaluation of existing literature and site 
data, a site specific pilot study discussed in Appendix J, and the applicability of this technology 
to the hydrogeochemical conditions in the DU plume.  The ISRZs used in this alternative would 
be passive and would not require in-situ redox control of the aerobic groundwater.  Pilot testing 
would be conducted to identify appropriate injection methods, media and well spacing for 
remedial design; however, it is anticipated that this remedy will include either three separate 
apatite ISRZs or two apatite ISRZs followed by a ZVI ISRZ at the distal end of the DU plume.  
These designs are referred to as DU-3A and DU-3B.  Figures 5.6.2a and 5.6.2b show conceptual 
designs of these two options which would both include installation of additional monitoring 
wells.  The estimated cost for DU-3B is ~13% higher than for DU-3A.  As the best approach will 
not be known until remedial design, the remainder of this analysis considers and uses the 
higher DU-3B cost, so that a single alternative can be carried forward.  Groundwater elevation, 
water quality and geochemistry would be monitored to evaluate remedy performance.  
Collection of soils from within the plume would be used to evaluate the type and distribution of 
uranium sequestration (sorbed or precipitated; see Section 5.2).  It is assumed that 
groundwater monitoring would occur out to at least 200 years to meet NRC ARARs.   

Alternative DU-3 protects human health by restricting use of impacted groundwater on-
property (with institutional controls) and by stopping the off-property migration of DU-
impacted groundwater (with in-situ treatment).  In-situ treatment will reduce on-property DU 
concentrations, and chemical-specific ARARs are expected to be achieved in the area of in-situ 
treatment.  This alternative would be designed to comply with location- and action-specific 
ARARs, and is expected to be effective over both the short- and long-term.  In-situ treatment 
and source control will reduce the mobility of DU as well as the volume of DU present in 
overburden groundwater by sequestering DU in ISRZs.  Installation of ISRZs from 40 to 80 feet 
bgs could be challenging, and this remedial alternative is expected to be more difficult to 
implement than other remedial alternatives under consideration.  The costs associated with 
this alternative are expected to be moderate. 

5.5.2 VOC ALTERNATIVES 

The following sections present the detailed analysis of each VOC alternative (each of which 
addresses VOCs and 1,4 dioxane). 

5.5.2.1 VOC-1 No Action 

Under the No Action alternative, no additional actions would be taken to address VOCs and 1,4-
dioxane in groundwater.  Five-year reviews will be performed as part of this alternative.  The 
No Action alternative is a baseline for comparing the effectiveness of other remedial 
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alternatives developed for VOCs and 1,4-dioxane.  This alternative provides no additional 
protection to human health.14  Even though this alternative does not include any remedial 
activities, it is expected that chemical-specific ARARs for VOCs will be achieved within a few 
decades because there are no continuing sources of VOCs at the Site.  While this alternative can 
meet cleanup levels off-property, it will not meet them on-property in less than 30 years, based 
on the estimated attenuation rate constants.  Natural attenuation will continue under this 
alternative and will provide some reduction in the toxicity and volume of VOCs present in 
groundwater; however, this alternative is not expected to reduce the mobility of these 
constituents.  Since this alternative does not involve any construction or operations, it is readily 
implementable and could be implemented at minimal cost. 

5.5.2.2 VOC-2 Ex-situ Treatment 

The alternative (VOC-2) for VOCs and 1,4-dioxane includes:  (1) groundwater extraction from 
one deep overburden extraction well and two bedrock extraction wells, with ex-situ treatment 
of extracted groundwater; (2) periodic monitoring to evaluate natural attenuation processes; 
and (3) implementation of institutional controls to prohibit future use of on- and off-property 
impacted groundwater as a drinking water source.  Figure 5.6.3 shows the conceptual design of 
this remedial alternative including extraction well locations and extraction capture zones.  The 
extraction wells are located off-property, north of Main Street, to capture deep overburden and 
bedrock groundwater containing TCE, nitrate and 1,4-dioxane before they discharge to the 
Assabet River or migrate under the river toward the Assabet Wellfields.  The estimated 
extraction rate for the overburden extraction well is approximately 6 gpm, and for each of the 
bedrock extraction wells is less than 0.1 gpm.  A summary of hydraulic parameter data used to 
estimate the groundwater extraction rates is presented in Table 5.6.12.  The very low 
extraction rates for the bedrock wells are due to the low hydraulic conductivity and hydraulic 
gradient in the bedrock in this area.  An extraction system in bedrock would not be able to 
pump continuously and would need to be batch pumped.  However, as indicated on Table 
3.2.1, an in-situ method for treating either nitrate or 1,4-dioxane in bedrock is not feasible, so 
ex-situ treatment was retained as an active remedial alternative. 

Groundwater elevation and groundwater quality would be monitored to evaluate the 
performance of the treatment system, and influent and effluent concentrations would be 
monitored to comply with substantive equivalency permits needed to discharge the treated 
groundwater (likely to a nearby surface water body).   

Alternative VOC-2 protects human health by restricting use of impacted groundwater on- and 
off-property (with institutional controls) and by stopping VOC and 1,4-dioxane impacted 

                                                      
14 VOCs, nitrate and 1,4-dioxane have not been identified as posing a risk to the environment. 
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groundwater (with ex-situ treatment) from further migrating beneath the Assabet River toward 
the Assabet Wellfields.  Because historic sources of VOCs are unknown and concentrations are 
declining off-property, chemical-specific ARARs are expected to be achieved off-property under 
this alternative and may be achieved over a relatively short time period (i.e., less than 30 years, 
based on the MNA analysis); accordingly, this alternative is expected to be effective over both 
the short- and long-term for VOCs but not for 1,4 dioxane.  This alternative would be designed 
and monitored to ensure compliance with action-specific ARARs, such as a substantive 
equivalence discharge permit for treated groundwater. 

The VOC-2 alternative will reduce the mobility of VOCs and 1,4-dioxane and will reduce the 
volume of these contaminants present at the Site through long-term treatment of extracted 
groundwater.  Ongoing in-situ natural attenuation processes and ex-situ groundwater 
treatment processes both will provide irreversible treatment of these chemicals.  The 
components of this alternative are common components of groundwater remedial systems 
and, therefore, are expected to be straightforward to implement.  Off-property extraction wells 
will require negotiation of property access agreements with the property owners to construct 
and operate.  While alternative VOC-2 is technically implementable, the costs associated with 
this alternative are expected to be relatively high.   

5.5.2.3 VOC-3 Monitored Natural Attenuation 

The MNA alternative (VOC-3) for VOCs includes:  (1) periodic monitoring to further evaluate 
natural attenuation processes; and (2) implementation of institutional controls to prohibit 
future use of impacted groundwater.  Groundwater quality would be monitored to evaluate the 
performance of the remedial alternative.   

Alternative VOC-3 protects human health by restricting the use of impacted groundwater on- 
and off-property (with institutional controls).  Because historic sources of VOCs are unknown 
and concentrations are already relatively low, chemical-specific ARARs are expected to be 
achieved under this alternative.  While higher than the no action alternative, the relative costs 
of this alternative are expected to be low because initial capital costs and ongoing O&M costs 
are low.  Although groundwater monitoring (which would include evaluation of natural 
attenuation processes) would be conducted with any of the active remedial alternatives in 
Section 6, this MNA alternative would not address the 1,4 dioxane in overburden and bedrock 
groundwater, and therefore MNA is not retained as an alternative for detailed analysis in 
Section 6.   
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5.5.3 URANIUM IN BEDROCK ALTERNATIVES 

The following subsections summarize the detailed analysis of each alternative to address 
uranium in bedrock. 

5.5.3.1 UROCK-1 No Action 

Under the No Action alternative, no additional actions would be taken to address uranium in 
bedrock groundwater.  Annual site inspections and five-year reviews would be performed as 
part of this alternative.  The No Action alternative is a baseline for comparing the effectiveness 
of other remedial alternatives for uranium in bedrock groundwater.  Remedial alternative  

Due to the natural isotopic signature of the uranium in bedrock, it appears to be geologically 
derived, though it may be related in some way to past activities at the facility; however, the 
potential release mechanism(s), if any, are unknown.  Evaluation of attenuation rates for the 
uranium in bedrock indicates that six of the eight bedrock wells in the uranium plume have 
negative attenuation rates, indicating that little or no attenuation is occurring and the time to 
meet MCLs will be very long.  However, based on historical concentration trends, the uranium 
plume in bedrock appears to be at or near steady state conditions. 

Without a known source, and given the steady state conditions of the plume and the likelihood 
that the uranium is geologically-derived, it is unlikely that chemical-specific ARARs will be met 
in a reasonable timeframe with no action.  The volume of uranium-impacted groundwater may 
reduce naturally over time; however, because the uranium appears to be geologically-derived, 
these natural attenuation processes may be reversible if the groundwater geochemistry 
changes significantly in the future. 

Ecological protection was not considered in the evaluation because uranium in bedrock 
groundwater does not pose a risk to the environment.  Uranium concentrations in bedrock 
groundwater likely will continue to exceed ARARs for hundreds of years, so this alternative is 
not expected to be effective for achieving RAOs over either the short- or long-term.  This 
alternative provides no reduction in the toxicity, mobility, or volume of uranium present in 
bedrock groundwater.  Since this alternative does not involve any construction or operations, it 
is readily implementable and could be implemented for minimal cost. 

5.5.3.2 UROCK-2 Ex-situ Treatment 

The alternative (UROCK-2) for uranium in bedrock groundwater includes:  (1) implementation 
of institutional controls to prohibit future use of impacted groundwater as a source of drinking 
water; (2) groundwater extraction from a shallow bedrock extraction well and ex-situ treatment 
of extracted groundwater to remove uranium; and (3) groundwater monitoring.  Figure 5.6.4 
shows the conceptual design of this remedial alternative including the extraction well location 
and extraction capture zone.  Groundwater elevations and groundwater quality would be 
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monitored to ensure that the capture zone of the extraction system adequately contains 
uranium concentrations exceeding the MCL from migrating.  RI data, however, indicates that 
the uranium plume above MCLs in bedrock appears to be stable, does not extend off-property.  
As a result, there are not significant concerns associated with off-property migration. 

The estimated extraction rate for the bedrock extraction well is approximately 1.5 gpm.  This is 
a higher extraction rate than for the VOC-2 alternative due to the fact that the on-property 
hydraulic conductivity values are much higher than the well locations needed for the VOC-2 
alternative.  A summary of hydraulic parameter data used to estimate the groundwater 
extraction rate is presented in Table 5.6.3.  System influent and effluent concentrations would 
be monitored to evaluate the extraction system effectiveness and to ensure compliance with 
permits to discharge the treated groundwater (likely to a nearby surface water body).  It is 
assumed that the system would operate for approximately 30 years and monitoring would 
occur for a minimum of 200 years to meet NRC ARARs.   

Alternative UROCK-2 protects human health by restricting use of impacted groundwater on-
property (with institutional controls), and by stopping the off-property migration of uranium-
impacted bedrock groundwater (with ex-situ treatment).  Ex-situ treatment is expected to 
maintain chemical-specific ARARs in off-property areas; however, groundwater concentrations 
on-property likely will continue to exceed ARARs for many years.  This alternative would be 
designed and monitored to ensure compliance with action-specific ARARs, such as a discharge 
permit for treated groundwater.  While this alternative is not expected to achieve chemical-
specific ARARs over either the short- or the long-term, this alternative will achieve the RAOs of 
preventing human exposure and limiting off-site migration of uranium in bedrock (although 
monitoring data to date indicate that uranium in bedrock groundwater above MCLs is not 
migrating off-site even without a remedy in place).  Even though the short-term residual risk to 
human receptors is low, and the implementation of the remedy is not expected to cause any 
short-term increase in the incremental risk associated with the Site, the RAO of restoring 
groundwater to its beneficial use would not be met.  The UROCK-2 alternative may reduce the 
mobility of uranium in bedrock groundwater.  It will reduce the volume of uranium present at 
the Site through treatment of extracted groundwater.  The components of this alternative are 
common components of groundwater remedial systems and, therefore, are expected to be 
straightforward to implement once the specifics of groundwater discharge and off-site disposal 
are determined.  While alternative UROCK-2 is readily implementable, the costs associated with 
this alternative are expected to be relatively high for limited, if any, incremental benefit. 

5.5.3.3 UROCK-3 In-Situ Treatment 

The in-situ treatment alternative (UROCK-3) for uranium in bedrock groundwater includes:  
(1) implementation of institutional controls to prohibit future use of impacted groundwater as a 
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source of drinking water; (2) in-situ treatment (sequestration) of uranium by creating ISRZs 
amended with apatite and/or nZVI, or via bioremediation; and (3) groundwater monitoring. 

The depth of bedrock with uranium concentrations greater than the MCL has not been 
delineated at the MW-BM03, MW-BS02, MW-BS28 and GZW-10-2 locations (Figures 1.4.5 and 
1.7.3)15.  Prior to designing an injection program for in situ uranium sequestration, additional 
investigations would be completed in order to delineate the extent of the uranium plume with 
depth and evaluate hydraulic connectivity between the bedrock wells.  To design an effective 
remedy, additional hydrogeological characterization would be completed in a Pre-Design 
Investigation.  Characterization activities would likely include bedrock drilling, rock coring, 
borehole geophysics, monitoring well installations and multi-well pump testing to identify and 
understand hydraulic connections within the bedrock.  Further, each of the proposed ISRZ 
amendments would require bench and pilot testing to understand the degree of uranium 
sequestration possible given the bedrock mineralogy and groundwater geochemistry.  The 
ISRZs proposed in this alternative are intended to be passive remedies, but would likely require 
some temporary hydraulic manipulation (e.g., groundwater recirculation) to distribute 
amendments during or immediately following injection periods. 

Bulk geochemical characterization would include the identification of major U-bearing minerals 
in the bedrock, an evaluation of fracture mineralogy and fracture fluid geochemistry, and a 
microbial community assessment.  Continuous monitoring of bedrock groundwater pH, 
dissolved oxygen (DO) and oxidation reduction potential (ORP) would be needed to establish 
the spatial and temporal variability of geochemical conditions that could affect the efficacy of 
the remedy. 

Several in-situ technologies considered for remediation of overburden groundwater have been 
retained for the bedrock remedy including apatite and ZVI ISRZs.  Bench-scale testing would be 
used to evaluate the efficacy these media, as well as biologically driven reduction under the 
dominant groundwater geochemical conditions. 

As described in Section 5.2, the recommended ISRZ technology using apatite is based on an 
evaluation of existing literature, other site data, and applicability of this technology to the 
hydrogeochemical conditions in the overburden groundwater.  A description of apatite and its 
associated mechanism of uranium sequestration is provided in Section 5.2.1.1.  The bedrock 
matrix is significantly different than the overburden stratified drift in terms of mineralogy and 
surface area reactivity, and the efficacy of apatite in bedrock is less well known.  Also, samples 

                                                      
15 Although the depth of uranium greater than the MCL has not been fully delineated with depth in bedrock, eight 
years of sampling data has indicated that the plume concentrations are at steady-state and concentrations of 
uranium greater than the MCL are apparently not migrating off-site.  
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from bedrock wells with elevated uranium concentrations also have arsenic detections above 
the MCL of 10 µg/L; arsenic detections range from < 1 to 59.5 µg/L.  Bench-scale tests would 
resolve the potential impacts on other COCs arising from the interaction of injected media with 
bedrock.  For example, phosphate is known to displace arsenic adsorbed to geologic material, 
so potential arsenic releases associated with apatite injection would need to be evaluated.   

The mechanisms of U sequestration using ZVI are discussed in Section 5.2.1.4.  A ZVI ISRZ in 
bedrock would likely require the use of nZVI or colloidal scale ZVI (as opposed to micro-scale) to 
facilitate distribution in bedrock fractures.  Most of the in-situ remedial applications of nZVI in 
the field have targeted unconsolidated lithologies.  For instance, a recent technology review 
lists only seven pilot-scale and one full-scale applications of ZVI in bedrock and 50 applications 
in unconsolidated materials Further, all the applications of nZVI in bedrock were for VOC 
plumes (Bardos, et. Al., 2011). 

Bioremediation was not retained as a treatment technology for the oxidizing overburden 
aquifer, because implementation would require perpetual manipulation and monitoring of the 
groundwater redox state.  During bioremediation of U contaminated groundwater, an electron 
donor such as lactate, acetate or emulsified vegetable oil is injected into the subsurface to 
promote microbial reduction of soluble U(VI) to less soluble U(IV).  Bedrock groundwater in 
areas where uranium impacts are observed has a different geochemical signature than the 
overburden.  As shown in Table 4.13.13 of the RI, bedrock groundwater within the uranium 
plume is more anaerobic than the overburden. The lower DO of bedrock groundwater (DO=0.2-
0.5 mg/L) creates a more favorable environment for bioremediation.  The injection of an 
electron donor to stimulate uranium biosequestration would also impact the redox state of 
groundwater, so changes to arsenic or other COC mobility arising from shifts in redox 
conditions would also be evaluated during bench scale testing. 

Due to limited previous experience injecting amendments for uranium sequestration in bedrock 
applications, a field-scale pilot will be necessary to assess appropriate well spacing needed for 
adequate amendment distribution to provide a continuous treatment zone.  A pilot test would 
be implemented to identify appropriate injection methods and likely include one to two 
injection wells (depending on results of hydraulic testing) and several observation wells 
monitored for amendment presence and geochemical changes during injections. It is likely that 
this alternative would include more injection rounds at a limited number of injection points 
compared to the ISRZs in overburden.  The limited number of injection points in bedrock is due 
to the more difficult nature of installing deep open bedrock boreholes, the anticipated 
presence of a limited discrete fracture network in low porosity bedrock, and the likelihood of 
needing temporary pumping to distribute amendments in bedrock. 
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For costing purposes we have assumed the following tasks to implement an injection remedy 
(involving nZVI, apatite, or biosequestration amendments): 

• Pre-Design Investigation 

o Installation of new monitoring wells to a maximum depth of 200 ft at five locations, 
with two bedrock screens installed at each location for delineation of uranium 
greater than the MCL in bedrock; 

o Groundwater monitoring and hydraulic testing using these wells to assess yields and 
uranium distribution; 

o Bench scale testing using site bedrock groundwater for nZVI, apatite or 
biosequestration evaluation; 

o Installation of up to two open bedrock injection wells for pilot testing of 
groundwater injection and/or recirculation; and 

o Injection pilot testing to design well spacings and locations. 

• Remedial Design 

• Remedial Action 

o Installation of a full-scale well network consisting of up to six16 additional injection 
wells for amendment injection; 

o Up to six rounds of amendment injection over a two to four year period; and 

o Long-term monitoring geochemical parameters and uranium concentration at an 
increasingly reduced frequency to evaluate remedy effectiveness. 

Figure 5.6.5 shows a conceptual design of this option, with preliminary locations for additional 
monitoring and injection wells.   Long-term monitoring would include groundwater elevation 
and water quality monitoring to evaluate remedy performance.  It is assumed that groundwater 
monitoring would occur for a minimum of 200 years to meet NRC ARARs.   

Alternative UROCK-3 protects human health by restricting use of impacted groundwater on-
property (with institutional controls) and by stopping the off-property migration of uranium-
impacted groundwater (with in-situ treatment).  This alternative would be designed to comply 
                                                      
16Six wells is assumed for costing purposes; however, the actual number of wells needed could vary significantly 
depending on the results of hydraulic testing during pre-design. 
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with location- and action-specific ARARs, and is expected to be effective over both the short- 
and long-term.  In-situ treatment may reduce the mobility of uranium as well as the volume of 
uranium present in bedrock groundwater by sequestering uranium in ISRZs.  Installation of 
ISRZs at up to 200 feet bgs could be challenging.  The costs associated with this alternative are 
expected to be moderate. 

5.6 GREEN REMEDIATION ANALYSIS 

As presented in Section 4.4, EPA's Superfund Green Remediation Strategy (USEPA, 2010) 
sets out the current plans of the Superfund Remedial Program to reduce the demand placed on 
the environment during cleanup actions and to conserve natural resources.  Details of this 
strategy are presented in Section 4.4.  The sections below present the green remediation 
analysis for each of the groundwater remedial alternatives. 

5.6.1 Remedial Alternative:  DU-1 (No Action) 

• Energy:  Minimal energy is required for this alternative as no active treatment system will 
be employed.  Annual inspections and annual groundwater monitoring will require the use 
of routine vehicles for transportation to and from the Site.  Where possible, battery-
powered peristaltic pumps can be used for sampling to reduce fuel consumption of a 
portable generator. 

• Air and Atmosphere:  Only minimal air emissions from routine vehicle use during 
monitoring periods will generate greenhouse gases (GHGs). 

• Water:  Negligible volumes of groundwater from sampling will be the only required use of 
site water.  No water will be consumed for construction, treatment, or restoration 
processes. 

• Land and ecosystems:  No additional land resources are required for this remedial 
alternative. 

• Materials and waste:  No further materials are required for this alternative.  Existing site 
infrastructure and monitoring wells are sufficient. 

5.6.2 Remedial Alternative:  DU-2 (Ex-Situ Treatment) 

• Energy:  Fuel consumption will be required for ex-situ treatment system construction, 
associated monitoring wells, and routine vehicle use.  Electrical energy will be required to 
power an on-site pumping well to hydraulically control the DU plume.  Additional electrical 
energy is required to power internal pumps for the treatment and subsequent discharge of 
treated water into a nearby surface water body.  However, discharge of treated waters into 
a nearby surface water body reduces the need for off-site disposal of the treated water and 
associated transportation fuel. 
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• Air and Atmosphere:  Only minimal air emissions from routine vehicle use during 
monitoring periods will generate GHGs.  Other emissions will come from the drilling rig used 
to install the extraction well and construction equipment used to build the treatment 
system. 

• Water:  Continuous groundwater extraction is required to hydraulically control the DU 
plume.  Although no external water is intended to be used to install the extraction well, the 
well will be used to extract groundwater that will not be returned to the subsurface.  
Extracted groundwater will be treated with an ex-situ ion exchange system before being 
discharge to a nearby surface water body. 

• Land and ecosystems:  Minimal site disturbance is needed for the installation of the 
extraction well.  Some disturbance is needed to construct the ex-situ treatment system 
although upon completion the areas surrounding the system building will be restored.  All 
generated waste waters will be treated and discharged to a nearby surface water body.  
Discharge into a nearby surface water body avoids creating on-site containment structures 
for the treated water and reduces vehicle traffic for off-site disposal. 

• Materials and waste:  This alternative requires materials needed for the implementation of 
the extraction wells and construction of the ex-situ treatment facility.  Waste generation is 
limited to the production of ion exchange resins that must be disposed of off-site.  Water 
extracted from the well for tasks such as well development will be treated using the 
treatment system. 

5.6.3 Remedial Alternative:  DU-3 (In-Situ Treatment) 

• Energy:  In-situ treatment with ISRZs greatly reduces the overall electrical energy 
consumption by removing the need for extraction wells, ex -situ treatment, or discharge 
or treated waters to a nearby surface water body.  The reactive materials used in the 
ISRZs will be installed with a direct-push rig rather than trenching with excavation 
equipment, thereby reducing overall fuel consumption.  Fuel consumption will be 
minimal and needed for the drilling rigs required for the installation of the ISRZs, 
associated monitoring wells, and routine vehicle use. 

• Air and Atmosphere:  Some GHGs will be generated from the drilling rig used to install 
the ISRZs and install additional monitoring wells.  Only minimal air emissions from 
routine vehicle use during monitoring periods will generate GHGs. 

• Water:  With the installation of the vertical barrier in the source zone and in-situ 
treatment system, very little water consumption or ex-situ handling is required.  
However, minor amounts of purge water will be generated during development of new 
groundwater monitoring wells and purge water from well sampling. 



Feasibility Study Report  November  2014 
Nuclear Metals, Inc. Superfund Site   
 

 5-27 

• Land and ecosystems:  Minimal site disturbance is needed for the installation of the 
ISRZs since the reactive materials can be directly injected into the ground, negating the 
requirement to install trenches on-site.  Minimal site disturbance will be needed to 
install the monitoring wells used to evaluate the effectiveness of the remedy. 

• Materials and waste:  This alternative requires materials needed for the installation of 
the vertical containment barrier, ZVI and apatite for the ISRZs, and materials for the 
monitoring wells.  Waste generation will be very minimal and limited to the installation 
process.  In comparison to trenching techniques, directly injecting the reactive materials 
for the ISRZs generates no waste soil that may require off-site disposal. 

5.6.4 Remedial Alternative:  VOC-1 (No Action) 

• Energy:  Minimal energy is required for this alternative as no active treatment system 
will be employed.  Annual inspections and annual groundwater monitoring will require 
the use of routine vehicles for transportation to and from the site.  Where possible 
battery-powered peristaltic pumps can be used for sampling to reduce fuel consumption 
of a portable generator. 

• Air and Atmosphere:  Only minimal air emissions from routine vehicle use during 
monitoring periods will generate GHGs.  The generation of GHGs is expected to be 
minimal. 

• Water:  Negligible volumes of groundwater from sampling will be the only required use 
of site water.  No water will be consumed for construction, treatment, or restoration 
processes. 

• Land and ecosystems:  No additional land resources are required for this remedial 
alternative. 

• Materials and waste:  No further materials are required for this alternative.  Existing 
site infrastructure and monitoring wells are sufficient. 

5.6.5 Remedial Alternative:  VOC-2 (Ex-Situ Treatment) 

• Energy:  Electrical energy will be required to power on-site pumping wells to 
hydraulically control the VOC and 1,4 dioxane plumes.  Additional electrical energy is 
required to power advanced oxidation (or synthetic media adsorption) units, and 
internal pumps for the discharge of treated water into a nearby surface water body.  
Discharge of treated waters into a nearby surface water body reduces the need for off-
site water disposal and associated transportation fuel.  Fuel consumption will be 
required for treatment system construction and routine vehicle use for sampling and 
maintenance. 



Feasibility Study Report  November  2014 
Nuclear Metals, Inc. Superfund Site   
 

 5-28 

• Air and Atmosphere:  Air emissions from the routine vehicle use during monitoring 
periods will be the main source of GHGs.  Smaller quantities of GHGs will be generated 
from the oxidation of the VOCs and 1,4 dioxane.  Other emissions will come from the 
on-site installation of the extraction wells. 

• Water:  Continuous groundwater extraction is required to hydraulically control the VOC 
and 1,4 dioxane plumes.  Water consumption can be minimized for the extraction well 
installation with air rotary methods.  Although no external water is intended to be used 
to install the extraction well, it will be used to extract groundwater that will not be 
returned to the subsurface.  Extracted groundwater will be treated through the on-site 
advanced oxidation system before being directly discharged into a nearby surface water 
body. 

• Land and ecosystems:  Minimal site disturbance is needed for the installation of the 
extraction well.  Some disturbance is needed to construct the ex-situ treatment system 
although upon completion the areas surrounding the system building will be restored.  
All generated waste waters will be treated and discharged to a nearby surface water 
body.  Discharge into a nearby surface water body avoids creating on-site containment 
structures for the treated water and reduces vehicle traffic for off-site disposal. 

• Materials and waste:  This alternative requires materials needed for the 
implementation of the extraction wells and construction of the ex-situ treatment 
facility.  Waste generation is limited to the production of treatment residuals.  Water 
extracted from the well for tasks such as well development will be treated using the 
treatment system.  Active treatment associated with VOC-2 would generate a limited 
stream of residuals which may include chloride or decreases in pH of discharged water. 

5.6.6 Remedial Alternative:  Remedial Alternative:  UROCK-1 (No Action) 

• Energy:  Minimal energy is required for this alternative as no active treatment system 
will be employed.  Annual inspections and annual groundwater monitoring will require 
the use of routine vehicles for transportation to and from the site.  Where possible 
battery-powered peristaltic pumps can be used for sampling to reduce fuel consumption 
of a portable generator. 

• Air and Atmosphere:  Only minimal air emissions from routine vehicle use during 
monitoring periods will generate GHGs.  The generation of GHGs is expected to be 
minimal. 

• Water:  Negligible volumes of groundwater from sampling will be the only required use 
of site water.  No water will be consumed for construction, treatment, or restoration 
processes. 
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• Land and ecosystems:  No additional land resources are required for this remedial 
alternative. 

• Materials and waste:  No further materials are required for this alternative.  Existing 
site infrastructure and monitoring wells are sufficient. 

5.6.7 Remedial Alternative:  UROCK-2 (Ex-Situ Treatment) 

• Energy:  Electrical energy will be required to power on-site pumping wells to 
hydraulically control the bedrock uranium plume.  Additional electrical energy is 
required to power pumps used for ion-exchange units, and internal pumps for the 
discharge of treated water into a nearby surface water body.  Discharge of treated 
waters into a nearby surface water body reduces the need for off-site water disposal 
and associated transportation fuel.  Fuel consumption will be required for treatment 
system construction and routine vehicle use for sampling and maintenance. 

• Air and Atmosphere:  Air emissions from the routine vehicle use during monitoring 
periods will be the main source of GHGs.  Other emissions will come from the on-site 
installation of the extraction wells. 

• Water:  Continuous groundwater extraction is required to hydraulically control the 
uranium plume.  Water consumption can be minimized for the extraction well 
installation with air rotary methods.  Although no external water is intended to be used 
to install the extraction well, it will be used to extract groundwater that will not be 
returned to the subsurface.  Extracted groundwater will be treated through an ion-
exchange system before being directly discharged into a nearby surface water body. 

• Land and ecosystems:  Minimal site disturbance is needed for the installation of the 
extraction well.  Some disturbance is needed to construct the ex-situ treatment system 
although upon completion the areas surrounding the system building will be restored.  
All generated waste waters will be treated and discharged to a nearby surface water 
body.  Discharge into a nearby surface water body avoids creating on-site containment 
structures for the treated water and reduces vehicle traffic for off-site disposal. 

• Materials and waste:  This alternative requires materials needed for the 
implementation of the extraction wells and construction of the ex-situ treatment 
facility.  Waste generation is limited to the production of treatment residuals.  Water 
extracted from the well for tasks such as well development will be treated using the 
treatment system.  Active treatment associated with UROCK-2 would generate a limited 
stream of residuals. 
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5.6.8 UROCK-3 (In-Situ Treatment) 

• Energy:  In-situ treatment with ISRZs greatly reduces the overall electrical energy 
consumption relative to ex-situ treatment alternatives by removing the need for 
extraction wells, ex -situ treatment, or discharge of treated waters to a nearby surface 
water body.  The reactive materials used in the ISRZs would need to be installed in open 
bedrock boreholes which require new wells to be drilled, but no trenching with 
excavation equipment would be needed, thereby reducing overall fuel consumption.  
Fuel consumption would primarily be associated with the drilling rigs required for the 
installation of the ISRZs and associated monitoring wells, portable generators used to 
power pumps during investigation and monitoring, and routine vehicle use.  However, 
no long-term energy use would be needed (i.e., for extraction well pumps, treatment 
equipment, etc.). 

• Air and Atmosphere:  Some GHGs will be generated from the drilling rig used to install 
the ISRZs and install additional monitoring wells, and from portable generator use 
during investigation and monitoring.  Air emissions from routine vehicle use during 
monitoring periods will also generate GHGs. 

• Water:  With the installation of the in-situ treatment system, very little water 
consumption or ex-situ handling is required.  However, moderate amounts of purge 
water will be generated during hydraulic testing and minor amounts of purge water will 
be generated during development of new groundwater monitoring wells and during well 
sampling. 

• Land and ecosystems:  Minimal site disturbance is needed for the installation of the 
ISRZs since the reactive materials can be directly injected into the ground, negating the 
requirement to install trenches on-site.  Minimal site disturbance will be needed to 
install the monitoring wells used for investigation and to evaluate the effectiveness of 
the remedy. 

• Materials and waste:  This alternative requires materials for the installation of the 
monitoring wells and performance of hydraulic testing, and ZVI and apatite for the 
ISRZs.  Waste generation will be minimal and limited to the investigation and installation 
processes.  In comparison to trenching techniques, directly injecting the reactive 
materials for the ISRZs generates no waste soil that may require off-site disposal. 

 



Feasibility Study Report  November  2014 
Nuclear Metals, Inc. Superfund Site   
 

 6-1 

6. DEVELOPMENT AND DETAILED ANALYSIS OF SITE WIDE ALTERNATIVES FOR 

GROUNDWATER 

In this section, the remedial alternatives for each plume described in Section 5.5 are combined 
into the following four site-wide groundwater alternatives for detailed analysis: 

• GW-1 No action 
• GW-2 Limited Action/Institutional Controls and Long-Term Monitoring 
• GW-3 Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long Term 

Monitoring 
• GW-4 Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural 

Uranium), Institutional Controls, and Long-Term Monitoring Ex-Situ Treatment of 
VOCs/1,4-Dioxane, and In-Situ Treatment of DU and UROCK (or Natural Uranium)  

The chart below further defines the components of each site-wide groundwater alternative. 

Site Wide 
Groundwater 

Alternative 
 

Long Term Monitoring Ex-Situ Treatment  In-Situ Treatment 

DU UROCK  VOCs 1,4-
dioxane DU  UROCK VOCs 1,4-

dioxane DU UROCK 

GW-1 
      

 
 

  

GW-2 X X X X 
  

 

 

  

GW-3 X X   X X X X   

GW-4 X X     
X X X X 

 
Table 6.0 summarizes the evaluation of compliance with Chemical-Specific ARARs and TBCs for 
groundwater. The following sections provide overviews of the summary and detailed analysis 
tables for Alternatives GW-1, GW-2, GW-3 and GW-4 (Tables 6.1a to 6.4b). 

6.1 GW-1 NO ACTION 

Alternative GW-1 is the no remedial action alternative.  This alternative is described in Table 
6.1a, and the detailed analysis of this alternative is presented in Table 6.1b. 

Alternative GW-1 does not reduce the potential for on-property or off-property human 
exposure to DU in overburden, VOCs or 1,4-dioxane in overburden and bedrock and uranium in 
bedrock that exceed ARARs or target risk limits.  Chemical-specific ARARs for VOCs and 1,4-
dioxane are likely to be met off-property within 30 years due to natural attenuation processes, 
but to take more than 50 years to meet on-property.  Concentrations of geologically derived 
uranium in bedrock groundwater and DU concentrations in overburden groundwater are not 
expected to meet chemical-specific ARARs within a reasonable timeframe.  Therefore, this 
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alternative is not effective in controlling risks associated with off-property migration of DU-
impacted overburden groundwater in the short or long term. 

This alternative provides no active groundwater treatment.  Concentrations of VOCs and 1,4-
dioxane in groundwater will be reduced somewhat through natural attenuation via dispersion, 
dilution, and volatilization.  The estimated net present value for the GW-1 remedy over 30 
years is $0. 

6.2 GW-2 LIMITED ACTION/INSTITUTIONAL CONTROLS AND LONG-TERM MONITORING 

Alternative GW-2 includes:  (1) implementation of institutional controls to prohibit future use of 
on- and off-property impacted groundwater as a drinking water source, and evaluate the need 
for vapor intrusion controls prior to any building construction as well as possible installation of 
vapor mitigation systems should structures be built above VOC plumes; and (2) long-term 
annual groundwater monitoring for DU, VOCs, and 1,4-dioxane and natural uranium to monitor 
the plumes and evaluate anticipated concentration decreases due to natural attenuation.  
Groundwater monitoring would include 10 samples per year from the VOC, 1,4-dioxane, DU, 
and isotopically natural uranium plumes, respectively, with additional samples collected every 
five years.  Remedial alternative GW-2 is described in Table 6.2a, and the detailed analysis of 
this alternative is presented in Table 6.2b.   

This alternative protects human health and the environment through the use of institutional 
controls to prevent potential human exposure to on- and off-property overburden or bedrock 
groundwater with uranium, VOCs or 1,4-dioxane that exceed ARARs or target risk limits.  
Chemical-specific ARARs for VOCs are likely to be met off-property within 30 years due to 
natural attenuation processes, but to take more than 50 years to meet ARARs on-property.  
Concentrations of geologically derived uranium in bedrock groundwater and DU concentrations 
in overburden groundwater are not expected to meet chemical-specific ARARs within a 
reasonable timeframe under Alternative GW-2.  Also, as part of this alternative, an institutional 
control would include development restrictions that would limit construction of new buildings 
to areas where concentrations of target VOCs in soil gas are known or projected to be low 
enough that significant VI would not be expected.  The institutional controls would identify a 
portion of the Site defined by risk-based screening levels calculated using site-specific 
groundwater and/or soil gas monitoring analytical data.  Inside that portion of the Site, the 
institutional control would restrict construction of new buildings. 

Alternative GW-2 is effective at meeting RAOs associated with limiting potential human 
exposure through implementation of institutional controls and natural attenuation of VOCs and 
nitrate.  RAOs pertaining to the off-site migration of DU-impacted groundwater and restoration 
of groundwater impacted by DU and isotopically natural uranium are not likely to be achieved 
within a reasonable timeframe. 
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This alternative provides no active groundwater treatment.  Concentrations of VOCs and nitrate 
in groundwater will be reduced through natural attenuation via biodegradation, dispersion, 
dilution, and volatilization.  Long-term monitoring is low cost, easily implemented, and reliable 
for assessing groundwater concentrations relative to applicable RAOs.  Long-term monitoring 
for uranium in bedrock and DU in overburden would occur for 200 years to meet NRC ARARs. 

The estimated net present value for the GW-2 remedy over 200 years is $2,909,000. 

6.3 GW-3  EX-SITU TREATMENT (DU, UROCK, AND 1,4-DIOXANE), INSTITUTIONAL 
CONTROLS, AND LONG-TERM MONITORING 

Alternative GW-3 includes:  (1) implementation of institutional controls to prohibit future use of 
on- and off-property impacted groundwater as a drinking water source and evaluate the need 
for vapor intrusion controls prior to any building construction until groundwater cleanup levels 
are met; (2) extraction of overburden groundwater from downgradient of the Holding Basin 
(DU source area) with ex-situ treatment and discharge to surface water; (3) extraction of 
overburden and bedrock groundwater with ex-situ treatment for 1,4-dioxane and VOCs and 
discharge to surface water; (4) extraction of groundwater from shallow bedrock at the 
downgradient end of the isotopically natural uranium plume (near MW-BS28) with ex-situ 
treatment for uranium removal and discharge to surface water; and (5) long-term annual 
groundwater monitoring.  For this alternative, it is assumed that the treatment systems for DU 
in overburden and uranium in bedrock will operate for 30 years, but monitoring for these 
plumes would occur for a minimum of 200 years to meet NRC ARARs. 

Remedial alternative GW-3 is described in Table 6.3a, and the detailed analysis of this 
alternative is presented in Table 6.3b.  Details of the Holding Basin Source control portion of 
the remedy are described in Section 4.3.  A conceptual layout for alternative GW-3 is presented 
on Figure 6.3.1. 

This alternative protects human health and the environment through the use of institutional 
controls to prevent potential on- and off-property human exposure to overburden or bedrock 
groundwater with DU and natural uranium, VOCs or 1,4-dioxane that exceed ARARs or target 
risk limits, and ex-situ treatment to limit off-property migration and further spreading of the 
plumes.  Chemical-specific ARARs for VOCs and target risk limits for 1,4-dioxane are likely to be 
met within 30 years  with ex-situ treatment to.  Chemical-specific ARARs pertaining to DU in 
overburden groundwater and isotopically natural uranium in bedrock likely will be met off-
property with ex-situ; however, on-property concentrations of geologically derived uranium in 
bedrock groundwater and DU concentrations in overburden groundwater are not expected to 
meet chemical-specific ARARs within a reasonable timeframe.  This alternative would be 
designed to comply with location- and action-specific ARARs. 
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In addition, this alternative also includes implementation of institutional controls for vapor 
intrusion with limitations on construction of new buildings within an area defined by risk-based 
screening levels calculated using site-specific groundwater and/or soil gas monitoring analytical 
data; however, instead of prohibiting construction of new buildings within a specified area, the 
deed restriction under this alternative would allow new buildings to be built, but would require 
that they incorporate vapor mitigation measures.  Vapor mitigation measures would likely 
include active mitigation, but could also be passive mitigation systems. 

The institutional control could incorporate some flexibility to account for the anticipated 
reductions in groundwater VOC concentrations resulting from implementation of the 
groundwater remedy and to accommodate spatial variability in groundwater and soil gas 
concentrations.  The institutional control could allow for a pre-construction evaluation of 
current groundwater concentrations in proposed re-development areas and then only require 
vapor mitigation if current or recent groundwater concentrations exceed risk-based standards.  
Additionally, the institutional control could allow for use of passive or active mitigation systems 
depending on the pre-construction groundwater concentration data as well as shut-down 
criteria for active systems based on VOC concentrations in shallow groundwater adjacent to 
mitigated structures. 

Alternative GW-3 is effective at meeting RAOs associated with limiting potential human 
exposure and off-property migration through institutional controls and ex-situ treatment.  The 
time to achieve RAOs associated with restoration of groundwater for 1,4-dioxane and VOCs 
may be shorter than GW-1 or GW-2 due to the active treatment system increasing the rate of 
groundwater flushing within the plume.  RAOs pertaining to the restoration of groundwater 
impacted by DU and isotopically natural uranium to beneficial use are not likely to be achieved 
within a reasonable timeframe. 

Extraction system installation, treatment system construction, associated O&M activities, and 
long-term monitoring are routine remedial tasks which are reliable and easily implemented.  
Permits will be required for discharge of treated groundwater. 

GW-3 costs more than GW-2 or GW-1, but may better address some of the RAOs.  The 
estimated net present value for the GW-3 remedy over 200 years is $29,265,000. 

6.4 GW-4 EX-SITU TREATMENT (VOCS AND 1,4 DIOXANE, IN-SITU TREATMENT OF DU AND 
NATURAL URANIUM, INSTITUTIONAL CONTROLS AND LONG-TERM MONITORING  

Alternative GW-4 includes:  (1)  extraction of overburden and bedrock groundwater with ex-situ 
treatment for VOCs and 1,4-dioxane and discharge to surface water; (2) injection of apatite 
and/or ZVI based media in the overburden DU and natural uranium bedrock plumes to 
sequester uranium in sorbed and mineral precipitate forms (in-situ treatment); (3) long-term 
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annual groundwater monitoring to monitor effectiveness of in- and ex-situ treatment; (4) 
implementation of institutional controls to prohibit future use of on- and off-property impacted 
groundwater as a drinking water source and evaluate the need for vapor intrusion controls 
prior to any building construction as well as possible installation of vapor mitigation systems 
should future structures be built above the VOC plume until groundwater cleanup levels are 
met.  For this alternative, it is assumed that monitoring of DU in overburden and uranium in 
bedrock would occur for a minimum of 200 years to meet NRC ARARs.  Remedial alternative 
GW-4 is described in Table 6.4a, and the detailed analysis of this alternative is presented in 
Table 6.4b.  Details of the Holding Basin source control portion of the remedy are described in 
Section 4.3.  A conceptual layout for alternative GW-4 is presented on Figure 6.4.1. 

This alternative protects human health and the environment through the use of institutional 
controls to prevent potential on- and off-property human exposure to DU in overburden, 
uranium in bedrock and, VOCs or 1,4-dioxane in overburden and bedrock groundwater that 
exceed ARARs or target risk limits, and ex-situ and in-situ treatment to limit migration and 
further spreading of the plumes.  Although it is likely that chemical-specific ARARs for VOCs in 
off-property locations will be met within 30 years as a result of natural attenuation processes, 
ex-situ treatment will also be used to meet ARARs for VOCs as well as risk-based cleanup levels 
for 1,4-dioxane, because treatment for 1,4-dioxane will also treat VOCs simultaneously.  
Chemical-specific ARARs pertaining to DU in overburden groundwater will be met off-property 
through the use of ISRZs to limit off-property migration.  When combined with isolation of the 
DU source (as part of the soil remedy), in-situ treatment may also reduce DU concentrations 
on-property to comply with chemical-specific ARARs within 15 to 30 years (the timing and 
constraints on meeting ARARs with this technology will be better defined after completion of 
bench and pilot testing).  Monitoring data indicates that the plume of isotopically natural 
uranium in bedrock is at steady-state, and off-property concentrations do not exceed chemical-
specific ARARs.  In-situ treatment may reduce on-property concentrations of geologically 
derived uranium in bedrock groundwater to meet chemical-specific ARARs within a reasonable 
timeframe (i.e., within 30 years; the timing and constraints for meeting ARARs with this 
technology will be better defined after completion of bench and pilot testing).    This alternative 
would be designed to comply with location- and action-specific ARARs. 

In addition, this alternative also includes implementation of institutional controls with 
limitations on construction of new buildings within an area defined by risk-based screening 
levels calculated using site-specific groundwater and/or soil gas monitoring analytical data; 
however, instead of prohibiting construction of new buildings within a specified area, the deed 
restriction under this alternative would allow new buildings to be built, but would require that 
they incorporate vapor mitigation measures.  Vapor mitigation measures would likely include 
active mitigation, but could also be passive mitigation systems. 
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The institutional control could incorporate some flexibility to account for the anticipated 
reductions in groundwater VOC concentrations resulting from implementation of the 
groundwater remedy and to accommodate spatial variability in groundwater and soil gas 
concentrations.  The institutional control could allow for a pre-construction evaluation of 
current groundwater concentrations in proposed re-development areas and then only require 
vapor mitigation if current or recent groundwater concentrations exceed risk-based standards.  
Additionally, the institutional control could allow for use of passive or active mitigation systems 
depending on the pre-construction groundwater concentration data as well as shut-down 
criteria for active systems based on VOC concentrations in shallow groundwater adjacent to 
mitigated structures. 

Alternative GW-4 is effective at meeting RAOs associated with limiting potential human 
exposure and off-property migration through institutional controls, ex-situ treatment, in-situ 
treatment and natural attenuation.  The time to achieve RAOs associated with restoration of 
groundwater for 1,4-dioxane and VOCs would likely be shorter than for GW-1 or GW-2 due to 
the active treatment system increasing the rate of groundwater flushing within the plume.  
RAOs pertaining to the restoration of groundwater impacted by DU may be achieved within 15-
30 years through the use of ISRZs and source isolation.  RAOs pertaining to restoration of 
groundwater impacted by isotopically natural uranium may be achieved within 30 years 
through the use of ISRZs 

Extraction system installation, treatment system construction, associated O&M activities, and 
long-term monitoring are routine remedial tasks which are reliable and easily implemented.  
Permits will be required for discharge of treated groundwater.  Installation of ISRZs by injection 
from approximately 40 to 80 ft bgs in overburden and at depths of up to 200 feet bgs in 
bedrock is less common than the technologies incorporated into the other remedial 
alternatives and would require bench and pilot-scale testing.  However, the ISRZs have the 
potential to reduce DU concentrations in on-property overburden groundwater and 
concentrations of isotopically natural uranium in bedrock groundwater to meet RAOs. 

GW-4 costs more than GW-2 but less than GW-3 (there is less active remediation) and has the 
potential to provide the greatest effectiveness to achieve RAOs.  The estimated net present 
value for the GW-4 remedy is $20,242,000. 

6.5 COMPARATIVE ANALYSIS OF SITE-WIDE ALTERNATIVES FOR GROUNDWATER 

The analysis presented in this subsection compares each of the alternatives presented above 
according to the seven evaluation criteria presented in Section 4.1 and listed in Tables 6.1a 
through 6.4b.  This process is intended to present advantages and disadvantages of each 
alternative with respect to each other to aid in the selection of a preferred remedial alternative.  
According to the FS Guidance, the overall protection of human health and the environment and 
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compliance with ARARs are threshold criteria in that they must be met for an alternative to be 
eligible for selection.  Comparative evaluations of the other five criteria identify the relative 
advantages and disadvantages of each alternative. 

The comparative analysis of groundwater alternatives is presented below and summarized in 
Table 6.5.  In this table, a summary of the threshold criteria and other criteria are presented 
side-by-side for each alternative.  As a means to compare each alternative, there are diamonds 
in each cell to illustrate the contribution of each criterion to the relative performance of each 
alternative.  Three diamonds indicates the criteria evaluation for that alternative are favorable, 
relative to two that indicates less favorable, and one which indicates the criteria evaluation are 
the least favorable.  No diamonds in the table indicate the evaluation of a specific criterion is 
not applicable to the evaluation of the alternative.   

6.5.1 Overall Protection of Human Health and the Environment 

This evaluation criterion assesses how the alternative, as a whole, achieves and maintains 
adequate protection of human health and the environment.  Protection is assessed based on 
whether the risks associated with each exposure pathway are eliminated, reduced or controlled 
through treatment and engineering or institutional controls. 

The GW-3 and GW-4 alternatives protect human health by (1) prohibiting use of groundwater 
as a drinking water source on- and off-property via institutional controls, (2) limiting migration 
of 1,4-dioxane and VOCs to and beyond the Assabet River via ex-situ treatment, (3) preventing 
migration of DU in overburden groundwater to off-property locations via ex-situ treatment 
(GW-3) or in-situ treatment (GW-4), and preventing migration of uranium in bedrock 
groundwater to off-property locations via ex-situ treatment (GW-3), or in-situ treatment (GW-
4).   

The GW-2 alternative includes institutional controls to prevent the potential use of 
groundwater as a source of drinking water, but it does not stop the potential migration of 1,4-
dioxane in overburden or bedrock groundwater, DU in overburden groundwater or uranium in 
bedrock groundwater.  Therefore, the GW-2 alternative is less protective of human health than 
GW-3 and GW-4. 

Alternative GW-1 does not reduce the potential for on- or off-property human exposure to site 
groundwater; therefore, GW-1 is not protective of human health. 

There are no identified ecological risks due to groundwater contaminants and none of the 
alternatives are expected to pose ecological or environmental risk if implemented. 
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6.5.2 Compliance with ARARs 

This evaluation criterion considers the ability of the remedial alternatives to comply with 
chemical-specific, location-specific and action-specific ARARs.  This evaluation also considers 
whether or not the remedial alternative would comply with TBCs, including appropriate criteria, 
advisories, and guidance. 

Alternative GW-4 provides the most robust strategy for meeting chemical-specific ARARs 
because it includes treatment throughout the DU and isotopically natural Uranium plume in 
bedrock via ISRZs.  Implementation of this technology has the potential to meet chemical-
specific ARARs on-property within 15 to 30 years for DU in overburden groundwater and within 
30 years for natural uranium bedrock groundwater (the actual time to meet bedrock ARARs will 
be better defined after further testing). 

The other alternatives (GW-1, GW-2 and GW-3) are not likely to meet chemical-specific ARARs 
for DU on-property within 100 years.  Alternative GW-3 is likely to meet chemical-specific 
ARARs for DU off-property via ex-situ treatment.  Alternatives GW-1 and GW-2 may not meet 
ARARs for DU in overburden groundwater on- or off-property. 

All four alternatives are likely to meet ARARs at off-property locations for VOCs via natural 
attenuation within 30 years (attenuation rates are presented in Section 5.1).  Attainment of 
chemical-specific ARARs for VOCs (via natural attenuation) is not likely to occur on-property 
within 30-50 years for any alternative. 

Concentrations of isotopically natural uranium in off-property locations are currently below 
chemical-specific ARARs and are likely to remain so due to the steady-state nature of the 
plume.  Only GW-4 is likely to achieve chemical-specific ARARs for isotopically natural uranium 
on-property within 30 years.   

6.5.3 Long-Term Effectiveness and Permanence 

The evaluation of each remedial alternative relative to its long-term effectiveness and 
permanence considers the risks that may remain following completion of the remedial 
alternative and the reliability of long-term controls. 

Alternative GW-3 is expected to have very good long-term effectiveness due to the 
combination of institutional controls and ex-situ treatment (along with source control of DU in 
the Holding Basin implemented as part of the soil remedy).  Long-term monitoring will provide 
a reliable means of evaluating concentrations over time. 

GW-4 will also have good long-term effectiveness due to the combination of institutional 
controls, ex-situ treatment and the anticipated high stability of sequestered uranium in the 
ISRZs.  Results of site-specific testing indicate that Apatite II™ media can effectively sequester 
aqueous uranium from groundwater, leading to the formation of stable uranyl phosphate 
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minerals.  Aggressive loading of uranium on the Apatite II™ media during active testing resulted 
in greater than 99% aqueous uranium removal. (see Appendix J)  The reliability of long-term 
sequestration of uranium in bedrock ISRZs is less certain than in overburden but will be 
evaluated during bench and pilot testing conducted during the Remedial Design.   GW-2 will 
have higher residual risk due to the lack of engineering controls to prevent off-property 
migration of impacted groundwater. 

GW-1 will have the highest residual risk due to lack of institutional controls or plume 
containment. 

6.5.4 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment 

This evaluation criterion addresses the degree to which remedial actions will permanently and 
significantly reduce contaminant toxicity, mobility, and/or volume through removal and/or 
treatment of the chemical constituents in site media.  The evaluation focuses on factors 
presented in Section 4.2.4 including the amount of hazardous substances, pollutants, or 
contaminants that will be destroyed or treated and the degree to which the treatment is 
irreversible. 

Alternative GW-4 has the best potential for reducing the mass, volume and mobility of DU in 
overburden groundwater and uranium in bedrock groundwater because it provides treatment 
of DU and Natural Uranium throughout the overburden and bedrock plumes.  This alternative 
includes injection of apatite and/or ZVI based media to sequester uranium.  Although this 
technology has been proven in the lab to be essentially irreversible over long time scales, it has 
not been proven at the field scale.  As such, there is some uncertainty about its irreversibility at 
the field scale.  GW-4 will also reduce the mass, volume and mobility of VOCs and 1,4-dioxane 
through ex-situ treatment. 

GW-3 also has good potential to reduce mass, volume and mobility of contaminants.  Ex-situ 
treatment will reduce the mobility and provide some treatment of DU in overburden and 
isotopically natural uranium in bedrock.  Mass reduction of DU will likely be less significant than 
for GW-4 because treatment is not distributed throughout the plume.  This alternative will 
provide similar performance to GW-4 with respect to VOCs and 1,4-dioxane.  The treatment 
technologies associated with this alternative are well-proven and irreversible. 

GW-1 and GW-2 include no active treatment and would provide less reduction of toxicity, 
mobility and volume of contaminants than GW-3 and GW-4.  Some reduction in the mass and 
volume of VOCs in groundwater would occur through natural attenuation.  DU in overburden 
and uranium in bedrock would persist for the reasonably foreseeable future. 
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6.5.5 Short Term Effectiveness 

The short-term effectiveness of each remedial alternative is evaluated relative to its effect on 
human health and the environment during implementation.  The evaluation of the alternative 
with respect to short-term effectiveness considers factors presented in Section 4.2.5, including 
the projected times to meet RAOs. 

GW-2, GW-3 and GW-4 will meet the RAO of preventing human exposure to COCs in 
groundwater through institutional controls.  GW-1 does not prevent human exposure to COCs 
on-property or off-property. 

GW-3 and GW-4 will meet the RAO of limiting migration of COCs on and off-property (through 
ex-situ or in-situ treatment), but GW-3 will not meet the RAO for returning the groundwater to 
beneficial use in a reasonable timeframe.  GW-1 and GW-2 will not limit migration of COCs off-
property. 

Although the time to meet chemical-specific ARARs is unknown, GW-4 is likely to achieve the 
MCL for DU and Natural Uranium more quickly than the other alternatives because it includes 
in-situ treatment throughout the plumes.  GW-3 includes ex-situ treatment of the distal end of 
the DU plume rather than treatment throughout the plume; therefore, plume flushing times 
are expected to be longer for GW-3 than for GW-4. 

The estimated time to reach chemical-specific ARARs for VOCs through natural attenuation is 
greater than 50 years on-property but less than 30 years off-property for all alternatives.  
Concentrations of isotopically natural uranium in bedrock under Alternative GW-4 are expected 
to be reduced to below MCLs in less than 30 years. 

GW-1 and GW-2 provide no active treatment; therefore, the time to reach chemical-specific 
ARARs for these alternatives is anticipated to be longer than for GW-3 or GW-4.   

It is relatively easy to monitor the effectiveness of GW-1, GW-2, GW-3 and GW-4. 

6.5.6 Implementability 

This evaluation criterion assesses the degree of difficulty in implementing the remedial 
alternatives.  The factors and related considerations relative to implementability are outlined in 
Section 4.2.6 and include technical and administrative feasibility of constructing and operating 
the remedy, and availability of necessary services and materials. 

Alternative GW-1 (No Action) is the easiest to implement because it does not involve the 
construction, operation or maintenance of remedial systems or enforcement of institutional 
controls. 

GW-2 is easier to implement than GW-3 or GW-4 because it does not require the construction, 
operation or maintenance of active remedial systems.  However, GW-2 may be less reliable for 
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limiting potential human exposure to COCs in groundwater off-property than GW-3 or GW-4 
because it relies on institutional controls, which may be more difficult to enforce at off-
property locations.   

Of the active remedial alternatives considered for groundwater, GW-3 is easier to implement in 
the short term than GW-4 as the ability to construct the in-situ treatment portion of GW-4 
depends on results of bench and pilot scale testing as well as subsurface conditions that affect 
direct-push injection equipment (which would be evaluated during pilot testing in the remedial 
design phase), and the ability to contact bedrock fractures for distribution of amendments.  The 
reliability of GW-3 is high because groundwater extraction and ex-situ treatment via ion 
exchange or advanced oxidation and discharge to surface water are relatively routine tasks.  
The reliability of the apatite or ZVI based ISRZs in alternative GW-4 has not been proven at the 
field scale over a long time period.  However, the ISRZ technology allows for a passive remedy 
that does not depend on long-term manipulation of groundwater geochemistry; if successful, 
implementation of GW-4 will not have the long-term operating requirements of the active 
groundwater extraction and ex-situ treatment system included in GW-3. 

6.5.7 Cost 

The range in estimated cost for all four alternatives is from $0.0 million for GW-1 (No Action) to 
$29.3 million for GW-3.  The estimated cost for institutional controls and long-term monitoring 
(GW-2) is approximately $2.91 million.  GW-3 and GW-4 are more expensive than GW-2 
because in addition to institutional controls and monitoring, they include active remedial 
measures.  GW-3 includes groundwater extraction and ex-situ treatment for all plumes and is 
the most expensive because it includes the most active remedial measures over 30 years.  The 
estimated cost for GW-4 is approximately $20.2 million.  Even though this alternative includes 
extensive bench and pilot scale testing for the DU remedy, the estimated cost is 69% of GW-3 
because it includes a passive remedy for DU in overburden and for the uranium plume in 
bedrock (which is not migrating).  While the NPV analysis of alternatives for comparative 
analysis purpose used a 7% discount rate in accordance with EPA guidance (USEPA, 2000b), the 
current interest rate recommended by the White House Office of Management and Budget 
(OMB) for discounting constant-dollar flows (NPV analysis) is 1.9%.17  The impact of changing 
discount rates between the EPA guidance value and the current OMB recommendation is to 
more than triple the long-term operations and maintenance costs.  While not significant for 
comparative analysis or the selection of this remedy, the real discount rate will need to be 
considered for purposes of funding the remedy. 

                                                      
17 http://www.whitehouse.gov/omb/circulars_a094/a94_appx-c 
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8. ACRONYMS AND SYMBOLS 

µg/L   micrograms per liter 

µm   micrometers 

AD   Acid Drainline 

AOC   Administrative Order by Consent 

AOI   Area of Investigation 

ARAR   applicable or relevant and appropriate requirement 

BERA   Baseline Ecological Risk Assessment 

bgs   below ground surface 

CAD   Building C Acid Drainline 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR   Code of Federal Regulations 

CMR   Code of Massachusetts Regulations 

COC   chemicals of concern 

CSM   Conceptual Site Model 

CVOC   chlorinated volatile organic compound 

cy   cubic yard 

DCA   dichloroethane 

DCE   dichloroethene 

DOC   dissolved organic carbon 

DPT   direct push technology 

DU   depleted uranium 

EA   exposure area 

ELCR   excess lifetime cancer risk 

EPC   exposure point concentration 

Foc   soil organic content 

FR   Federal Register 

FS   Feasibility Study 



Feasibility Study Report  November  2014 
Nuclear Metals, Inc. Superfund Site   
 

8-2 

g/cm3   grams per cubic centimeter 

GHG   greenhouse gases 

GIS   Geographic Information System 

gpm   gallons per minute 

GRA   General Response Action 

HHRA   Human Health Risk Assessment 

HI   hazard index 

ISRZ   in-situ reactive zone 

k   average hydraulic conductivity 

   Linear isotherm or distribution coefficient 

kg   kilogram 

Koc    organic carbon partition coefficient 

Kow    octanol-water partition coefficient 

L/kg   Liters per kilogram 

MassDEP  Massachusetts Department of Environmental Protection 

MADPH  Massachusetts Department of Public Health 

MCL   Maximum Contaminant Level (Federal Drinking Water Limits) 

MCP   Massachusetts Contingency Plan 

MDL   method detection limit 

mg/kg   milligrams per kilogram 

mg/L   milligrams per liter 

MNA   Monitored Natural Attenuation 

mrem/year  millirem per year 

msl   mean sea level 

NCP   National Oil and Hazardous Substances Pollution Contingency Plan 

NMI   Nuclear Metals, Inc. 

NPV   Net Present Value 

NRC   Nuclear Regulatory Commission 
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NTCRA   Non-Time-Critical Removal Action 

NUREG   Nuclear Regulatory Commission Regulation 

nZVI   nano-scale zero valent iron 

O&M   operations and maintenance 

OSWER  Office of Solid Waste and Emergency Response 

Pa   Pascals 

PAH   polynuclear aromatic hydrocarbons 

PCB   polychlorinated biphenyl 

PCE   tetrachloroethene or perchloroethene 

ppb   parts per billion 

PPE   personal protective equipment  

ppmv   parts per million by volume 

PRB   permeable reactive barrier 

PRG   Preliminary Remediation Goal 

Q   groundwater discharge volumetric flowrate 

R   retardation factor 

RA   Remedial Action 

RAO   Remedial Action Objective 

RBSL   Risk-Based Screening Level 

RCP   Radiation Control Program 

RCRA   Resource Conservation and Recovery Act 

RD/RA   Remedial Design/Remedial Action 

RI   Remedial Investigation 

RI/FS   Remedial Investigation/Feasibility Study 

ROD   Record of Decision 

RSL   RI Screening Levels 

SOW   Statement of Work 

SSD   sub-slab depressurization 
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START   Superfund Technical Assessment and Response Team  

SVOC   semi-volatile organic compound 

TBC   to-be-considered 

TCA   trichloroethane 

TCE   trichloroethene or trichloroethylene 

TCLP   Toxicity Characteristic Leaching Procedure 

TCRA   Time-Critical Removal Action 

TSCA   Toxic Substances Control Act 

UCL   upper confidence limit 

µm   micrometer 

US   United States 

USEPA   United States Environmental Protection Agency 

VHF   vertical hydrofracturing 

VI   vapor intrusion 

VISL   vapor intrusion screening level 

VOC   volatile organic compound 

WMU   Waste Management Unit 

ZVI   zero-valent iron 
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Table 2.1.1 
Location-Specific ARARs for All Media 

Feasibility Study 
Nuclear Metals Superfund Site 

Concord, Massachusetts 
 

 

10/31/2014        Page 1 of 2 
 
  

REGULATORY 
AUTHORITY 

LOCATION 
CHARACTERISTIC REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

ACTION TO BE TAKEN 
TO ATTAIN REQUIREMENT 

Federal Surface Waters, 
Endangered Species, 
Migratory Species 

Fish and Wildlife 
Coordination Act [16 USC 
661 et seq.] 
40 CFR Part 6 

Applicable Actions that affect species/habitat require 
consultation with USDOI, USFWS, NMFS, and/or 
state agencies, as appropriate, to ensure that 
proposed actions do not jeopardize the continued 
existence of the species or adversely modify or 
destroy critical habitat. The effects of water-related 
projects on fish and wildlife resources must be 
considered. Action must be taken to prevent, 
mitigate, or compensate for project-related damages 
or losses to fish and wildlife resources.  

To the extent necessary, 
actions will be taken to 
develop measures to prevent, 
mitigate, or compensate for 
project related impacts to 
habitat and wildlife. The 
USFWS, acting as a review 
agency for the USEPA, will be 
kept informed of proposed 
remedial activities.  

Federal Wetlands Protection of Wetlands 
Executive Order 11990 [40 
CFR Part 6, Appendix A] 

Applicable Under this Order, federal agencies are required to 
avoid adverse impacts on wetlands.  If remediation 
is required within wetland areas, and no practical 
alternative exists, potential harm (destruction, loss, 
or degradation of wetlands) must be minimized and 
action taken to restore natural and beneficial values. 

Contaminated soil removal will 
be designed to minimize 
alteration/destruction of 
wetlands. If remediation within 
wetlands is required, the 
wetlands will be restored.  

Federal Wetlands, 
Aquatic Ecosystem 

Clean Water Act, Dredge or 
Fill Requirements Section 
404 
[40 CFR Part 230, 33 CFR 
320-323] 

Applicable Section 404 of the CWA regulates the discharge of 
dredged or fill materials to U.S. waters, including 
wetlands. Filling wetlands would be considered a 
discharge of fill materials. Guidelines for 
Specification of Disposal Sites for Dredged or Fill 
material at 40 CFR Part 230, promulgated under 
CWA Section 404(b)(1), maintain that no discharge 
of dredged or fill material will be permitted if there is 
a practical alternative that would have less effect on 
the aquatic ecosystem. If adverse impacts are 
unavoidable, action must be taken to restore, or 
create alternative wetlands. 

The alternatives’ effects on 
surface waters and wetlands 
will be evaluated and avoided 
and/or minimized.  
Compensatory wetlands 
mitigation will need to be 
performed as necessary to 
comply with this ARAR.  The 
selected alternative will need 
to be determined to be the 
least environmentally 
damaging practicable 
alternative that meets the 
remedial action objectives.  
Any required removal of 
soil/sediment from wetland or 
surface water areas will be 
designed for eventual 
restoration.  

Federal Endangered Species Endangered Species Act 
[50 CFR Parts 17.11-17.12; 
50 CFR 402] 

Applicable, if such 
species are 
encountered 

This act requires action to avoid jeopardizing the 
continued existence of listed endangered or 
threatened species or modification of their habitat. 

Protection of endangered 
species and their habitat will 
be considered as part of the 
design and excavation 
activities.  
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REGULATORY 
AUTHORITY 

LOCATION 
CHARACTERISTIC REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

ACTION TO BE TAKEN 
TO ATTAIN REQUIREMENT 

State Wetlands, 
Surface Waters 

Massachusetts Wetland 
Protection Regulations 
[310 CMR 10.00] 

Applicable  These regulations include standards on dredging, 
filling, altering, or polluting inland wetlands.  Under 
this requirement, available alternatives must be 
considered that minimize the extent of adverse 
impacts, and mitigation including restoration and/or 
replication is required. 

All work to be performed 
within wetlands and the 100 
foot buffer zone will be in 
accordance with the 
substantive requirements of 
these regulations. The 
Sphagnum Bog is within 100 
feet of the Holding Basin and 
Cooling Water Recharge 
Pond. 

State Aquatic Ecosystem Massachusetts Water 
Quality Certification for 
Discharge of Dredged or 
Fill Material, Dredging, and 
Dredging Material Disposal 
in Waters of the U.S. within 
the Commonwealth [314 
CMR 9.00] 

Applicable For discharges of dredged or fill material, there must 
be no practicable alternative with less adverse 
impact on the aquatic ecosystem; appropriate and 
practicable steps must be taken to avoid and 
minimize potential adverse impacts to wetlands and 
land under water; stormwater discharges must be 
controlled with BMPs; and there must not be 
substantial adverse impacts to the physical, 
chemical or biological integrity of surface waters.  
For dredging and dredged material management, 
there must be no practicable alternative with less 
adverse impact on the aquatic ecosystem; and if 
avoidance is not possible, then minimize, or if 
neither avoidance or minimization are possible, then 
mitigate potential adverse impacts. 

Excavation and filling activities 
to be performed impacting the 
aquatic ecosystem will be in 
accordance with the 
substantive requirements of 
these regulations. 

State Endangered Species Massachusetts 
Endangered Species 
Regulations  
[321 CMR 10.00] 

Applicable, if such 
species are 
encountered 

Actions must be conducted in a manner that 
minimizes the impact to Massachusetts-listed rare, 
threatened, or endangered species, and species 
listed by the Massachusetts Natural Heritage 
Program. 

The protection of state listed 
endangered species will be 
considered during the design 
and implementation of 
remedial activities.  

Key: 
    
ARAR = Applicable or Relevant and Appropriate Requirement USDOI = U.S. Department of the Interior 
CFR  = Code of Federal Regulations USEPA = U.S. Environmental Protection Agency 
CMR = Code of Massachusetts Regulations USFWS = U.S. Fish and Wildlife Service 
CWA = Clean Water Act USC = United States Code 
NCP = National Contingency Plan   
NMFS = National Marine Fisheries Service   
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Regulatory 
Authority 

REQUIREMENT STATUS REQUIREMENT/SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 

Federal  USEPA Risk Reference Doses To Be 
Considered 

Risk reference doses (RfDs) are estimates of daily exposure 
levels that are unlikely to cause significant adverse non-
carcinogenic health effects over a lifetime. 

RfDs will be considered during the development of 
cleanup goals. 

Federal  USEPA Carcinogen Assessment 
Group, Cancer Slope Factors 
(CSFs) 

To Be 
Considered 

CSFs are used to compute the incremental cancer risk from 
exposure to site contaminants and represent the most up-to-
date information on cancer risk from USEPA's Carcinogen 
Assessment Group. 

CSFs will be considered during the development of 
cleanup goals. 

Federal Guidelines for Carcinogen Risk 
Assessment (EPA/630/P-03/001F, 
March 2005) 

To Be 
Considered 

Guidance values are to be used to evaluate the potential 
carcinogenic hazard caused by exposure to contaminants. 

These guidelines will be considered during the 
development of cleanup goals. 

Federal Supplemental Guidance for 
Assessing Susceptibility from Early-
Life Exposure to Carcinogens 
(EPA/630/R-03/003F, March 2005) 

To Be 
Considered 

Guidance values are to be used to evaluate the potential 
carcinogenic hazard to children caused by exposure to 
contaminants. 

This guidance will be considered during the 
development of cleanup goals. 

Federal A Guide on Remedial Actions at 
Superfund Sites with PCB 
Contamination, OSWER Directive 
#9355.4-01FS, August 1990 

To Be 
Considered 

Establishes a policy that a cleanup level of 1 mg/kg PCBs in 
residential area soil reflects a protective quantifiable 
concentration. 

This policy will be considered during the 
development of cleanup levels for soils and 
sediments. 

Federal Prediction of sediment toxicity using 
consensus-based freshwater 
sediment quality guidelines. EPA 
905/R-00/007. June 2000 

To Be 
Considered 

The methodology presented in this document represent 
USEPA’s best recommendation as to the concentration of a 
substance that may be present in sediment while still protecting 
benthic organisms from the effects of that substance.  

These guidelines will be considered during the 
development of cleanup goals for sediments. 

State Massachusetts Regulations for the 
Control of Radiation, Standards for 
Protection Against Radiation, 
Vacating Premises; 105 CMR 
120.245; Standards for Protection 
Against Radiation 

Relevant and 
Appropriate 

These regulations specify that the annual total effective dose 
equivalent (TEDE) from any specific environmental source 
during decommissioning activities should not exceed ten 
millirem above background and that the annual TEDE to any 
individual after the Site is released for unrestricted use should 
not exceed ten millirem above background. 

The 10 mRem above background criteria will be 
used during the development of cleanup goals  

 
Key: 

ARAR  = Applicable or Relevant and Appropriate Requirement RfD = reference dose 
CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act 
TEDE =  total effective dose equivalent 

CFR = Code of Federal Regulations TSCA = Toxic Substances Control Act 
CMR = Code of Massachusetts Regulations NUREG = NRC Regulation 
CSF = cancer slope factor USEPA = United States Environmental Protection Agency 
mRem = millirem   
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Regulatory 
Authority 

REQUIREMENT STATUS REQUIREMENT/SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 

Federal Safe Drinking Water Act, National 
Primary Drinking Water Regulations, 
MCLs and MCLGs [40 CFR Parts 
141.60 - 141.63 and 141.50 - 141.52] 

Relevant and 
Appropriate 

The National Primary Drinking Water Regulations establish 
Maximum Contaminant Levels (MCLs) and Maximum 
Contaminant Level Goals (MCLGs) for several common organic 
and inorganic contaminants. MCLs specify the maximum 
permissible concentrations of contaminants in public drinking 
water supplies. MCLs are federally enforceable standards based 
in part on the availability and cost of treatment techniques. 
MCLGs specify the maximum concentration at which no known or 
anticipated adverse effect on humans will occur. MCLGs are non-
enforceable health based goals set equal to or lower than MCLs. 

MCLs and nonzero MCLGs will be used 
during the development of cleanup goals. 
Cleanup actions will be designed and 
implemented to attain the concentration 
limits of these regulations.  

Federal  USEPA Risk Reference Doses To Be 
Considered 

Risk reference doses (RfDs) are estimates of daily exposure 
levels that are unlikely to cause significant adverse non-
carcinogenic health effects over a lifetime. 

RfDs will be considered during the 
development of cleanup goals. 

Federal  USEPA Carcinogen Assessment 
Group, Cancer Slope Factors 
(CSFs) 

To Be 
Considered 

CSFs are used to compute the incremental cancer risk from 
exposure to site contaminants and represent the most up-to-
date information on cancer risk from USEPA's Carcinogen 
Assessment Group. 

CSFs will be considered during the 
development of cleanup goals. 

Federal Guidelines for Carcinogen Risk 
Assessment (EPA/630/P-03/001F, 
March 2005) 

To Be 
Considered 

Guidance values are to be used to evaluate the potential 
carcinogenic hazard caused by exposure to contaminants. 

These guidelines will be considered 
during the development of cleanup goals. 

Federal Supplemental Guidance for 
Assessing Susceptibility from Early-
Life Exposure to Carcinogens 
(EPA/630/R-03/003F, March 2005) 

To Be 
Considered 

Guidance values are to be used to evaluate the potential 
carcinogenic hazard to children caused by exposure to 
contaminants. 

This guidance will be considered during 
the development of cleanup goals. 

Federal EPA Office of Water, Drinking Water 
Health Advisories (EPA 822-S-12-
001, April 2012) 

 Health Advisories (HAs) are estimates of acceptable drinking 
water levels for chemical substances based on health effects 
information; an HA is not a legally enforceable federal standard, 
but serves as technical guidance to assist federal, state and 
local officials. 

HAs will be considered during the 
development of cleanup goals.  In 
particular, HAs will be used if a 
constituent does not have a promulgated 
MCL or MCP GW-1 [or MA MCL] 
standard. 

State Massachusetts Regulations for the 
Control of Radiation, Standards for 
Protection Against Radiation, 
Vacating Premises; 105 CMR 
120.245 

Relevant and 
Appropriate 

These regulations specify that the annual TEDE dose from any 
specific environmental source during decommissioning activities 
should not exceed ten millirem above background and that the 
annual TEDE to any individual after the Site is released for 
unrestricted use should not exceed ten millirem above 
background. 

The 10 mRem above background criteria 
will be used during the development of 
cleanup goals. 
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Regulatory 
Authority 

REQUIREMENT STATUS REQUIREMENT/SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 

State Massachusetts Groundwater Quality 
Standards  
[314 CMR 6.00] 

Relevant and 
Appropriate 

These standards designate and assign uses for which 
groundwaters of the Commonwealth shall be maintained and 
protected, and set forth water quality criteria necessary to 
maintain the designated uses.  

Cleanup goals will be developed to attain 
the water quality necessary for Site 
groundwater to achieve its designated use.  

State Massachusetts Contingency Plan 
(MCP) [310 CMR 40.0000], Method 
1 GW-1 Standards 

To Be 
Considered 

The MCP Method 1 groundwater standards assume exposure 
to concentrations of hazardous material in groundwater under 
current or foreseeable future conditions.  These standards 
contain a list of numerical, risk-based limitations on particular 
contaminants in groundwater based on the groundwater 
classification. 

These standards will be considered during 
development of cleanup goals. 

State Massachusetts Drinking Water 
Regulations [310 CMR 22.00] 

Relevant and 
Appropriate 

These standards establish Massachusetts Maximum 
Contaminant Levels (MA MCLs) for organic and inorganic 
contaminants that have been determined to adversely affect 
human health in  public drinking water supply systems. 

MA MCLs will be used during development 
of cleanup goals. 

 
Key: 

  MCLGs = Maximum Contaminant Level Goals 
ARAR = Applicable or Relevant and Appropriate Requirement MA MCLs = Massachusetts Maximum Contaminant Levels 
CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act 
RfD = reference dose 

CFR = Code of Federal Regulations TEDE =  total effective dose equivalent 
CMR = Code of Massachusetts Regulations TSCA = Toxic Substances Control Act 
CSF 
DCGL 

= cancer slope factor 
= Derived Concentration Guideline Level 

USEPA = United States Environmental Protection Agency 

MCLs = Maximum Contaminant Levels   
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Table 2.3.1 - Summary of Chemicals of Concern for Exposure Areas with Cancer Risks Greater than 1x10-4 or a HI of 1
Nuclear Metals, Inc.  Superfund Site

Soil Sediment Groundwater

CAS
Surface

(0-1 ft bgs)
Shallow Subsurface

(1-10 ft bgs)
Cooling 
Pond Overburden Bedrock

A4 A5 A6 B2 B4 B5 A5 A6 B2 B5
On-Property 

Plume
On-Propertty 

GW
Off-Property 

GW
On-Property 

Plume
On-Propertty 

GW
Off-Property 

GW
Volatile Organics

75-34-3 1,1-Dichloroethane C
127-18-4 Tetrachloroethene C / NC
79-01-6 Trichloroethene C / NC C / NC C / NC C C / NC
75-01-4 Vinyl chloride C C

Semivolatile Organics
123-91-1 1,4-Dioxane C C C C
56-55-3 Benzo(a)anthracene C
50-32-8 Benzo(a)pyrene C C C C C C
205-99-2 Benzo(b)fluoranthene C C
117-81-7 Bis(2-Ethylhexyl)phthalate C C C
193-39-5 Indeno(1,2,3-cd)pyrene C

PCBs
11097-69-1 Aroclor-1254 NC NC / C C NC / C NC NC / C NC / C NC
11096-82-5 Aroclor-1260 C NC / C C NC / C

Inorganics
7440-38-2 Arsenic C C C C C C C C C / NC C / NC C C / NC C / NC C / NC
7440-39-3 Barium NC
7440-47-3 Chromium NC NC
7440-48-4 Cobalt NC NC NC NC
7440-50-8 Copper NC

Iron NC NC NC NC NC NC
7439-96-5 Manganese NC NC NC NC NC
7439-98-7 Molybdenum NC NC
7440-29-1 Thorium C C C C C C C C C C C C C C
7440-61-1 Uranium C NC / C C NC / C NC / C C NC / C C / NC C C C / NC C / NC C / NC
14797-55-8 Nitrate as N NC NC NC
14797-65-0 Nitrite as N NC NC

C - Chemical of Concern (COC) because exceess lifetime cancer risk for exposure area is greater than 1x10-4 and chemical has an excess lifetime cancer risk greater than 1x10-6

NC - Chemical of Concern (COC) because hazard index for exposure area is greater than 1 and chemical has a hazard quotient greater than 1.
C [italicized]  - Chemical of Concern (COC) because exceess lifetime cancer risk for exposure area is greater than 1x10-4 and chemical has an excess lifetime cancer risk greater than 1x10-6.  However, incremental cancer risk for exposure area does n   

Chemical of Concern
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Table 2.3.2 - Summary of Site-Specific Preliminary Remediation Goals and Residual Risks - Soil
Nuclear Metals, Inc. Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg) Detection Background (2) ARAR/Policy Selected Selected Residual Risk at PRG (4)

Based on Excess Liftime Cancer Risk Based on Hazard Index Limits (1) (mg/kg) (mg/kg) PRG PRG Excess Lifetime Hazard 
1x10-6 1x10-5 1x10-4 0.1 1 10 (mg/kg) (mg/kg) (pCi/g) Cancer Risk Index

Benzo(a)anthracene Resident 0.32 3.2 32 374 3,740 37,400 0.32 c -- 1E-06 0.00009
Recreational Visitor 0.65 6.5 65 753 7,526 75,260 0.65 c -- 1E-06 0.00009
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700 10 c -- 1E-06 0.0001
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200 3.3 c -- 1E-06 0.0001
Construction Worker 21 210 2,100 6,907 69,070 690,700 21 c -- 1E-06 0.0003

Benzo(a)pyrene Resident 0.032 0.32 3.2 374 3,740 37,400 0.22 b -- 7E-06 0.00006
Recreational Visitor 0.065 0.65 6.5 753 7,526 75,260 0.22 b -- 3E-06 0.00003
C/I Worker - Indoor 1.0 10 105 8,127 81,270 812,700 1.0 c -- 1E-06 0.00001
C/I Worker - Outdoor 0.33 3.3 33 2,562 25,620 256,200 0.33 c -- 1E-06 0.00001
Construction Worker 2.1 21 210 6,907 69,070 690,700 2.1 c -- 1E-06 0.00003

Benzo(b)fluoranthene Resident 0.32 3.2 32 374 3,740 37,400 0.32 c -- 1E-06 0.00009
Recreational Visitor 0.65 6.5 65 753 7,526 75,260 0.65 c -- 1E-06 0.00009
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700 10 c -- 1E-06 0.0001
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200 3.3 c -- 1E-06 0.0001
Construction Worker 21 210 2,100 6,907 69,070 690,700 21 c -- 1E-06 0.0003

Indeno(1,2,3-cd)pyrene Resident 0.32 3.2 32 374 3,740 37,400 0.32 c -- 1E-06 0.00009
Recreational Visitor 0.65 6.5 65 753 7,526 75,260 0.65 c -- 1E-06 0.00009
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700 10 c -- 1E-06 0.0001
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200 3.3 c -- 1E-06 0.0001
Construction Worker 21 210 2,100 6,907 69,070 690,700 21 c -- 1E-06 0.0003

PCBs Resident 0.48 4.8 48 0.24 2.4 24 1 (3) 1 a -- 2E-06 0.4
Recreational Visitor 0.97 9.7 97 0.49 4.9 49 1 a -- 1E-06 0.2
C/I Worker - Indoor 3.8 38 380 5.4 54 535 10 - 25 (3) 3.8 c -- 1E-06 0.07
C/I Worker - Outdoor 1.2 12 120 1.6 16 160 10 - 25 (3) 1.2 c -- 1E-06 0.08
Construction Worker 7.6 76 758 1.1 11 107 10 - 25 (3) 7.6 c -- 1E-06 0.7

Arsenic Resident 1.3 13 130 7.5 75 750 13.7 b -- 1E-05 0.2
Recreational Visitor 2.7 27 270 15.0 150 1,500 13.7 b -- 5E-06 0.1
C/I Worker - Indoor 9.3 93 930 149 1,489 14,890 13.7 b -- 1E-06 0.01
C/I Worker - Outdoor 3.7 37 370 60 597 5,970 13.7 b -- 4E-06 0.02
Construction Worker 21 210 2100 13.5 135 1,350 13.7 b -- 7E-07 0.1

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

0.033

0.22

0.066

Not Detected

Not Applicable

13.70.21 - 6.2

0.034 - 0.52

0.034 - 0.52

0.034 - 0.52

0.034 - 0.52

0.0034 - 0.7
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Table 2.3.2 - Summary of Site-Specific Preliminary Remediation Goals and Residual Risks - Soil
Nuclear Metals, Inc. Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg) Detection Background (2) ARAR/Policy Selected Selected Residual Risk at PRG (4)

Based on Excess Liftime Cancer Risk Based on Hazard Index Limits (1) (mg/kg) (mg/kg) PRG PRG Excess Lifetime Hazard 
1x10-6 1x10-5 1x10-4 0.1 1 10 (mg/kg) (mg/kg) (pCi/g) Cancer Risk Index

Uranium Resident 2.3 23 230 10 102 1,021 2.3 c U-238: 0.78 d 1E-06 0.02
U-235: 0.01 d
U-234: 0.13 d
U-total: 0.92 d

Recreational Visitor 19 191 1,915 21 205 2,050 19 c U-238: 6.4 d 1E-06 0.09
U-235: 0.083 d
U-234: 1.1 d
U-total: 7.5 d

C/I Worker - Indoor 9.5 95 950 190 1,904 19,040 9.5 c U-238: 3.2 d 1E-06 0.005
U-235: 0.041 d
U-234: 0.53 d
U-total: 3.7 d

C/I Worker - Outdoor 5.0 50 500 95 952 9,520 5.0 c U-238: 1.7 d 1E-06 0.005
U-235: 0.022 d
U-234: 0.28 d
U-total: 2.0 d

Construction Worker 100 1,000 10,000 62 619 6,188 100 c U-238: 34 d 1E-06 0.2
U-235: 0.44 d
U-234: 5.7 d
U-total: 40 d

Thorium Resident 0.074 0.74 7.4 7.35 b 0.81 e 1E-04
Recreational Visitor 0.90 9.0 90 7.35 b 0.81 e 8E-06
C/I Worker - Indoor 0.29 2.9 29 7.35 b 0.81 e 3E-05
C/I Worker - Outdoor 0.16 1.6 16 7.35 b 0.81 e 5E-05
Construction Worker 3.5 35 348 7.35 b 0.81 e 2E-06

1 - Range of reporting limits for non-detects in surface soil, as reported in data set for the Remedial Investigation.
2 - Background values for soils, where applicable, were established using upper limit concentrations for the Stowe Town Forest dataset (Baseline Human Health Risk Assessment, Appendices C and N) .
3 - PRG for Total PCBs based on CERCLA Policy (A Guide on Remedial Actions at Superfund Sites with PCB Contamination, OSWER Directive #9355.4-01FS, August 1990).
4 - Residual risk represents the excess lifetime cancer risk and hazard index associated with exposure to COC concentrations equal to the PRG.  Calculated as:
    Cancer risk = Final PRG x 1E-06 / PRG derived for 1E-06 target risk
    Hazard Index = Final PRG / PRG derived for a target hazard index of 1
ARAR - Applicable, Relevant, or Appropriate Requirement
mg/kg - milligram per kilogram
a - Final PRG is based on an ARAR
b - Final PRG is based on the background value
c - Final PRG is based on an excess lifetime cancer risk of 1x10-6

d - PRG as activity (pCi/g) is calculated from PRG as mass (mg/kg) based the isotopic profile for depleted uranium (0.2% U-235) as determined through analysis of  soil samples collected in the Remedial Investigation.  
     PRGs are documented in Attachment C of the PRG derivation appendix.
e - PRG as activity (pCi/g) calculated as PRG (mg/kg) divided by a mass to activity conversion factor of 9.1 (mg/kg per pCi/g).  The conversion factor is based on thorium measured as Th-232 as determined through analysis of soil samples 
     collected in the Remedial Investigation and accounting for in-growth of Ra-228+D and Th-228+D.  PRGs are documented in Attachment C of the PRG derivation appendix.
nc - Final PRG is based on a non-cancer hazard index of 1
-- - Not Applicable

Not Applicable

Not Applicable

Not Applicable

0.0064 - 0.0064

0.021 - 0.026 Not Applicable

1.3

7.35



Table 2.3.3 - Summary of Site-Specific Preliminary Remediation Goals and Residual Risks - Sediment
Nuclear Metals, Inc. Superfund Site

Preliminary Remediation Goals (mg/kg) Detection Background (2) ARAR/Policy Selected Residual Risk at PRG (4)

Human Health - Based on Excess Liftime Cancer Risk Human Health - Based on Hazard Index Ecological Limits (1) (mg/kg) (mg/kg) PRG Excess Lifetime Hazard 
1x10-6 1x10-5 1x10-4 0.1 1 10 Based on Benthic Community (mg/kg) (mg/kg) Cancer Risk Index

PCBs Recreational Visitor 2.7 27 269 1.6 16 159 1.08 0.45 Not Detected 1 (3) 1 a 4E-07 0.06

Copper Not a COC Not a COC 176 0.21 - 1.1 9.1 Not Applicable 176 e

Lead Not a COC Not a COC 97.3 0.21 - 1.1 33.7 Not Applicable 97.3 e

Mercury Not a COC Not a COC 1.3 0.21 - 1.1 0.041 Not Applicable 1.3 e

1 - Range of reporting limits for non-detects in sediment, as reported in data set for the Remedial Investigation.
2 - Background values for sediments, where applicable, were established using upper limit concentrations for the Maynard Pond dataset (Baseline Human Health Risk Assessment, Appendics C and N).
3 - PRG for Total PCBs based on CERCLA Policy (A Guide on Remedial Actions at Superfund Sites with PCB Contamination, OSWER Directive #9355.4-01FS, August 1990).
4 - Residual risk represents the excess lifetime cancer risk and hazard index associated with exposure to COC concentrations equal to the PRG.  Calculated as:
    Cancer risk = Final PRG x 1E-06 / PRG derived for 1E-06 target risk
    Hazard Index = Final PRG / PRG derived for a target hazard index of 1
ARAR - Applicable, Relevant, or Appropriate Requirement
mg/kg - milligram per kilogram
a - Final PRG is based on an ARAR
b - Final PRG is based on the background value
c - Final PRG is based on an excess lifetime cancer risk of 1x10-6

nc - Final PRG is based on a non-cancer hazard index of 1
e - Final PRG is based on ecological risk (protection of benthic community)

Chemical of 
Concern

Receptor Scenario
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Table 2.3.4 - Summary of Site-Specific Preliminary Remediation Goals - Groundwater
Nuclear Metals, Inc. Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (ug/l) Detection Background (ug/L) ARARs and TBC (ug/L) Selected
Based on Excess Liftime Cancer Risk Based on Hazard Index Limits (1) Overuburden (7) Bedrock (7) Federal MCL (2) MA MCL (3) TBC PRG (ug/L)
1x10-6 1x10-5 1x10-4 0.1 1 10 (ug/L) Overburden Bedrock

1,1-Dichloroethane Resident 2.4 24 240 230 2,300 23,000 0.5 Not Applicable Not Applicable Not Available Not Available Not a COC 2.4 c

Tetrachloroethene Resident 10 97 970 3.5 35 350 0.5 Not Applicable Not Applicable 5 5 5 a 5 a

Trichloroethene Resident 0.44 4.4 44 0.26 2.6 26 0.5 Not Applicable Not Applicable 5 5 5 a 5 a

Vinyl chloride Resident 0.015 0.15 1.5 3.6 36 360 0.5 Not Applicable Not Applicable 2 2 2 a 2 a

1,4-Dioxane Resident 0.67 6.7 67 47 470 4,700 0.15 (5) - 4.0 (6) Not Applicable Not Applicable Not Available Not Available 0.3 (G) 0.67 c 0.67 c

bis(2-Ethylhexyl)phthalate Resident 4.8 48 480 31 310 3,100 4.3 - 11 3.2 4.6 6 6 6 a 6 a

Arsenic Resident 0.045 0.45 4.5 0.47 4.7 47 0.8 - 16 1.2 26.8 10 10 10 a 10 a

Barium Resident Not Applicable 290 2,900 29,000 NA 19.5 44 2000 2000 Not a COC 2000 a

Chromium Resident Not Applicable 3.1 31 310 0.27 - 13 1.7 9.6 100 100 100 a 100 a

Cobalt Resident Not Applicable 0.47 4.7 47 0.045 - 0.47 0.64 1.1 Not Available Not Available 4.7 nc 4.7 nc

Copper Resident Not Applicable 62 620 6,200 0.29 - 24 0.78 6.8 1,300 1,300 1300 a Not a COC

Iron Resident Not Applicable 1100 11,000 110,000 32 - 280 596 4000 Not Available Not Available 300 (S) 11,000 nc 11,000 nc

Manganese Resident Not Applicable 32 320 3,200 0.2 - 4.8 25.6 200 Not Available Not Available 300 (HA) 300 a 300 a

Molybdenum Resident Not Applicable 7.8 78 780 0.022 - 1.4 Not Detected 8.7 Not Available Not Available 78 nc 78 nc

Thorium Resident 0.33 3.3 33 Not Applicable 0.05 - 0.38 0.15 Not Detected Not Available Not Available 0.33 c 0.33 c

Depleted Uranium Resident 1.6 16 160 0.93 9.3 93 0.038 - 0.048 0.47 (4) 14.1 (4) 30 30 30 a 30 a

Natural Uranium Resident 0.077 0.77 7.7 0.93 9.3 93 0.03 - 0.17 0.47 14.1 30 30 30 a 30 a

Nitrate-N Resident Not Applicable 2,500 25,000 250,000 20 - 310 522 253 10,000 10,000 10000 a 10000 a

Nitrite-N Resident Not Applicable 160 1,600 16,000 30 - 100 Not Detected 70 1,000 1,000 1000 a 1000 a

1 - Range of reporting limits for non-detects in groundwater, as reported in data set for the Remedial Investigation.
2 - National Primary Drinking Water Regulations (EPA 816-F-09-0004, May 2009) (http://water.epa.gov/drink/contaminants/index.cfm#List)

3 - 2012 Standards and Guidelines for Contaminants in Massachusetts Drinking Water (http://www.mass.gov/dep/water/drinking/standards/dwstand.htm)
4 - Values are for natural uranium
5 - Reporting limit for 8270 SIM
6 - Reporting limit for 8260 SIM
7 - Background values for groundwater, where applicable, were established using upper limit concentrations for background wells at the Site (Baseline Human Health Risk Assessment, Appendix C) .
(G) - Value is a Massachusetts Drinking Water Guideline
(S) - Value is a Federal and Massachusetts Secondary MCL
(HA) - Value is a USEPA Health Advisory
MCL - Maximum Contaminant Level
ARAR - Applicable, Relevant, or Appropriate Requirement
TBC - To Be Considered
ug/L - microgram per liter
a - Final PRG is based on an ARAR
b - Final PRG is based on the background value
c - Final PRG is based on an excess lifetime cancer risk of 1x10-6

nc - Final PRG is based on a non-cancer hazard index of 1



Table 2.5.1
Plume Area, Volume and Mass Estimates

Feasibility Study
Nuclear Metals, Inc. Superfund Site
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ft3 gallons liters grams kilograms

Uranium (Bedrock)         7.99        11,680,846         233,617 1,747,455      6,605,378         86.6           572 0.57
Depleted Uranium 0.92       843,495                    253,049 1,892,803      7,154,795         850.0        6,082 6.08
1,1 DCE (Overburden) 0.27                   505,985         151,796 1,135,431      4,291,929         7.0             30 0.03
TCE (Overburden) 1.93                5,119,565     1,535,869 11,488,303    43,425,786       10.9           474 0.47
TCE (Bedrock) 3.30                2,449,902           48,998 366,505         1,385,390         6.0                8 0.01
PCE (Overburden) 2.86                3,053,623         916,087 6,852,331      25,901,811       61.6        1,596 1.60
1,4 Dioxane (Overburden) 12.39            32,778,263     9,833,479 73,554,422    278,035,714     12.1        3,351 3.35
1,4 Dioxane (Bedrock)       16.51        10,024,644         200,493 1,499,687      5,668,816         11.0             62 0.06
Notes:
1.  Areal extents were calculated from contoured plumes of 2010-2011 MCL or MADEP Drinking Water Guideline exceedances.

3.  Pore volume estimates for overburden plumes assume a porosity of 30%.
4.  Pore volume estimates for bedrock plumes assume a porosity of 2%.
5.  Plume area weighted average concentrations were calculated based on representative areas surrounding each data point.
     A non-weighted average was calculated for plumes where the spatial distribution of data points was approximately equal.
6.  1,1 DCE (Overburden) concentration is assumed to equal the MCL.

Estimated Mass in 
Groundwater 

Pore Volume  Plume Area 
Weighted 
Average 

Concentration               
(µg/L)

2.  Approximate total volumes were calculated by multiplying the areal extent by the weighted average plume thickness exceeding MCLs or 
MADEP Drinking Water 

Areal 
Extent 
(acre)

Approximate 
Total Volume 

(ft3)
Analyte Plume



General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information  
(if relevant)

No Action None Not applicable No activities to address soil or 
sediment contamination

Will not reduce concentrations Easily implemented Lowest cost Required for consideration by NCP

Limited Action Access Controls Signs and/or fences Limit access Effective in reducing casual contact 
with soil. Not effective in 
addressing contamination

Easily implemented Low cost; very low O&M Can be used together with other actions Project experience

Institutional 
Controls

Deed restrictions Limits future construction activitiers 
to those deemed safe for the site 
following implementation of the 
remedy

Very Effective Easily implemented Low cost; very low O&M Applicable. Retained for further 
evaluation.

Project experience

Long Term 
Monitoring

Monitoring Routine monitoring of groundwater 
to verify reduction of source 
contaminants will be part of 
groundwater remedy.

Effective as a component of 
monitoring

Part of groundwatedr 
remedy

Part of groundwater remedy Part of groundwater remedy - not retained 
so that it is not accounted for twice.

Slurry Walls Constructed by filling a trench with a 
soil-bentonite or a cement-bentonite 
slurry that acts as a low permeability 
barrier to horizontal groundwater 
flow.

Very Effective Implementable Medium cost Applicable. Retained for further 
evaluation.

FRTR-SM

Sheet Pile Contructed by driving interlocking 
metal sheets into the subsurface to 
provide a vertical barrier to 
horizontal groundwater flow.

Very effective in short term but 
degrades over time

Implemetable High cost Not applicable as a remedy but may be 
used during excavation to prevent side 
slope failure during excavation. Not 
retained as a remedy.

FRTR-SM

Grout Cutain Constructed by injecting a grout into 
the subsurface to form a barrier 
wall.

Very Effective Implementable High cost Applicable. Retained for further 
evaluation.

FRTR-SM

Horizontal Barrier Cap Low-permeability engineered cover 
constructed to prevent exposure to 
contaminated soil and to prevent 
infiltration of surface water.

Very Effective Implementable High cost Applicable. Retained for further 
evaluation.

FRTR-SM

TABLE 3.1.1
 Identification and Initial Screening of Technologies for Remediation of  Soil and Sediment

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Vertical Barrier

Soil and Sediment

On-Site 
Containment
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General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information  
(if relevant)

TABLE 3.1.1
 Identification and Initial Screening of Technologies for Remediation of  Soil and Sediment

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Soil and Sediment

On-Site 
Containment 
Facility

_ Requires clearing an area to 
construct a liner with leachate 
collection and leak detection 
abilities, placing the contaminated 
soils inside, and capping.

Very Effective More difficult to implement High cost Applicable. Retained for further 
evaluation.

Project Experience

Excavation _ _ May include partial or total waste 
removal

Very Effective Contamination across site 
can be excavated with care; 
soils above water table in 
Holding Basin will be difficult 
to remove, but possible. The 
saurated soils in Holding 
Basin down to 90 feet bgs 
will be very difficult and 
dangerous to remove.

Low cost for down to 10 feet 
bgs; Medium cost for down to 
water table; High cost for 
below water table.

Applicable. Retained for further 
evaluation.

Project Experience

Solidification _ Fly ash, kiln dust, or other 
additive to be determined 
in detailed design

Process that uses an additive such 
as fly ash or kiln dust to absorb 
water present in soils and 
sediments in order to achieve 
material that is dry enough to pass 
paint filter test which is required for 
disposal.

Very Effective Easily implemented Low Cost Applicable. Retained for further 
evaluation.

DOE 2009          PNNL 
2009

In-Situ Thermoplastic polymers, 
poly-phosphate, or other 
additive to be determined 
in detailed design

Process that involves adding 
chemical reagents to waste in order 
to limit the contaminant solubility 
and mobility. In-situ methods inject 
reagent into subsurface via closely 
spaced boreholes. The reagent 
then reacts to stabilize or isolate the 
contaminant where contact is made.

Very Effective Difficult to implement; typical 
depths only down to 20 feet. 
Specialty equipment is 
needed to get down to 100 
feet.

High Cost Applicable for Holding Basin soils, but 
depths down to 90 feet are difficult. 
Retained for further evaluation for Holding 
Basin contamination below water table.

DOE 2009          PNNL 
2009

Ex-Situ Thermoplastic polymers, 
poly-phosphate, or other 
additive to be determined 
in detailed design

Process that involves adding 
chemical reagents to waste in order 
to limit the contaminant solubility 
and mobility. Typically involes a pug 
mill to provide mixing.

Very Effective Requires removing soils 
down to 100 feet which is 
very difficult and unsafe.

High Cost Not retained. Requires removing soils 
down to 100 feet which is very difficult 
and unsafe.

On-Site 
Containment

Chemical 
Stabilization
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General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information  
(if relevant)

TABLE 3.1.1
 Identification and Initial Screening of Technologies for Remediation of  Soil and Sediment

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Soil and Sediment

Dry Soil Separation Process that involves measuring the 
radionuclides emitted from the soil 
to separate clean soil from 
radiologically contaminated soil.

Very Effective Implementable - requires 
additional handling of the 
soil, and crushing to provide 
an even mass of soil for 
measurement by radiation 
detector. Rocks and root 
systems present in the soil 
can be cumbersome.

Medium Cost Applicable. Retained for further 
evaluation.

EPA 402-R-96-017 
"Technology Screening 
Guide for Radioactively 
Contaminated Sites"

Transportation and 
Off-Site Disposal

_ _ Transport of soils to off-site disposal 
facility

Very Effective Implementable - requires 
extensive trucking on 2-lane 
road in town of Concord.

Extremely High Cost Applicable. Retained for further 
evaluation.

Restoration of 
Excavated Areas

_ _ Restoration of most areas is easily 
implementable. On-site soils are 
available. Restoration of bog will 
require great care to minimize 
impact to the environement.

Very Effective Easily implemented Low cost for most areas, 
medium cost for bog

Applicable. Retained for further 
evaluation.

Key:

FRTR = Federal Remediation Technologies Roundtable: Screening Matrix and Reference Guide, Version 4.0: http://www.frtr.gov/matrix2/top_page.html. 
PNNL = Pacific Northwest National Laboratory, Operated by Batelle

References

EPA 402-R-96-017 . Environmental Protection Agency. Technology Screening Guide for Radioactively Contaminated Sites. November 1996
FRTR-SM.  Federal Remediation Technologies Round Table – Screening Matrix; http://www.frtr.gov/matrix2/section1/toc.html.
PNNL, 2009.  Pacific Northwest National Laboratory.  Uranium Stabilization through Phosphate Injection; June 2009.

DOE, 2009.  Department of Energy.  300 Area Uranium Stabilization through Polyphosphate Injection; December 2009.

DOE = Department of Energy
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General Response 
Action Technology Type Technology Process Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information    

(if relevant)

No Action None Not Applicable No activities to treat groundwater 
contamination

Will not reduce concentrations or 
prevent downgradient migration

Easily implementable, but not 
likely acceptable to federal, 
state or local governments

Lowest cost Required for consideration by NCP

 
Limited Action Access controls Signs and/or fences Limit access Will not reduce concentrations or 

prevent downgradient migration
Easily implementable; site 
already fenced and gated

Low capital
Very low O&M

Not needed because the plume is more than 
30 feet below ground surface and not readily 
accessible.

_ _

Institutional Controls Deed restrictions Water use restrictions or deed 
restrictions to restrict or prohibit the use 
of groundwater as a potable supply

Will not reduce concentrations or 
prevent downgradient migration

Technically implementable; 
however, portions of the Site 
are in a drinking water source 
area as defined in the 
Massachusetts Contingency 
Plan, which may impact 
regulatory implementability.

Low capital
No O&M

Applicable.  Retained for further evaluation _ _

Long-term monitoring Monitored Natural Attenuation 
(MNA)

Natural processes attenuate 
concentrations of contaminants in 
groundwater 

Effectiveness depends on isolation of 
source area under Holding Basin

Readily implementable; natural 
attenuation processes occur at 
all sites and routine 
groundwater monitoring has 
been in progress at the NMI 
Site for many years.

Low capital
Low O&M

Applicable.  Retained for further evaluation EPA, 1999; EPA-542-R-07-
012, EPA 600/R-11/204

Monitoring Active Remedy Routine monitoring of groundwater to 
verify success of active remedial 
technology, such as in-situ uranium 
sequestration

Effective only as a component of 
verifying remedy

Easily implementable Low Capital
Low O&M

Applicable in combination with an active 
remedy

_ _

Containment/ 
Removal 

Groundwater 
extraction 

Use of extraction wells to 
remove uranium mass

Active pumping to remove mass in most 
efficient pattern and flow from wells

Effective at preventing migration of 
impacted groundwater, but remedial 
timeframes are likely very long, 
especially for uranium which is likely 
strongly sorbed to aquifer solids

Readily implementable. High capital                                   
High O&M                                     
and would need to be combined 
with ex-situ treatment

Eliminated due to likely long remedial 
timeframes, the need for ex-situ treatment and  
high cost

EPA-542-R-07-012

Groundwater 
extraction 

Interceptor trench Active pumping from trench(es) to 
remove mass 

Effective at preventing migration of 
impacted groundwater, but remedial 
timeframes are likely very long

Difficult to implement due to a 
maximum target pumping depth 
of up to 80 feet.  Extraction 
using wells is more viable. 
Would also need to be 
combined with ex-situ 
treatment.

High capital
High O&M

Eliminated due to likely ineffectiveness, 
difficult implementability and high costs.

_ _

Physical containment Vertical barriers Installation of vertical barriers (e.g., 
slurry walls or grout curtains) to mitigate 
downgradient migration of impacted 
groundwater.

Moderately effective for controlling 
groundwater flow; would need to be 
combined with groundwater extraction 
and treatment to maintain inward 
hydraulic gradients within the contained 
area.

Difficult to implement due to 
depth of impacted groundwater 
and size of the area to be 
contained.

High capital
Moderate O&M (due to the need 
for groundwater extraction and 
treatment)

Eliminated due to implementability challenges 
and high cost.

_ _

TABLE 3.2.1
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Depleted Uranium in Overburden

Nuclear Metals, Inc. Superfund Site
Feasibility Study

Depleted Uranium Plume In Overburden
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General Response 
Action Technology Type Technology Process Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information    

(if relevant)

TABLE 3.2.1
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Depleted Uranium in Overburden

Nuclear Metals, Inc. Superfund Site
Feasibility Study

Depleted Uranium Plume In Overburden

Containment/ 
Removal 

Hydraulic containment Use of extraction wells to 
control or contain plumes 

Installation of wells to control or contain 
plumes through pumping

Effective at preventing migration of 
impacted groundwater, but remedial 
timeframes are likely very long, 
especially for uranium which is likely 
strongly sorbed to aquifer solids

Reliable and common remedy 
component

High Capital                                  
Moderate O&M

Applicable.  Retained for further evaluation. 
Would need to be combined with source 
control control and ex-situ groundwater 
treatment (see next GRA group)

_ _

Aquifer soil 
excavation 

Excavation with dewatering Excavate all contaminated saturated 
zone soils, in combination with 
dewatering

Very effective for removing DU sorbed 
to aquifer solids within the DU plume.

Extremely difficult if not 
impossible due to depths of 
near 80 ft over a large area in 
sandy soils which would require 
substantial shoring or other 
stabilization method.   Would 
require substantial excavation 
dewatering.

Very High Capital                          
No O&M

Eliminated due to depth and extent of 
impacted saturated zone, resulting in very high 
relative costs to implement. 

_ _

Chemical reaction Precipitation Acidify extracted groundwater to 
precipitate uranium from solution to 
insoluble U(IV) solid phases.   Used in 
conjunction with an active extraction 
remedy

Effective Implementable High Capital                                  
High O&M

Eliminated. Likely to be more costly than ion-
exchange. Would require combination with 
additional process options such as gravity 
separation or filtration.

PNNL-16761, FRTR 
Version 4.0; EPA-542-R-
07-012              

Separation Gravity separation of 
suspended solids 

Filter solid phase U from solution by 
mass

Effective in combination with other ex-
situ treatment

Implementable High Capital                                  
High O&M

Eliminated. Effective to remove uranium from 
process water if sorbed or precipitated.  
However, initial precipitation steps make this 
less efficient than ion exchange and likely 
more expensive. 

_ _

 Ion exchange of aqueous 
phase uranium 

Remove uranium from extracted water 
using strong base anion resin. Resin 
may be regenerated or disposed.

Effective when combined with other ex-
situ treatment (e.g., filtration) to 
precondition the influent water.

Implementable and very 
common remedy for ex-situ 
treatment for aqueous-phase 
uranium.

High Capital                                  
High O&M

Applicable.  Retained for further evaluation. 
Would need to be combined with an extraction 
system plus source control

PNNL- 16761;EPA-542-R-
07-012

  Reverse osmosis or 
nanofiltration

Pumped water passes through semi-
permeable membrane and uranium is 
removed in discharge stream.

Effective in combination with other ex-
situ treatment

Implementable and known 
remedy for ex-situ treatment for 
aqueous-phase uranium.

High Capital
moderate O&m  

Eliminated. More costly than ex-situ ion 
exchange. Constant waste stream would 
require additional treatment. 

PNNL- 16761

In-situ Treatment In-situ precipitation/ 
fixation - Iron based 
ammendments 
(assume 
emplacement via 
injection) 

Permeable reactive barrier 
using zero valent iron (ZVI) or 
injections of microscale ZVI 
within the plume

Elemental iron reduces U (VI) to less 
soluble U(IV) minerals and/or sorbs onto 
iron-oxide corrosion sites 

Effective over short term.  The ZVI may 
have a finite effective operating life as 
result of surface passivation and 
possibly a decrease in permeability; U 
removal using ZVI demonstrated at 
Oak Ridge. U breakthrough 
demonstrated at Canon City, CO PRB

Due to deep target depth 
interval of the groundwater to 
be treated, direct push injection 
of the ZVI into the target 
treatment zone will likely be the 
most cost effective 
implementation method

Moderate Capital 
Low O&M 

Applicable.  Retained for further evaluation, 
however reactive media is depleted over time 
through formation of precipitates which may 
restrict flow. Changes in geochemistry may 
result in remobilization of U. Careful monitoring 
and potential for rejuvenation through chemical 
flushing would need to be considered.  May be 
used as a PRB in conjunction with the Apatite 
II in-situ remedy.

PNNL-16761;                  
Morrison et al. 2006 
(ES&T);                               
EPA, 1998;                EPA, 
2000

Ex-Situ Treatment of 
Groundwater                
(used in combination 
with an extraction 
technology such as 
pump and treat)
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General Response 
Action Technology Type Technology Process Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information    

(if relevant)

TABLE 3.2.1
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Depleted Uranium in Overburden

Nuclear Metals, Inc. Superfund Site
Feasibility Study

Depleted Uranium Plume In Overburden

In-situ Treatment  In-situ Reactive Zone (ISRZ) 
using ferric oxyhydroxide or 
injections of amorphous ferric 
oxyhydroxide within the plume

Uranyl cation sorbs onto ferric-
oxyhydroxide 

Effective over short term. U removal 
demonstrated at Fry Canyon, UT. 

Technically & administratively 
feasible in overburden

Moderate Capital 
Low O&M

Eliminated. Less effective than ZVI and 
changes in geochemistry may result in 
remobilization of U. 

PNNL-16761;                      
ITRC, 2005;                      
DOE-LM/GJ850-2005;  
EPA, 2000

ISRZ -nanoparticle injection Principal component ZVI reduces U (VI) 
to less soluble (U(IV) and/or sorbs onto 
Fe-oxide corrosion sites 

Possible effectiveness over short term 
given capacity for ZVI to sequester 
uranium. Technology still under 
development

Technically & administratively 
feasible in overburden

Moderate Capital
O&M:  Low

Eliminated. Reactive media is depleted over 
time through formation of precipitates which 
may restrict flow and clog system. Changes in 
geochemistry may result in remobilization of U. 
Use of ZVI alone demonstrated to be effective 
at field scale. Nanoparticle technology  
developmental

PNNL-16761;                      
Riba et al. 2008 (GCA)

In-situ precipitation/ 
fixation (assume 
emplacement via 
injection) 

ISRZ using zeolite or 
injections of zeolite within the 
plume

Zeolite used as an ion exchanger. 
Uranium removed by uranyl cation 
chemosorption.

Possible short term effectiveness when 
used in composite of other PRB 
material.

Technically & administratively 
feasible in overburden

High Capital 
Low O&M 

Eliminated. Other PRB materials more 
effective and selective for uranium. pH 
dependency critical for successful 
sequestration. 

PNNL-16761;              
Akyil et al. 2002 (JR&NC )

ISRZ using polymer coated 
silica or injections of polymer 
coated silica within the plume

PANSIL polymer deposited from 
solution to surface of quartz sand and 
sequesters dissolved U

Effective in bench scale tests. However 
production of PANSIL is still in pilot 
stages and no full-scale applications 
have been identified.

Technically & administratively 
feasible in overburden

High Capital                              
High O&M (similar to ion-
exchange resins)

Eliminated. Technology not developed Bryant et al. 2003 (ES&T)

In-situ Treatment In-situ precipitation/ 
fixation - Using 
phosphate 
amendments (assume 
emplacement via 
injection) 

ISRZ using polyphosphate or 
injections of polyphosphate 
solution within the plume. 

Long-chain polyphosphate materials 
degrade in water to yield 
orthophosphate. Interaction with free 
uranyl cation results in mineralization of 
U-P insoluble phases

Effective in bench tests. Pilot scale 
testing was moderately effective, 
awaiting additional results

Possibly implementable, not yet 
demonstrated on field scale; 
however, NMI geochemistry 
similar to pilot tested site

Moderate Capital
Low O&M

Applicable.  Retained for further evaluation. 
however the type and solubility of U-phosphate 
complexes formed are highly pH dependent. 
Above pH 6, potential for the formation of 
soluble U-P complex.  Advantages over 
hydroxyapatite is that long chain 
polyphosphate delay precipitation of 
phosphate complexes and inhibit occlusion of 
pore space

PNNL-16101;              
Vazquez et al. 2007 
(Chemosphere)
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General Response 
Action Technology Type Technology Process Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information    

(if relevant)

TABLE 3.2.1
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Depleted Uranium in Overburden

Nuclear Metals, Inc. Superfund Site
Feasibility Study

Depleted Uranium Plume In Overburden

In-situ Treatment ISRZ using orthophosphate 
or injections of 
orthophosphate within the 
plume

Generation of orthophosphate ions to 
create Apatite and Autunite leading to 2 
mechanisms to sequester uranium 
(sorption and incorporation of uranium 
cations into mineral structure)

Effective in bench scale tests; still 
being proven in field setting.  Type and 
solubility of U-phosphate complexes 
formed are highly pH dependent. 
Above pH 6, potential for the formation 
of soluble U-P complex.  Advantages 
over hydroxyapatite is that long chain 
polyphosphate delay precipitation of 
phosphate complexes and inhibit 
occlusion of pore space

Injection technology is reliable 
but needs to be well designed

Moderate Capital
O&M:  Low

Eliminated because direct injection of Apatite 
or Apatite II is more efficient

_ _

  ISRZ using Apatite II or 
injections of Apatite II within 
the plume

Apatite is highly absorbent for uranium 
(and other metals), uranium can also 
incorporate into mineral structure.
Metal-apatie formation such as Autunite 
incorporates the uranium cation (as 
U(VI)) into mineral which has extremely 
low solubility constants. 

Very effective in bench scale tests and 
some field trials 
(http://www.pimsnw.com/). Would have 
to be bench and pilot tested during 
remedial design phase.

Injection technology is reliable 
but needs to be well designed

Moderate Capital
Low O&M

Applicable.  Retained for further evaluation 
because remedy does not rely on redox 
manipulation of aquifer, and thus should be 
very stable after remedy complete.  May use a 
ZVI PRB at the distal end of the DU plume to 
mitigate low concentrations of DU that may 
escape treatment area.

Wellman
PIMS NW

ISRZ -Vanadium coated 
apatite

Has all the same advantages of an 
apatite PRB with the added ability to 
form uranyl vanadates, which have a 
lower solubility than uranyl phosphates. 

Theoretically more effective than 
apatite alone. Would have to be bench 
and pilot tested during remedial design 
phase.

Injection technology is reliable 
but needs to be well designed

Moderate Capital
Low O&M

Applicable.  Retained for further evaluation 
because remedy does not rely on redox 
manipulation of aquifer, and thus should be 
very stable after remedy complete.  Has the 
potential to be more effective at uranium 
sequestration than apatite alone.

Tokunaga, 2009

   ISRZ -calcium citrate and 
sodium phosphate injection 

Stimulate biological reduction and then 
precipitate out apatite via Na-phosphate 
amendment

Possible long term effectiveness given 
potential for apatite formation

technically & administratively 
feasible in overburden, however 
requires bioconditioning

Moderate Capital
O&M:  Low

Eliminated. Microbial degradation of citrate 
required for remedy to work. Bioconditioning 
and long term maintenance of reducing 
conditions costly. Other in-situ media more 
effective.

PNNL-16761
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(if relevant)

TABLE 3.2.1
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Depleted Uranium in Overburden

Nuclear Metals, Inc. Superfund Site
Feasibility Study

Depleted Uranium Plume In Overburden

In-situ Treatment In-situ reductive 
technologies

In-situ redox manipulation by 
dithionite injection 

Na-dithionite added as a reductant to 
reduce U (VI) to U(IV) and precipitate 
out on fe-oxides. 

Limited short term effectiveness 
demonstrated by PNNL

Possibly implementable- 
requires long-term maintenance 
of reducing conditions

Moderate Capital
O&M:  Low

Eliminated. Uranium eventually reoxidizes and 
re-dissolves 

PNNL-12048;                  
DOE-LM/GJ850-2005

   Microbial dissimilatory 
reduction of U(VI) 

Stimulate Geobacter  population using 
an electron donor (e.g., acetate or 
ethanol) which have the ability to reduce 
U (VI) to U(IV)

Effective for short term sequestration, 
demonstrated in Rifle, CO

Possibly implementable-
requires long-term maintenance 
of reducing conditions, 
continuous input of microbes. 

Moderate Capital
Moderate O&M

Eliminated. Uranium  is not permanently 
sequestered and can reoxidize and re-
dissolve. 

Senko et al. 2002 (ES&T);  
N'Guessan et al. 2008 
(ES&T)

Key:

DU = depleted uranium

FRTR = Federal Remediation Technologies Roundtable: Screening Matrix and Reference Guide, Version 4.0: http://www.frtr.gov/matrix2/top_page.html. 

PNNL = Pacific Northwest National Laboratory, Operated by Batelle

VOC = colatile organic compounds

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 

ERDF = Environmental Restoration Disposal Facility. 

FS = Feasibility study. 
MNA = Monitored natural attenuation. 

RI = Remedial investigation. 
ROD = Record of decision. 

ZVI = Zero valent iron. 
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(if relevant)

TABLE 3.2.1
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Depleted Uranium in Overburden

Nuclear Metals, Inc. Superfund Site
Feasibility Study

Depleted Uranium Plume In Overburden
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   Office of Solid Waste and Emergency Response, Washington, D.C. 
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   Pacific Northwest National Laboratories, Richland, Washington.
PNNL-16101, Wellman, DM, Fruschter, JS, and Vermuel, VR. 2006. Experimental Plan: Uranium Stabilization Through Polyphosphate Injection. 300 Area Uranium Plume Treatability Demonstration Project .  PNNL-16101, 
   Pacific Northwest National Laboratory, Richland, WA
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General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments
Source of 

Information     
(if relevant)

No Action None Not Applicable No activities to treat groundwater 
contamination

Will not reduce concentrations or 
prevent downgradient migration

Readily implementable, but not 
likely acceptable to federal, state 
or local governments because 
VOC concentrations exceed MCLs 
and portions of the Site are in a 
drinking water source area as 
defined in the Massachusetts 
Contingency Plan.

Lowest cost Required for consideration 
by NCP

Limited Action Access controls Signs and/or fences Limit access Will not reduce concentrations or 
prevent downgradient migration

Easily implementable; site already 
fenced and gated

Low capital                              
No O&M

Not needed because the 
plumes are more than 30 
feet below ground surface 
and not readily accessible.

Institutional 
Controls

Deed restrictions Water use restrictions or deed 
restrictions to restrict or prohibit the 
use of groundwater as a potable 
supply

Will not reduce concentrations or 
prevent downgradient migration

Technically implementable; 
however, portions of the Site are 
in a drinking water source area as 
defined in the Massachusetts 
Contingency Plan, which may 
impact regulatory implementability.

Low capital                              
No O&M

Applicable.  Retained for 
further evaluation

Long term 
monitoring

Monitored Natural 
Attenuation (MNA)

Natural processes attenuate 
concentrations of contaminants in 
groundwater 

Effective if historical data 
indicates attenuation processes 
are occurring at a sufficient rate to 
meet PRGs in a reasonable 
timeframe. 

Reliable and common remedy 
component.  May need to be 
combined with hydraulic 
containment for 1,4-dioxane

Low capital                              
Low O&M

Applicable.  Retained for 
further evaluation

Monitoring Active 
Remedy

Routine monitoring of groundwater 
to verify success of active remedial 
technology

Effective only as a component of 
verifying remedy

Easily implementable Low Capital
Low O&M

Applicable.  Retained for 
further evaluation

Containment/ 
Removal

Groundwater 
extraction for mass 
removal

Use of extraction wells 
to remove VOC and 
1,4-dioxane mass

Active pumping to remove mass in 
most efficient pattern and pumping 
rate from wells

Effective at preventing migration 
of impacted groundwater, but 
remedial timeframes are likely 
very long

Reliable and common remedy, 
however, elevated concentration 
areas are widespread and many 
wells would be needed.

High capital                             
High O&M                         

Eliminated due to high 
capital and O&M costs 
and likely effectiveness of 
MNA for VOCs, and 1,4-
dioxane, and other more 
efficient remedies

 

Containment/ 
Removal

Groundwater 
extraction for mass 
removal

Interceptor Trench Active pumping from trench(es) to 
remove mass 

Effective at preventing migration 
of impacted groundwater, but 
remedial timeframes are likely 
very long

Difficult due to a max depth of ~80 
feet.  Extraction using wells is 
more viable. 

High capital                             
High O&M                                

Eliminated due to 
ineffectiveness, difficult 
implementability and high 
costs

Volatile Organic Compounds and 1,4-dioxane in Overburden and Bedrock

Table 3.2.2
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

VOCs and 1,4-dioxane in Overburden and Bedrock

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Shaded area indicates technology was
retained for remedial alternative development 1 of 4



General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments
Source of 

Information     
(if relevant)

Volatile Organic Compounds and 1,4-dioxane in Overburden and Bedrock

Table 3.2.2
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

VOCs and 1,4-dioxane in Overburden and Bedrock

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Physical 
containment

Vertical barriers Installation of vertical barriers (e.g., 
slurry walls or grout curtains) to 
mitigate migration of impacted 
groundwater to the Assabet River.

Moderately effective for 
controlling groundwater flow; 
would need to be combined with 
groundwater extraction and 
treatment to maintain inward 
hydraulic gradients within the 
contained area.

Difficult to implement due to depth 
of impacted groundwater and size 
of the area to be contained.

High capital
Moderate O&M 

Eliminated due to 
implementability 
challenges and high cost.

Hydraulic 
containment 

Use of extraction wells 
to control or contain 
plumes 

Installation of well(s) to control or 
contain plumes through pumping

Effective at preventing migration 
of impacted groundwater, but 
remedial timeframes are likely 
very long

Reliable and common remedy High capital                             
High O&M                                

Applicable. Retained for 
further evaluation- 
however, MNA may be 
more viable, and pumping 
off-site may not be 
possible due to access 
constraints. 

Ex-Situ Treatment 
of Groundwater         
(used in 
combination with an 
extraction 
technology such as 
pump and treat)

Organic separation Air Stripping Use air stripper to separate VOCs 
from water to vapor phase, low 
Henryt's Constant for 1,4-dioxane 
limits air stripper applicability

Reliable for VOCs, but may need 
to treat vapors.  Not applicable for 
1,4-dioxane, due to low Henry's 
Law Constant

Readily implementable, needs to 
be combined with an extraction 
technology

Capital Moderate                     
O&M  Moderate

Applicable.  Retained for 
further evaluation for 
VOCs.  Needs to be 
combined with an 
extraction technology and 
possibly carbon 
adsorption.  Need to 
manage discharge water

FRTR Version 
4.0;                   
EPA-542-R-07-
012

Ex-Situ Treatment 
of Groundwater         
(used in 
combination with an 
extraction 
technology such as 
pump and treat)

Carbon and/or 
synthetic media 
adsorption and/or ion-
exchange media

VOC vapors sorb to granular 
activated carbon (GAC) medium, 
low adsorptive capacity for 1,4-
dioxane limits GAC applicability

Reliable for VOCs, sythetic media 
adsorption demonstrated effective 
for removal of 1,4-dioxane, ion 
exchange media effective for 
nitrate removal

Readily implementable, needs to 
be combined with an extraction 
technology

Capital Moderate to High        
O&M  Moderate

Applicable.  Retained for 
further evaluation for 
VOCs and 1,4-dioxane.  
Needs to be combined 
with an extraction 
technology and possibly 
air stripping, need to 
manage discharge water

FRTR Version 
4.0;  EPA-542-R-
07-012;  
http://cluin.org/pr
oducts/newsltrs/t
nandt/view_new.c
fm?issue=0814.cf
m

Chemical 
destruction

Advanced oxidation Use of hydroxyl radicals to oxidize 
contaminants to carbon dioxide, 
water and residual chloride.   
Hydrogen peroxide with UV light, 
hydrogen peroxide with ozone, 
hydrogen peroxide with ferrous iron 
(Fenton's reagent) and ozone w/ UV

proven technology for 1,4-dioxane 
and VOCs

Readily implementable, needs to 
be combined with an extraction 
technology

Capital Moderate                     
O&M  Moderate

Applicable.  Retained for 
further evaluation for 1,4-
dioxane.  Needs to be 
combined with an 
extraction technology and 
need to manage discharge 
water.

Shaded area indicates technology was
retained for remedial alternative development 2 of 4



General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments
Source of 

Information     
(if relevant)

Volatile Organic Compounds and 1,4-dioxane in Overburden and Bedrock

Table 3.2.2
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

VOCs and 1,4-dioxane in Overburden and Bedrock

Feasibility Study
Nuclear Metals, Inc. Superfund Site

In-situ Treatment Physical or 
Chemical 
Treatment

In-Situ Reactive Zone 
(ISRZ) – Zero Valent 
Iron

Iron granules or other iron bearing 
minerals placed in-situ, as the iron 
is oxidized, a chlorine atom is 
removed from the chlorinated 
compound by reductive 
dechlorination, using electrons 
supplied by the oxidation of iron. 
The iron granules dissolve so slowly 
and are expected to remain 
effective for many years, possibly 
even decades.

Very effective for VOCs; not 
effective for 1,4-dioxane. ZVI may 
have a finite effective operating 
life as result of surface 
passivation and possibly a 
decrease in permeability through 
formation of precipitates which 
may restrict flow and clog system. 

Due to deep target depth interval 
of the groundwater to be treated, 
direct push injection of the ZVI 
into the target treatment zone will 
likely be the most cost effective 
implementation method.  Not likely 
feasible for bedrock.

Capital Moderate to high         
O&M low

Applicable.  Retained for 
further evaluation for 
VOCs in overburden.  
Needs to be combined 
with active monitoring. 

 

Shaded area indicates technology was
retained for remedial alternative development 3 of 4



General Response 
Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments
Source of 

Information     
(if relevant)

Volatile Organic Compounds and 1,4-dioxane in Overburden and Bedrock

Table 3.2.2
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

VOCs and 1,4-dioxane in Overburden and Bedrock

Feasibility Study
Nuclear Metals, Inc. Superfund Site

In-situ Treatment Biological Anaerobic in-situ 
reactive zone 

Create reduced zone through 
bioaugmentation and reduce 
CVOCs ( PCE, TCE and cis, 1,2-
DCE) to ethene

May only be moderately effective 
due to low initial CVOC 
concentrations

Possibly-requires long-term 
maintenance of reducing 
conditions, continuous input of 
microbes. 

Capital   Moderate to High      
O&M  Moderate

Eliminated. VOC 
concentrations are not 
sufficient to sustain 
microbial community. 

 

 Physical Dual Phase Extraction Remove VOCs from groundwater 
using system of high vacuum wells 
to extract water and soil vapor.

Effective, Requires significant infrastructure 
and may need to be installed in off-
property areas

Capital  High                            
O&M high

Eliminated for VOCs and 
1,4-dioxane.  Significant 
costs and less efficient 
than other technologies.

In-situ Treatment Physical Air sparging Bubble air into soil to vaporize 
volatiles

Effective for VOCs, not for 1,4-
dioxane which has a low Henry's 
Law Constant

Requires significant infrastructure 
and may need to be installed in off-
property areas, and be combined 
with Soil vapor extraction

Capital  High                            
O&M high

Eliminated for VOCs and 
1,4-dioxane.  Significant 
costs and less efficient 
than other technologies.

Accelerated 
Remediation 
Technology (ART)

Combines air stripping, air sparging, 
soil vapor extraction, and enhanced 
bioremediation/oxidation through 
unique wellhead 

Reliable for VOCs Requires significant infrastructure 
and may need to be installed in off-
property areas

Capital  High                            
O&M high

Eliminated for VOCs and 
1,4-dioxane.  Significant 
costs and less efficient 
than other technologies.

http://www.artinw
ell.com/

Key:
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 
ERDF = Environmental Restoration Disposal Facility. 
FRTR = Federal Remediation Technologies Roundtable: Screening Matrix and Reference Guide, Version 4.0: http://www.frtr.gov/matrix2/top_page.html. 
FS = Feasibility study. 
MNA = Monitored natural attenuation. 
RI = Remedial investigation. 
ROD = Record of decision. 
VOC = volatile organic compounds
ZVI = Zero valent iron. 

Shaded area indicates technology was
retained for remedial alternative development 4 of 4



General 
Response Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information     
(if relevant)

No Action None Not Applicable No activities to treat groundwater 
contamination

Will not reduce concentrations or 
prevent downgradient migration

Readily implementable, but not 
likely acceptable to federal, 
state or local governments 
because uranium 
concentrations exceed MCLs 
and portions of the Site are in a 
drinking water source area as 
defined in the Massachusetts 
Contingency Plan.

Lowest cost Required for consideration by NCP _ _

Limited Action Access controls Signs and/or fences Limit access Will not reduce concentrations or 
prevent downgradient migration

Easily implementable; site 
already fenced and gated

Low capital                                   
No O&M

Not needed because the bedrock 
groundwater is more than 50 feet below 
ground surface and not readily accessible.

_ _

Institutional Controls Deed restrictions Water use restrictions or deed 
restrictions to restrict or prohibit the use 
of groundwater as a potable supply

will not reduce concentrations or 
prevent downgradient migration

Technically implementable; 
however, portions of the Site 
are in a drinking water source 
area as defined in the 
Massachusetts Contingency 
Plan, which may impact 
regulatory implementability.

Low capital                                   
No O&M

Applicable.  Retained for further evaluation _ _

Monitoring Monitoring Active Remedy Routine monitoring of groundwater to 
verify success of active remedial 
technology

Effective only as a component of 
verifying remedy

Easily implementable Low Capital
Low O&M

Applicable.  Retained for further evaluation

Containment/ 
Removal 

Groundwater 
extraction 

Use of extraction wells to 
remove uranium mass

Active pumping to remove mass in most 
efficient pattern and flow from wells

Effective at preventing migration 
of impacted groundwater, but 
remedial timeframes are likely 
very long, especiall for uranium 
which is likely strongly sorbed to 
aquifer solids

Reliable and common remedy High capital
High O&M

Eliminated due to likely very long remedial 
timeframes and the high cost

EPA-542-R-07-012

Groundwater 
extraction 

Interceptor trench Active pumping from trench(es) to 
remove mass 

Effective at preventing migration 
of impacted groundwater, but 
remedial timeframes are likely 
very long

Not possible in deep bedrock NA Eliminated. Not possible in deep bedrock

Physical containment Vertical barriers Installation of vertical barriers (e.g., 
slurry walls or grout curtains) to mitigate 
downgradient migration of impacted 
groundwater.

Moderately effective for 
controlling groundwater flow; 
would need to be combined with 
groundwater extraction and 
treatment to maintain inward 
hydraulic gradients within the 
contained area.

Difficult to implement due to 
depth of impacted groundwater 
and size of the area to be 
contained.

High capital
Moderate O&M 

Eliminated due to implementability 
challenges and high cost.

Hydraulic containment Use of extraction wells to 
control or contain plumes 

Installation of well(s) to control or 
contain plumes through pumping

Effective at preventing migration 
of impacted groundwater, but 
remedial timeframes are likely 
very long, especially for uranium 
which is likely strongly sorbed to 
aquifer solids

Reliable and common remedy 
component, would need to be 
combined with ex-situ treatment 
and effluent discharge

High Capital                                 
Moderate O&M

Applicable.  Retained for further evaluation.
Would need to be combined with ex-situ 
treatment and effluent discharge.

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Uranium Plume in Bedrock

TABLE 3.2.3
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Uranium in Bedrock 

Containment/ 
Removal 

Shaded area indicates technology was retained for remedial alternative development Page 1 of 3



General 
Response Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information     
(if relevant)

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Uranium Plume in Bedrock

TABLE 3.2.3
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Uranium in Bedrock 

Ex-Situ Treatment of 
Groundwater              
(used in combination 
with an extraction 
technology such as 
pump and treat)

Chemical reaction Precipitation Acidify extracted groundwater to 
precipitate uranium from solution to 
insoluble U(IV) solid phases.   Used in 
conjunction with an active extraction 
remedy

Effective Implementable High Capital                                 
High O&M

Eliminated. Likely to be more costly than ion-
exchange. Would require combination with 
additional process options such as gravity 
separation or filtration.

PNNL-16761;                                   
FRTR Version 4.0;                           
EPA-542-R-07-012              

Gravity separation of 
suspended solids 

Filter solid phase U from solution by 
mass

Effective in combination with other 
ex-situ treatment

Implementable High Capital                                 
High O&M

Eliminated. Effective to remove uranium from 
process water if sorbed or precipitated.  
However, initial precipitation steps make this 
less efficient than ion exchange and likely 
more expensive. 

Filtration of suspended solids Filter solid phase U from solution Effective in combination with other 
ex-situ treatment

Implementable Moderate Capital
Moderate O&M

Eliminated. Gravity separation of suspended 
solids more cost effective, plus initial 
precipitation steps make this less efficient 
than ion exchange.

_ _

Ion exchange of aqueous 
phase uranium 

Remove uranium from extracted water 
using strong base anion resin. Resin 
may be regenerated or disposed.

Effective in combination with other 
ex-situ treatment

Implementable and very 
common remedy for ex-situ 
treatment for aqueous-phase 
uranium.

High Capital                                 
High O&M

Applicable.  Retained for further evaluation 
would need to be combined with an 
extraction system plus source control

PNNL- 16761;                                  
EPA-542-R-07-012

  Reverse osmosis Pumped water passes through semi-
permeable membrane and uranium is 
removed in discharge stream.

Effective in combination with other 
ex-situ treatment

Implementable and known 
remedy for ex-situ treatment for 
aqueous-phase uranium.

High capital
Moderate O&M 

Eliminated. More costly than ex-situ ion 
exchange. Constant waste stream would 
require additional treatment. 

PNNL- 16761

In-situ precipitation/ 
fixation (assume 
emplacement via 
injection) 

ISRZ or shotgun injections – 
microscale zero valent iron 
(ZVI)

Elemental iron reduces U (VI) to less 
soluble (U(IV) minerals and/or sorbs 
onto Fe-oxide corrosion sites 

Effective over short to mid term.  
The ZVI may have a finite 
effective operating life as result of 
surface passivation and possibly 
a decrease in permeability; U 
removal using ZVI demonstrated 
at Oak Ridge. U breakthrough 
demonstrated at Canon City, CO 
PRB

Difficult to ensure adequate ZVI 
placement in bedrock, 
especially with deeper depth to 
bedrock 

Moderate Capital
Low  O&M

Applicable. Retained for further evaluation. 
Bench and pilot testing would be required 
during the remedial design phase.

PNNL-16761;                                   
Morrison et al. 2006 (ES&T); EPA, 
1998;                                              
EPA, 2000

 In situ reactive zone with 
Apatite II 

Injection of other sorbing/reactive media 
such as polyphosphate or Apatite II to 
sequester uranium

Very effective in bench scale tests 
and some field trials 
(http://www.pimsnw.com/). Would 
have to be bench and pilot tested 
during remedial design phase.

Difficult to ensure adequate 
media placement in bedrock, 
especially with deeper depth to 
bedrock 

Moderate Capital
Low  O&M

Applicable. Retained for further evaluation. 
Bench and pilot testing would be required 
during the remedial design phase.

PNNL-16761;                                   
ITRC, 2005;                                     
DOE-LM/GJ850-2005;                     
EPA, 2000

Biological Anaerobic in-situ reactive 
zone 

Create reduced zone through 
bioaugmentation and reduce U (VI) to 
U(IV)

Effective for short term 
sequestration

Difficult. Requires long-term 
maintenance of reducing 
conditions, continuous input of 
microbes. 

Moderate Capital
Moderate O&M

Eliminated. Uranium  is not permanently 
sequestered and can reoxidize and re-
dissolve. For VOCs, concentrations are not 
sufficient to sustain microbial community. 

PNNL-16761

Key:
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 
ERDF = Environmental Restoration Disposal Facility. 
FRTR = Federal Remediation Technologies Roundtable: Screening Matrix and Reference Guide, Version 4.0: http://www.frtr.gov/matrix2/top_page.html. 
FS = Feasibility study. 

Separation 

In-situ Treatment 

Shaded area indicates technology was retained for remedial alternative development Page 2 of 3



General 
Response Action Technology Type Technology Process 

Option Description Effectiveness Implementability Relative Cost Screening Comments Source of Information     
(if relevant)

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Uranium Plume in Bedrock

TABLE 3.2.3
 Identification and Initial Screening of Technologies for Remediation of  Groundwater

Uranium in Bedrock 

MNA = Monitored natural attenuation. 
RI = Remedial investigation. 
ROD = Record of decision. 
PNNL = Pacific Northwest National Laboratory, Operated by Batelle
ZVI = Zero valent iron. 

References
EPA, 1998. Permeable Reactive Barriers for Contaminant Remediation. EPA/600/R-98/125. Environmental Protection Agency Office of Solid Waste and Emergency Response and Office of Research and Development, Washington, DC.

EPA, 2007. Treatment Technologies for Site Cleanup: Annual Status Report (Twelfth Edition). EPA-542-R-07-012,Office of Solid Waste and Emergency Response.
Morrison SJ, Mushovic PS, Niesen PL.  2006. Early breakthrough of molybdenum and uranium in a permeable reactive barrier. Environmental Science and Technology, 40:2018-2024.   
PNNL-16761, Nimmons, MJ. 2007. Evaluation and Screening of Remedial Technologies for Uranium at the 300-FF-5 Operable Unit, Hanford Site, Washington. PNNL-16761. Pacific Northwest National Laboratories, Richland, Washington

EPA, 2000. Field Demonstration of Permeable Reactive Barriers to Remove Dissolved Uranium From Groundwater, Fry Canyon, Utah: September 1997 to September 1998, Interim report. Environmental Protection Agency 
    Office of Air and Radiation, Washington, DC.

EPA, 1999.  Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and Underground Storage Tank Sites. 
       OSWER Directive 9200.4-17P, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C. 
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Table 3.4.1 
Identification and Initial Screening of Technologies for Remediation of Soil Gas 

Feasibility Study 
Nuclear Metals, Inc. Superfund Site 

 
Soil Gas 

General Response 
Action 

Technology Type Technology Process 
Option 

Description Effectiveness Implementability Relative Cost Screening Comments Source of 
Information 
(if relevant) 

No Action None Not Applicable No activities to treat soil Will not reduce 
concentrations 

Easily implementable Lowest cost Required for consideration by NCP  

Limited Action Access Controls Signs and/or fences Limit access No effect. Soil gas vapors 
are not an issue in open 
air 

Easily implemented Low cost  
Very low O&M 

Applicable; Retained for further 
evaluation 

 

Institutional Controls Deed restrictions Require construction of buildings to include vapor 
intrusion controls 

Very effective Easily implemented Low cost 
Very low O&M 

Applicable; Retained for further 
evaluation. Deed restriction can be 
removed when soil gas vapors drop 
to concentration below PRG. 

 

Long-Term 
Monitoring 

Monitoring Routine monitoring of groundwater to verify 
reduction of source VOCs will be part of the 
groundwater remedy 

Effective as a component 
of monitoring 

Part of groundwater 
remedy 

Part of 
groundwater 
remedy 

Part of groundwater remedy.   

Barrier Passive Barrier Geomembrane Place geomembrane on entire building foundation 
to minimize vapors entering building from the soil 

Effective  Easily implemented Low cost Sufficient for low concentration of 
vapors present. Retained for 
potential inclusion as part of deed 
restriction 

 

Asphalt Emulsion Spray rubberized asphalt emulsion on soil 
foundation to minimize vapors entering building 

Would be more effective 
for higher concentrations 
of vapors – but same 
effectiveness as 
geomembrane for low 
concentration at Site 

Easily implemented but 
not as readily available 

Medium cost Higher cost does not provide added 
benefit. Not retained. 

USEPA 2008 

Venting Passive Venting Permeable layer Place pea gravel of nonwoven geotextile below 
barrier and at perimeter of building to provide 
venting layer to allow natural diffusion of soil gas 
away from building 

Very effective Easily implemented in 
new construction; more 
difficult in existing 
construction 

Low cost If soil gas vapors are still present at 
time of building construction, this 
technology will add effectiveness to 
allow natural diffusion of soil gas so 
pressure gradient does not force soil 
gas through to building interior. 
Retained for potential inclusion as 
part of deed restriction 

ITRC 2007 

Active Venting Subslab 
Depressurization 

A blower is used in addition to  barrier and venting 
layer to actively pull soil gas to one common 
discharge pipe to discharge gases well above 
outdoor breathing zone 

Very effective – but same 
effectiveness as passive 
venting for low 
concentration at Site 

Readily implementable Medium cost Higher cost of venting pipe and 
blower does not provide added 
benefit; Not retained. 

ITRC 2007 

Building 
Pressurization  

Building 
Pressurization 

Building Pressurization Pressurizing the building interior relative to the 
subslab to force subsoil gas to outside walls of 
building 

Very effective Implementable High Cost High cost of this technology means 
this is generally used only when 
commercial buildings require “clean 
rooms.” Not retained. 

ITRC 2007 

Indoor Air 
Treatment 

Indoor Air Collection 
and Treatment 

Granular Activated 
Carbon 

Indoor air is collected and treated through vapor 
phase carbon before discharged to the atmosphere 

Less effective Difficult to implement High Cost Preventing vapors from entering 
indoor air space is preferred over 
this technology. Not retained. 

ITRC 2007 

  Photocatalytic 
Converter 

Indoor air is collected and treated by catalytic 
conversion before discharged to the atmosphere 

Less effective Difficult to implement High Cost Preventing vapors from entering 
indoor air space is preferred over 
this technology. Not retained. 

USEPA 2008 

USEPA 2008.  United States Environmental Protection Agency, Office of Research and Development, National Risk Management Research Laboratory. Indoor Air Vapor Intrusion Mitigation Approaches, USEPA 300-R-08-115, October 2008. 
ITRC, 2007. Interstate Technology and Regulatory Council. Vapor Intrusion Pathway: A Practical Guidance; January 2007 
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REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR SOIL / SEDIMENT ALTERNATIVES 

Federal 
USEPA Risk Reference Doses To Be 

Considered 
RfDs will be considered during the development of 
cleanup goals. 

SS-1 – No action, therefore not applicable 
SS-2, 3, 4 & 5 – RfDs considered during development of PRGs. 

USEPA Carcinogen 
Assessment Group, Cancer 
Slope Factors (CSFs) 

To Be 
Considered 

CSFs will be considered during the development of 
cleanup goals. 

SS-1 – No action, therefore not applicable 

SS-2, 3, 4 & 5 – CSFs considered during development of PRGs. 

Guidelines for Carcinogen Risk 
Assessment (EPA/630/P-
03/001F, March 2005) 

To Be 
Considered 

These guidelines will be considered during the 
development of cleanup goals. 

SS-1 – No action, therefore not applicable 

SS-2, 3, 4 & 5 – Guidelines considered during development of PRGs. 

Supplemental Guidance for 
Assessing Susceptibility from 
Early-Life Exposure to 
Carcinogens (EPA/630/R-
03/003F, March 2005) 

To Be 
Considered 

This guidance will be considered during the 
development of cleanup goals. 

SS-1 – No action, therefore not applicable 

SS-2, 3, 4 & 5 – Guidance considered during development of PRGs. 

A Guide on Remedial Actions at 
Superfund Sites with PCB 
Contamination, (OSWER 
Directive #9355.4-01FS, August 
1990) 

 To Be 
Considered 

This policy will be considered during the development 
of clean up levels for soils and sediments. 

SS-1 – No action, therefore not applicable 

SS-2, 3, 4 & 5 – Guidance considered during development of PRGs. 

Prediction of sediment toxicity 
using consensus-based 
freshwater sediment quality 
guidelines. (EPA 905/R-00/007. 
June 2000) 

To Be 
Considered 

These guidelines will be considered during the 
development of cleanup goals for sediments     

SS-1 – No action, therefore not applicable 

SS-2, 3, 4 & 5 – Guidelines considered during development of PRGs. 

State 
Massachusetts Regulations for 
the Control of Radiation, 
Standards for Protection 
Against Radiation, Vacating 
Premises; 105 CMR 120.245; 
Standards for Protection 
Against Radiation 

Relevant and 
Appropriate 

The 10 mRem above background criteria will be 
used during the development of cleanup goals  

SS-1 – No action, therefore not applicable 

SS-2, 3, 4 & 5 – Regulations used during development of PRGs. 

 
Key: 

ARAR = Applicable or Relevant and Appropriate Requirement mRem = millirem 
CMR = Code of Massachusetts Regulations PCBs = Polychlorinated Biphenyls 

CSF = cancer slope factor PRGs = Preliminary Remediation Goals 
  RfD = reference dose 
  EPA = United States Environmental Protection Agency 
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LOCATION 
CHARACTERISTIC REQUIREMENT STATUS 

ACTION TO BE TAKEN 
TO ATTAIN REQUIREMENT 

SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 

Federal 
Surface Waters, 
Endangered 
Species, 
Migratory Species 

Fish and Wildlife 
Coordination Act [16 
USC 661 et seq.] 
40 CFR Part 6 

Applicable To the extent necessary, actions will be 
taken to develop measures to prevent, 
mitigate, or compensate for project 
related impacts to habitat and wildlife. The 
USFWS, acting as a review agency for 
the USEPA, will be kept informed of 
proposed remedial activities.  

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
require alteration of wildlife habitat 
and will comply with ARAR through 
appropriate consultation. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – If these alternatives alter 
wildlife habitat, they will comply with 
ARAR through appropriate consultation. 

Wetlands Protection of 
Wetlands Executive 
Order 11990 [40 
CFR Part 6, 
Appendix A] 

Applicable Contaminated soil removal will be 
designed to minimize 
alteration/destruction of wetlands. If 
remediation within wetlands is required, 
the wetlands will be restored.  

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
require alteration of wetlands and will 
comply with ARAR through 
appropriate avoidance, minimization, 
mitigation, and restoration. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – If these alternatives alter 
wildlife wetlands, they will comply with 
ARAR through appropriate avoidance, 
minimization, mitigation, and restoration. 

Wetlands, 
Aquatic 
Ecosystem 

Clean Water Act, 
Dredge or Fill 
Requirements 
Section 404 
[40 CFR Part 230, 
33 CFR 320-323] 

Applicable The alternatives’ effects on surface 
waters and wetlands will be evaluated 
and avoided/and or minimized.  
Compensatory wetlands mitigation will 
need to be performed as necessary to 
comply with this ARAR.  The selected 
alternative will need to be determined to 
be the least environmentally damaging 
practicable alternative that meets the 
remedial action objectives.  Any required 
removal of soil/sediment from wetland or 
surface water areas will be designed for 
eventual restoration.  

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
require alteration of wetlands and will 
comply with ARAR through 
appropriate avoidance, minimization, 
mitigation, and restoration. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – If these alternatives alter 
wetlands, they will comply with ARAR 
through appropriate avoidance, 
minimization, mitigation, and restoration. 

Endangered 
Species 

Endangered Species 
Act 
[50 CFR Parts 
17.11-17.12; 50 CFR 
402] 

Applicable, if 
such species 
are 
encountered 

Protection of endangered species and 
their habitat will be considered as part of 
the design and excavation activities.  

SS-1 – No action, therefore not 
applicable. 
SS-2, 3, 4, & 5 – No endangered or 
threatened species have been 
identified at the Site to date.  If 
endangered or threatened species in 
the site area are identified, remedial 
activities would avoid actions that 
would adversely affect endangered or 
threatened species or their habitats. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – No endangered or threatened 
species have been identified at the Site to 
date.  If endangered or threatened 
species in the site area are identified, 
remedial activities would avoid actions 
that would adversely affect endangered or 
threatened species or their habitats. 
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LOCATION 
CHARACTERISTIC REQUIREMENT STATUS 

ACTION TO BE TAKEN 
TO ATTAIN REQUIREMENT 

SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 

State 
Wetlands, 
Surface Waters 

Massachusetts 
Wetland Protection 
Regulations 
[310 CMR 10.00] 

Applicable  All work to be performed within wetlands 
and the 100 foot buffer zone will be in 
accordance with the substantive 
requirements of these regulations. The 
Sphagnum Bog is within 100 feet of the 
Holding Basin and Cooling Water 
Recharge Pond. 

SS-1 – No action, therefore not 
applicable. 
SS-2, 3, 4, & 5 – These alternatives 
require alteration of wetlands and will 
comply with ARAR through 
appropriate avoidance, minimization, 
mitigation and restoration. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – If these alternatives alter 
wetlands, they will comply with ARAR 
through appropriate avoidance, 
minimization, mitigation, and restoration. 

Aquatic 
Ecosystem 

Massachusetts 
Water Quality 
Certification for 
Discharge of 
Dredged or Fill 
Material, Dredging, 
and Dredging 
Material Disposal in 
Waters of the U.S. 
within the 
Commonwealth [314 
CMR 9.00] 

Applicable Excavation and filling activities to be 
performed impacting the aquatic 
ecosystem will be in accordance with the 
substantive requirements of these 
regulations. 

SS-1 – No action, therefore not 
applicable. 
SS-2, 3, 4, & 5 – These alternatives 
require alteration of wetlands and will 
comply with ARAR through 
appropriate avoidance, minimization, 
mitigation and restoration. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – If these alternatives alter 
wetlands, they will comply with ARAR 
through appropriate avoidance, 
minimization, mitigation, and restoration. 

Endangered 
Species 

Massachusetts 
Endangered Species 
Regulations  
[321 CMR 10.00] 

Applicable, if 
such species 
are 
encountered 
 

The protection of state listed endangered 
species will be considered during the 
design and implementation of remedial 
activities.  

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – No endangered or 
threatened species have been 
identified at the Site to date.  If 
endangered or threatened species in 
the site area are identified, remedial 
activities would avoid actions that 
would adversely affect endangered or 
threatened species or their habitats. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No structures, therefore not 
applicable. 
GW-3 & 4 – No endangered or threatened 
species have been identified at the Site to 
date.  If endangered or threatened 
species in the site area are identified, 
remedial activities would avoid actions 
that would adversely affect endangered or 
threatened species or their habitats. 

    
ARAR = Applicable or Relevant and Appropriate Requirement USEPA = U.S. Environmental Protection Agency 
CFR  = Code of Federal Regulations USFWS = U.S. Fish and Wildlife Service 
CMR = Code of Massachusetts Regulations USC = United States Code 
CWA = Clean Water Act   
NCP = National Contingency Plan   
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Action/Trigger REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 
Federal 
Use of air stripping Clean Air Act National 

Emissions Standards for 
Hazardous Air Pollutants 
(NESHAPs), 40 CFR Part 61 

Applicable For groundwater alternatives, if air 
stripping is used and any of the 189 
hazardous air pollutants is emitted, 
engineering and other controls will be 
implemented to comply with these 
standards. 

This ARAR not specific to these 
alternatives. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No discharge, therefore not 
applicable. 
GW- 3 & 4 – If air stripping is utilized, 
these alternatives will comply with 
ARAR through appropriate monitoring. 

Radiation protection 
program 

Nuclear Regulatory 
Commission, 10 CFR Part 
20 - Appendix B —
Radiation Protection 
Programs 
 

Relevant 
and 
Appropriate 

ALIs and DACs will be determined for 
protection of workers during remedial 
activities.  

SS-1 – No action, therefore not 
applicable 

SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate monitoring and health 
and safety controls. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – Limited action; therefore not 
applicable. 
GW-3 & 4 – These alternatives will 
comply with ARAR through appropriate 
monitoring and health and safety 
controls. 

Land disposal of 
radioactive waste  

Licensing Requirements for 
Land Disposal of 
Radioactive Waste, 10 CFR 
61, Subparts C and D 
(Atomic Energy Act of 1954, 
as amended, 42 USC 2011 
et seq.) 

Relevant 
and 
Appropriate 

These requirements will be used in 
developing and evaluating alternatives. 

SS-1 – No action, therefore not 
applicable 
SS-2 – This alternative will comply 
with ARAR through appropriate 
design, operation, and maintenance.  
However, the 2.5-acre consolidation 
area will present more challenges 
with respect to active maintenance 
and monitoring due to its multi-layer 
cap and liner, which the other 
alternatives do not have.  In addition, 
the groundwater table is anywhere 
from 4 feet to 20 feet below the 
bottom of the area where SS-2’s 
consolidation facility would be 
located.  
SS-3, 4, & 5 –  Under these 
alternatives, disposal will occur off 
site; therefore, not applicable. 

This ARAR not specific to these 
alternatives. 
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Action/Trigger REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 
Use of a treatment, 
storage or disposal 
facility for hazardous 
waste 

Standards for Owners and 
Operators of Hazardous 
Waste Treatment, Storage, 
and Disposal Facilities. 40 
CFR Part 264 

Applicable Alternatives using treatment, storage or 
disposal facilities for hazardous waste 
will be implemented to comply with this 
ARAR. 

SS-1 – No action, therefore not 
applicable 
SS-2 – This alternative will comply 
with ARAR through appropriate 
design, operation, and maintenance. 
SS-3, 4, & 5 – Under these 
alternatives, any treatment or 
storage of hazardous waste will 
comply with ARAR through 
appropriate design and operation. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – Limited action; therefore not 
applicable. 
GW-3 & 4 – Under these alternatives, 
any treatment or storage of hazardous 
waste will comply with ARAR through 
appropriate design and operation. 

Control of surface 
water runoff, 
Direct discharge to 
surface water 

Clean Water Act NPDES 
Permit Program [40 CFR 
122,125] 

Applicable Alternatives that incorporate 
discharges to surface waters will 
need to have the discharges meet 
the substantive discharge 
standards (the Massachusetts 
Surface Water Discharge Permit 
Program [314 CMR 3.00] has 
similar requirements). 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – If discharge to 
surface water is utilized as part of 
the temporary downgradient 
hydraulic containment well, these 
alternatives will comply with 
ARAR through appropriate 
design, implementation and 
monitoring. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No discharge, therefore not 
applicable. 
GW-3 & 4 – These alternatives will 
comply with ARAR through 
appropriate design, implementation 
and monitoring 

Discharge to publicly 
owned treatment 
works 

CWA, General Pretreatment 
Program (40 CFR Part 403) 

Applicable Discharge to POTW will be sampled to 
evaluate compliance with pre-treatment 
standards. 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – If discharge to 
POTW is utilized as part of the 
temporary downgradient hydraulic 
containment well, these alternatives 
will comply with ARAR through 
appropriate monitoring. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No discharge, therefore not 
applicable. 
GW- 3 & 4 – If discharge to POTW is 
utilized, these alternatives will comply 
with ARAR through appropriate 
monitoring. 

Storage and disposal 
of hazardous wastes 

RCRA Standards Applicable 
to Generators of Hazardous 
Waste (40 CFR Part 262) 

Applicable Any hazardous waste generated during 
remedial action activities will be 
managed in accordance with these 
standards. 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate design and 
implementation. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No discharge, therefore not 
applicable. 
GW- 3 & 4 –These alternatives will 
comply with ARAR through appropriate 
design and implementation. 
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Action/Trigger REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 
Management of PCB-
contaminated soil 

TSCA PCB Remediation 
Waste (40 CFR 761.61(c))  

Applicable The cleanup and disposal of PCB 
contaminated soil will be performed in 
a manner to comply with TSCA.  The 
Proposed Plan will include a proposed 
finding that the cleanup level selected 
meets these requirements for 
protectiveness.  The Feasibility Study 
has identified one location in the 
Sphagnum Bog outside of the 
southwest corner with one sample 
containing PCBs at 4.8 mg/kg that 
should be left undisturbed to avoid 
impacting the well-established peat 
because physically removing this one 
area does not outweigh the damage 
that would occur to the bog, which has 
taken thousands of years to become 
established. 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate design and 
implementation. 

This ARAR not specific to these 
alternatives. 

Management of waste 
radioactive material 

Nuclear Regulatory 
Commission 10 CFR Part 
40 – Licensing of 
Radioactive Material 

Relevant 
and 
Appropriate 

Alternatives will incorporate this 
requirement in the consolidation 
and/or isolation of radiological wastes 
left on-Site. 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate design and 
implementation. 

This ARAR not specific to these 
alternatives. 

State 
Receipt, ownership, 
possession, use, 
transfer, or disposal of 
any radiation source 

Massachusetts Regulations 
for the Control of Radiation; 
105 CMR 120 

Applicable The substantive requirements of this 
regulation will be followed during the 
cleanup of the Site.  

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate design and 
implementation. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – Limited action; therefore not 
applicable. 
GW-3 & 4 – These alternatives will 
comply with ARAR through appropriate 
design and implementation. 

Defining containment 
design requirements 

Massachusetts Regulations 
for the Control of Radiation, 
Standards for Protection 
Against Radiation, Vacating 
Premises; 105 CMR 
120.245 

Relevant 
and 
Appropriate 

The 10 mRem above background 
criteria will be used during the 
development of cleanup goals and the 
design of the containment facility and 
cap. 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate design and 
implementation. 

This ARAR not specific to these 
alternatives. 
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Action/Trigger REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 
Land disposal of  
radioactive waste  

Massachusetts Regulations 
for Licensing and Operation 
of Low-Level Radioactive 
Waste Facilities; 105 CMR 
120.800 

Relevant 
and 
Appropriate 

These requirements will be used in 
developing and evaluating alternatives. 

SS-1 – No action, therefore not 
applicable 
SS-2 – This alternative will comply 
with ARAR through appropriate 
design, operation, and maintenance.  
However, the 2.5-acre consolidation 
area will present more challenges 
with respect to active maintenance 
and monitoring due to its multi-layer 
cap and liner, which the other 
alternatives do not have.  In addition, 
the groundwater table is anywhere 
from 4 feet to 20 feet below the 
bottom of the area where SS-2’s 
consolidation facility would be 
located. 
SS-3, 4, & 5 – Under these 
alternatives, disposal will occur off 
site; therefore, not applicable. 

This ARAR not specific to these 
alternatives. 

Identification of 
hazardous waste 

Massachusetts Hazardous 
Waste Management Rules; 
310 CMR 30.000 

Applicable These regulations supplement RCRA 
requirements. Those criteria and 
definitions more stringent than RCRA 
take precedence over federal 
requirements. 
 
Performance of remedial alternatives 
will be evaluated to determine 
compliance with the substantive 
requirements of Massachusetts 
hazardous waste regulations 

SS-1 – No action, therefore not 
applicable 
SS-2– This alternative will comply 
with ARAR through appropriate 
design and implementation. 
SS-3, 4, & 5 – Under these 
alternatives, any treatment or 
storage of hazardous waste will 
comply with ARAR through 
appropriate design and operation. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – Limited action; therefore not 
applicable. 
GW-3 & 4 – Under these alternatives, 
any treatment or storage of hazardous 
waste will comply with ARAR through 
appropriate design and operation. 

Discharges to surface 
water 

Massachusetts Surface 
Water Discharge Permit 
Program [314 CMR 3.00] 

Applicable 
 
 
 
 

The discharge of extracted 
groundwater, monitor well purge water, 
and investigation derived waste water 
will be treated and controlled to meet 
the requirements of these regulations.  
Construction activities will be controlled 
to meet surface water discharge 
requirements.  

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – If discharge to 
surface water is utilized as part of 
the temporary downgradient 
hydraulic containment well, these 
alternatives will comply with ARAR 
through appropriate design and 
implementation. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – No discharge, therefore not 
applicable. 
GW- 3 & 4 –These alternatives will 
comply with ARAR through appropriate 
design and implementation. 
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Action/Trigger REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR SOIL / SEDIMENT ALTERNATIVES GROUNDWATER ALTERNATIVES 
Activities that affect 
ambient air quality 

Massachusetts Air Pollution 
Control Regulations 
[310 CMR 7.00] 

Applicable Remedial activities will be conducted to 
meet these air quality standards, 
including standards for Visible 
Emissions (310 CMR 7.06); Dust, 
Odor, Construction and Demolition 
(310 CMR 7.09); Noise (310 CMR 
7.10); and Volatile Organic 
Compounds (310 CMR 7.18). 

SS-1 – No action, therefore not 
applicable 
SS-2, 3, 4, & 5 – These alternatives 
will comply with ARAR through 
appropriate design, implementation 
and monitoring. 

GW-1 – No action, therefore not 
applicable. 
GW-2 – Limited action; therefore not 
applicable. 
GW-3 & 4 – These alternatives will 
comply with ARAR through appropriate 
design and implementation. 

     
Key: 
ARAR = Applicable or Relevant and Appropriate Requirement NPDES = National Pollutant Discharge Elimination System 
ALIs = Annual Limits on Intake PCBs = polychlorinated biphenyls 
BACT = best available control technology   
CAA = Clean Air Act POTW = publicly owned treatment works 
CERCLA = Comprehensive Environmental Response, Compensation and Liability Act ppm = parts per million 
CFR  = Code of Federal Regulations RCRA = Resource Conservation and Recovery Act 
CMR = Code of Massachusetts Regulations SDWA = Safe Drinking Water Act 
CWA 
 

= Clean Water Act 
 

TSCA = Toxic Substances Control Act 

DACs = Derived Air Concentrations UIC = Underground Injection Control 
LDRs = Land Disposal Restrictions  USEPA = U.S. Environmental Protection Agency 
NCP = National Contingency Plan USC = United States Code 
NESHAP = National Emission Standards for Hazardous Air Pollutants   
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Table 4.3.1 
Development of Remedial Alternatives for Soils and Sediments 

Feasibility Study 
Nuclear Metals, Inc. Superfund Site 

 

Alternative Description No Action 

Institutional 
Controls/ 
Limited 
Action 

On-Site 
Containment Excavation Solidification Chemical 

Stabilization 

Transportation 
and Off-Site 

Disposal 

Restoration 
of Excavated 

Areas 

SS1 • No Action 
• Annual inspections and groundwater monitoring 

X        

SS2 

• Excavation throughout Site of affected soils 
• Excavation of soils within Holding Basin footprint down to 

groundwater 
• Stabilization of saturated soils below Holding Basin using 

Apatite 
• Construction of Containment Facility to be constructed to 

allow future use as a parking area 
• Groundwater monitoring accounted for in groundwater 

alternatives 
• Restoration of excavated areas 

 X X X X X  X 

SS3 

• Excavation throughout Site of affected soils 
• Transport and disposal of remaining soils off-site 
• Partial in-situ Stabilization  of Holding Basin soils using 

cement 
• Installation of sub-grade low-permeability cap 
• Groundwater monitoring accounted for in groundwater 

alternatives 
• Restoration of excavated areas 

 X X X X X X X 

SS4 

• Excavation throughout Site of affected soils 
• Transport and disposal of all contaminated soils off-site 
• Construction of Vertical Barrier Wall around Holding 

Basin soils and sub-grade low-permeability cap 
• In-Situ stabilization of Holding Basin using Apatite 
• Groundwater monitoring accounted for in groundwater 

alternatives 
• Restoration of excavated areas 

 X X X X  X X 

SS5 

• Excavation throughout Site of affected soils 
• Excavation of soils within Holding Basin footprint down to 

groundwater 
• Transport and disposal of all contaminated soils off-site 
• Stabilization  of Holding Basin saturated soils using 

cement 
• Installation of sub-grade low-permeability cap 
• Groundwater monitoring accounted for in groundwater 

alternatives 
• Restoration of excavated areas 

 X X X X X X X 
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Media Addressed Soil & Sediment  
Remedy Components 
 

No Action 

Monitoring Requirements 
 

No Action 

Operation and Maintenance 
Requirements 

No O&M Requirements 

Area/Volume of Media Addressed by 
Alternative 

None 

Time to Complete 
 

None 

Anticipated Reuse Outcomes 
 

None – Alternative evaluated as a baseline as required by NCP 

Notes: 
O&M – Operations and Maintenance 
NCP – National Oil and Hazardous Substances Pollution Contingency Plan 
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EVALUATION CRITERIA DETAILED ANALYSIS 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection Not effective in protecting human health  
Ecological Protection Not effective in protecting the environment 

COMPLIANCE WITH ARARS 
Location Specific Potential location-specific ARARs for this alternative are presented in Table 

2.1.1. This alternative provides the least amount of disruption to ecological 
receptors and the bog during implementation. 

Chemical Specific Under existing conditions, concentrations of select compounds in soils and 
sediment exceed chemical specific ARARs, listed in Table 2.1.2. 

Action Specific No action is taken in the alternative, so no action-specific ARARs apply. 
LONG-TERM EFFECTIVENESS AND PERMANENCE 

Magnitude of Residual 
Risk 

Under existing conditions, concentrations of select compounds in soils and 
sediment exceed 10-4 risk, which will not be addressed under this 
alternative. 

Adequacy and Reliability 
of Controls 

Existing fencing limits most human exposure to the soils and sediments, 
but is not fail proof. No environmental controls exist. 

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT 
Treatment Process Used 
and Materials Treated 

No treatment process is used with this alternative. 

Amount Destroyed and 
Treated 

No contaminants are destroyed with this alternative. 

Degree of Expected 
Reductions in Toxicity, 
Mobility or Volume 
Through Treatment 

No reductions in toxicity, mobility, or volume are achieved with this 
alternative 

Degree to which 
Treatment is Irreversible 

No treatment process is used with this alternative. 

Type and Quantity of 
Residuals Remaining after 
Treatment process 

The soils beneath the Holding Basin that will remain are approximately 
32,000 cy with an average concentration of 54.4 mg/kg DU, or a total of 
2460 kilograms. 

Degree to which 
Treatment Reduces 
Principle Threats 

No treatment process is used with this alternative. 

SHORT-TERM EFFECTIVENESS 
Protection of Community 
During Remedial Action 

Since no action is performed, the short-term protection of community 
does not change from existing conditions. 

Protection of Workers 
During Remedial Action 

Since no action is performed, no workers are involved except for the 
continuing sampling program. Protection of workers does not change from 
existing conditions. 

Environmental Impacts Since no action is performed, the environment is not impacted. 
Time until Remedial Action 
Objectives are Achieved 

RAOs are not met with this alternative. 
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EVALUATION CRITERIA DETAILED ANALYSIS 
IMPLEMENTABILITY 

Ability to Construct and 
Operate the Technology 

Not applicable. 

Reliability of the 
technology 

Not applicable. 

Ease of Undertaking 
Additional Remedial 
Actions , if necessary 

Not applicable. 

Ability to Monitor 
Effectiveness of Remedy 

Not applicable. 

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies 

Extremely difficult to obtain approval for the No Action Alternative. This 
alternative is included as a baseline to compare against other alternatives. 

Availability of Necessary 
Equipment and Specialists 

Not applicable. 

Availability of Technology Not applicable. 
COSTS 

Capital Costs $ 0 
Annual Operation, 
Maintenance and 

Monitoring 

$ 0 
$ 0 
 

TOTAL $ 0 K 
Notes: 
ARARs – Applicable and Relevant and Appropriate Requirements 
RAOs – Remedial Action Objectives 
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Media Addressed Soil and Sediment 
Remedy Components 
 

 

 Institutional Controls 
 

Deed Restriction(s) will be required, prohibiting construction on the 
cap. 

 Excavation 
 

Soils and sediments exceeding PRGs will be excavated, except for the 
saturated soils within the Holding Basin footprint. 

 Consolidation 
 

A consolidation area liner, complete with leachate collection and 
leak detection systems, will be constructed. All excavated soils and 
sediments will be placed within the facility. The facility will be 
capped with a RCRA Subtitle C equivalent cap. 

 Treatment 
 

Before the consolidation area liner is placed, the saturated soils 
within the Holding Basin footprint will be stabilized with apatite 
injected through specially designed augers down to bedrock. 

 Site Restoration 
 

All excavations will be refilled with clean soils. The Sphagnum Bog 
will require specialized restoration to encourage recovery of the bog 
environment. 

Monitoring Requirements 
 

Monitoring of the area groundwater will be required, but is 
accounted for in the groundwater remedy. 

Operation and Maintenance 
Requirements 

O&M of the consolidation area will include inspections, yard 
maintenance, and leachate collection. 

Area/Volume of Media 
Addressed by Alternative 

Approximately 95,000 cy of soil and sediments will be removed and 
disposed inside the consolidation facility. Approximately 19,500 cy of 
saturated Holding Basin footprint soils will be stabilized in place 
using apatite. 

Time to Complete 
 

Approximately 3 years after RAWP approval; with O&M required for 
the life of the area. 

Anticipated Reuse Outcomes 
 

The PRGs were established for a future residential use scenario 
outside of the consolidation area.  The cap over the consolidation 
area would be limited for future use, conceptually only as a parking 
area. 

Notes: 
O&M – Operations and Maintenance 
PRGs - Preliminary Remediation Goals 
RCRA – Resource Conservation and Recovery Act 
RAWP – Remedial Action Work Plan 
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EVALUATION CRITERIA DETAILED ANALYSIS 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection This alternative is effective in protecting human health when combined 
with groundwater remedy. Saturated soils are stabilized in place. All other 
soils and sediments are excavated and placed within a consolidation 
facility. 

Ecological Protection This alternative is effective in protecting the environment. The greatest 
effect is in the Sphagnum Bog. Select contaminated sediments will be 
removed from the southwest corner of the Sphagnum Bog, as determined 
most appropriate by the Ecological Risk Assessment. The desire is to limit 
impact to the bog while attaining an acceptable level of risk (as defined by 
USEPA in memo date April 5, 2012; Appendix A) 

COMPLIANCE WITH ARARS 
Location Specific Potential location-specific ARARs for this alternative are presented in Table 

2.1.1. This alternative requires actions to be performed in the bog, and at 
other areas around the Site within 100-feet of the bog.  

Chemical Specific Potential chemical-specific ARARs for soils and sediments are listed in 
Tables 2.1.2. Design of the consolidation facility will require MADPH 
Standards for Protection Against Radiation are met. Excavation will be 
performed to remove all soils and sediments that exceed the cleanup 
criteria and to place them within the consolidation area. Soils exceeding 
TSCA criteria may require off-site disposal unless a waiver is issued. When 
combined with the groundwater remedy, this alternative will achieve 
chemical-specific ARARs.  

Action Specific Action-specific ARARs include design requirements for the consolidation 
area and cap to meet requirements for Underground Injection Control for 
the in-situ soil stabilization activities; and groundwater monitoring for solid 
waste management units, and others listed in Table 2.1.4.  

LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual 
Risk 

This alternative reduces residual risk within all soils to less than 10-6 risk, 
and reduces the residual risk for the sediment in the bog to within those 
determined acceptable by USEPA after extensive consideration of 
sediment toxicities vs. minimizing disturbance to the sensitive bog 
environment (Appendix A). 

Adequacy and Reliability 
of Controls 

Containment is the presumptive remedy, selected by the USEPA for metals 
contamination in soils, due to its proven adequacy and reliability as a 
remedy. The soils that will not be placed within the consolidation area are 
the deep saturated soils that will not be excavated, but will be stabilized. 
The stabilization technology using apatite is expected to be effective based 
on a site-specific pilot study. This technology is anticipated to be fully 
adequate and reliable when combined with the selected groundwater 
remedy.  
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EVALUATION CRITERIA DETAILED ANALYSIS 
REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT 

Treatment Process Used 
and Materials Treated 

No treatment process is used for the soils to be placed in the consolidation 
area. The stabilization technology for the soils beneath the Holding Basin is 
expected to be reliable. This technology is anticipated to be fully adequate 
and reliable when combined with the selected groundwater remedy. 

Amount Destroyed and 
Treated 

The treatment of DU apatite does not destroy uranium, but sequesters it 
into an insoluble form. The limits of the technology are determined by the 
extent that the apatite is made to contact the solubilized DU.  

Degree of Expected 
Reductions in Toxicity, 
Mobility or Volume 
Through Treatment 

Extensive testing of stabilization of uranium-contaminated soils with poly-
phosphate “has demonstrated the very low solubility and slow dissolution 
kinetics of autunite. In addition to autunite, excess phosphorous may 
result in apatite mineral formation, which provides a long-term source of 
treatment capacity” (DOE, 2009). 

Degree to which 
Treatment is Irreversible 

The long-term stability of uranium sequestered via apatite is dependent on 
the chemical speciation of uranium, surface speciation of apatite, and the 
mechanism of retention, which is highly susceptible to dynamic 
geochemical conditions. However, the conditions are not anticipated to be 
highly dynamic. Detailed design will require further testing to determine if 
the groundwater conditions at the Holding Basin are conducive to 
maintaining the insoluble uranyl phosphate, autunite. Because autunite 
sequesters uranium in the oxidized form U(VI) rather than forcing 
reduction to U(IV), the possibility of re-oxidation does not exist (DOE, 
2009) 

Type and Quantity of 
Residuals Remaining after 
Treatment process 

No residuals are generated. 

Degree to which 
Treatment Reduces 
Principle Threats 

Sequestration using apatite will treat principal threats that may exist in 
saturated soils in the Holding Basin footprint.  Other principal threat soil 
within the Holding Basin will be excavated and placed in the consolidation 
area without treatment.  

SHORT-TERM EFFECTIVENESS 
Protection of Community 
During Remedial Action 

Minimal impacts to the community are anticipated for this alternative. Air 
monitoring will be performed to document that no airborne contaminants 
extend beyond the property lines. No off-site trucking of contaminated 
materials, or borrow soils are expected to be required. On-site soils will be 
utilized to the extent possible to construct the consolidation facility.  

Protection of Workers 
During Remedial Action 

Work will be performed in accordance with applicable OSHA and NRC 
standards. Site-specific health and safety plans and radiation protection 
programs will be developed to protect site workers. Excavation below the 
water table is not considered in this alternative due to the depth of 
contaminated soils to 85 feet bgs.  Sidewalls of the Holding Basin may need 
stabilization with a temporary retaining wall / shoring in order to safely 
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EVALUATION CRITERIA DETAILED ANALYSIS 
excavate to the water table. 

Environmental Impacts The bog is within less than 100 feet of the Holding Basin. Measures will be 
taken to reduce the impact to this sensitive wetland as much as possible. 

Time until Remedial Action 
Objectives are Achieved 

The RAOs for soil and sediment will be achieved when construction 
activities are complete, within 5 years. 

IMPLEMENTABILITY 
Ability to Construct and 
Operate the Technology 

Stabilization of the saturated soils will be difficult to implement, but is 
possible. Excavating soil and constructing an on-site consolidation facility is 
a common technology and implementable. 

Reliability of the 
technology 

Containment is the presumptive remedy, selected by the USEPA for metals 
contamination in soils, due to its proven adequacy and reliability as a 
remedy. The soils that will not be placed within the consolidation facility 
are the deep saturated soils that will not be excavated, but will be 
stabilized. The stabilization technology is reliable to the degree that the 
groundwater chemistry supports the formation of autunite. This 
technology is anticipated to be fully adequate and reliable when combined 
with the selected groundwater remedy. 

Ease of Undertaking 
Additional Remedial 
Actions, if necessary 

Once the saturated soils are stabilized and the consolidation area is 
constructed above those soils, additional actions will be difficult to 
implement on these soils and sediments. 

Ability to Monitor 
Effectiveness of Remedy 

Continuing monitoring is easily implementable. 

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies 

Approvals for construction of the on-site consolidation area and for the 
injection permit for the soil stabilization will require significant effort, but 
are achievable. 

Availability of Necessary 
Equipment and Specialists 

Equipment for excavation and construction of an on-site consolidation 
area is readily available. In-situ soil stabilization for deep applications is a 
specialty field and the equipment and necessary specialists are not readily 
available.   

Availability of Technology The technology is developed for in-situ stabilization, but has not been 
performed at this depth with poly-phosphate treatment of uranium 
before. Many ex-situ studies have been performed and proven and the 
technology is promising for this application. 

COSTS 
Capital Costs $ 37,953 K 

Annual Operation, 
Maintenance and 

Monitoring 

$ 231 K per year  
on-going groundwater monitoring is accounted for in the groundwater 
remedy. 
Total NPV (7% for 200 years) $3,915 K 

TOTAL $ 41,868 K 
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Key: 
ARARs – Applicable and Relevant and Appropriate Requirements 
bgs – below ground surface 
Key (continued): 
DU – depleted uranium 
MADPH – Massachusetts Department of Public Health 
NPV – Net Present Value 
NRC – Nuclear Regulatory Commission 
OSHA - Occupational Safety and Health Administration 
RAOs – Remedial Action Objectives 
TSCA – Toxic Substances Control Act 
USEPA – United States Environmental Protection Agency 
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Media Addressed Soil and Sediment 
Remedy Components  
 Institutional Controls 
 

Deed restriction(s) will be required, prohibiting certain types of 
construction over the Holding Basin (e.g., construction involving 
deep foundations such as piles).  

 Excavation 
 

Soils and sediments exceeding PRGs will be excavated, except for 
soils within the Holding Basin footprint. 

 Containment 
 

A geosynthetic clay liner (GCL) barrier layer will be installed below 
grade within the Holding Basin footprint to limit infiltrating 
precipitation from contacting stabilized soils below the Holding 
Basin.   
 
Uranium impacted groundwater which may be released as a 
temporary result of remedial construction activities will be contained 
via a downgradient extraction well.  

 In-Situ Treatment 
 

In-situ treatment to stabilize unsaturated and saturated zone soils 
beneath the Holding Basin will include cement stabilization (soil 
mixing or jet grouting) or apatite injection.   The cement based 
containment/stabilization concept includes a thick vertical outer ring 
and a connected horizontal cap of stabilized and treated soils 
intended to provide containment and isolation from groundwater 
flow into the impacted soils. 
 
Groundwater that may become displaced from the saturated zone 
during construction of the in situ stabilization remedies will be 
captured by a temporary, downgradient extraction well.  

 Ex-Situ Treatment Uranium-impacted groundwater from the extraction well will be 
treated on-site using ion-exchange resins and discharged under a 
NPDES permit to the Assabet River. 

 Site Restoration 
 

All excavations will be refilled with on-site soils from unimpacted 
areas.  Unimpacted on-site soils may also be used to restore the 
surface of the Holding Basin footprint.   The Sphagnum Bog will 
require specialized restoration to encourage recovery of the bog 
environment. 

Monitoring Requirements 
 

Monitoring of groundwater in the vicinity of the Holding Basin will be 
required to verify the effectiveness of in situ treatment, but is 
accounted for in the groundwater remedy. 

Operation and Maintenance 
Requirements 

O&M requirements are minimal for this remedy and will include yard 
maintenance of the Holding Basin footprint above the low-
permeability sub-grade cap. 

Area/Volume of Media Approximately 82,500 cy of soil and sediments will be excavated.  
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Addressed by Alternative Excavated soils impacted above PRGs will be transported off-site.  
Approximately 32,000 cy of soil will be stabilized in place beneath 
the Holding Basin footprint. 

Time to Complete 
 

Approximately 3 years after RAWP approval.  O&M will be required 
for the foreseeable future. 

Anticipated Reuse Outcomes 
 

The PRGs were established for a future residential use scenario.    
Construction over the footprint of the Holding Basin will be 
restricted. 

Key: 
CY – Cubic Yard 
DU – Depleted Uranium 
O&M – Operations and Maintenance 
PRGs - Preliminary Remediation Goals 
RCRA – Resource Conservation and Recovery Act 
RAWP – Remedial Action Work Plan 
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EVALUATION CRITERIA DETAILED ANALYSIS 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection This alternative is effective in protecting human health when combined 
with the selected groundwater remedy. Soils in the unsaturated and 
saturated zones below the Holding Basin footprint will be stabilized in 
place and covered with a low-permeability sub-grade cap to block 
potential human exposure to uranium impacted soils beneath the Holding 
Basin. Other impacted soils will be excavated and transported off-site for 
disposal.  Groundwater displaced from the saturated zone beneath the 
Holding Basin during in situ stabilization or highly impacted groundwater 
that results from removing the temporary cap and allowing infiltration 
through Holding Basin soils will be captured by a temporary, downgradient 
extraction well and treated ex-situ  using ion-exchange (IX) resins.  

Ecological Protection This alternative is effective in protecting the environment. The greatest 
potential environmental impact during remedial activities is likely in the 
Sphagnum Bog.  Select contaminated sediments will be removed from the 
southwest corner of the Sphagnum Bog based on the findings of the 
Ecological Risk Assessment. Sediment remediation would be designed to 
limit impact to the bog while attaining an acceptable level of risk (as 
defined by USEPA in a memorandum date April 5, 2012; Appendix A). 

COMPLIANCE WITH ARARS 
Location Specific Potential location-specific ARARs for this alternative are presented in Table 

2.1.1. This alternative requires actions to be performed in the bog, and at 
other areas around the Site within 100 feet of the bog.  

Chemical Specific Potential chemical-specific ARARs for soils and sediments are listed in 
Tables 2.1.2. Design of the in-situ soil treatment and low-permeability sub-
grade cap will require that MADPH RCP Standards for Protection Against 
Radiation are met.  Soils and sediments from outside the Holding Basin 
footprint that exceed the cleanup criteria will be excavated and 
transported off-site. When combined with the groundwater remedy, this 
alternative will achieve chemical-specific ARARs.  

Action Specific Action-specific ARARs include meeting Underground Injection Control (UIC) 
permit equivalency requirements for in-situ soil stabilization activities, and 
others listed in Table 2.1.4. 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual 
Risk 

This alternative reduces incremental residual risk associated with impacted 
soils to less than 10-6, and reduces the residual risks associated with 
impacted sediments in the bog to within limits determined acceptable by 
USEPA after extensive consideration of sediment toxicities vs. minimizing 
disturbance to the sensitive bog environment (Appendix A). 
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EVALUATION CRITERIA DETAILED ANALYSIS 
LONG-TERM EFFECTIVENESS AND PERMANENCE (continued) 

Adequacy and Reliability 
of Controls 

Off-site disposal of excavated soils is adequate and reliable for controlling 
exposures to impacted soils outside the Holding Basin.  In-situ treatment to 
stabilize soils beneath the Holding Basin via cement stabilization (by soil 
mixing or jet grouting) is adequate and reliable for reducing the mobility of 
DU in those soils and for limiting the potential for exposures to DU in 
Holding Basin soils.   
 
Cement stabilization provides a reliable means of isolating DU from 
dissolution to and migration in groundwater.  The cement based 
containment/stabilization concept includes a 20-ft thick vertical outer ring 
around the perimeter of the Holding Basin with a connected horizontal cap 
of stabilized and treated soils. The cap and vertical barrier would block 
infiltration into the impacted soils and isolation of impacted soils from 
lateral groundwater flow. 
 
Extraction and ex-situ treatment of additional DU impacted groundwater 
(either groundwater displaced from beneath the Holding Basin during in-
situ stabilization or highly impacted groundwater that results from 
removing the temporary cap and allowing infiltration through Holding 
Basin soils) are proven and reliable technologies. 

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT 
Treatment Process Used 
and Materials Treated 

No treatment process will be used for the soils to be excavated and 
transported off-site.  DU sorbed to soils in the unsaturated and saturated 
zones below the Holding Basin will be isolated by solidification/ 
stabilization by soil mixing or jet grouting with cement.  Treatment of 
impacted groundwater captured by the temporary extraction well will 
include DU removal using a uranium-specific ion exchange resin and 
supporting treatment processes (e.g., filtration, pH adjustment, and/or 
removal of other non-COC metals). 

Amount Destroyed and 
Treated 

The soil stabilization technologies considered do not destroy uranium but 
immobilize it by preventing dissolution to groundwater.  Stabilization with 
cement prevents groundwater from contacting and dissolving sorbed DU.  
Ion exchange (IX) associated with the groundwater treatment system is 
expected to remove at least 95% of the uranium from extracted 
groundwater.  The IX resins will be disposed off-site; however, the 
recovered uranium will not be destroyed. 
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EVALUATION CRITERIA DETAILED ANALYSIS 
REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT (Continued)  

Degree of Expected 
Reductions in Toxicity, 
Mobility or Volume 
Through Treatment 

Soil treatment by cement stabilization will greatly reduce the mobility of 
the Holding Basin source of DU.  The cement stabilization concept will 
provide containment and isolation of DU from dissolution to and migration 
in groundwater.   Hydraulic containment and ex-situ treatment will limit 
the mobility of additional DU impacted groundwater and reduce the 
volume of DU by concentrating it on ion exchange resins. 

Degree to which 
Treatment is Irreversible 

Solidification/stabilization of soils below the Holding Basin via soil mixing 
or jet grouting will alter the physical properties of the soil, resulting in the 
formation of a low permeability, cementitious solid; this treatment is 
irreversible.   
 
DU removed from impacted groundwater via ex situ treatment will be 
concentrated on ion exchange resins and taken off-site for disposal.  This 
treatment is irreversible. 

Type and Quantity of 
Residuals Remaining after 
Treatment Process 

There will be residual DU left isolated in the stabilized soils beneath the 
Holding Basin.   
 
If cement stabilization is used, spoils consisting of grout and DU impacted 
soil will be generated during treatment.  The volume of spoils generated 
will be 40-60% of the total soil volume treated.  Spoils will be placed back 
in the Holding Basin to the extent practical.  Potential additional volume 
will be transported off-site.   
 
Ion exchange resins containing residual DU from treatment of displaced 
groundwater will be sent off-site for disposal. 

Degree to which 
Treatment Reduces 
Principal Threats 

Principal threats will either be excavated for off-site disposal or treated 
with in-situ solidification / stabilization. 

SHORT-TERM EFFECTIVENESS 
Protection of Community 
During Remedial Action 

This alternative would impact the community due to the number of trucks 
(thousands) containing the contaminated soils to be taken off-site for 
disposal.  A transportation plan would be developed to manage the impact 
of truck traffic.  Air monitoring would be performed to assess and control 
the potential impacts of airborne contaminants (generated by excavation 
activities) beyond the property limits.  
 
There would be minor risks associated with transportation of equipment 
and materials on community roads to implement the Holding Basin 
remedy.   
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EVALUATION CRITERIA DETAILED ANALYSIS 
SHORT-TERM EFFECTIVENESS (Continued) 

Protection of Workers 
During Remedial Action 

Work would be performed in accordance with applicable OSHA and NRC 
standards. Site-specific health and safety plans and radiation protection 
programs would be developed to protect site workers.  

Environmental Impacts The bog is within less than 100 feet from the Holding Basin. Measures 
would be taken to limit the impacts of remedial activities to this sensitive 
wetland.  The discharge of treated water to surface water would be 
regulated under a NPDES permit to limit the potential for negative 
environmental impacts. 

Time until Remedial Action 
Objectives are Achieved 

The RAOs for soil and sediment will be achieved when construction 
activities are complete (i.e., within approximately 3 years from the start of 
remedial construction). 

IMPLEMENTABILITY 
Ability to Construct and 
Operate the Technology 

Soil excavation is a commonly applied technology and is readily 
implementable.  
 
Stabilization of unsaturated and saturated zone soils beneath the Holding 
Basin will be somewhat difficult to implement due to the high density of 
the soils to be stabilized, but is possible.   
 
Cement stabilization would require pre-implementation field trials and 
testing to develop a full-scale design and identify an appropriate 
admixture. 
 
Extraction and treatment of uranium-impacted groundwater is a readily-
implementable remedial technology. 

Reliability of the 
technology 

Excavation and off-site disposal of impacted soils is a proven and reliable 
technology.   
 
Cement stabilization is considered reliable, but pre-implementation field 
trials and testing would be necessary for full-scale design to identify an 
appropriate mixture.   Apatite injection is a relatively new technology for 
stabilization of uranium and would require pilot testing; however, it should 
be fairly reliable as injection technologies are relatively common. 
Extraction and ex-situ treatment for removal of uranium from 
groundwater are proven and reliable technologies. 
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EVALUATION CRITERIA DETAILED ANALYSIS 
IMPLEMENTABILITY (Continued) 

Ease of Undertaking 
Additional Remedial 
Actions , If Necessary 

Excavation and off-site disposal of site soils and ex situ treatment of 
groundwater will not preclude further remedial actions on site, if 
necessary. 
 
Once soils beneath the Holding Basin are stabilized, additional remedial 
actions for these soils would be difficult.  However, additional source 
controls (such as installation of an impermeable cap or subsurface vertical 
containment wall) to further limit the migration of DU in groundwater 
would be possible, if needed in the future. 

Ability to Monitor 
Effectiveness of Remedy 

Continuing monitoring is not necessary for excavation and off-site disposal 
of site soil.   
 
The effectiveness of the soil stabilization remedy for source control can be 
monitored by measuring aqueous uranium concentrations in groundwater 
samples from monitoring wells downgradient of the Holding Basin. 
 

Availability of Off-Site 
Treatment, Storage and 
Disposal Services and 
Capacity 

Receiving facilities for off-site disposal of excavated soils are readily 
available, and discussions with disposal facilities are already occurring.  
Disposal of DU-impacted material (including spent IX resin) may require 
long-distance transport. 

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies 

Approval for a UIC permit equivalency for soil stabilization will require 
some time and effort but is achievable.  The discharge of treated water to 
surface water will require permitting and coordination with local and state 
authorities.     
The remedial actions under this alternative would be designed, 
constructed and operated in coordination with the USEPA, MassDEP and 
other appropriate agencies. 

Availability of Necessary 
Equipment and Specialists 

Equipment for excavation of site soils is readily available.  In-situ 
stabilization of deep soils is a specialty field, and the equipment and 
specialists are less common but available.  The equipment and personnel 
for implementing hydraulic containment of groundwater are readily 
available.  

Availability of Technology The technologies for excavation of site soils and treatment of displaced 
groundwater are well established. 
 
The technology for soil stabilization by soil mixing or jet grouting is 
developed but application of this technology is less common than 
excavation.   Soil stabilization by apatite injection has not been performed 
at this depth for treatment of uranium; however, many other remedial 
injection applications are similar and the same equipment could be used 
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EVALUATION CRITERIA DETAILED ANALYSIS 
for apatite injections. 

COSTS 
Capital Costs $ 127,682 K 

Annual Operation, 
Maintenance and 

Monitoring 

$ 84 K per year  
on-going groundwater monitoring is accounted for in the groundwater 
remedy. 
Total NPV  (7% for 200 years) $  1,566 K 

TOTAL $ 129,248K 
Key: 
ARARs – Applicable and Relevant and Appropriate Requirements 
DU – Depleted Uranium 
IX – Ion Exchange Resins 
NPV – Net Present Value 
NRC – Nuclear Regulatory Commission 
OSHA - Occupational Safety and Health Administration 
RAOs – Remedial Action Objectives 
UIC – Underground Injection Control 
USEPA – United States Environmental Protection Agency 
 



Table 4.3.4a 
SS-4 – Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils,  

Containment with Vertical Containment Wall, 
Low-Permeability Sub-Grade Cover. and 

In-Situ Stabilization of Holding Basin Soils Using Apatite Injection 

Summary of Remedial Alternative 
Feasibility Study 

Nuclear Metals, Inc. Superfund Site 
 
Media Addressed Soil and Sediment 
Remedy Components  
 Institutional Controls 
 

Deed Restrictions will be required, prohibiting construction on the 
cap. 

 Excavation 
 

Soils and sediments exceeding PRGs will be excavated and 
transported off-site for disposal, except for the soils within the 
Holding Basin footprint. 

 Containment 
 

A geosynthetic clay liner (GCL) barrier layer will be installed below 
grade within the Holding Basin footprint to limit infiltrating 
precipitation from contacting stabilized soils below the Holding 
Basin.   
 
Uranium impacted groundwater which may be released as a 
temporary result of remedial construction activities will be contained 
via a downgradient extraction well. 

 Treatment 
 

Soils beneath the Holding Basin will be stabilized. Apatite injection is 
reliable to the degree that the groundwater chemistry supports 
uranium sorption to apatite and the formation of autunite when 
solubilized DU is made to contact the apatite media. 

 Site Restoration 
 

All excavations will be refilled with clean on-site soils. The Sphagnum 
Bog will require specialized restoration to encourage recovery of the 
bog environment. 

Monitoring Requirements 
 

Monitoring of the area groundwater will be required, but is 
accounted for in the groundwater remedy. 

Operation and Maintenance 
Requirements 

O&M of the consolidation area will include inspections, yard 
maintenance, and leachate collection. 

Area/Volume of Media 
Addressed by Alternative 

Approximately 82,500 cy of soil and sediments will be excavated and 
transported off-site for disposal. Ultimately, the Holding Basin 
vertical barrier wall will contain approximately 32,000 cy of soils 
down to bedrock. 

Time to Complete 
 

Approximately 3 years after RAWP approval.  O&M will be required 
for the foreseeable future.  

Anticipated Reuse Outcomes 
 

The PRGs were established for a future residential use scenario.    
Construction over the footprint of the Holding Basin will be 
restricted. 

Key: 
O&M – Operations and Maintenance 
PRGs - Preliminary Remediation Goals 
RCRA – Resource Conservation and Recovery Act 
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EVALUATION CRITERIA DETAILED ANALYSIS 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection This alternative is effective in protecting human health when combined 
with groundwater remedy. All soils and sediments are excavated. The soils 
beneath the Holding Basin are stabilized, enclosed within a vertical barrier 
wall, brought up to grade with clean off-site fill material, and a low-
permeability sub-grade cover will be installed.  All contaminated soils are 
transported off-site for disposal. 

Ecological Protection This alternative is effective in protecting the environment. The greatest 
effect is in the Sphagnum Bog. Select contaminated sediments will be 
removed from the southwest corner of the Sphagnum Bog, as determined 
most appropriate by the Ecological Risk Assessment. The desire is to limit 
impact to the bog while attaining an acceptable level of risk (as defined by 
USEPA in memo date April 5, 2012; Appendix A) 

COMPLIANCE WITH ARARS 
Location Specific Potential location-specific ARARs for this alternative are presented in Table 

2.1.1. This alternative requires actions to be performed in the bog, and at 
other areas around the site within 100-feet of the bog.  

Chemical Specific Potential chemical-specific ARARs for soils and sediments are listed in 
Tables 2.1.2. Design of the vertical barrier wall and cap will require MADPH 
Standards for Protection Against Radiation are met.  Excavation will be 
performed to remove all soils and sediments to transport off-site. When 
combined with the groundwater remedy, this alternative will achieve 
chemical-specific ARARs.  

Action Specific Action-specific ARARs include design requirements for the cap; 
groundwater monitoring for solid waste management units, and others 
listed in Table 2.1.4.  

LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual 
Risk 

This alternative reduces residual risk within all soils to less than 10-6 risk, 
and reduces the residual risk for the sediment in the bog to within those 
determined acceptable by USEPA after extensive consideration of 
sediment toxicities vs. minimizing disturbance to the sensitive bog 
environment (Appendix A). 

Adequacy and Reliability 
of Controls 

Containment is the presumptive remedy, selected by the USEPA for metals 
contamination in soils, due to its proven adequacy and reliability as a 
remedy. Off-site disposal is also adequate and reliable. 

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT 
Treatment Process Used 
and Materials Treated 

Stabilization technology is used for soils beneath the Holding Basin. 

Amount Destroyed and 
Treated 

DU is stabilized through treatment. No DU is destroyed. 
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EVALUATION CRITERIA DETAILED ANALYSIS 
REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT 

Degree of Expected 
Reductions in Toxicity, 
Mobility or Volume 
Through Treatment 

The reduction in mobility and toxicity of the contaminants through 
treatment is high. As noted in the detailed analysis of Alternative SS-2, 
extensive testing of uranium-contaminated soils stabilized with apatite has 
the ability to greatly reduce uranium mobility by strongly sorbing uranium 
through the formation of autunite.  Autunite has very low solubility and 
slow dissolution kinetics.  Hydraulic containment and ex-situ treatment will 
limit the mobility of additional DU impacted groundwater and reduce the 
volume of DU by concentrating it on ion exchange resins. The volume of 
soils is not reduced. 

Degree to which 
Treatment is Irreversible 

Reversibility of the treatment process is dependent upon groundwater 
characteristics inside the containment barrier. As described in the detailed 
analysis of Alternative SS-2, the long-term stability of uranium sequestered 
via apatite depends on the chemical speciation of uranium, surface 
speciation of apatite, and the mechanism of retention, which in turn 
depends on geochemical conditions.  Long-term geochemical conditions at 
the Site are expected to be relatively stable.  Detailed design will involve 
further testing to assess if groundwater conditions at the Holding Basin are 
conducive to long-term sorption of uranium on apatite and maintaining 
uranium in an insoluble form as autunite.  Because autunite sequesters 
uranium in the oxidized form U(VI) rather than forcing reduction to U(IV), a 
shift in geochemistry to oxidizing conditions would not remobilize bound 
uranium (DOE, 2009).  

Type and Quantity of 
Residuals Remaining after 
Treatment process 

No residuals are generated. 

Degree to which 
Treatment Reduces 
Principle Threats 

Principal threats will either be excavated for off-site disposal or treated 
with in-situ sequestration using apatite. 

SHORT-TERM EFFECTIVENESS 
Protection of Community 
During Remedial Action 

This alternative has a high impact on the community due to the number of 
trucks containing the contaminated soils to be taken off-site for disposal.  
A transportation plan will be developed to minimize the impact as much as 
possible. Air monitoring will be performed to document that no airborne 
contaminants extend beyond the property lines.  

Protection of Workers 
During Remedial Action 

Work will be performed in accordance with applicable OSHA and NRC 
standards. Site-specific health and safety plans and radiation protection 
programs will be developed to protect site workers.  

Environmental Impacts The bog is within less than 100 feet of the Holding Basin. Measures will be 
taken to reduce the impact to this sensitive wetland as much as possible. 
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EVALUATION CRITERIA DETAILED ANALYSIS 
Time until Remedial Action 
Objectives are Achieved 

The RAOs for soil and sediment will be achieved when construction 
activities are complete, within 3 years of RAWP approval. 

IMPLEMENTABILITY 
Ability to Construct and 
Operate the Technology 

Excavating soil and constructing a cap are common technologies and 
readily implementable. Construction of the vertical barrier wall, and 
stabilization of the soils to an atypical depth of 85 feet bgs will be more 
difficult to reach, but is possible with proper QA/QC. Apatite injection for 
deep uranium impacted soils is a new technology and would require pilot 
testing. 

Reliability of the 
technology 

Containment is the presumptive remedy, selected by the USEPA for metals 
contamination in soils, due to its proven adequacy and reliability as a 
remedy. This technology is anticipated to be fully adequate and reliable. 
 
Apatite injection is a relatively new technology for stabilization of uranium 
and would require pilot testing; however, it should be fairly reliable as 
injection technologies are relatively common. Extraction and ex-situ 
treatment for removal of uranium from groundwater are proven and 
reliable technologies. 

Ease of Undertaking 
Additional Remedial 
Actions , if necessary 

Once the cap and vertical barrier wall are in place, they will be difficult to 
be removed. If necessary, a portion of the cap can be removed and 
repaired, so additional action is not impossible.  The cap will cover less 
than one acre of the Site. Additional source controls can be added at a 
later date if needed. 

Ability to Monitor 
Effectiveness of Remedy 

Continuing monitoring is easily implementable. 

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies 

Approvals for construction of the vertical barrier wall and cap will require 
significant effort, but are achievable. Discussions with disposal facilities for 
the off-site soils are already occurring. 
 
Approval for a UIC permit for soil stabilization will require a moderate level 
of effort, but is achievable.   The discharge of treated water to surface 
water will require permitting and coordination with local and state 
authorities 
 
The remedial actions under this alternative would be designed, 
constructed and operated in coordination with the USEPA, the MassDEP 
and other appropriate agencies. 

Availability of Necessary 
Equipment and Specialists 

Equipment for excavation and construction of a cap is readily available. 
Equipment for excavation of site soils is readily available.  In-situ 
stabilization of deep soils is a specialty field, and the equipment and 
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EVALUATION CRITERIA DETAILED ANALYSIS 
specialists are less common but available.  The equipment and personnel 
for implementing hydraulic containment of groundwater are readily 
available. 

IMPLEMENTABILITY 
Availability of Technology The technologies for excavation of site soils and treatment of displaced 

groundwater are well established. 
 
The technology for soil stabilization by soil mixing or jet grouting is 
developed but application of this technology is less common than 
excavation.   Soil stabilization by apatite injection has not been performed 
at this depth for treatment of uranium; however, many other remedial 
injection applications are similar and the same equipment could be used 
for apatite injections. 

COSTS 
Capital Costs $ 103,188 K 

Annual Operation, 
Maintenance and 

Monitoring 

$ 73 K per year  
on-going groundwater monitoring is accounted for in the groundwater 
remedy. 
Total NPV (7% for 200 years) $ 1,566 K 

TOTAL $ 104,754 K 
Key: 
ARARs – Applicable and Relevant and Appropriate Requirements 
bgs – below ground surface 
MADPH – Massachusetts Department of Public Health 
NPV – Net Present Value 
NRC – Nuclear Regulatory Commission 
OSHA - Occupational Safety and Health Administration 
RAOs – Remedial Action Objectives 
USEPA – United States Environmental Protection Agency 
 



Table 4.3.5a 
SS-5 – Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated Holding Basin 
Soils), and Containment with Full In-Situ Solidification/Stabilization of Holding Basin Saturated Soils 

Using Deep Soil Mixing, and 
Low-Permeability Sub-Grade Cover 

Summary of Remedial Alternative 
Feasibility Study 

Nuclear Metals, Inc. Superfund Site 
 

Page 1 of 2 

Media Addressed Soil and Sediment 
Remedy Components 
 

Excavation of sediments, non-Holding Basin soils and unsaturated 
zone soils beneath Holding Basin with off-site disposal.  In-situ 
treatment of saturated zone soils beneath Holding Basin and 
installation of a low-permeability sub-grade cap followed by and site 
restoration. 

 Institutional Controls 
 

Deed restriction(s) will be required, prohibiting certain types of 
construction over the Holding Basin. 

 Excavation 
 

Soils and sediments exceeding PRGs will be excavated, except for the 
soils in the saturated zone within the Holding Basin footprint. 

 Containment 
 

A geosynthetic clay liner (GCL) barrier layer will be installed below 
grade within the Holding Basin footprint to limit infiltration to 
stabilized soils below the Holding Basin.   
 
Uranium impacted groundwater which may be released as a 
temporary result of the remedy will be contained via a downgradient 
extraction well. 

 In-situ Treatment 
 

Prior to removal of the temporary cap and excavation of unsaturated 
zone soils within the Holding Basin, saturated soils beneath the 
Holding Basin footprint will be treated in-situ via cement stabilization 
(soil mixing or jet grouting).   
 
The cement based containment/stabilization concept includes a thick 
vertical outer ring and a connected horizontal cap of stabilized and 
treated soils intended to provide horizontal containment and 
isolation from lateral groundwater flow and a vertical cutoff to 
prevent infiltration into the impacted soils. 
 
Groundwater displaced from the saturated zone during in situ 
stabilization will be captured by a temporary, downgradient 
extraction well. 

Ex-Situ Treatment Uranium impacted groundwater from the extraction well will be 
treated on-site using ion-exchange resins and discharged to the 
Assabet River. 

 Site Restoration 
 

All excavations will be refilled with clean on-site soils. Clean on-site 
soils will also be used to restore the surface of the Holding Basin 
footprint.  The Sphagnum Bog will require specialized restoration to 
encourage recovery of the bog environment. 
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Monitoring Requirements 
 

Monitoring of the area groundwater will be required, but is 
accounted for in the groundwater remedy. 

Operation and Maintenance 
Requirements 

O&M requirements are minimal for this remedy and will include yard 
maintenance of the Holding Basin footprint above the low-
permeability sub-grade cap. 

Area/Volume of Media 
Addressed by Alternative 

Approximately 95,000 cy of soil and sediments will be excavated. All 
excavated soils will be transported off-site.  Approximately  60,000 
cy of soil will be stabilized in place in the saturated zone beneath the 
Holding Basin footprint. 

Time to Complete 
 

Approximately 3 years after approval of RAWP. 

Anticipated Reuse Outcomes 
 

The PRGs were established for a future residential use scenario.    
Construction over the footprint of the Holding Basin will be 
restricted. 

Key: 
CY – Cubic Yards 
O&M – Operations and Maintenance 
PRGs - Preliminary Remediation Goals 
RCRA – Resource Conservation and Recovery Act 
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EVALUATION CRITERIA DETAILED ANALYSIS 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection This alternative is effective in protecting human health when combined 
with the selected groundwater remedy. Soils in the saturated zone below 
the Holding Basin footprint will be stabilized in place and covered with a 
low-permeability sub-grade cap to block potential human exposure to 
uranium impacted soils beneath the Holding Basin. Other impacted soils 
will be excavated and transported off-site for disposal.  Groundwater 
displaced from the saturated zone beneath the Holding Basin during in situ 
stabilization or highly impacted groundwater that results from removing 
the temporary cap and allowing infiltration through Holding Basin soils will 
be captured by a temporary, downgradient extraction well and treated ex-
situ using ion-exchange (IX) resins. 

Ecological Protection This alternative is effective in protecting the environment. The greatest 
potential environmental impact during remedial activities is likely in the 
Sphagnum Bog.  Select contaminated sediments will be removed from the 
southwest corner of the Sphagnum Bog, based on the findings of the 
Ecological Risk Assessment. The desire is to limit impact to the bog while 
attaining an acceptable level of risk (as defined by USEPA in a 
memorandum date April 5, 2012; Appendix A) 

COMPLIANCE WITH ARARS 
Location Specific Potential location-specific ARARs for this alternative are presented in Table 

2.1.1. This alternative requires actions to be performed in the bog, and at 
other areas around the site within 100-feet of the bog.  

Chemical Specific Potential chemical-specific ARARs for soils and sediments are listed in 
Tables 2.1.2. Design of the in-situ soil treatment and low-permeability sub-
grade cap will require that MADPH RCP Standards for Protection Against 
Radiation are met.  Soils and sediments from outside the Holding Basin 
footprint and from the unsaturated zone below the Holding Basin that 
exceed the cleanup criteria will be excavated and transported off-site. 
When combined with the groundwater remedy, this alternative will 
achieve chemical-specific ARARs.  

Action Specific Action-specific ARARs include meeting Underground Injection Control (UIC) 
permit equivalency requirements for in-situ soil stabilization activities, and 
others listed in Table 2.1.4.  

LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual 
Risk 

This alternative reduces incremental residual risk associated with impacted 
soils to less than 10-6 risk, and reduces the residual risks associated with 
impacted sediment in the bog to within limits determined acceptable by 
USEPA after extensive consideration of sediment toxicities vs. minimizing 
disturbance to the sensitive bog environment (Appendix A). 
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EVALUATION CRITERIA DETAILED ANALYSIS 
LONG-TERM EFFECTIVENESS AND PERMANENCE (Continued) 

Adequacy and Reliability 
of Controls 

Off-site disposal of excavated soils is adequate and reliable for controlling 
exposures to impacted soils outside the Holding Basin.  In-situ treatment to 
stabilize saturated soils beneath the Holding Basin via cement stabilization 
(by soil mixing or jet grouting) is adequate and reliable for reducing the 
mobility of DU in those soils and for limiting the potential for exposures to 
DU in Holding Basin soils.   
 
Cement stabilization provides a reliable means of isolating DU from 
dissolution to and migration in groundwater.  The cement based 
containment/stabilization concept includes a 20-ft thick vertical outer ring 
around the perimeter of the Holding Basin with a connected horizontal cap 
of stabilized and treated soils.  The cap and vertical barrier would block 
infiltration into the impacted soils and isolation of impacted soils from 
lateral groundwater flow.  
 
Extraction and ex-situ treatment of additional DU impacted groundwater 
(either groundwater displaced from beneath the Holding Basin during in-
situ stabilization or highly impacted groundwater that results from 
removing the temporary cap and allowing infiltration through Holding 
Basin soils) are proven and reliable technologies. 

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT 
Treatment Process Used 
and Materials Treated 

No treatment process will be used for the soils to be excavated and 
transported off-site.  DU sorbed to soils in the saturated zone below the 
Holding Basin will be immobilized by solidification/stabilization by soil 
mixing or jet grouting.  Treatment of impacted groundwater captured by 
the temporary extraction well will include DU removal, using a uranium-
specific ion exchange resin and supporting treatment processes (e.g. 
filtration, pH adjustment, and/or removal of other non-COC metals). 

Degree of Expected 
Reductions in Toxicity, 
Mobility or Volume 
Through Treatment 

Soil treatment soil mixing/jet grouting will greatly reduce the mobility of 
the Holding Basin source of DU.  The cement stabilization concept will 
provide containment and isolation of DU from dissolution to and migration 
in groundwater.   

Amount Destroyed and 
Treated 

The soil stabilization technologies considered do not destroy uranium but 
immobilize it by preventing dissolution to groundwater. Stabilization with 
cement prevents groundwater from contacting and dissolving sorbed DU.   
Ion exchange (IX) associated with the groundwater treatment system is 
expected to remove at least 95% of the uranium from extracted 
groundwater.  The IX resins will be disposed off-site, however, the 
recovered uranium will not be destroyed. 
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EVALUATION CRITERIA DETAILED ANALYSIS 
REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT (Continued) 

Degree to which 
Treatment is Irreversible 

Solidification/stabilization of saturated soils below the Holding Basin via 
soil mixing or jet grouting will alter the physical properties of the soil, 
resulting in the formation of a low permeability, cementitious solid and 
thus is irreversible.   
 
DU removed from impacted groundwater via ex situ treatment will be 
concentrated on ion exchange resins and taken off-site for disposal.  This 
treatment is irreversible. 

Type and Quantity of 
Residuals Remaining after 
Treatment process 

There will be residual DU left isolated in the stabilized soils beneath the 
Holding Basin.   
As jet grouting is used as the soil stabilization technology, spoils consisting 
of grout and DU impacted soil will be generated during the jetting 
procedure.  The volume of spoils generated will be 40-60% of the total soil 
volume treated.  Spoils will be placed back in the Holding Basin to the 
extent practical.  Potential additional volume will be transported off-site.   
Ion exchange resins containing residual DU from treatment of displaced 
groundwater will be sent off-site for disposal. 

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT (Continued) 
Degree to which 
Treatment Reduces 
Principal Threats 

Principal threats will either be excavated for off-site disposal or treated 
with in-situ solidification / stabilization. 

SHORT-TERM EFFECTIVENESS 
Protection of Community 
During Remedial Action 

This alternative would impact the Community due to the number of trucks 
(thousands) containing the contaminated soils to be taken off-site for 
disposal.  A transportation plan would be developed to manage the impact 
of truck traffic.  Air monitoring would be performed to assess and control 
the potential impacts of airborne contaminants (generated by excavation 
activities) beyond the property limits.  
There would be minor risks associated with transportation of equipment 
and materials on community roads to implement the Holding Basin 
remedy.   

Protection of Workers 
During Remedial Action 

Work would be performed in accordance with applicable OSHA and NRC 
standards. Site-specific health and safety plans and radiation protection 
programs would be developed to protect site workers.  

Environmental Impacts The bog is within less than 100 feet from the Holding Basin. Measures 
would be taken to limit the impacts of remedial activities to this sensitive 
wetland.  The discharge of treated water to surface water would be 
regulated under a NPDES permit to limit the potential for negative 
environmental impacts. 

Time until Remedial Action 
Objectives are Achieved 

The RAOs for soil and sediment will be achieved when construction 
activities are complete (i.e., within approximately 2 years from the start of 
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EVALUATION CRITERIA DETAILED ANALYSIS 
remedial construction). 

IMPLEMENTABILITY 
Ability to Construct and 
Operate the Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soil excavation is a commonly applied technology and is readily 
implementable.  Excavation of soils in the unsaturated zone below the 
Holding Basin may require temporary shoring or the use of stepped 
excavations to ensure slope stability.  These excavation methods can pose 
challenges but are implementable.   
 
The cap will be removed and unsaturated zone soils excavated after 
saturated soils have been stabilized.   
 
Stabilization of unsaturated and saturated zone soils beneath the Holding 
Basin will be somewhat difficult to implement due to the high density of 
the soils to be stabilized, but is possible.  Pilot scale testing will be required 
to develop a full-scale design and identify an appropriate admixture. 
 
Extraction and treatment of uranium-impacted groundwater is a readily-
implementable remedial technology. 

Reliability of the 
technology 

Excavation and off-site disposal of impacted soils is a proven and reliable 
technology.   
 
Cement stabilization is considered reliable, but pre-implementation field 
trials and testing would be necessary for full-scale design to identify the 
appropriate mixture. 

IMPLEMENTABILITY 
Ease of Undertaking 
Additional Remedial 
Actions , if necessary 

Excavation and off-site disposal of site soil and ex situ treatment of 
groundwater will not preclude further remedial actions on site, if 
necessary. 
 
Once the saturated soils beneath the Holding Basin are stabilized, 
additional remedial actions for these soils would be difficult.   

Ability to Monitor 
Effectiveness of Remedy 

Continuing monitoring is not necessary for excavation and off-site disposal 
of site soil.   
 
The effectiveness of the soil stabilization remedy for source control can be 
monitored by measuring aqueous uranium concentrations in groundwater 
samples from monitoring wells downgradient of the Holding Basin. 
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SS-5 – Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated Holding Basin 
Soils), and Containment with Full In-Situ Solidification/Stabilization of Holding Basin Saturated Soils 

Using Deep Soil Mixing, and Low-Permeability Sub-Grade Cover 
Detailed Analysis of Remedial Alternative 

  Feasibility Study 
Nuclear Metals Inc. Superfund Site 
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IMPLEMENTABILITY (Continued) 
Availability of off-site 
Treatment, Storage and 
Disposal Services and 
Capacity 

Receiving facilities for off-site disposal of excavated soils are readily 
available, and discussions with disposal facilities are already occurring.  
Disposal of DU-impacted material (including spent IX resin) may require 
long-distance transport. 

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies 

Approval for a UIC permit for soil stabilization will require a moderate level 
of effort, but is achievable.   The discharge of treated water to surface 
water will require permitting and coordination with local and state 
authorities 
The remedial actions under this alternative would be designed, 
constructed and operated in coordination with the USEPA, the MassDEP 
and other appropriate agencies. 

Availability of Necessary 
Equipment and Specialists 

Equipment for excavation of site soils is readily available.  In-situ 
stabilization of deep soils is a specialty field, and the equipment and 
specialists are less common but available.  The equipment and personnel 
for implementing hydraulic containment of groundwater are readily 
available.  

Availability of Technology The technologies for excavation of site soils and treatment of displaced 
groundwater are well established. 
 
The technology for soil stabilization by soil mixing or jet grouting is 
developed but application of this technology is less common than 
excavation.    

COSTS 
Capital Costs $ 146,358 K 

Annual Operation, 
Maintenance and 

Monitoring 

$ 73 K per year  
on-going groundwater monitoring is accounted for in the groundwater 
remedy. 
Total NPV  (7% for 200 years) $ 1,566 K 

TOTAL $ 147,924 K 
Key: 
ARARs – Applicable and Relevant and Appropriate Requirements 
DU – Depleted Uranium 
IX – Ion Exchange Resins 
NPV – Net Present Value 
NRC – Nuclear Regulatory Commission 
OSHA - Occupational Safety and Health Administration 
RAOs – Remedial Action Objectives 
UIC – Underground Injection Control 
USEPA – United States Environmental Protection Agency 
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SS-1 SS-2 SS-3 SS-4 SS-5
No Action

Excavation and On-Site Consolidation of Soils 
(including Unsaturated Holding Basin Soils) and 

Sediments,
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated 
Soils Using Apatite Injection  

Excavation and Off-Site Disposal Of Sediments 
And Non-Holding Basin Soils, 

Containment with Partial In-Situ 
Solidification/Stabilization of Holding Basin Soils 

Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

Excavation and Off-Site Disposal Of Sediments 
and Non-Holding Basin Soils, 

Containment with Vertical Containment Wall 
Low-Permeability Sub-Grade Cover

In-Situ Stabilization of Holding Basin Soils Using 
Apatite Injection

Excavation and Off-Site Disposal of Sediments 
and Soils (including Unsaturated Holding Basin 

Soils), and 
Containment with Full In-Situ 

Solidification/Stabilization of Holding Basin 
Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

No Protection Significant Protection ♦♦♦ Significant Protection ♦♦♦ Significant Protection ♦♦♦ Significant Protection ♦♦♦
- Effective when combined with groundwater 
remedy                                                                           
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                                               

- Effective when combined with groundwater 
remedy                                                                               
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                                               

- Effective when combined with groundwater 
remedy                                                                                      
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                                               

- Effective when combined with groundwater 
remedy                                                                           
- Southwest corner of bog will be adversely 
affected but extent of impact will be 
minimized to remove highest concentrations 
of COCs                                                                               

Compliance with 
ARARs

Will Not Meet ARARs Will Meet Soil and Sediment ARARs ♦♦♦ Will Meet Soil and Sediment ARARs ♦♦♦ Will Meet Soil and Sediment ARARs ♦♦♦ Will Meet Soil and Sediment ARARs ♦♦♦

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

- PRGs in soil and sediment can be achieved
- Cap can be designed to meet requirements 
of 105CMR120.245

Not Effective Effective for Excavated Soils ♦♦ Very Effective for Excavated Soils ♦♦♦ Very Effective for Excavated Soils ♦♦♦ Very Effective for Excavated Soils ♦♦♦

A larger amount of soil will be left on site 
untreated, which reduces the long-term 
effectiveness and permanence of this 
alternative
- Containment is an approved Presumptive 
Remedy for metals in soils                                                                                                           
- Groundwater is a stable environment for 
stabilization technology

- Containment is an approved Presumptive 
Remedy for metals in soils                                                                                                           
- All soils are contained or disposed off site

- Containment is an approved Presumptive 
Remedy for metals in soils                                                                                                
- All soils are contained or disposed off-site

- Containment is an approved Presumptive 
Remedy for metals in soils                                                                                                           
- All soils are contained or disposed off-site.  
This alternative is the most permanant as the 
most soils are disposed off site.

Sequestration using apatite will treat principal 
threats that may exist in saturated soils in the 
Holding Basin footprint.  Other principal threat 
soil within the Holding Basin will be 
excavated and placed in the consolidation 
area without treatment. 

Principal threats will either be excavated for 
off-site disposal or treated with in-situ 
solidification / stabilization.

Principal threats will either be excavated for 
off-site disposal or treated with in-situ 
sequestration using apatite.

Principal threats will either be excavated for 
off-site disposal or treated with in-situ 
solidification / stabilization.

Table 4.5.1
Comparative Analysis of Soil and Sediment Alternatives

Feasibility Study
Nuclear Metals, Inc. Superfund Site

- Concentrations of 
Uranium and PCBs in soils 
and sediments will not be 
addressed

Long-Term 
Effectiveness and 

Permanence

Evaluation Criteria

Overall Protection 
of Human Health 

and the 
Environment
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SS-1 SS-2 SS-3 SS-4 SS-5
No Action

Excavation and On-Site Consolidation of Soils 
(including Unsaturated Holding Basin Soils) and 

Sediments,
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated 
Soils Using Apatite Injection  

Excavation and Off-Site Disposal Of Sediments 
And Non-Holding Basin Soils, 

Containment with Partial In-Situ 
Solidification/Stabilization of Holding Basin Soils 

Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

Excavation and Off-Site Disposal Of Sediments 
and Non-Holding Basin Soils, 

Containment with Vertical Containment Wall 
Low-Permeability Sub-Grade Cover

In-Situ Stabilization of Holding Basin Soils Using 
Apatite Injection

Excavation and Off-Site Disposal of Sediments 
and Soils (including Unsaturated Holding Basin 

Soils), and 
Containment with Full In-Situ 

Solidification/Stabilization of Holding Basin 
Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

Table 4.5.1
Comparative Analysis of Soil and Sediment Alternatives

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Evaluation Criteria

No Treatment No Treatment for Excavated Soils No Treatment for Excavated Soils No Treatment for Excavated Soils No Treatment for Excavated Soils
Reduction of Toxicity and Mobility for 
Saturated Soils ♦♦

Reduction of Toxicity and Mobility for 
Contained Soils ♦♦

Reduction of Toxicity and Mobility for 
Contained Soils ♦♦♦

Reduction of Toxicity and Mobility for 
Contained Soils ♦♦

- Excavated soils will experience reduction in 
mobility through consolidation facility
- Long-term stability of stabilization is 
promising; least amount of material treated, 
including principal threat waste

- Excavated soils will experience reduction in 
mobility through containment-                               
-Long-term stability of cement stabilization is 
proven, however increases volume or 
material requiring disposal

- Excavated soils will experience reduction in 
mobility through containment and 
stabilization, least volume generated; DU in 
saturated soils will be sequestered using 
apatite.

- Excavated soils will experience reduction in 
mobility through containment       - Long-term 
stability of cement stabilization is proven, 
however increases volume of material 
requiring disposal

Short-Term 
Effectiveness

RAOs are not met RAOs are met ♦♦♦ RAOs are met ♦♦♦ RAOs are met ♦♦♦ RAOs are met ♦♦

Workers and Community 
are not affected ♦♦♦

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

- GW impact from removing existing cover 
over Holding Basin is minimized by 
downgradient groundwater hydraulic 
containment.

Community is Protected ♦♦♦ Community is Protected ♦ Community is Protected ♦♦ Community is Protected ♦♦

- No contaminated soils transferred off-site  - Approximately 101,000 cy of contaminated 
soils and spoils from stabilization process will 
be transported off-site                                                   
- Transport and disposal of soils will require 
working with community to minimize impact

 - Approximately 82,500 cy of contaminated 
soils will be transported off-site                                                  
- Transport and disposal of soils will require 
working with community to minimize impact

 - Approximately 107,750 cy of contaminated 
soils and spoils from stabilization process will 
be transported off-site.                                                  
- Transport and disposal of soils will require 
working with community to minimize impact

Short-Term 
Effectiveness

Worker Protections will be Critical ♦ Workers are Protected ♦ Workers are Protected ♦♦♦ Worker Protections will be Critical ♦

(Continued) - Dangers exist in excavating to 35 feet and 
bringing drill rig into excavation to stabilize 
saturated soils                                                            
- Some exposure to drilling muds and 
displaced soils in stabilization processes

 - This Alternative has the most exposure to 
approximately 40,000 cy drilling muds and 
displaced soils in stabilization processes

 - Most protective of workers - Dangers exist in excavating to 35 feet and 
bringing drill rig into excavation to stabilize 
saturated soils                                                            
- Some exposure to drilling muds and 
displaced soils in stabilization processes.

Reduction of 
Toxicity, Mobility 

and Volume 
through Treatment
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SS-1 SS-2 SS-3 SS-4 SS-5
No Action

Excavation and On-Site Consolidation of Soils 
(including Unsaturated Holding Basin Soils) and 

Sediments,
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated 
Soils Using Apatite Injection  

Excavation and Off-Site Disposal Of Sediments 
And Non-Holding Basin Soils, 

Containment with Partial In-Situ 
Solidification/Stabilization of Holding Basin Soils 

Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

Excavation and Off-Site Disposal Of Sediments 
and Non-Holding Basin Soils, 

Containment with Vertical Containment Wall 
Low-Permeability Sub-Grade Cover

In-Situ Stabilization of Holding Basin Soils Using 
Apatite Injection

Excavation and Off-Site Disposal of Sediments 
and Soils (including Unsaturated Holding Basin 

Soils), and 
Containment with Full In-Situ 

Solidification/Stabilization of Holding Basin 
Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

Table 4.5.1
Comparative Analysis of Soil and Sediment Alternatives

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Evaluation Criteria

Implementability Not Applicable Difficult to Implement ♦♦ Difficult to Implement ♦♦ Implementable ♦♦♦ Very Difficult to Implement ♦
- Stabilization of saturated soils from 35 to 90 
feet will be difficult    
- Additional future actions will be difficult with 
consolidation facility built above stabilized 
soils
- Stabilization contractors are not readily 
available
- Pilot testing and extensive construction 
QA/QC will be required                                              
- Shoring of excavation will be necessary to 
excavate the unsaturated soils

- Most difficult task to stabilize from 20 to 90 
feet 
- Additional future actions will be difficult if 
cement is used
- Stabilization contractors are not readily 
available
- Pilot testing and extensive construction 
QA/QC will be required

 - Construction of vertical barrier wall and 
stabilization to 90 feet will be difficult           - 
Stabilization contractors are not readily 
available                                                    - 
Pilot testing and extensive construction 
QA/QC will be required

- Stabilization of saturated soils from 35 to 90 
feet will be difficult    
- Additional future actions will be difficult if 
cement is used
- Stabilization contractors are not readily 
available
- Pilot testing and extensive construction 
QA/QC will be required                                             
- Shoring of excavation will be necessary to 
excavate the unsaturated soils

Costs $0 ♦♦♦ $ 37,953 K Capital Cost $127,682 K Capital Cost $ 103,188 K Capital Cost $ 146,358 K Capital Cost
$ 7,305 K O&M (NPV at 7% for 200 years) $ 1,566 K O&M (NPV at 7% for 200 years) $ 1,566 K O&M (NPV at 7% for 200 years) $ 1,566 K O&M (NPV at 7% for 200 years) 

$ 44,891 K Total Cost ♦♦♦ $ 129,248 K Total Cost ♦ $ 104,754 K Total Cost ♦♦ $ 147,924 K Total Cost ♦

♦ Diamonds represent how the evaluation criteria for each alternative compares to other alternatives, with more meaning "better"



Table 5.1.1
Time to Reach PRGs Based on First Order Attenuation Rate Constants

Feasibility Study
Nuclear Metals, Inc. Superfund Site
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1,4-Dioxane Trichloroethene 
(TCE)

Tetrachloroethene 
(PCE)

1,1-Dichloroethene 
(DCE)

Isotopically Natural 
Uranium

0.67 5 5 7 30

Total Number of Monitoring Wells1 17 11 10 2 8
Wells with Fewer than 3 Samples 12 3 4 0 0
Wells with Negative Attenuation Rate 3 2 3 0 6
Wells with Date Prior to Current Date 0 5 1 2 1
Number of Monitoring Wells2 2 1 2 0 1
Mean Estimated Year 2101 2017 2269 NA 2025
Maximum Estimated Year 2124 2017 2419 NA 2025
Minimum Estimated Year 2077 2017 2119 NA 2025
Total Number of Monitoring Wells1 11 6 1 2 8
Wells with Fewer than 3 Samples 6 1 0 0 0
Wells with Negative Attenuation Rate 3 1 0 0 6
Wells with Date Prior to Current Date 0 3 1 2 1
Number of Monitoring Wells2 2 1 0 0 1
Mean Estimated Year 2101 2017 NA NA 2025
Maximum Estimated Year 2124 2017 NA NA 2025
Minimum Estimated Year 2077 2017 NA NA 2025
Total Number of Monitoring Wells1 6 5 9 0 NA3

Wells with Fewer than 3 Samples 6 2 4 0 NA
Wells with Negative Attenuation Rate 0 1 3 0 NA
Wells with Date Prior to Current Date 0 2 0 0 NA
Number of Monitoring Wells2 0 0 2 0 NA
Mean Estimated Year NA NA 2269 NA NA
Maximum Estimated Year NA NA 2419 NA NA
Minimum Estimated Year NA NA 2119 NA NA

Cleanup Standard (µg/L)

On-property 
Wells

All On-
property Wells

Bedrock Wells

Overburden 
Wells



Table 5.1.1
Time to Reach PRGs Based on First Order Attenuation Rate Constants

Feasibility Study
Nuclear Metals, Inc. Superfund Site
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1,4-Dioxane Trichloroethene 
(TCE)

Tetrachloroethene 
(PCE)

1,1-Dichloroethene 
(DCE)

Isotopically Natural 
Uranium

0.67 5 5 7 30Cleanup Standard (µg/L)

 

 
 

Total Number of Monitoring Wells1 11 15 6 8 0
Wells with Fewer than 3 Samples 3 0 0 0 0
Wells with Negative Attenuation Rate 1 3 2 0 0
Wells with Date Prior to Current Date 1 9 4 8 0
Number of Monitoring Wells2 6 3 0 0 0
Mean Estimated Year 2024 2016 NA NA NA
Maximum Estimated Year 2043 2020 NA NA NA
Minimum Estimated Year 2014 2013 NA NA NA

Total Number of Monitoring Wells1 4 4 0 1 0
Wells with Fewer than 3 Samples 0 0 0 0 0
Wells with Negative Attenuation Rate 0 1 0 0 0
Wells with Date Prior to Current Date 0 3 0 1 0
Number of Monitoring Wells2 4 0 0 0 0
Mean Estimated Year 2026 NA NA NA NA
Maximum Estimated Year 2043 NA NA NA NA
Minimum Estimated Year 2014 NA NA NA NA

Total Number of Monitoring Wells1 7 11 6 7 NA3

Wells with Fewer than 3 Samples 3 0 0 0 NA
Wells with Negative Attenuation Rate 1 2 2 0 NA
Wells with Date Prior to Current Date 1 6 4 7 NA
Number of Monitoring Wells2 2 3 0 0 NA
Mean Estimated Year 2020 2016 NA NA NA
Maximum Estimated Year 2022 2020 NA NA NA
Minimum Estimated Year 2018 2013 NA NA NA

Notes:

Off-property 
Wells

1.   Only monitoring wells with at least one exceedance of the indicated cleanup standard were considered for analysis.
Wells with fewer than 3 samples have been excluded from the summary above.
Wells where the attenuation rate was found to be negative (i.e. concentration trend is increasing) have been excluded from the summary above.
Wells where the calculated date to reach the indicated cleanup standard is prior to the present day have been excluded from the summary above.

All Off-
property Wells

Bedrock Wells

Overburden 
Wells

7.  For 1,4-dioxane, some analysis results were non-detects with no MDL reported.  In these cases, one half of the average MDL for 1,4-dioxane was substituted.
8.  For 1,4-dioxane, data collected in October 2012 was excluded due to high bias in laboratory analytical results (See Section 5.1).  

2.  Indicates the number of wells included in analysis after the above sets of wells have been excluded.
3.   Only bedrock wells were considered for isotopically natural uranium analysis.

4.  Dates listed are mean, maximum and minimum dates (ending years) when the concentration in site groundwater is anticipated to reach the indicated cleanup standard.

5.  These dates have been calculated using the approach outlined in EPA600/R-11/204: An Approach for Evaluating the Progress of Natural Attenuation in Groundwater (EPA, 2011).

6.  One half the method detection limit (MDL) was substituted for samples where the analytical result was below the MDL.



1 2 3 4 5
No Action Limited Action Containment or 

Removal
Ex-situ 

Treatment 
In-situ 

Treatment 

Depleted Uranium Plume in Overburden
Groundwater No Action X

Institutional Controls X
Long-Term Monitoring (MNA) X
Long-Term Monitoring 
(monitoring of active remedy) X

Hydraulic Containment X   
Ion Exchange for Aqueous Phase 
Treatment X

ISRZ - Zero Valent Iron  X
ISRZ - Polyphosphate
ISRZ - Apatite X
ISRZ - Vanadium coated apatite X

VOC and 1,4-dioxane Plumes in Overburden and Bedrock
Groundwater No Action X

Institutional Controls X
Long-Term Monitoring (MNA) X   
Long-Term Monitoring 
(monitoring of active remedy) X

Hydraulic Containment 
(1,4-dioxane) X  

Air Stripping
Carbon Adsorption X  
Advanced Oxidation or Synthetic 
Media Absorbtion X  

ISRZ - Zero Valent Iron  X
Uranium Plume in Bedrock 
Groundwater No Action X

Institutional Controls X
Long-Term Monitoring (MNA) X
Long-Term Monitoring 
(monitoring of active remedy) X

Hydraulic Containment X
Ion Exchange for Aqueous Phase 
Treatment  X

ISRZ - Apatite X
ISRZ - Zero Valent Iron X

Notes:
1. Shaded areas indicates that the technology type is retained for a remedial alternative. 
     Unshaded areas indicate the technology type is not applicable to Site.
2. X indicates that the technology type is applicable for the Site.
Key:
MNA = monitored natural attenuation
ISRZ = in-situ reaction zone

General Response Action

Medium Technology Type

Table 5.6.1
Development of Remedial Alternatives 

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Page 1 of 1



No Action Institutional 
Controls

Source 
Isolation

Long Term 
Monitoring

(MNA)

Long Term 
Monitoring
(monitoring 

effectiveness of 
remedy)

Hydraulic  
Containment

In Situ 
Treatment
 (ISRZs)

Ex-Situ Treatment
(ion exchange, 

advanced oxidation)

DU-1
(No Action)

No Action
 • Annual site inspections
 • Annual groundwater monitoring
•  Five-year reviews

X

DU-2
(Source Isolation with 

Ex-Situ Treatment)

 • Institutional Controls
 • Cap on top of  and vertical barrier around the Holding Basin to isolate the source of uranium from impacting 
  downgradient groundwater.
 • Hydraulic containment system for limiting off-site migration of DU in overburden groundwater
 • Ex-situ treatment (Ion Exchange)

X X X X X

DU-3
(Source Isolation with 

In-Situ Treatment)

 • Institutional Controls
 •Cap on top of  and vertical barrier around the Holding Basin to isolate the source of uranium from impacting 
  downgradient groundwater.
 • In-situ uranium treatment through injected Apatite II (or other media)  with a ZVI polishing PRB at the distal 
downgradient end of the DU plume

X X X X

VOC-1 
 (No Action)

No Action

X

VOC-2
(Ex-Situ Treatment)

• Institutional Controls 
• Hydraulic containment system for limiting migration of VOCs (including 1,4-dioxane) to the Assabet River  
• Ex-situ treatment (Advanced Oxidation or Synthetic Media Absorbtion), and discharge to surface water X X X X

VOC-3
(MNA)

• Institutional Controls
• Monitored Natural Attenuation X X  

UROCK-1
(No Action)

No Action
 • Annual site inspections
 • Annual groundwater monitoring                                                                                                                                  
•  Five-year reviews

X

UROCK-2
(Ex-Situ Treatment)

•Institutional Controls   
•Hydraulic containment and ex-situ treatment system for preventing off-property migration of uranium above the 
MCL 

X X X X

UROCK-3 
(In-Situ Treatment)

 • Institutional Controls
 • ISRZ X X X

Notes:
DU refers to the depleted uranium plume in overburden.
VOC refers to the volatile organic compounds and 1,4-dioxane in overburden and bedrock.
UROCK refers to the isotopically natural uranium plume in bedrock.

Key:
MNA =monitored natural attenuation
ISRZ = in-situ reactive zone

Table 5.6.2
Remedial Alternatives Retained for Detailed Analysis

Feasibility Study
Nuclear Metals, Inc. Superfund Site

General Response Action/Technology Type

Alternative Name Alternative Description

Page 1 of 1 06 June 2014
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Plume/Parameter Comments

Uranium in Overburden

Hydraulic conductivity 31 ft/d
From RI:  Arithmetic mean of 31 ft/day, conservative relative to geometric mean of 20 
ft/d.  See Note 1.

Hydraulic gradient 0.012 ft/ft From Ri,  0.012 ft/ft. See Note 2.

Area 5,250           ft2 RI - plume width = 125 FT,  plume thickness of 42 feet. See Note 3.

1,953.00      ft3/d
10.1 gpm

Required flow rate to get capture of plume 
width +50% (190 ft)

16 gpm See Notes 4 and 5.

1,4-Dioxane in Overburden

Hydraulic conductivity 4.3 ft/d Wells MW-S15 ( 4.32). See Note 1.

Hydraulic gradient 0.011 ft/ft
Hydraulic gradient measured between contours 126 and 128 (a distance of 180 ft) on 
Figure 3.5.9 from the Remedial Investigation Report. See Note 2.

Area 10,000         ft2 Based on a 1,4-dioxane plume width in overburden near MW-S15 of 200 ft, and a plume 
thickness of 50 ft. See Note 3.

477.78         ft3/d
2.5 gpm

Required flow rate to achieve capture of 
plume width + 50% (300 ft)

6.0 gpm See Notes 4 and 5.

1,4-dioxane in Bedrock

Hydraulic conductivity 0.215 ft/d MW-BS15 = 0.03, MW-BS31 = 0.4. See Note 1.

Hydraulic gradient 0.004 ft/ft
Between MW-BS31 and MW-BS15 along flow path  = ((127.37'-127.6')/150')  = .0038 ft/ft 
(Figure 3.5.10 from Remedial Investigation Report). See Note 2.

Area 10,750         ft2 Based on a 1,4-dioxane plume width in bedrock near MW-S15 of 430 ft, and a plume 
thickness of 25 ft. See Note 3.

8.78             ft3/d
0.05 gpm

Required flow rate to get capture of plume 
width +50% (600 ft)

0.040 gpm Two (2) wells with required with of 300 ft each. See Notes 4 and 5.

Uranium in Bedrock

Hydraulic conductivity 4.8 ft/d MW-BS28 = 4.8 ft/day. See Note 1.

Hydraulic gradient 0.009 ft/ft
Between MW-BS13 and MW-BS28 along flow path  = ((131.94'-1128.95')/325')  = .0038 
ft/ft. See Note 2.

Area 4,375           ft2 Based on a 1,4-dioxane plume width in bedrock near MW-BS28 of 175 ft, and a plume 
thickness of 25 ft. See Note 3.

193.20         ft3/d
1.0 gpm

Required flow rate to get capture of plume 
width +50% (250 ft)

1.5 gpm See Notes 4 and 5.

Notes:
1. Hydraulic conductivity data based on slug testing at site wells.
2. Hydraulic gradient data based on measured water levels in overburden and bedrock separately.

4. The total capture was estimated using 
Q/Ti, where Q = extraction rate (ft3/day), T = transmissivity (ft2/d) and i = hydraulic gradient.

5.  Extraction rates based on required rate to achieve capture of the specified plume width.  The available maximum drawdown available in each well 
    was not exceeded.

Table 5.6.3
Estimate of Extraction Rates for Hydraulic Containment of Depleted Uranium in Overburden, 

1,4-dioxane in Overburden and Bedrock, and Uranium in Bedrock Plumes
Feasibility Study

Nuclear Metals, Inc. Superfund Site

Value

1,4-dioxane plume discharge rate

1,4-dioxane plume discharge rate

1,4-dioxane plume discharge rate

1,4-dioxane plume discharge rate



Table 6.0 
Compliance with Chemical-Specific ARARs and TBCs for Groundwater 

Feasibility Study 
Nuclear Metals Superfund Site 

Concord, Massachusetts 
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11/3/14 

REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR GROUNDWATER ALTERNATIVES 

Federal 

Safe Drinking Water Act, National 
Primary Drinking Water Regulations, 
MCLs and MCLGs [40 CFR Parts 
141.60 - 141.63 and 141.50 - 
141.52] 

Relevant and 
Appropriate 

MCLs and nonzero MCLGs will be used during the 
development of cleanup goals. Cleanup actions will be 
designed and implemented to attain the concentration limits 
of these regulations.  

GW-1 – No action, therefore not applicable. 
GW-2 & 3 – Likely will take greater than 200 years to meet 
this ARAR for DU in overburden groundwater and natural 
uranium in bedrock groundwater.  
GW-4 –  Likely to meet this ARAR for DU in overburden 
groundwater and natural uranium in bedrock groundwater 
within 15-30 years. 

USEPA Risk Reference Doses To Be Considered RfDs will be considered during the development of cleanup 
goals. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – RfDs considered during development of 
PRGs. 

USEPA Carcinogen Assessment 
Group, Cancer Slope Factors 
(CSFs) 

To Be Considered CSFs will be considered during the development of cleanup 
goals. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – CSFs considered during development of 
PRGs. 

Guidelines for Carcinogen Risk 
Assessment (EPA/630/P-03/001F, 
March 2005) 

To Be Considered These guidelines will be considered during the development 
of cleanup goals. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – Guidelines considered during development of 
PRGs. 

Supplemental Guidance for 
Assessing Susceptibility from Early-
Life Exposure to Carcinogens 
(EPA/630/R-03/003F, March 2005) 

To Be Considered This guidance will be considered during the development of 
cleanup goals. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – Guidance considered during development of 
PRGs. 

EPA Office of Water, Drinking 
Water Health Advisories, EPA 822-
R-06-013 

To Be Considered HAs will be considered during the development of cleanup 
goals.  In particular, HAs will be used if a constituent does 
not have a promulgated MCL or MCP GW-1 [or MA MCL] 
standard. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – HAs considered during development of PRGs. 

State 

Massachusetts Regulations for the 
Control of Radiation, Standards for 
Protection Against Radiation, 
Vacating Premises; 105 CMR 
120.245 

Relevant and 
Appropriate 

The 10 mRem above background criteria will be used during 
the development of cleanup goals. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – Regulations used during development of 
PRGs. 

Massachusetts Groundwater 
Quality Standards  
[314 CMR 6.00] 
 
 

Relevant and 
Appropriate 

 

Cleanup goals will be developed to attain the water quality 
necessary for Site groundwater to achieve its designated use.  

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – Regulations used during development of 
cleanup goals. 
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Compliance with Chemical-Specific ARARs and TBCs for Groundwater 

Feasibility Study 
Nuclear Metals Superfund Site 

Concord, Massachusetts 
 

Page 2 of 2 
 

11/3/14 

REQUIREMENT STATUS ACTION TO BE TAKEN TO ATTAIN ARAR GROUNDWATER ALTERNATIVES 

Massachusetts Contingency Plan 
(MCP) [310 CMR 40.0000], Method 
1 GW-1 Standards 
 
 

To Be Considered These standards will be considered during development of 
cleanup goals. 

GW-1 – No action, therefore not applicable. 
GW-2, 3 & 4 – Guidelines considered during development of 
PRGs. 

Massachusetts Drinking Water 
Regulations [310 CMR 22.00] 

Relevant and 
Appropriate 
 

MA MCLs will be used during development of cleanup goals. GW-1 – No action, therefore not applicable. 
GW-2 & 3 — Likely will take greater than 200 years to meet 
this ARAR for DU in overburden groundwater and natural 
uranium in bedrock groundwater.  
GW-4 – Likely to meet this ARAR for DU in overburden 
groundwater and natural uranium in bedrock groundwater 
within 15-30 years. 

 
 
Key:       

  MCLGs = Maximum Contaminant Level Goals 
ARAR = Applicable or Relevant and Appropriate Requirement MA MCLs = Massachusetts Maximum Contaminant Levels 
CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act 
PRG = Preliminary Remediation Goal 

CFR = Code of Federal Regulations RfD = reference dose 
CMR = Code of Massachusetts Regulations USEPA = United States Environmental Protection Agency 
CSF = cancer slope factor   
MCLs = Maximum Contaminant Levels   
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Media or Contaminant Addressed
DU in overburden groundwater, VOCs (PCE, TCE, 1,1-DCE) and 
1,4-dioxane in overburden and bedrock groundwater, and uranium 
in bedrock groundwater

Remedy Components
Containment None Included

Treatment/Source Removal None Included
Institutional Controls None Included

Monitoring Requirements None included other than routine monitoring
Operation and Maintenance 
Requirements

Annual inspections, groundwater monitoring and five-year reviews of 
Site conditions

Area/Volume of Media Addressed by 
Alternative

None 

Time to Complete
Design and Construction None required

Attainment of RAOs Based on the estimated attenuation rates for VOCs and 1,4-dioxane 
in off-property locations, natural attenuation should result in 
reductions to below chemical-specific ARARS within approximately 
10 (TCE) to 30 (1,4-dioxane) years. Estimated attenuation rates 
indicate that on-site areas will require more than 50 years to reach 
MCLs via natural attenuation.

Estimated attenuation rates for DU in overburden groundwater and 
geologically derived uranium in bedrock groundwater indicate that 
concentrations are unlikely to decrease to meet ARARs within an 
acceptable timeframe (i.e., < 100 years).  

Concentration trends from monitoring data collected over the past 
seven years indicate that the uranium plume in bedrock has reached 
steady-state, and bedrock groundwater with uranium concentrations 
exceeding ARARs is unlikely to migrate off-property.  

The groundwater model created for the RI indicates that 
concentrations of DU will persist at greater than the PRG (MCL) of 
30 µg/L for over 300 years, and that DU will eventually migrate off-
property without remedial action.

Anticipated Reuse Outcomes Re-use options would be limited to those that do not pose an 
unacceptable risk under current property conditions.

Key:
DU = Depleted Uranium
MCL = Maximum Contaminant Level

PRG = Preliminary Remediation Goal

RAO = Remedial Action Objectives
RI = Remedial Investigation
VOCs = Volatile Organic Compounds

Table 6.1a
GW-1 - No Action

Summary of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site
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Evaluation Criteria   DETAILED ANALYSIS

Human Health Protection This alternative does not reduce the potential for on-property or off-property human 
exposure via ingestion or dermal contact by a future resident to overburden 
groundwater that may be used as a domestic water supply with concentrations of 
uranium, VOCs or 1,4-dioxane that exceed ARARs.

Ecological Protection Not needed to satisfy RAOs

Chemical-Specific Uranium, VOC and 1,4-dioxane concentrations in groundwater currently exceed 
chemical-specific ARARs.  

Because sources are old and concentrations are relatively low, chemical-specific 
ARARs for VOCs and 1,4-dioxane may be met off-property under this alternative within 
a reasonable timeframe (i.e., less than 30 years).  Estimated attenuation rates indicate 
that on-property areas will require more than 50 years to reach MCLs via natural 
attenuation. 

However, concentrations of geologically derived uranium in bedrock groundwater and 
DU concentrations in overburden groundwater are not expected to reduce significantly.  
Therefore, it is unlikely that chemical-specific ARARs will be met in a reasonable 

Location-Specific There will be no remedial activities associated with this alternative that will affect 
location-specific ARARs.

Action-Specific Action-specific ARARs do not apply because there are no remedial activities associated 
with this alternative. 

Magnitude of Residual Risk Incremental risk from VOCs in overburden or bedrock groundwater on-property would 
still exist, but potential risks off-property would be reduced through natural attenuation.

Because there are no remedial activities or institutional controls for this alternative, 
potential future exposure of human receptors to uranium in bedrock groundwater and 
DU in overburden groundwater will continue to pose a higher level of risk compared to 
other alternatives.

Adequacy and Reliability of
Controls

No controls are included in this alternative.

Treatment Process Used and 
Materials Treated

None

Amount Destroyed or Treated None
Degree of Expected Reductions
in Toxicity, Mobility, or Volume
through Treatment

None

Degree to which Treatment is 
Irreversible

Not applicable

Type and Quantity of Residuals
Remaining after Treatment

Not applicable

Degree to which Treatment
Reduces Principal Threats

There are no principal threats relative to the VOC, 1,4-dioxane, DU or uranium 
plumes.

Protection of Community During
Remedial Action

No remedial action would occur under this alternative.

Environmental Impacts This alternative would not change current environmental impacts other than 
through long-term natural attenuation processes.

COMPLIANCE WITH ARARs

Table 6.1b
GW-1 - No Action

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

LONG-TERM EFFECTIVENESS AND PERFORMANCE

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT

SHORT-TERM EFFECTIVENESS
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Table 6.1b
GW-1 - No Action

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site
Evaluation Criteria   DETAILED ANALYSIS

Time Until Remedial Action
Objectives are Achieved

Because sources are old and concentrations are relatively low, chemical-specific 
ARARs for VOCs and 1,4-dioxane may be met off-property under this alternative 
within a reasonable timeframe for on-property locations (i.e., less than 30 years).  
Estimated attenuation rates indicate that on-property areas will require more than 
50 years to reach MCLs via natural attenuation.

Concentrations of geologically derived uranium in bedrock groundwater and DU 
concentrations in overburden groundwater are not expected to reduce 
significantly.  Therefore, it is unlikely that RAOs for these contaminants will be 
met in a reasonable timeframe (e.g. < 100 years).  

Protection of Workers During 
Remedial Action

Not applicable

Ability to Construct and Operate
the Technology

No construction or operation is included in this alternative.

Reliability of the Technology Not applicable
Ease of Undertaking Additional
Remedial Actions, if necessary

This alternative would not interfere with additional remedial actions in the future.

Ability to Monitor Effectiveness
of Remedy

No monitoring would occur under this alternative.  

Availability of Off-Property
Treatment, Storage and Disposal
Services and Capacity

Not applicable

Availability of Necessary
Equipment and Specialists

Not applicable

Ability to Obtain Approvals and 
Coordinate with Other Agencies

Not applicable

Capital Costs None
Operation, Maintenance and 

Monitoring
Net Present Value (7% discount 

rate for 200 year duration)

None

TOTAL None

Key:
ARARs = Applicable or Relevant and Appropriate Requirement
DU = Depleted Uranium
MCL = Maximum Contaminant Level
RAOs = Remedial Action Objectives
RI = Remedial Investigation
VOCs = Volatile Organic Compounds

IMPLEMENTABILITY

COSTS

SHORT-TERM EFFECTIVENESS (Continued)
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Media or Contaminant Addressed DU in overburden groundwater, VOCs (PCE, TCE, 1,1-DCE) and 1,4-dioxane in 
overburden and bedrock groundwater, and uranium in bedrock groundwater

Remedy Components

Institutional Controls Deed restrictions would be implemented to prohibit future use of impacted groundwater 
both on and off-property

Treatment/Source Removal None included; large, diffuse VOCs and 1,4-dioxane plumes have no apparent source 
areas. The Holding Basin soils acting as a source of DU in overburden groundwater are 
addressed in remedial alternatives for soil.  The uranium in bedrock groundwater 
appears to be geologically derived (based on its isotopic signature) so no source 
treatment is anticipated.

Long-Term Monitoring Annual groundwater monitoring for DU, VOCs/1,4-dioxane and uranium will be 
conducted to monitor the plumes and evaluate concentration decreases due to natural 
attenuation.

Monitoring Requirements Groundwater quality monitoring of DU in overburden, VOCs/1,4-dioxane in overburden 
and bedrock, and uranium in bedrock will be conducted to evaluate concentration 
trends. Cost estimates are based on the following:
- 10 annual samples (plus 10 more every 5 years) would be collected in the 
  VOC/1,4-dioxane plumes;  
- 10 annual samples (plus 5 more every 5 years) would be collected in the DU 
   plume for uranium, other metals and geochemical parameters; and
- 10 annual samples (plus 10 more every 5 years) would be collected for uranium, 
   other metals and geochemical parameters in the isotopically natural uranium 
   plume in bedrock. 
- Long-term monitoring for uranium in bedrock and DU in overburden would occur 
  for 200 years to meet NRC ARARs.

Operation and Maintenance 
Requirements

Five-year reviews of property conditions and risk. 

Area Volume of Media Addressed by 
Alternative

The estimated areas and volumes of the uranium, VOC (PCE, TCE, 1,1-DCE) and 1,4-
dioxane plumes are listed in Table 2.5.1.

Time to Complete
Design and Construction No construction necessary other than supplemental monitoring well installation, if 

needed.  Institutional controls will be implemented within approximately one to two years.

Attainment of RAOs Institutional controls and the significant depth to groundwater will prevent potential 
human exposure to COCs in overburden and bedrock groundwater.

Based on the estimated attenuation rates for VOCs and 1,4-dioxane in off-property 
locations, natural attenuation should result in reductions to below chemical-specific 
ARARS within approximately 10 (TCE) to 30 (1,4-dioxane) years. Estimated attenuation 
rates indicate that on-property areas will require more than 50 years to reach MCLs via 
natural attenuation.

Estimated attenuation rates for DU in overburden groundwater and geologically derived 
uranium in bedrock groundwater indicate that concentrations are unlikely to be reduced 
to meet ARARs within an acceptable timeframe (e.g. < 100 years).  

Concentration trends from monitoring data collected over the past seven years indicate 
that the uranium plume in bedrock has reached steady-state, and groundwater with 
uranium concentrations exceeding ARARs is unlikely to migrate off-property.  However, 
DU-impacted overburden groundwater has the potential to migrate off-property with DU 
concentrations that would exceed the MCL (30 ug/L).

Anticipated Reuse Outcomes The only restriction on future reuse would be the prohibition to use groundwater as a 
potable water source; however, the property is already serviced by municipal water.

Key:
1,1-DCE = 1,1 -dichloroethene
ARARs = Applicable or Relevant and Appropriate Requirement
PCE = Tetrachloroethene
TCE = Trichloroethene
VOC = Volatile Organic Compounds
DU = Depleted Uranium
RAO = Remedial Action Objectives
COC = Contaminant of Concern

Table 6.2a
 GW-2 - Limited Action/Institutional Controls and Long Term Monitoring

Summary of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site



Evaluation Criteria   DETAILED ANALYSIS

Human Health Protection Deed restrictions prevent potential human exposure to on and off-property overburden or bedrock groundwater 
(used as a hypothetical future domestic water supply) with uranium, VOCs, or 1,4-dioxane that exceeds ARARs 
or target risk limits

The plume of natural isotopic uranium in bedrock is at steady-state, and off-property concentrations do not 
exceed chemical-specific ARARs.  However, this alternative does not provide engineering controls to address 
potential human exposure to DU-impacted overburden groundwater which has the potential to migrate off-
property in the future.  

Ecological Protection Not needed to satisfy RAOs

Chemical-Specific Uranium, VOC and 1,4-dioxane concentrations in groundwater currently exceed chemical-specific ARARs.  
Because sources are old and concentrations are relatively low, chemical-specific ARARs for VOCs and 1,4-
dioxane may be met under this alternative within a reasonable timeframe (i.e., less than 30 years).  Estimated 
attenuation rates indicate that on-property areas will require more than 50 years to reach MCLs via natural 
attenuation. 

However, concentrations of geologically derived uranium in bedrock groundwater and DU concentrations in 
overburden groundwater are not expected to reduce significantly.  Therefore, it is unlikely that chemical-specific 
ARARs will be met in a reasonable timeframe (e.g. <100 years).

Location-Specific Potential location-specific ARARs for this alternative are presented in Table 2.1.1; this alternative would be 
designed to comply with applicable location-specific ARARs.

Action-Specific Potential action specific ARARs for this alternative are presented in Table 2 .1.4.  This alternative would be 
designed to comply with applicable action-specific ARARs.

Magnitude of Residual Risk Incremental risk from VOCs in overburden or bedrock groundwater on-property would be mitigated through 
institutional controls and the significant depth to groundwater (which mitigates potential risks associated with 
vapor intrusion).  Incremental risk due to VOCs and 1,4-dioxane in off-property groundwater could also be 
mitigated through institutional controls.  Additionally, concentrations should decline over time through natural 
attenuation.

Incremental risks from uranium in bedrock and DU in overburden groundwater on- and off-property would be 
mitigated through institutional controls and the significant depth to groundwater.  However, incremental risk due 
to off site migration of DU impacted overburden groundwater may still exist

Adequacy and Reliability of
Controls

Institutional controls are adequate for achieving target risk levels associated with uranium, VOCs and 1,4-
dioxane in on-property groundwater.  Incremental risk due to uranium, VOCs and 1,4-dioxane in off-property 
groundwater could also be mitigated through institutional controls but may be more difficult to attain.

Based on the estimated attenuation rates for VOCs and 1,4-dioxane in off-site locations, natural attenuation 
should result in reductions to below chemical-specific ARARS within approximately  5 (TCE) to 30 (1,4-dioxane) 
years.  The anticipated time to reach chemical-specific ARARs in on-property locations is significantly longer, but 
institutional controls will be used to mitigate risks on-property.

Natural attenuation is unlikely to reduce concentrations of uranium in bedrock groundwater or DU in overburden 
groundwater to meet MCLs within a reasonable timeframe (e.g. <100 years).  This alternative will likely be 
adequate for controlling uranium in bedrock groundwater from migrating off-site because the plume is at steady-
state, and chemical-specific ARARs have not been exceeded off-site.  This alternative is not effective in 
controlling risks associated with potential off-site migration of DU-impacted overburden groundwater in the future.

Treatment Process Used and 
Materials Treated

This alternative involves natural attenuation of VOCs and 1,4-dioxane via biodegradation, dispersion, dilution and 
volatilization.

This alternative provides no treatment of uranium in bedrock or overburden groundwater.

Amount Destroyed or Treated There will be no active treatment of VOCs or 1,4-dioxane; however, some mass will be reduced over time due to 
natural attenuation.

This alternative does not include treatment or destruction of uranium in bedrock or overburden groundwater.

COMPLIANCE WITH ARARs

Table 6.2b
GW-2 - Limited Action/Institutional Controls and Long Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

LONG-TERM EFFECTIVENESS AND PERFORMANCE

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT
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Evaluation Criteria   DETAILED ANALYSIS

Table 6.2b
GW-2 - Limited Action/Institutional Controls and Long Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site

Degree of Expected Reductions
in Toxicity, Mobility, or Volume
through Treatment

The volume of aquifer impacted by VOCs and 1,4-dioxane may be reduced over time through natural 
attenuation.  No significant reductions in uranium impacts are expected for this alternative, and no reductions in 
mobility or toxicity are expected as a result of remedy implementation.

Source control at the Holding Basin will result in significant reductions in the total mass of DU in overburden 
groundwater.

Degree to which Treatment is 
Irreversible

Future attenuation of VOCs and 1,4-dioxane is irreversible.

Type and Quantity of Residuals
Remaining after Treatment

There will not be active treatment under this alternative.

Degree to which Treatment
Reduces Principal Threats

There are no principal threats relative to the VOC, 1,4-dioxane, DU or uranium plumes.

Protection of Community During
Remedial Action

There will not be an increased incremental risk to the community as no active remedial actions are included in 
this alternative.

Environmental Impacts There would be no short-term changes in ecological impact relative to existing conditions.

Time Until Remedial Action
Objectives are Achieved

RAOs related to preventing potential human exposure will be achieved immediately by implementation of 
institutional controls.

Based on the estimated attenuation rates for VOCs and 1,4-dioxane in off-property locations, natural attenuation 
should result in concentration reductions to below chemical specific ARARS within approximately 5 (TCE) to 30 
(1,4-dioxane) years.  Estimated attenuation rates indicate that on-property areas will require more than 50 years 
to reach MCLs via natural attenuation.

This alternative is not expected to meet the RAO of limiting migration of DU in overburden groundwater beyond 
the compliance boundary, and estimated attenuation rates indicate that concentrations of uranium in bedrock 
and overburden groundwater are unlikely to decrease to below the MCL of 30 ug/L within a reasonable 
timeframe (e.g. <100 years).

Protection of Workers During Remedial 
Action

Site-specific health and safety plans will be developed to ensure worker safety.  All work would be in accordance 
with OSHA standards where applicable.

Ability to Construct and Operate
the Technology

Construction may include installation of additional monitoring wells, and O&M would consist of periodic 
groundwater monitoring and reporting; these activities are easy to implement.

Reliability of the Technology Long-term monitoring is reliable for assessing groundwater concentrations relative to applicable RAOs.

Ease of Undertaking Additional
Remedial Actions, if necessary

The remedial technologies included in this alternative would not interfere significantly with additional remedial 
actions, if needed, in the future.

Ability to Monitor Effectiveness of Remedy The effectiveness of this alternative would be easily monitored via groundwater sampling and analysis.

Availability of off-site
Treatment, Storage and Disposal
Services and Capacity

No off-site treatment, storage or disposal services are anticipated other than for disposal of drill cuttings during 
well installations, if needed.

Availability of Necessary
Equipment and Specialists

The equipment and personnel needed to implement long-term monitoring are readily available. 

Ability to Obtain Approvals and Coordinate 
with Other Agencies

The remedial actions under this alternative will be designed, constructed and operated under coordination with 
the USEPA, the MassDEP and other appropriate agencies.

Capital Costs $1,185,000
Operation, Maintenance and Monitoring
Net Present Value (7% discount rate for 

200 year duration)
$1,724,000

TOTAL $2,909,000

SHORT-TERM EFFECTIVENESS

IMPLEMENTABILITY

COSTS

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT (Continued)
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Evaluation Criteria   DETAILED ANALYSIS

Table 6.2b
GW-2 - Limited Action/Institutional Controls and Long Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals, Inc. Superfund Site

Key:
ARARs = Applicable or Relevant and Appropriate Requirement
COC = Contaminant of Concern
DU = Depleted Uranium
MCL = Maximum Contaminant Level
MNA = Monitored Natural Attenuation
RAO = Remedial Action Objectives
TCE = Trichloroethene
VOC = Volatile Organic Compounds
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Media or Contaminant Addressed DU in overburden groundwater, VOCs (PCE, TCE, 1,1-DCE) and 1,4-dioxane in 
overburden and bedrock groundwater, and uranium in bedrock groundwater

Remedy Components
Institutional Controls Deed restrictions would be implemented to prohibit future use of impacted 

groundwater both on and off-property
Treatment/Source Removal None included; large, diffuse VOC and 1,4-dioxane plumes have no apparent source 

areas. The Holding Basin soils acting as a source of DU in overburden groundwater 
are addressed in remedial alternatives for soil.  The uranium in bedrock groundwater 
appears to be geologically derived (based on its isotopic signature), and no source 
treatment is anticipated.

Hydraulic Containment This alternative includes: 
--Installation of one groundwater extraction well in overburden downgradient of the 
Holding Basin (DU source area).
--Construction of a treatment system to remove DU from extracted groundwater and 
discharge of the treated water to surface water.

--Installation of one groundwater extraction well in deep overburden and two 
groundwater extraction wells in bedrock in the area between Main Street and the 
Assabet River to limit potential migration of 1,4-dioxane to areas north of the Assabet 
River.  
--Construction of an ex-situ groundwater treatment building to treat 1,4-dioxane (e.g. 
advanced oxidation), then discharge the treated water to surface water.

--Installation of one groundwater extraction well in shallow bedrock at the 
downgradient end of the isotopically natural uranium plume (near MW-BS28).
--Construction of a treatment system to remove uranium from extracted groundwater, 
and discharge of the treated water to surface water.

Long Term Monitoring  - Annual groundwater monitoring for DU, VOCs/1,4-dioxane and uranium will be 
  conducted to monitor the plumes and evaluate concentration decreases due to 
  natural attenuation. 
- Groundwater elevation monitoring will be conducted to evaluate the effectiveness of 
  hydraulic containment. 

Monitoring Requirements
Groundwater quality monitoring of DU in overburden, VOCs/1,4-dioxane in overburden 
and bedrock and uranium in bedrock will be conducted to evaluate concentration 
trends.   Monitoring of groundwater elevations would be conducted to confirm 
hydraulic capture of the uranium and 1,4-dioxane plumes in overburden and bedrock 
groundwater.  Monitoring of treatment system influent and effluent would also be 
conducted to meet permit requirements.

- 25 samples (2 years semi-annual, 28 years annual, plus 10 more every 5 years) 
   would be collected in the VOC/1,4-dioxane plumes.  
- 15 samples (2 years semi-annual, 28 years annual, plus 5 more every 5 years) 
   would be collected in the DU plume for uranium, other metals and geochemical 
   parameters; and
- 10 annual samples (2 years semi-annual, 28 years annual, plus 10 more every 5 
   years) would be collected for uranium, other metals and geochemical parameters in 
   the isotopically natural uranium plume in bedrock. 
- For this alternative, it is assumed that the hydraulic containment systems for DU in 
  overburden and uranium in bedrock will  operate for 30 years, but monitoring for
  these plumes would occur for 200 years to meet NRC ARARs.

Operation and Maintenance 
Requirements

O&M of the subsurface components of the extraction equipment and the ex-situ 
treatment system, which would include periodic replacement of treatment media (e.g., 
ion exchange resins for uranium removal). Five-year reviews of Site conditions and 
risk. 

Area Volume of Media Addressed by 
Alternative

The areas and volumes of the uranium, VOC (PCE, TCE, 1,1-DCE) and 1,4-dioxane 
plumes are listed in Table 2.5.1.

Table 6.3a
GW-3 - Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long-Term Monitoring

Summary of Remedial Alternative
Feasibility Study

Nuclear Metals Inc. Superfund Site
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Table 6.3a
GW-3 - Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long-Term Monitoring

Summary of Remedial Alternative
Feasibility Study

Nuclear Metals Inc. Superfund Site

Time to Complete

Design and Construction Approximately one to three years
Institutional controls will be implemented within one to two years.

Attainment of RAOs Institutional controls and the significant depth to groundwater will prevent potential 
human exposure to COCs in overburden and bedrock groundwater.

Based on the estimated attenuation rates for VOCs and 1,4-dioxane in off-property 
locations, natural attenuation should result in reductions to below chemical-specific 
ARARS within approximately 10 (TCE) to 30 (1,4-dioxane) years.  Estimated 
attenuation rates indicate that on-property areas will require more than 50 years to 
reach MCLs via natural attenuation.  These time periods may be slightly reduced due 
to downgradient pumping and pore volume removal.

Estimated attenuation rates for DU in overburden groundwater and geologically 
derived uranium in bedrock groundwater indicate that concentrations are unlikely to be 
reduced to meet ARARs within an acceptable timeframe (e.g. < 100 years).  

Hydraulic containment will be used to limit uranium concentrations exceeding 30 ug/L 
from migrating off-property, but will not reduce concentrations of uranium to less than 
PRGs on-property.

Anticipated Reuse Outcomes The only restriction on future reuse would be the prohibition to use groundwater as a 
potable water source; however, the property is already serviced by municipal water.

Key:
1,1-DCE = 1,1 -dichloroethene
ARARs = Applicable or Relevant and Appropriate Requirement
DU = Depleted Uranium
MNA = Monitored Natural Attenuation
PCE = Tetrachloroethene
RAO = Remedial Action Objective
TCE = Trichloroethene
VOC = Volatile Organic Compound
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Evaluation Criteria   DETAILED ANALYSIS

Human Health Protection Deed restrictions prevent potential human exposure to on- and off-property overburden or bedrock 
groundwater (used as a hypothetical future domestic water supply) with uranium, VOCs, or 1,4-dioxane that 
exceeds ARARs or target risk limits

Hydraulic containment would be used to flush 1,4-dioxane from the aquifer over time and limit further 
spreading of the plume(s).  Hydraulic containment would also be used to limit potential off-property migration 
of bedrock and overburden groundwater with uranium concentrations that exceed chemical-specific ARARs.

Ecological Protection Not needed to satisfy RAOs

Chemical-Specific Uranium, VOC and 1,4-dioxane concentrations in groundwater currently exceed chemical-specific ARARs.  
Because sources are old and concentrations are relatively low, chemical-specific ARARs for VOCs may be 
met off-property under this alternative within a reasonable timeframe (i.e., less than 30 years) by natural 
attenuation.  Estimated attenuation rates indicate that on-property areas will require more than 50 years to 
reach MCLs for VOCs via natural attenuation.

Hydraulic containment with ex-situ treatment will be used to meet chemical-specific ARARs for 1,4-dioxane.

Chemical-specific ARARs pertaining to DU in overburden groundwater will likely be met off-property with 
hydraulic containment.  

Concentrations of isotopically natural uranium in bedrock groundwater are below the MCL (30 µg/L) off-
property and are likely to remain so because the plume is at steady-state.  However, on-property 
concentrations of geologically derived uranium in bedrock groundwater and DU concentrations in overburden 
groundwater currently exceed the MCL and are not expected to decrease significantly.  Therefore, it is 
unlikely that chemical-specific ARARs for uranium in on-site groundwater will be met in a reasonable 
timeframe (i.e. < 100 years).

Location-Specific Potential location-specific ARARs for this alternative are presented in Table 2.1.1; this alternative would be 
designed to comply with applicable location-specific ARARs.

Action-Specific Potential action-specific ARARs for this alternative are presented in Table 2.1.4.  This alternative will be 
designed to comply with applicable action-specific ARARs.

Magnitude of Residual Risk Incremental risk from VOCs in overburden or bedrock groundwater on-property would be mitigated through 
institutional controls and the significant depth to groundwater (which mitigates potential risks associated with 
vapor intrusion).  Incremental risk due to VOCs and 1,4-dioxane in off-property groundwater could also be 
mitigated through institutional controls.  Additionally, concentrations should decline over time through 
hydraulic containment and natural attenuation.

Incremental risks from uranium in bedrock and DU in overburden groundwater on-property would be 
mitigated through institutional controls and the significant depth to groundwater.  Hydraulic containment 
would mitigate incremental risks to potential off-site receptors.

Adequacy and Reliability of
Controls

Institutional controls are adequate for achieving target risk levels associated with uranium, VOCs and 1,4-
dioxane in on-property groundwater.  Incremental risk due to VOCs and 1,4-dioxane in off-property 
groundwater could also be mitigated through institutional controls but these may be more difficult to 
implement off-site.  The Site and surrounding area are serviced by public water which should enhance the 
reliability of institutional controls that prohibit groundwater use.

Hydraulic containment with institutional controls will be adequate for achieving target risk levels off-property 
associated with depleted uranium and 1,4-dioxane in groundwater, and both are reliable and well-proven 
technologies. Natural attenuation has contained the bedrock uranium plume on the property and is expected 
to be adequate for controlling future off-site migration. Natural attenuation is also expected to achieve RAOs 
for VOCs in a reasonable timeframe (e.g. <100 years).

Table 6.3b
GW-3 - Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long-Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals Inc. Superfund Site

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

COMPLIANCE WITH ARARs

LONG-TERM EFFECTIVENESS AND PERFORMANCE
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Evaluation Criteria   DETAILED ANALYSIS

Table 6.3b
GW-3 - Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long-Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals Inc. Superfund Site

Treatment Process Used and 
Materials Treated

Treatment of extracted groundwater to remove 1,4-dioxane would likely include a combination of advanced 
oxidation using hydrogen peroxide and UV light and discharge of treated effluent to surface water. 

DU and uranium in extracted groundwater would be treated using a uranium-specific ion exchange resin.  
Supporting treatment processes may include filtration, pH adjustment, and/or removal of other non-COC 
metals (e.g. iron and manganese). 

Treatment of VOCs would include natural attenuation via biodegradation, dispersion, dilution and 
volatilization.

Amount Destroyed or Treated The amount of VOC and 1,4-dioxane destroyed or treated will be based on the final system extraction rate  
and total time of extraction for 1,-4 dioxane and on natural attenuation rates for VOCs.  The estimated total 
current mass of VOCs and 1,4-dioxane in overburden and bedrock is 5.5 kg.  Assuming the same plume 
footprint and that concentrations of all VOCs will be reduced to their MCLs and the concentrations of 1,4-
dioxane will be reduced to the MASSDEP Drinking Water Guideline, then the total remaining mass of VOCs 
and 1,4-dioxane would be approximately 0.5 kg.

The amount of DU and isotopically natural uranium treated will depend on the design extraction rates and 
influent concentrations.  Ion exchange resins are expected to remove at least 95% of the uranium from 
extracted groundwater.  Extracted uranium will be disposed off-property; however, because uranium is an 
elemental metal it cannot be destroyed.  Source control at the Holding Basin will result in significant 
reductions in the total mass of DU in overburden groundwater.

Degree of Expected Reductions
in Toxicity, Mobility, or Volume
through Treatment

The hydraulic containment portion of this alternative would substantially reduce the mobility of the DU, 
uranium and 1,4-dioxane plumes and would limit the potential off-property migration of uranium-impacted 
groundwater. Concentrations of VOCs and associated plume volumes would also decline due to natural 
attenuation.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Breakdown products will include other VOCs that may have higher or lower toxicity or mobility, such as vinyl 
chloride in the degradation of PCE. However, the end products of the dechlorination process are non-toxic: 
ethene for DCE, and ethane for 1,1,1-TCA.

Source control at the Holding Basin will result in significant reductions in the total mass of DU in overburden 
groundwater.

Degree to which Treatment is 
Irreversible

The ex-situ treatment technologies considered for extracted groundwater treatment are irreversible for 
uranium, VOCs and 1,4-dioxane.   Natural attenuation processes for VOCs and 1,4-dioxane are also 
irreversible.

Type and Quantity of Residuals
Remaining after Treatment

Residuals would include low levels of 1,4-dioxane, VOCs and uranium in groundwater.  The treatment for 1,4-
dioxane in extracted groundwater is advanced oxidation (peroxide and ultraviolet light).  Residuals after 
treatment may be include low concentrations of chloride or decreases in pH in the system effluent.  These 
possible issues can be addressed during remedial design. 

Treatment for uranium in bedrock and DU in overburden groundwater would generate spent ion exchange 
resins containing uranium.  

Degree to which Treatment
Reduces Principal Threats

There are no principal threats relative to the VOC, 1,4-dioxane, DU or uranium plumes

Protection of Community During
Remedial Action

Remedial actions included in this alternative should not cause an increased incremental risk to the 
community.  

Environmental Impacts Extracted groundwater would be treated prior to surface water discharge.  Discharge of treated water to 
surface water would be required under NPDES permit equivalency to limit the potential for adverse 
environmental impacts. Construction activities (e.g., treatment building, well and piping installations) would 
be conducted under appropriate location and action specific ARARS. Piping will be installed using minimally 
invasive techniques, including beneath Route 62, to minimize environmental impacts. Extracted groundwater 
flow rate is expected to have no impact on nearby wetlands.

SHORT-TERM EFFECTIVENESS

REDUCTION OF TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT
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Table 6.3b
GW-3 - Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long-Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals Inc. Superfund Site

Time Until Remedial Action
Objectives are Achieved

RAOs related to preventing potential human exposure and limiting off-property migration would be achieved 
immediately for DU and uranium in groundwater with implementation of institutional controls and hydraulic 
containment.

The time to meet the restoration of groundwater RAOs for off-property 1,4-dioxane in overburden and 
bedrock groundwater would be shorter than the no action alternative (GW-1) due to the active containment 
system increasing the rate of groundwater flushing within the plume.  Natural attenuation would continue to 
reduce VOCs and 1,4-dioxane concentrations over time.  Estimated attenuation rates indicate that on-
property areas will require more than 50 years to reach MCLs for VOCs via natural attenuation.

Uranium concentrations in overburden and bedrock groundwater on-property are not likely to be restored to 
levels protective of human health and the environment within a reasonable timeframe (e.g. <100 years).

Protection of Workers During Remedial 
Action

Property-specific health and safety plans will be developed to ensure worker safety.  All work would be 
conducted in accordance with OSHA standards where applicable.

Ability to Construct and Operate
the Technology

Extraction system installation, treatment system construction, and associated O&M activities are routine 
remedial tasks.  The method and location of discharging treated water will need to be identified as part of the 
remedial design.  Off-property installation and operation of extraction wells associated with the 1,4-dioxane 
containment system will be more difficult than for an on-property system due to the need for approvals from 
property owners.  Because groundwater yields in bedrock impacted by 1,4-dioxane plume are very low (<0.1 
gpm), bedrock extraction would not operate at a constant rate, but would need to be batch pumped.

Additional monitoring wells may be constructed for long-term monitoring, and O&M would consist of periodic 
groundwater monitoring and reporting; these are routine remedial activities.

Reliability of the Technology The hydraulic containment systems would be very reliable with proper maintenance. A deed restriction 
prohibiting groundwater use would be reliable if properly enforced.  Long-term monitoring is reliable for 
assessing groundwater concentrations relative to applicable RAOs.

Ease of Undertaking Additional
Remedial Actions, if necessary

The remedial technologies included in this alternative would not interfere significantly with additional 
remedial actions, if needed, in the future. On-property and (to a lesser degree) off-property hydraulic 
containment systems could readily be expanded if needed.

Ability to Monitor Effectiveness
of Remedy

The capture zone of the hydraulic containment systems can be readily evaluated using monitoring wells and 
water level measurements. However, extremely low hydraulic conductivity and groundwater discharge rates 
(<0.1 gpm) in the bedrock containing the 1,4-dioxane plume means extraction systems would not be able to 
operate continuously which could complicate capture monitoring.  Changes in groundwater quality and the 
effectiveness of the treatment system can readily be monitored via analytical testing. 

Availability of Off-Property Treatment, 
Storage and Disposal Services and Capacity

Receiving facilities for off-property disposal of soils generated during construction and spent groundwater 
treatment media are readily available, although disposal of uranium-impacted media requires long-distance 
transport. The discharge of treated effluent to surface water needs to be managed through permitting and 
coordination with local and state authorities. Ion exchange resins containing uranium will need to be 
managed in accordance with appropriate ARARs.

Availability of Necessary
Equipment and Specialists

The equipment and personnel for implementing this alternative are readily available.

Ability to Obtain Approvals and Coordinate 
with Other Agencies

The remedial actions under this alternative will be designed, constructed and operated in coordination with 
the USEPA, the MassDEP and other appropriate agencies.

Capital Costs $6,510,000
Operation, Maintenance and Monitoring

Net Present Value (7% discount rate for 200 
year duration)

$22,755,000

TOTAL $29,265,000

IMPLEMENTABILITY

COSTS

SHORT-TERM EFFECTIVENESS (Continued)
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Table 6.3b
GW-3 - Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long-Term Monitoring

Detailed Analysis of Remedial Alternative
Feasibility Study

Nuclear Metals Inc. Superfund Site

Key:
ARARs = Applicable or Relevant and Appropriate Requirement
DU = Depleted Uranium
MCL = Maximum Contaminant Level
MNA = Monitored Natural Attenuation
NPDES = National Pollutant Discharge Elimination System
RAO = Remedial Action Objective
VOC = Volatile Organic Compound
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Media or Contaminant Addressed DU in overburden groundwater, VOCs (PCE, TCE, 1,1-DCE) and 1,4-dioxane in 
overburden and bedrock groundwater, and uranium in bedrock groundwater

Remedy Components
Institutional Controls Deed restrictions would be implemented to prohibit future use of impacted groundwater 

both on and off-property
Treatment/Source Removal None included; large, diffuse VOCs and 1,4-dioxane plumes have no apparent source 

areas. The Holding Basin soils acting as a source of DU in overburden groundwater are 
addressed in remedial alternatives for soil.  The uranium in bedrock groundwater appears 
to be geologically derived (based on its isotopic signature) so no source treatment is 
anticipated.

Hydraulic Containment This remedy component includes: 
--Installation of one groundwater extraction well in deep overburden and two groundwater 
extraction wells in bedrock in the area between Main Street and the Assabet River to limit 
migration of 1,4-dioxane to the Assabet River.  
--Construction of an ex-situ groundwater treatment building to treat 1,4-dioxane (e.g., 
using advanced oxidation), then discharge of treated water to surface water.

In-Situ Reactive Zones (ISRZ) via Apatite 
and Zero Valent Iron (ZVI)

This remedy component includes injection of apatite and zero valent iron (ZVI) media to 
sequester uranium both in sorbed and mineral precipitate forms.  Pilot testing would be 
conducted during remedial design.  It is anticipated that this remedy will include either 
three separate ISRs using apatite or two apatite ISRs and one ZVI ISRZ at the distal end 
of the DU plume.

Long Term Monitoring  - Annual groundwater monitoring for VOCs/1,4-dioxane and uranium in bedrock will be 
  conducted to monitor the steady-state nature of the plumes or evaluate
  concentration decreases due to natural attenuation.
- Groundwater monitoring in the DU plume will be conducted to evaluate concentration 
  declines due to the in-situ treatment remedy. Groundwater elevation monitoring will 
  be conducted to evaluate the effectiveness of hydraulic containment for the 1,4-
  dioxane plume. 

Monitoring Requirements Groundwater quality monitoring of DU in overburden, VOCs/1,4-dioxane in overburden 
and bedrock and uranium in bedrock will be conducted to evaluate concentration trends.  
Monitoring of groundwater elevations would be conducted to confirm hydraulic capture of 
the 1,4-dioxane plumes in overburden and bedrock groundwater and to assess if the 
ISRZs are becoming occluded.  Monitoring of treatment system influent and effluent would 
also be conducted to meet permit requirements.  Periodic solid phase monitoring of soils 
in the DU plume would be used to assess the efficacy of the DU remedy. The cost 
evaluation includes the following assumptions:

- 15 samples (2 years semi-annual, 28 years annual, plus 10 more every 5 years) 
   would be collected in the VOC/1,4-dioxane plumes.  
- 25 samples (2 years quarterly, 4 years semi-annual, 194 years annual, plus 10 
   more every 5 years) would be collected in the DU plume for uranium, other metals 
   and geochemical parameters.1

- Solid phase sampling of soils within the DU plume will occur semi-annually in year 3, 
    and annually in years 4 and 5.
- 10 annual samples (2 years semi-annual, 28 years annual, plus 10 more every 5 
   years) would be collected for uranium, other metals and geochemical parameters 
   in the isotopically natural uranium plume in bedrock. 
- Long-term monitoring for uranium in bedrock and DU in overburden would occur 
  for 200 years to meet NRC ARARs.

Operation and Maintenance 
Requirements

O&M of the subsurface components of the extraction equipment and the ex-situ treatment 
system.  A second round of ISRZ media injections would likely  be required between 10 
and 20 years.   Five-year reviews of Site conditions and risk. 

Area Volume of Media Addressed by 
Alternative

The areas and volumes of the uranium, VOC (PCE, TCE, 1,1-DCE) and 1,4-dioxane 
plumes are listed in Table 2.5.1.

Table 6.4a
GW-4 - Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, 

and Long-Term Monitoring
Summary of Remedial Alternative

Feasibility Study
Nuclear Metals Inc. Superfund Site
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Table 6.4a
GW-4 - Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, 

and Long-Term Monitoring
Summary of Remedial Alternative

Feasibility Study
Nuclear Metals Inc. Superfund Site

Time to Complete

Design and Construction Approximately two to four years
Institutional controls will be implemented within one to two years.

Attainment of RAOs Institutional controls and the significant depth to groundwater will prevent potential human 
exposure to COCs in overburden and bedrock groundwater.

Based on the estimated attenuation rates for VOCs and 1,4-dioxane in off-property 
locations, natural attenuation should result in reductions to below chemical-specific 
ARARS within approximately 10 (TCE) to 30 (1,4-dioxane) years.  Estimated attenuation 
rates indicate that on-site areas will require more than 50 years to reach MCLs via natural 
attenuation.  These time periods may be slightly reduced due to downgradient pumping 
and pore volume removal.  

The groundwater model created for the RI was used to simulate source control by 
isolating the Holding Basin soils from contributing DU to downgradient groundwater.  
Although results indicate that the DU plume would persist at concentrations greater than 
30 µg/L in on-property areas for over 100 years, the installation of the in-situ reactive 
zones is likely to reduce DU concentrations in the downgradient plume significantly, 
thereby possibly achieving RAOs within the 100 year timeframe.

Estimated attenuation rates for geologically derived uranium in bedrock groundwater 
indicate that concentrations are unlikely to be reduced to meet ARARs within an 
acceptable timeframe (e.g. 100 years).

Anticipated Reuse Outcomes The only restriction on future reuse would be the prohibition to use groundwater as a 
potable water source; however, the property is already serviced by municipal water.

Key:
1,1-DCE = 1,1 -dichloroethene
ARARs = Applicable or Relevant and Appropriate Requirement
DU = Depleted Uranium
ISRZ = In-Situ Reactive Zone
MNA = Monitored Natural Attenuation
PCE = Tetrachloroethene
PRB = Permeable Reactive Barrier
RAO = Remedial Action Objective
RI = Remedial Investigation
TCE = Trichloroethene
VOC = Volatile Organic Compound
ZVI = Zero Valent Iron

1 Monitoring of DU in groundwater out to a period of 200 years is relevant to meet the requirements of the chemical specific ARAR CFR 
Part 192 (FS Section 2.1.2.2)
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ 
Treatment (DU/Natural Uranium), Institutional Controls, 

and Long-Term Monitoring

Human Health Protection No Additional Protection ♦
-There is no current exposure that 
poses risk to human health.

-This alternative does not reduce the 
potential for on- or off-property 
human exposure to impacted 
groundwater.

Moderate Protection    ♦♦
-There is no current exposure that poses risk to 
human health.

-Deed restrictions prevent potential human 
exposure to on- and off-property overburden or 
bedrock groundwater (used as a hypothetical future 
domestic water supply) with uranium, VOCs, or 1,4-
dioxane that exceed ARARs or target risk limits.

-The plume of isotopically natural uranium in 
bedrock is at steady-state, and no off-property 
migration is expected in the future.

-Although Holding Basin Source Control is 
included, this alternative does not specifically 
address potential human exposure to DU-impacted 
overburden groundwater which may migrate off-
property in the future.

Significant Protection    ♦♦♦
-There is no current exposure that poses risk to 
human health.

-Deed restrictions prevent potential human exposure 
to on and off-property overburden or bedrock 
groundwater (used as a hypothetical future domestic 
water supply) with uranium, VOCs, or 1,4-dioxane 
that exceeds ARARs or target risk limits.

-The plume of isotopically natural uranium in bedrock 
is at steady-state, and no off-property migration is 
expected in the future.

-Holding Basin source isolation and hydraulic 
containment would limit off-property migration of DU-
impacted overburden groundwater.

-Active pumping for the 1,4-dioxane hydraulic 
containment system will limit migration to and beyond 
the Assabet River and flush 1,4-dioxane from the 
aquifer over time.

Significant Protection    ♦♦♦
-There is no current exposure that poses risk to human health.

-Deed restrictions prevent potential human exposure to on and 
off-property overburden or bedrock groundwater (used as a 
hypothetical future domestic water supply) with uranium, 
VOCs, or 1,4-dioxane that exceeds ARARs or target risk limits.

-The plume of isotopically natural uranium in bedrock is at 
steady-state, and no off-property migration is expected in the 
future.

-Active pumping for the 1,4-dioxane hydraulic containment 
system will limit migration to and beyond the Assabet River 
and flush 1,4-dioxane from the aquifer over time.

--Holding Basin source isolation and the In-situ reactive zones 
would limit off-property migration of DU-impacted overburden 
groundwater and would likely occur in a shorter timeframe 
than hydraulic containment alone.

Ecological Protection Not needed to satisfy RAOs Not needed to satisfy RAOs Not needed to satisfy RAOs Not needed to satisfy RAOs
Chemical-Specific May Partially Meet ARARs   ♦♦

-May meet ARARs for VOCs in 
groundwater off-property within a 
reasonable timeframe (i.e., ≤ 30 
years) due to natural attenuation.

-May not meet ARARs for VOCs on-
property due to slow natural 
attenuation rates.

-ARARs are currently met off-
property for isotopically natural 
uranium in bedrock but not on-
property, although the plume is at 
steady-state. ARARs are not likely to 
be met on-property.

-Not likely to meet ARARs for 
isotopically natural uranium in 
bedrock or DU in overburden 
groundwater on-property.

May Partially Meet ARARs   ♦♦
-May meet ARARs for VOCs in groundwater off-
property within a reasonable timeframe (i.e., ≤ 30 
years) due to natural attenuation. 

-May not meet ARARs for VOCs on-property due to 
slow natural attenuation rates.

-ARARs are currently met off-property for 
isotopically natural uranium in bedrock but not on-
property, although the plume is at steady-state. 
ARARs are not likely to be met on-property. 

-Not likely to meet ARARs for DU in overburden 
groundwater on-property or off-property.

May Partially Meet ARARs   ♦♦
-May meet ARARs for VOCs in groundwater  within a 
reasonable timeframe(i.e., ≤ 30 years) due to natural 
attenuation.  Active pumping of the VOC hydraulic 
containment system will flush VOCs from the aquifer 
over time; therefore, this alternative is more likely to 
achieve ARARs for VOCs than GW-1 or GW-2.

-ARARs are currently met off-property for isotopically 
natural uranium in bedrock but not on-property, 
although the plume is at steady-state. ARARs are not 
likely to be met on-property.

-May meet ARARs for DU in overburden groundwater 
off-property due to Holding Basin source control and 
hydraulic containment, but not likely to meet ARARs 
for DU on-property.

Will Meet ARARs   ♦♦♦
-May meet ARARs for VOCs in groundwater within a 
reasonable timeframe (i.e., ≤ 30 years) due to natural 
attenuation.  Active pumping of the  VOC hydraulic 
containment system VOCs from the aquifer over time; 
therefore, this alternative is more likely to achieve ARARs for 
VOCs than GW-1 or GW-2.

-ARARs are currently met off-property for isotopically natural 
uranium in bedrock but not on-property, although the plume is 
at steady-state. ARARs are expected to be met in a 
reasonable timeframe with in-situ treatment.

-Will meet ARARs for DU in overburden groundwater on- and 
off-property due to Holding Basin Source control and the In-
Situ Reactive Zone remedy.

Location-Specific Not Applicable Not Applicable Not Applicable Not Applicable
Action-Specific Not Applicable Will Comply with ARARs Will Comply with ARARs Will Comply with ARARs

Long-Term 
Effectiveness and 
Performance

Magnitude of Residual Risk Higher Relative Risk ♦
-Potential future human exposure to 
uranium, VOCs, and 1,4-dioxane in 
groundwater from a hypothetical 
supply well would pose a higher level 
of risk compared to other 
alternatives.

Moderate Residual Risk   ♦♦
-Risks related to human exposure to uranium, 
VOCs, and 1,4-dioxane in groundwater on-property 
are mitigated through institutional controls to limit 
groundwater use.

-Potential future human exposure to uranium, 
VOCs, and 1,4-dioxane in groundwater from a 
hypothetical supply well off-property pose a higher 
level of risk compared to GW-3 and GW-4, if 
institutional controls are not feasible off-property.

 Residual Risk   ♦♦
-Risks related to human exposure to uranium, VOCs, 
and 1,4-dioxane in groundwater are mitigated through 
institutional controls to limit groundwater use.

-Risks related to potential future human exposure to 
uranium, VOCs, and 1,4-dioxane in groundwater  are 
mitigated through hydraulic containment, alhtough 
this alternative will take longer to achieve acceptable 
risk for uranium than GW-4.

Lower Residual Risk   ♦♦♦
-Risks related to human exposure to uranium, VOCs, and 1,4-
dioxane in groundwater are mitigated through institutional 
controls to limit groundwater use.

-Risks related to potential future human exposure to depleted 
uranium, VOCs, and 1,4-dioxane in groundwater are mitigated 
through in-situ treatmentof uranium and and hydraulic 
containment of 1,4 dioxane and VOCs.

Overall Protection of 
Human Health and 
the Environment

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Compliance with 
ARARs
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GW-1 GW-2 GW-3 GW-4

No Action Limited Action/Institutional Controls and Long-
Term Monitoring

Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), 
Institutional Controls,and Long-Term Monitoring

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ 
Treatment (DU/Natural Uranium), Institutional Controls, 

and Long-Term Monitoring

   
   

 

Evaluation Criteria

Comparative Analysis of Groundwater Alternatives
Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Long-Term 
Effectiveness and 
Performance 
(Continued)

Adequacy and Reliability of
Controls

Not Applicable Adequate & Reliable   ♦♦
-Institutional controls are reliable for limiting 
groundwater use.

-Long-term monitoring provides a reliable means of 
evaluating concentrations over time.

Highly Adequate & Reliable   ♦♦♦
-Institutional controls are reliable for limiting 
groundwater use.

-Hydraulic containment is a reliable and well-proven 
technology.

-Long-term monitoring provides a reliable means of 
evaluating concentrations over time.

Adequate & Reliable   ♦♦
-Institutional controls are reliable for limiting groundwater use.

-Hydraulic containment is a reliable and well-proven 
technology.

-The reliability of ISRZs to sequester uranium will need to be 
evaluated during the remedial design phase.

-Long-term monitoring provides a reliable means of evaluating 
concentrations over time.

Reduction of Toxicity, 
Mobility and Volume 
through Treatment

Treatment Process Used 
and 
Materials Treated

Not Applicable Not Applicable Well Proven Treatment   ♦♦♦
-Groundwater extraction and ex-situ treatment of 
extracted groundwater by advanced oxidation for 1,4-
dioxane and uranium-specific ion exchange resin for 
uranium removal are well-proven treatment 
technologies.

Combination of Well Proven and Experimental Treatment   

♦♦
-Groundwater extraction and ex-situ treatment of extracted 
groundwater by advanced oxidation for 1,4-dioxane are well-
proven treatment technologies.

-In-situ immobilization of DU using ISRZs downgradient of the 
Holding Basin is an experimental technology, but site-specific 
testing results to date have been favorable.

Amount Destroyed or 
Treated

Some Destroyed, None Treated   ♦
-Mass reduction of VOCs due to 
natural attenuation will occur 
although no active remediation will 
be implemented.

-No treatment or destruction of 
uranium in bedrock or overburden 
groundwater will occur.

Some Destroyed, None Treated ♦
-Mass reduction of VOCs due to natural attenuation 
will occur although no active remediation will be 
implemented.

-Due to Holding Basin source control, some 
reduction in the total mass of DU in overburden 
groundwater will occur.

-No treatment or destruction of uranium in bedrock 
or overburden groundwater will occur.

Some Destroyed, Moderate Treatment    ♦♦
-Mass reduction of VOCs due to natural attenuation 
will occur and there will be some destruction of 1,4-
dioxane through advanced oxidation of extracted 
groundwater.

-Due to Holding Basin source control, some reduction 
in the total mass of DU in overburden groundwater 
will occur.

-There will be treatment of DU and isotopically 
natural uranium using uranium-specific ion exchange 
resins to remove uranium from extracted 
groundwater.  The amount of uranium treated will 
depend on design extraction rates and influent 
concentrations.

Some Destroyed, Moderate to Good Treatment    ♦♦♦
-Mass reduction of VOCs due to natural attenuation will occur 
and there will be some destruction of 1,4-dioxane through 
advanced oxidation of extracted groundwater.

-Due to Holding Basin source control, some reduction in the 
total mass of DU in overburden groundwater will occur.  
Significant treatment of DU in groundwater via sequestration 
will occur in the ISRZs.

-No treatment or destruction of uranium in bedrock 
groundwater will occur.

Degree of Expected 
Reductions
in Toxicity, Mobility, or 
Volume
through Treatment

Not Applicable Little to Moderate Reduction ♦
-There will be some reduction in the volume of 
aquifer impacted by VOCs and 1,4-dioxane over 
time through natural attenuation.

-There will be moderate reduction in DU mobility 
due to Holding Basin source control.

Moderate to Significant Reductions   ♦♦
-There will be some reduction in the volume of aquifer 
impacted by VOCs over time through natural 
attenuation.

- There will be a significant reduction in the mobility 
of 1,4-dioxane and VOCs through hydraulic 
containment.

-There will be a significant reduction in the mobility of 
DU via Holding Basin source control and hydraulic 
containment, and slight to moderate reductions in the 
uranium mass in bedrock groundwater via 
groundwater extraction and treatment. 

Significant Reductions   ♦♦♦
--There will be some reduction in the volume of aquifer 
impacted by VOCs over time through natural attenuation.

- There will be a significant reduction in the mobility of 1,4-
dioxane and VOCs through hydraulic containment.

-There will be a significant reduction in the mobility of DU and 
natural uranium via Holding Basin source control and in-situ 
treatment.
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Feasibility Study
Nuclear Metals, Inc. Superfund Site

Reduction of Toxicity, 
Mobility and Volume 
through Treatment 
(Continued)

Degree to which Treatment 
is 
Irreversible

Not Applicable No Active Treatment ♦
-Natural attenuation of VOCs is irreversible.

Not Reversible   ♦♦♦
-Natural attenuation of VOCs is irreversible.

-Ex-situ treatment of DU, uranium and 1,4-dioxane in 
extracted groundwater is irreversible.

Possibly Reversible   ♦♦
-Natural attenuation of VOCs is irreversible.

-Ex-situ treatment of 1,4-dioxane in extracted groundwater is 
irreversible.

-DU sequestration via adsorption on apatite and incorporation 
into low solubility mineral forms is expected to be very stable.  
The degree of irreversibility would be evaluated during pilot 
testing in the remedial design phase.

Type and Quantity of 
Residuals
Remaining after Treatment

Not Applicable Not Applicable Low to Mobile Residuals Remain   ♦♦
-There will be low residual concentrations of 1,4-
dioxane and VOCs in overburden and bedrock 
groundwater, DU in overburden groundwater, and 
uranium in bedrock groundwater after treatment. 

-Residuals from groundwater treatment would include 
spent ion exchange resins containing uranium.

Low to Moderate Residuals Remain   ♦♦
-There will be low residual concentrations of 1,4-dioxane and 
VOCs in overburden and bedrock groundwater, and uranium 
in  bedrock groundwater after treatment.

-Residual DU within the plume sequestered to the in-situ 
reactive media will remain after treatment.

Degree to which Treatment
Reduces Principal Threats

There are no principal threats 
associated with subsurface 
conditions at the site.

There are no principal threats associated with 
subsurface conditions at the site.

There are no principal threats associated with 
subsurface conditions at the site.

There are no principal threats associated with subsurface 
conditions at the site.

Short-Term 
Effectiveness

Protection of Community 
During
Remedial Action

Not Applicable Significant Protection   ♦♦♦
-There is no increased incremental risk to the 
community as a result of remedial action.

Significant Protection   ♦♦♦
-There is no increased incremental risk to the 
community as a result of remedial action.

-Extracted groundwater will be treated prior to 
discharge to surface water.

Significant Protection   ♦♦♦
-There is no increased incremental risk to community as a 
result of remedial action.

-Extracted groundwater treated prior to discharge to surface 
water.

-In-situ treatment reduces potential future exposure to DU in 
off-site groundwater.

Environmental Impacts Not Applicable Minimal   ♦♦♦
-There are no short-term changes in environmental 
impact for this alternative relative to existing 
condition.

Limited   ♦♦
-Compliance with a NPDES permit would limit the 
potential for adverse environmental impacts from 
discharge of treated groundwater.

-Compliance with appropriate location and action 
specific ARARs would limit potential environmental 
impacts.

Limited   ♦♦
-Compliance with a NPDES permit would limit the potential for 
adverse environmental impacts from discharge of treated 
groundwater.

-Compliance with appropriate location and action specific 
ARARs would limit potential environmental impacts.
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Short-Term 
Effectiveness 
(Continued)

Time Until Remedial Action
Objectives are Achieved

Very Long ♦

Chemical Specific ARARS:
VOCs,1,4-dioxane (on-prop): > 50 
Yrs
VOCs,1,4-dioxane (off-prop): < 30 
Yrs
DU: Likely > 100 years 
Uranium: Likely > 100 years

-No prevention of human exposure to 
uranium, VOCs, and 1,4-dioxane in 
groundwater on-property or off-
property

-No limiting of off-property migration 
of COCs in groundwater

Very Long ♦

Chemical Specific ARARS:
VOCs,1,4-dioxane (on-prop): > 50 Yrs 
VOCs,1,4-dioxane (off-prop): < 30 Yrs 
DU: Likely > 100 years 
Uranium: Likely > 100 years

-Immediate prevention of human exposure to DU, 
uranium, VOCs, and 1,4-dioxane in groundwater on 
and off-property through institutional controls

-No limiting of off-property migration of COCs in 
groundwater

-No restoration of groundwater to chemical-specific 
ARARs for uranium within 100 years

Long to Very Long ♦

Chemical Specific ARARS:
VOCs,1,4-dioxane (on-prop): > 50 Yrs
VOCs,1,4-dioxane (off-prop): < 30 Yrs
DU: Likely > 100 years
Uranium: Likely > 100 years

-Immediate prevention of human exposure to DU, 
uranium, VOCs, and 1,4-dioxane in groundwater on-
and off-property through institutional controls

-Rapid limiting of off-property migration of COCs in 
groundwater through hydraulic containment

-No restoration of groundwater to chemical-specific 
ARARs for uranium within 100 years

 Long to Very Long ♦♦

Chemical Specific ARARS
VOCs,1,4-dioxane (on-prop): > 50 Yrs 
VOCs,1,4-dioxane (off-prop): < 30 Yrs 
DU: Likely <15 years 
Uranium in Bedrock: Likely < 15 years 

-Immediate prevention of human exposure to DU, uranium, 
VOCs, and 1,4-dioxane in groundwater on and off-property 
through institutional controls

-Rapid limiting of off-property migration of COCs in 
groundwater through hydraulic containment and in-situ 
treatment

-Possible restoration of overburden groundwater to meet 
chemical-specific ARARs for DU  and natural uranium within 
15 years through source controls and in-situ treatment

Protection of Workers 
During Remedial Action

Not Applicable Good Protection     ♦♦♦
-Site-specific health and safety plans would be 
used to ensure worker safety.

-Work would be conducted in accordance with 
OSHA standards.

Good Protection     ♦♦♦
-Site-specific health and safety plans would be used 
to ensure worker safety.

-Work would be conducted in accordance with OSHA 
standards.

Good Protection     ♦♦♦
-Site-specific health and safety plans would be used to ensure 
worker safety.

-Work would be conducted in accordance with OSHA 
standards.

Implementability Ability to Construct and 
Operate
the Technology

Not Applicable Readily Implementable  ♦♦♦
-Installation of monitoring wells and periodic 
groundwater monitoring are routine activities.

Implementable    ♦♦
-Installation of extraction wells, supplemental 
monitoring wells, construction of treatment systems, 
and associated O&M tasks are readily 
implementable.

-Negotiation of access rights for installation of 
extraction wells at off-property locations and 
obtaining surface water discharge permits pose 
potential difficulties.

Implementable    ♦
-Installation of extraction wells, supplemental monitoring wells, 
construction of treatment systems, and associated O&M tasks 
are readily implementable.

-Negotiation of access rights for installation of extraction wells 
at off-property locations and obtaining surface water discharge 
permits pose potential difficulties.

-Installation of in-situ reactive zones by injection from 
approximately 40-80 ft bgs is implementable but would need  
pilot testing and detailed design of injection procedures

Reliability of the 
Technology

Not Applicable Very Reliable    ♦♦♦
-Deed restrictions are reliable if properly enforced.

-Long-term monitoring is reliable for assessing 
groundwater concentrations relative to applicable 
RAOs.

Very Reliable    ♦♦♦
-Deed restrictions are reliable if properly enforced.

-Long-term monitoring is reliable for assessing 
groundwater concentrations relative to applicable 
RAOs.

-Hydraulic containment with ex-situ treatment is a 
reliable and well-proven technology.

Reliable    ♦♦
-Deed restrictions are reliable if properly enforced.

-Long-term monitoring is reliable for assessing groundwater 
concentrations relative to applicable RAOs.

-Hydraulic containment with ex-situ treatment is a reliable and 
well-proven technology.

-The reliability of the in-situ reactive zone technology for the 
DU plume has been proven at the field scale level but not over 
a long period.  However, the unique combination of allowing 
for a passive remedy that does not require manipulation of 
geochemical conditions, combined with favorable testing to 
date at other sites, indicates that an apatite/ZVI ISRZ remedy 
is likely to be reliable. 
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Table 6.5

Feasibility Study
Nuclear Metals, Inc. Superfund Site

Implementability 
(Continued)

Ease of Undertaking 
Additional
Remedial Actions, if 
Necessary

No Significant Interference    ♦♦♦ No Significant Interference    ♦♦♦ No Significant Interference    ♦♦♦ No Significant Interference    ♦♦♦

Ability to Monitor 
Effectiveness
of Remedy

Not Applicable Easily Monitored ♦♦♦
-Monitoring through groundwater sampling and 
analysis can readily be used to assess the 
progress of natural attenuation and changes in the 
DU and uranium plumes.

Somewhat Easily Monitored    ♦♦
-Capture zones of hydraulic containment systems can 
be monitored using monitoring wells and water level 
measurements.

-Monitoring capture associated with extraction wells 
for the 1,4-dioxane plume in bedrock may be 
challenging due to low hydraulic conductivity and the 
likely need to batch pump these wells.

Somewhat Easily Monitored    ♦♦
-Capture zones of hydraulic containment systems can be 
monitored using monitoring wells and water level 
measurements.

-Monitoring capture associated with extraction wells for the 1,4-
dioxane plume in bedrock may be challenging due to low 
hydraulic conductivity and the likely need to batch pump these 
wells.

-Monitoring of ISRZs using monitoring wells and water level 
measurements up and downgradient is routine, but solid 
phase sampling in ISRZs is less routine.

Availability of Off-site
Treatment, Storage and 
Disposal
Services and Capacity

Not Applicable Readily Available    ♦♦♦
-Disposal facilities for investigation-derived waste 
generated during sampling are readily available.

Readily Available    ♦♦♦
-Disposal facilities for soils generated during 
construction and for spent groundwater treatment 
media (i.e., ion exchange resins used for uranium 
removal) are available.

-Discharge of treated groundwater would be 
conducted in comply with ARARs (e.g., a NPDES 
permit).

Readily Available    ♦♦♦
-Disposal facilities for soils generated during construction are 
available.

-Discharge of treated groundwater would be conducted in 
comply with ARARs (e.g., a NPDES permit).

Availability of Necessary
Equipment and Specialists

Not Applicable Readily Available    ♦♦♦ Readily Available    ♦♦♦ Readily Available    ♦♦♦

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies

Not Applicable Possible to Obtain    ♦♦♦
-Monitoring under this alternative would be 
conducted in coordination with the USEPA, 
MassDEP and other appropriate agencies.

Possible to Obtain    ♦♦♦
-Remedial actions under this alternative would be 
designed, constructed and operated under 
coordination with the USEPA, MassDEP and other 
appropriate agencies.

Possible to Obtain    ♦♦♦
-Remedial actions under this alternative would be designed, 
constructed and operated under coordination with the USEPA, 
MassDEP and other appropriate agencies.

None $1,185,000 $6,510,000 $9,669,000

None $1,724,000 $22,755,000 $10,573,000

None $2,909,000 $29,265,000 $20,242,000

Key:
1,1-DCE = 1,1 -Dichloroethene
ARARs = Applicable or Relevant and Appropriate Requirements
ISRZ = In-Situ Reactive Zone
MCL = Maximum Contaminant Level
MNA = Monitored Natural Attenuation
PCE = Tetrachloroethene
PRG = Preliminary Remediation Goal
RAO = Remedial Action Objective
RI/FS = Remedial Investigation and Feasibility Study
TBC = To Be Considered
TCE = Trichloroethene
VI = Vapor Intrusion
VOC = Volatile Organic Compound
 

Capital Costs

Annual Operation, Maintenance and Monitoring - 
net present value (7%) 30 - 200 years (monitoring is 
200 years, active treatment 30 years)

TOTAL
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5.4.1
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Topography and Soil Sampling Locations

Nuclear Metals Superfund Site 
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Red-colored axis denotes easting coordinates 
Green-colored axis denotes northing coordinates
Vertical exaggeration= 2:1
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Figure

5.4.2
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Boring and Soil Sampling Locations

Nuclear Metals Superfund Site 
Concord, Massachusetts

Coordinates in State Plane feet
Red-colored axis denotes easting coordinates 
Green-colored axis denotes northing 
coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent
Contour Interval 10 foot

AOI 1 Boundary

Bedrock Surface
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Figure

5.4.3
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Vertical Cross-Section

Parallel to Groundwater Flow
View to Northeast

Nuclear Metals Superfund Site 
Concord, Massachusetts

Coordinates in State Plane feet
Red-colored axis denotes easting coordinates and 
Green-colored axis denotes northing coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent
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Figure

5.4.4
OCTOBER 2010ACTON, MASSACHUSETTS

Coordinates in State Plane feet
Red-colored axis denotes easting coordinates and 
Green-colored axis denotes northing coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent
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Vertical Cross-Section Perpendicular to 
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Figure

5.4.5
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Horizontal Sections, 170 & 160 ft Elevation

Nuclear Metals Superfund Site
Concord, Massachusetts

Coordinates in State Plane feet
Red-colored axis denotes easting coordinates and 
Green-colored axis denotes northing coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent
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Figure

5.4.6
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Horizontal Sections, 150 & 140 ft Elevation

Nuclear Metals Superfund Site 
Concord, MassachusettsCoordinates in State Plane feet

Red-colored axis denotes easting coordinates and Green-
colored axis denotes northing coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent

Elevation 150 ft Elevation 140 ft
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Figure

5.4.7
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Horizontal Sections, 130 & 120 ft Elevation

Nuclear Metals Superfund Site
Concord, MassachusettsCoordinates in State Plane feet

Red-colored axis denotes easting coordinates and 
Green-colored axis denotes northing coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent

Elevation 130 ft
(below water table)

Elevation 120 ft
(below water table)
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Figure

5.4.8
OCTOBER 2010ACTON, MASSACHUSETTS

Depleted Uranium in Soil in AOI 1
Horizontal Sections, 110 & 100 ft Elevation

Nuclear Metals Superfund Site 
Concord, Massachusetts

Coordinates in State Plane feet
Red-colored axis denotes easting coordinates and 
Green-colored axis denotes northing coordinates
Vertical exaggeration= 2:1
Geologic layers are translucent
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(below water table)

Elevation 100 ft
(below water table)
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Exposure Area Name

A1 AOI 14 West

A2 AOI 14 South

A3 AOI 14 East

A4 AOI 14 North

A5 AOI 8 Sweeping Area

A6 AOI 7 & 11 Industrial Area East

A7 AOI 5 Industrial Area West

A8 AOI 14 Off-Property

B1 Area Around Cooling Pond

B2 AOI 2 & 4 Soils Area at Cooling Pond

B3 AOI 10 NE Wetland Soils Area

B4 Rt. 62 Outfall and Embayment Area
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SW/SD-1 Sphagnum Bog
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SW/SD-3 Cooling Pond

SW/SD-4 NE Wetland

SW/SD-5 Assabet River

Legend

$B Sediment

"A Soil Boring

%C Surface Soil

$B

Surface Water

ED Test Pit

100 Feet Wetland Buffer Zone Around Bog, Wetland

"A" Exposure Areas

"B" Exposure Areas

Surface Water/Sediment Exposure Areas

Valerie
Text Box
Figure 1.9.1

Valerie
Text Box
Nuclear Metals Superfund SiteConcord, Massachusetts



%

%

%

%
%

%

%

%%%%

%

%
%

%
%

%

%

%

%

%

%

%

%

%

%

%

%

%
%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
%

%

%

%

%

%

%

%

%

%

%

%

%

%
%

%

%

%

%

%

Incident
Control
Center

TP-RI-08009

TP-RI-08001

SS-RI-14072

SS-RI-14033

SS-RI-14032

SS-RI-09013

SS-RI-04015

SB-RI-07006

TP-RI-08007

SS-RI-14060

SS-RI-09028

SS-RI-09009

SS-RI-09007

SS-RI-09004

SS-RI-09002

SS-RI-09001

SS-RI-08008

SS-RI-08003

SS-RI-04021

SB-RI-09016

SB-RI-09009

SB-RI-09008

SB-RI-09007

SB-RI-09006

SB-RI-09004

SB-RI-07008

SB-RI-01019TP-RI-08003

TP-RI-01001

SS-RI-08001

SS-RI-07005

SB-RI-02006

TP-RI-08006

TP-RI-08005

TP-RI-08004

TP-RI-08002

SS-RI-14094

SS-RI-09018

SS-RI-09017

SS-RI-09015
SS-RI-09014

SS-RI-09008

SS-RI-09006

SS-RI-09005

SS-RI-09003

SS-RI-08004

SS-RI-07015

SS-RI-04014

SS-RI-04013

SS-RI-04012

SS-RI-04011

SS-RI-04005

SB-RI-07009

SB-RI-07007

SB-RI-07005

SB-RI-02008

SB-RI-02007

SB-RI-02005

SB-RI-01010

SS-RI-07016

SS-RI-07008

SS-RI-15028

SS-RI-09016

SS-RI-07011

Figure 2.4.2

Uranium (mg/kg)
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Uranium mg/kg
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de maximis, inc.
0 200 400 600100

Feet

SCALE

Loc ID
Top 

Depth
Bottom 
Depth

Analyte 
Name

ppm 
Result 
(mg/kg) Qualifier

SB‐RI‐01010 0 1 Uranium 14
SB‐RI‐01019 0 1 Uranium 2.5
SB‐RI‐02005 0 1 Uranium 37.2 J
SB‐RI‐02006 0 1 Uranium 30.6 J
SB‐RI‐02007 0 1 Uranium 27.3 J
SB‐RI‐02008 0 1 Uranium 32.9 J
SB‐RI‐07005 0 1 Uranium 93.6 J
SB‐RI‐07006 0 1 Uranium 5.1 J
SB‐RI‐07007 0 1 Uranium 11.3 J
SB‐RI‐07008 0 1 Uranium 2.6
SB‐RI‐07009 0 1 Uranium 13 J
SB‐RI‐09004 0 1 Uranium 3.3
SB‐RI‐09006 0 1 Uranium 2.5 J
SB‐RI‐09007 0 1 Uranium 2.9
SB‐RI‐09008 0 1 Uranium 3 J
SB‐RI‐09009 0 1 Uranium 3.3 J
SB‐RI‐09016 0 0.6 Uranium 5.3
SS‐RI‐04005 0 0.5 Uranium 37
SS‐RI‐04011 0 0.5 Uranium 46.1
SS‐RI‐04012 0 0.5 Uranium 11 J
SS‐RI‐04013 0 0.5 Uranium 42.1
SS‐RI‐04014 0 0.5 Uranium 23.2 J
SS‐RI‐04015 0 0.5 Uranium 6.8 J
SS‐RI‐04021 0 0.5 Uranium 4.5 J
SS‐RI‐07005 0 1 Uranium 31 J
SS‐RI‐07008 0 1 Uranium 153 J
SS‐RI‐07011 0 1 Uranium 363 J
SS‐RI‐07015 0 1 Uranium 38.7 J
SS‐RI‐07016 0 1 Uranium 175 J
SS‐RI‐08001 0 0.5 Uranium 32.6  
SS‐RI‐08003 0 0.5 Uranium 6.4  
SS‐RI‐08004 0 0.5 Uranium 94.5  
SS‐RI‐08008 0 1 Uranium 2.5
SS‐RI‐09001 0 0.5 Uranium 8.7 J
SS‐RI‐09002 0 0.5 Uranium 3.9 J
SS‐RI‐09003 0 0.5 Uranium 20.8 J
SS‐RI‐09004 0 0.5 Uranium 7.2 J
SS‐RI‐09005 0 0.5 Uranium 50.6 J
SS‐RI‐09006 0 0.5 Uranium 15.6 J
SS‐RI‐09007 0 0.5 Uranium 7 J
SS‐RI‐09008 0 0.5 Uranium 22.1 J
SS‐RI‐09009 0 0.5 Uranium 6.5 J
SS‐RI‐09013 0 0.5 Uranium 7.3
SS‐RI‐09014 0 0.5 Uranium 13.2
SS‐RI‐09015 0 0.5 Uranium 88.4
SS‐RI‐09016 0 0.5 Uranium 300
SS‐RI‐09017 0 0.5 Uranium 83.5
SS‐RI‐09018 0 0.5 Uranium 68
SS‐RI‐09028 0 1 Uranium 5.4 J
SS‐RI‐14032 0 1 Uranium 3.3
SS‐RI‐14033 0 1 Uranium 2.8
SS‐RI‐14060 0 1 Uranium 8.29 J
SS‐RI‐14072 0 1 Uranium 7.8
SS‐RI‐14094 0 1 Uranium 13.7
SS‐RI‐15028 0 0.5 Uranium 5070
TP‐RI‐01001 0 1 Uranium 11.7
TP‐RI‐08001 0 1 Uranium 7.5
TP‐RI‐08002 0 1 Uranium 65.3
TP‐RI‐08003 0 1 Uranium 41.1
TP‐RI‐08004 0 1 Uranium 28.2 J
TP‐RI‐08005 0 1 Uranium 31 J
TP‐RI‐08006 0 1 Uranium 21.1 J
TP‐RI‐08007 0 1 Uranium 4.2 J
TP‐RI‐08009 0 1 Uranium 8.6 J
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Figure 2.4.1
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Uranium mg/kg
2.3 - 23.0

>23.0

Site Boundary (Approx.)
Cooling Water Recharge Pond
Industrial Courtyard Area
Sweepings Area
Trailer

Concentrations above 2.3
mg/kg in Sub Surface Soil
(1 to 10 ft)

0 200 400 600100

Feet

SCALE

Loc ID
Top 

Depth
Bottom 
Depth

Analyte 
Name

ppm 
Result 

(mg/kg) Qualifier
MW-S05 0 2 Uranium 104
MW-S05 8 10 Uranium 18.7
MW-S07 1 3 Uranium 3.8
MW-S16 1 3 Uranium 6.5
MW-T24 0 2 Uranium 13.4

SB-RI-01009 0 2 Uranium 21.4
SB-RI-01009 4 6 Uranium 12
SB-RI-01009 8 10 Uranium 11.7
SB-RI-01010 2 4 Uranium 39.6
SB-RI-01010 8 10 Uranium 14.9
SB-RI-01011 0 2 Uranium 31.7
SB-RI-01011 2 4 Uranium 31.2
SB-RI-01011 8 10 Uranium 18.3
SB-RI-01018 1 3 Uranium 2.8
SB-RI-01019 1 3 Uranium 91.4
SB-RI-02003 8 10 Uranium 3.8 J
SB-RI-02007 8 10 Uranium 2.5 J
SB-RI-04002 3 5 Uranium 9.6
SB-RI-07005 4 6 Uranium 300 J
SB-RI-07009 4 6 Uranium 2.4 J
SB-RI-07012 4 6 Uranium 127
SB-RI-07012 8 10 Uranium 47.5
SB-RI-07014 4 8 Uranium 184
SB-RI-08002 8 10 Uranium 2.5 J
SB-RI-09001 4 6 Uranium 5.1
SB-RI-09002 4 6 Uranium 2.6
SB-RI-09002 8 10 Uranium 3
SB-RI-09003 4 6 Uranium 2.5 J
SB-RI-09004 3 5 Uranium 3.6
SB-RI-11002 1 5 Uranium 9.4
SB-RI-11002 4 8 Uranium 5.8
SB-RI-11003 0 4 Uranium 110
SB-RI-11003 4 8 Uranium 7.8
SB-RI-11004 0 4 Uranium 37.2
SB-RI-11005 0 2 Uranium 7.2 J
SB-RI-11006 0 4 Uranium 13.5
SB-RI-11006 4 8 Uranium 4.4
SB-RI-11007 0 4 Uranium 13.3
SB-RI-11007 4 8 Uranium 3360
SB-RI-11008 0 4 Uranium 62.7
SB-RI-11008 4 8 Uranium 360
SB-RI-11010 0 4 Uranium 2.6
SB-RI-11011 0 4 Uranium 3.4
SB-RI-11012 0 4 Uranium 119
SB-RI-11014 0 4 Uranium 3.3

Loc ID
Top 

Depth
Bottom 
Depth

Analyte 
Name

ppm 
Result 

(mg/kg) Qualifier
SB-RI-11017 2 4 Uranium 7.9
SB-RI-11018 2 4 Uranium 18.2 J
SB-RI-11019 2 4 Uranium 13.4 J
SB-RI-11020 2 4 Uranium 8.9 J
SB-RI-11020 8 10 Uranium 300 J
SB-RI-11021 8 10 Uranium 476
SB-RI-11022 2 4 Uranium 2.8 J
SB-RI-11022 8 10 Uranium 27.2 J
SB-RI-11023 8 10 Uranium 2.5
SB-RI-11024 1 2 Uranium 19.1
SB-RI-11027 0 2 Uranium 4.6
SB-RI-11028 0 2 Uranium 2.3
SB-RI-11029 0 2 Uranium 2.4
SB-RI-11029 8 10 Uranium 3.8
SS-RI-04005 1 1.5 Uranium 47.9
SS-RI-04011 1 1.5 Uranium 51.7
SS-RI-04012 1 2 Uranium 2.7 J
SS-RI-04013 1 1.5 Uranium 51.4
SS-RI-04014 1 1.5 Uranium 3.9 J
SS-RI-04015 1 1.5 Uranium 3.1
SS-RI-07005 1 2 Uranium 3.5 J
SS-RI-07008 1 2 Uranium 163 J
SS-RI-07011 1 2 Uranium 958 J
SS-RI-07015 1 2 Uranium 95.6 J
SS-RI-07016 1 2 Uranium 28.6 J
SS-RI-09014 1 1.5 Uranium 2.3
SS-RI-09016 1 1.5 Uranium 105
TP-RI-08001 2 3 Uranium 9.6 J
TP-RI-08001 4 5 Uranium 2.3
TP-RI-08002 2 3 Uranium 94.3
TP-RI-08002 4 5 Uranium 2.4
TP-RI-08003 2 3 Uranium 36.3
TP-RI-08004 2 3 Uranium 44.9 J
TP-RI-08005 2 3 Uranium 32.2 J
TP-RI-08005 3 4 Uranium 2.9 J
TP-RI-08006 1 2 Uranium 19.7 J
TP-RI-08006 3 4 Uranium 9.1 J
TP-RI-08007 1 2 Uranium 10.3 J
TP-RI-08007 3 4 Uranium 6 J
TP-RI-08008 3 4 Uranium 28 J
TP-RI-08009 2 3 Uranium 10.7 J
TS-RI-02B01 8 8.5 Uranium 17.9 J
TS-RI-02S02 2 6 Uranium 11.5 J
TS-RI-02S03 2 6 Uranium 2.3 J
TS-RI-02S05 8 9 Uranium 49.4 J
TS-RI-02S06 8 9 Uranium 18.4 J
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Total PCBs (mg/kg)
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SB‐RI‐02005 0 1 Arochlor‐1254 & 1260 8.257
SB‐RI‐02006 0 1 Arochlor‐1254 & 1260 9.52
SB‐RI‐02007 0 1 Arochlor‐1254 & 1260 6.057
SB‐RI‐02008 0 1 Arochlor‐1254 & 1260 2.981
SS‐RI‐04011 0 1 Arochlor‐1254 & 1260 13.97
SS‐RI‐04013 0 1 Arochlor‐1254 & 1260 6.11
SS‐RI‐04014 0 1 Arochlor‐1254 & 1260 5.07
SS‐RI‐04022 0 1 Arochlor‐1254 & 1260 36.52 Arochlor‐1254 has U flag, but above DL
SS‐RI‐04027 0 1 Arochlor‐1254 & 1260 7.49 Arochlor‐1254 has U flag, but above DL
SS‐RI‐04028 0 1 Arochlor‐1254 & 1260 41.8 Arochlor‐1254 has U flag, but above DL
SS‐RI‐04034 0 1 Arochlor‐1254 & 1260 12.32
SS‐RI‐08001 0 0.5 Arochlor‐1254 & 1260 9.93
SS‐RI‐08003 0 0.5 Arochlor‐1254 & 1260 1.941 Arochlor‐1260 has U flag, but above DL
SS‐RI‐08004 0 0.5 Arochlor‐1254 & 1260 3.344
SS‐RI‐09003 0 1 Arochlor‐1254 & 1260 1.868
SS‐RI‐09005 0 1 Arochlor‐1254 & 1260 6.58
SS‐RI‐09029 0 1 Arochlor‐1254 & 1260 1.306
SS‐RI‐14094 0 1 Arochlor‐1254 & 1260 1.988
SS‐RI‐15029 0 0.5 Arochlor‐1254 & 1260 10.85
TP‐RI‐08002 0 1 Arochlor‐1254 & 1260 26.5
TP‐RI‐08003 0 1 Arochlor‐1254 & 1260 14.01
TP‐RI‐08004 0 1 Arochlor‐1254 & 1260 6.271
TP‐RI‐08005 0 1 Arochlor‐1254 & 1260 21.41
TP‐RI‐08006 0 1 Arochlor‐1254 & 1260 7.17
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Result 

(mg/kg) Comment
SB-RI-04002 3 5 Arochlor 1254 & 1260 4.101
SB-RI-11018 2 4 Arochlor 1254 & 1260 50.46
SB-RI-11026 0 2 Arochlor 1254 & 1260 1.4135 Arochlor-1260 has U flag, but above DL
SB-RI-11026 8 10 Arochlor 1254 & 1260 1.911 Arochlor-1260 has U flag, but above DL
SB-RI-11028 0 2 Arochlor 1254 & 1260 3.551 Arochlor-1260 has U flag, but above DL
SB-RI-11028 8 10 Arochlor 1254 & 1260 2.46 Arochlor-1260 has U flag, but above DL
SS-RI-04022 1 2 Arochlor 1254 & 1260 24.79 Arochlor-1254 has U flag, but above DL
TP-RI-08002 2 3 Arochlor 1254 & 1260 16.8
TP-RI-08003 2 3 Arochlor 1254 & 1260 15.68
TP-RI-08004 2 3 Arochlor 1254 & 1260 18.84
TP-RI-08005 2 3 Arochlor 1254 & 1260 14.35
TP-RI-08006 1 2 Arochlor 1254 & 1260 6.24
TP-RI-08006 3 4 Arochlor 1254 & 1260 8.97
TP-RI-08007 3 4 Arochlor 1254 & 1260 3.406
TP-RI-08008 3 4 Arochlor 1254 & 1260 9.34
TS-RI-02S06 8 9 Arochlor 1254 & 1260 11.22
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Total PCBs mg/kg
X Sediment > 1.0
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Soil SB‐RI‐03010 0.5 2 Arochlor‐1254 & 1260 4.819 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06005 0 0 Arochlor‐1254 & 1260 8.091 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06005 1 2 Arochlor‐1254 & 1260 3.021 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06009 0 0 Arochlor‐1254 & 1260 30.05 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06009 0 0 Arochlor‐1254 & 1260 2.148 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06010 0 0.5 Arochlor‐1254 & 1260 5.456
Sediment SD‐RI‐06030 0 0.5 Arochlor‐1254 & 1260 1.413
Sediment SD‐RI‐06030 3 4 Arochlor‐1254 & 1260 2.672
Sediment SD‐RI‐06032 0 0.5 Arochlor‐1254 & 1260 1.718
Sediment SD‐RI‐06045 0 1 Arochlor‐1254 & 1260 10.923 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06046 0 1 Arochlor‐1254 & 1260 7.864 Arochlor‐1260 has U flag, but above DL
Sediment SD‐RI‐06047 0 1 Arochlor‐1254 & 1260 1.341 Arochlor‐1260 has U flag, but above DL
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SS3 - Vertical Barrier Wall Using Cement
Feasibility Study
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SS5 - In-Situ Stabilization Using Cement
Feasibility Study
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DU-2: Source Isolation with
Hydraulic Containment

for Depleted Uranium in Overburden
Nuclear Metals Superfund Site 

Concord, Massachusetts

³
Legend

"D Proposed Pumping Well
@A Proposed Monitoring Well
@A Monitoring Well
!Ï Piezometer
!( Former Bedrock Supply Well

Uranium MCL Exceedance (>30 μg/L)
Site Boundary
Source Area Vertical Containment Barrier and Cap
Estimated Hydraulic Capture Zone (Note 1)
Groundwater Hydraulic Gradient

Notes: 
1. The illustrated capture zone assumes an extraction rate of approximately 
16  gpm, based on a hydraulic gradient of 0.012, a hydraulic conductivity
of  31 ft/day, a plume width of 125 ft and a plume thickness of 42 ft. 
2. The locations of conveyance piping, treatment building and discharge line
to be determined during remedial design.
3. Source isolation includes Holding Basin Cap and Vertical Barrier.
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DU-3A: Source Isolation and
In-Situ Treatment with Apatite

for Depleted Uranium in Overburden
Nuclear Metals Superfund Site 

Concord, Massachusetts

³
Legend
@A Proposed Reactive Zone Monitoring Well

Proposed Media Injection Point (Apatite)
@A Monitoring Well
!Ï Piezometer
!( Former Bedrock Supply Well

Uranium MCL Exceedance (>30 μg/L)
Site Boundary
Source Area Vertical Containment Barrier and Cap
Groundwater Hydraulic Gradient

Notes:
Source Isolation includes Holding Basin Cap and Vertical Barrier.
Reactive Zone 1 (RZ-1):
30 Apatite Based Media Injection Points at 25 ft radii spacing to minimize occlusion 
due to proximity to source zone
Reactive Zone 2 (RZ-2):
30 Apatite Based Media Injection Points at 14 ft radii spacing to capture remaining
mass flux from RZ-1. 
Reactive Zone 3 (RZ-3)
30 Apatite Based Media Injection Points at 7 ft radii spacing to act as secondary
containment for residual uranium not captured in RZ-1 and RZ-2.
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DU-3B: Source Isolation and In-Situ 
Treatment with Apatite and ZVI

for Depleted Uranium in Overburden
Nuclear Metals Superfund Site 

Concord, Massachusetts

³

Legend

@A Proposed Reactive Zone Monitoring Well
Proposed Media Injection Point (Apatite)
Proposed Media Injection Point (Zero Valent Iron (ZVI))

@A Monitoring Well
!Ï Piezometer
!( Former Bedrock Supply Well

Uranium MCL Exceedance (>30 μg/L)
Site Boundary
Source Area Vertical Containment Barrier and Cap
Groundwater Hydraulic Gradient

Notes:
Source Isolation includes Holding Basin Cap and Vertical Barrier.
Reactive Zone 1 (RZ-1):
30 Apatite Based Media Injection Points at 25 ft radii spacing to minimize occlusion 
due to proximity to source zone
Reactive Zone 2 (RZ-2):
30 Apatite Based Media Injection Points at 14 ft radii spacing to capture remaining 
mass flux from RZ-1. 
Reactive Zone 3 (RZ-3)
30 ZVI Injection Points at 7 ft radii spacing to act as secondary containment for 
residual uranium not captured in RZ-1 and RZ-2. ZVI occlusion not anticipated at
plume boundary due to significant plume reactivity in RZ-1 and RZ-2. 
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200 0 200100
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VOC-2: Hydraulic Containment for 
VOCs and 1,4-Dioxane 

in Overburden and Bedrock
Nuclear Metals Superfund Site 

Concord, Massachusetts

Notes:
1. The illustrated capture zone for the overburden well assumes an extraction rate of approximately 6.0  gpm, based on a hydraulic gradient of 0.011, a hydraulic conductivity of  4.3 ft/day, a plume width of 200 ft and a plume thickness of 50 ft. 
2. The illustrated capture zone for the two bedrock wells assumes an extraction rate of approximately <0.5  gpm, based on a hydraulic gradient of 0.004, hydraulic conductivity of  0.22 ft/day, a plume width of 430 ft and a plume thickness of 25 ft.
3. The locations of conveyance lines, treatment building, and discharge line to be determined during remedial design.
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"D Proposed Extraction Well in Overburden

@A Monitoring Well

!Ï Piezometer

Estimated Hydraulic Capture Zone for Extraction Well in Bedrock

Estimated Hydraulic Capture Zone for Extraction Well in Overburden
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UROCK-2: Hydraulic Containment 
for Uranium in Bedrock

Nuclear Metals Superfund Site 
Concord, Massachusetts

³
Legend
"D Proposed Extraction Well in Rock

@A Monitoring Well

May 2011 Uranium Concentrations (μg/L)
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Estimated Hydraulic Capture Zone (Note 1)
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April 2008 Estimated Groundwater Elevation Contour (ft NGVD)

April 2008 Groundwater hydraulic gradient

Approximate area where uranium exceeds the MCL of 30 µg/L

River

Site Boundary

123
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Note:
1. The illustrated capture zone assumes an extraction rate of approximately 
1.5  gpm, based on a hydraulic gradient of 0.009, a hydraulic conductivity of  4.8 
ft/day, a plume width of 175 ft and a plume thickness of 25 ft. 
2. The locations of conveyance lines, treatment building, and discharge line to be 
determined during remedial design.
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Memorandum 
 
To:  Melissa Taylor, EPA Remedial Project Manager 
From: Bart Hoskins, Ecological Risk Assessor 
Date: April 5, 2012 
RE: Nuclear Metals bog remedial goals 
 
1.0 Introduction 
 
EPA has reviewed the available information on the bog at the Nuclear Metals site, and has determined 
that there is sufficient risk to ecological receptors in the bog that remedial alternatives should be 
considered in the Feasibility Study for this site.   This memorandum summarizes and evaluates the 
various lines of evidence used to make this determination, and provides recommended Preliminary 
Remediation Goals (PRGs) for sediment in the bog.    
 
Other areas of the site were considered in the Baseline Ecological Risk Assessment (BERA) for the site, 
and these areas do not currently have PRGs developed.  The terrestrial habitats  and the Assabet River 
inlet area were not found to have sufficient ecological risk to warrant consideration in the Feasibility 
Study. The on-site pond contains grossly contaminated sediments, and this area will require remediation, 
however consideration of the final (post-remediatoin) habitat functions and values have not yet been 
determined.    
 
This memorandum contains the following elements: 
 
 
• A summary of the extent of ecological risk at the Sphagnum bog based on all available lines of 

evidence. 
 

• Recommendations for areas of the Sphagnum bog where the accumulated evidence suggests 
that some remediation would be required. 
 

• Recommended approach to develop Remedial Action Objectives (RAOs) and Preliminary 
Remediation Goals (PRGs) for the Sphagnum bog. 
 

• Results of a brief literature search to estimate the rate at which floating bogs expand over time, 
for consideration in estimating the benefit of remediation vs. risk of long-term bog damage. 

   
  
Site history 
 
 
 The Sphagnum bog is located in the eastern portion of the facility and covers about 3.7 acres.  
The banks around the bog support various shrub and bush species.  Clumps of Sphagnum moss grow 
among this terrestrial vegetation.  Well over 95% of the bog consists of a thick and extensive floating 
Sphagnum mat which supports small shrubs and bushes, together with saplings of red maple, eastern 
white pine, and larch.  As such, the bog is essentially “terrestrial” in nature.  This kind of habitat is also 
known as a quaking bog.  Only a shallow, narrow band of open water < 20 ft across surrounds the bog 
along sections of its perimeter.  This aquatic habitat is quite acidic and is used for breeding by local 
populations of spotted salamanders, wood frogs, and spring peepers.     
 
 The technical memorandum is organized as follows: Section 2.0 summarizes the extent of 
ecological risk at the on-Site bog based on all available lines of evidence; Section 3.0 identifies areas at 
the on-Site bog where some remediation may be required in response to ecological risk, Section 4.0 
recommends a way to develop RAOs and PRGs, Section 5.0 provides a summary and conclusions, and 
Section 6.0 provides references. 
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2.0  EVIDENCE FOR ECOLOGICAL RISK AT THE SPHAGNUM BOG 
 
2.1 Introduction 
 
  The BERA assessed risk to several ecological receptor groups at the Sphagnum bog using the 
following lines of evidence: 
 
• Compare contaminant levels measured in surface water to chronic surface water benchmarks 

and to background concentrations (benthic invertebrates and amphibians). 
 

• Compare contaminant levels measured in mineral sediments to no effect- and effect-based 
sediment benchmarks and to background concentrations (benthic invertebrates and amphibians). 
 

• Compare contaminant levels measured in Sphagnum bog peat to no effect- and effect-based 
(mineral) sediment benchmarks and to background concentrations (benthic invertebrates only). 

 
• Compare contaminant levels measured in Sphagnum bog moss to no effect- and effect-based 

(mineral) sediment benchmarks and to background concentrations (benthic invertebrates only). 
 

• Perform toxicity tests in the laboratory (i.e., 10-day Chironumus dilutus tests using 11 mineral 
sediment samples from the bog, and 96-hour Frog Embryo Teratogenesis Assay – Xenopus 
[FETAX] tests using five surface water samples from the bog). 
 

• Assess the health of the benthic community in mineral sediment samples from the bog and 
compare the results to background conditions (benthic invertebrates only). 
 

• Perform food chain modeling to calculate Estimated Daily Doses (EDDs) associated with foraging  
at the bog and compare these EDDs to published avian and mammalian toxicity reference values 
(mallard, great blue heron, short-tailed shrew, and raccoon). 
 

 The results of these evaluations were then used in the risk characterization of the 2010 draft 
BERA to quantify the potential of ecological risk to each of the receptor groups.   
 
 
 
2.2 Evidence for ecological risk 
 
 Attachment 1 summarizes the ecological risk findings for the Sphagnum Bog as provided in the 
2010 draft BERA.  
 
Benthic invertebrates: 
 
 The potential for ecological risk to the benthic invertebrate community in the Sphagnum bog was 
identified by all the lines of evidence.  The benchmark-driven measurement endpoints identified Copper 
(Cu), Lead (Pb), Silver (Ag), and phenolic compounds as the major risk drivers.  Lesser risk drivers 
included Molybdenum (Mo) and U.  The results of the benchmark comparisons were given a low-medium 
Weight of Evidence (WOE) in the risk characterization.  
 
 The sediment toxicity test identified statistically significant effects in six of the 11 sediment 
samples used in the test.  Toxicity in three of those six samples coincided with high levels of PCBs and 
Cu, whereas the most toxic of these three samples also had high levels of Pb and Mercury (Hg).  The 
three other toxic samples did not show contaminant patterns much different from those observed in the 
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five non-toxic samples.  The presence of toxicity in those three samples appeared unrelated to the 
presence of site contaminants.  The results of the toxicity tests were given a medium-high WOE in the risk 
characterization. 
 
 Finally, the benthic survey identified mild to moderate effects in four of the 11 sediment samples 
used in the toxicity test.  
 
Amphibians: 
 
 The potential for ecological risk to amphibians in the Sphagnum Bog was identified by two of the 
three lines of evidence.  
 
 The two benchmark-driven measurement endpoints identified Cu, Pb, and Ag as the major risk 
drivers in surface water and mineral sediment.  The results of the benchmark comparisons were given a 
low-medium WOE in the risk characterization. 
 
 The FETAX test performed on five surface water samples collected from the Sphagnum bog did 
not show any adverse effects to survival, malformation, or growth in embryonic Xenopus.  The results of 
the toxicity test were given a medium-high WOE in the risk characterization.  Figure 1-4 in the 2010 draft 
BERA showed that two of the five surface water samples (specifically, SW-RI-06001 and SW-RI-06009) 
used in the FETAX test were co-located with two of the three most toxic sediment samples (SD-RI-06001 
and SD-RI-06009; see next section).  It would appear, therefore, that the high contaminant levels in the 
sediment at these two locations did not affect the quality of the surrounding water column in terms of 
toxicity to Xenopus.  Considerable uncertainty exists with respect to the Xenopus testing due to overall 
poor test performance, therefore this test is not used as a major driver of PRGs for the Bog.    
 
Wetland birds: 
 
 No ecological risk to omnivorous water fowl (mallards) feeding in the Sphagnum bog was 
identified.  Some adverse population effects to predatory wading birds (great blue heron) were possible 
from exposure to Be in sediment, peat, and moss.  The results of the food chain modeling were given a 
medium WOE in the risk characterization.  
 
Wetland mammals: 
 
 No ecological risk to a predatory large mammal (raccoon) feeding in the Sphagnum bog was 
identified.  Some adverse population effects were possible from exposure to Mo by omnivorous small 
mammals (short-tailed shrew) feeding in the bog.  The results of the food chain modeling were given a 
medium WOE in the risk characterization.  
 
3.0 NEED FOR REMEDIATION AT THE SPHAGNUM BOG 
 
3.1 Introduction 
 
 The findings discussed in the previous section indicated that sediment contaminant levels at 
certain locations in the Sphagnum bog could be expected to have direct, measurable impacts on the local 
benthic community.  This line of evidence provided the strongest case for the need for remedial action in 
the Sphagnum bog. 
 
3.2 Remedial action objectives for the Sphagnum bog 
 
 The National Contingency Plan specifies that RAOs need to be developed to address: (a) 
Contaminants of Potential Ecological Concern (COPECs), (b) media of concern, (c) potential exposure 
pathways, and (d) PRGs. 
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• Preliminary RAO  
 
 The preliminary RAO for the Sphagnum bog is as follows: 
 

“Reduce contaminant levels in the mineral sediment fraction of the bog to concentrations where 
long-term exposures will not affect the health of the benthic invertebrate community in terms of 
survival, growth, or reproduction.  Achieve the contaminant reduction objective through minimal 
disturbance of the bog”. 

 
• COPECs 
 
 The COPECs in the sediment at the Sphagnum bog consist primarily of individual metals, total 
Polychlorinated biphenyls (PCBs), and total Polycyclic Aromatic Hydrocarbons (PAHs).  Section 3.4 
below outlines the approach used to identify the COPECs that required sediment PRGs. 
 
• Media of concern 
 
 The mineral sediment fraction is the primary medium of concern in the Sphagnum bog.  The peat 
and moss fractions are a secondary and lesser medium of concern to two of the four wildlife receptors 
groups evaluated in the BERA, namely the great blue heron and the short-tailed shrew.  The analysis 
focused on mineral sediment as the medium of concern because it showed by far the highest amount of 
ecological risk to the receptor groups evaluated in the BERA, particularly the benthic invertebrate 
community.  In addition, it is unclear how peat or moss in a bog can be remediated without also altering 
the current function of the bog.  As a result, it was decided to develop the RAOs by focusing on mineral 
sediment only.  Implicit in this determination is a secondary RAO of remediating the mineral fraction of the 
Bog to the extent possible while minimizing damage to the floating mat portion of the Bog. 
 
• Potential exposure pathways 
 
 Direct exposure is the only exposure pathway of concern for benthic invertebrates associated 
with the mineral sediment fraction in the Sphagnum bog.  
 
• Sediment PRGs 
 
 Section 3.4 below outlines the process for developing sediment PRGs protective of the benthic 
invertebrate community in the Sphagnum bog.  These PRGs were developed based on the sediment 
toxicity test performed using mineral sediment samples collected from the bog.  
 
3.3 Sediment toxicity and community invertebrate survey results 
 
 Table 1 summarizes the results of the sediment toxicity test and the benthic invertebrate 
community survey.  
 

Table 1: Summary of the sediment toxicity test and the benthic community survey 

Sediment Sample 
Results of toxicity testing using C. dilutesa Benthic invertebrate 

community healthb Survival Average growth/organism 
NON-TOXIC SEDIMENT SAMPLES 

SD-RI-06052 92.5% 0.723 mg Moderately impaired 
SD-RI-06017 92.5% 0.634 mg Moderately impaired 
SD-RI-06051 90.0% 0.823 mg Not impaired 
SD-RI-06025 82.9% 1.016 mg Not impaired 
SD-RI-06038 67.1% 0.895 mg Not impaired 

TOXIC SEDIMENT SAMPLES 
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SD-RI-06053 85.0% 0.44 mg Slightly impaired 
SD-RI-06036 62.5% 0.798 mg Not impaired 
SD-RI-06005 62.9% 0.746 mg Slightly impaired 
SD-RI-06021 62.5% 0.573 mg Not impaired 
SD-RI-06001 56.3% 0.696 mg Not impaired 
SD-RI-06009 52.5% 0.562 mg Not impaired 

Note: shaded values indicate a significant response 
a Appendix H (Chironomus dilutes toxicity test laboratory report) in the draft 2010 BERA 
b Table 3-31 (Benthic macroinvertebrate community survey results) in the 2010 draft BERA 
 
 The sediment toxicity test identified five non-toxic samples and six toxic samples.  A sample was 
considered “toxic” if either survival or growth was statistically different from that measured in the reference 
samples. A twelfth sediment sample (SD-RI-06005, with a Great Lakes Environmental Center Laboratory 
identifier number of 7187) was also tested and found to be non toxic. This sample was excluded from 
Table 1, and the PRG development process outlined further below, because the draft BERA did not 
provide analytical chemistry data for it.   
 
 The benthic invertebrate community health survey identified four samples as impaired.  The level 
of impairment was slight in two samples and moderate in two more. 
 
 These two data sets can be interpreted as follows: 
 
• Two non-toxic sediment samples (i.e., SD-RI-06052 and SD-RI-06017) had the highest benthic 

community impairment. 
  

• Two toxic sediment samples (i.e., SD-RI-06053 and SD-RI-06005) had slightly impaired benthic 
community.  

 
• The four remaining toxic sediment samples (i.e., SD-RI-06036, SD-RI-06021, SD-RI-06001, and 

SD-RI-06009) showed no significant benthic community impairment.   
 
 Table 1 showed that sediment toxicity and/or benthic community health effects were identified in 
eight of the 11 samples.  However, no obvious link was found between these two lines of evidence.  It 
was therefore decided to use only the toxicity test results to derive sediment PRGs.  The reason was that 
toxicity in several sediment samples coincided with high contaminant levels (see next subsection), 
whereas no such relationship was found between sediment contaminant levels and the benthic 
community health results. 
 
 
 
3.4 Toxicity versus chemistry 
 
 Sediment toxicity is typically the result of exposure to a complex mixture of organic and inorganic 
contaminants.  This situation appears to be the case at the Sphagnum bog.  It was therefore decided to 
develop two sets of sediment cleanup goals, namely (a) no effect and effect mean Probable Effect 
Concentration - Quotients (PEC-Qs) for mixtures consisting of metals, PAHs, and PCBs and (b) no effect 
and effect sediment PRGs for targeted contaminants. 
 
3.4.1 Deriving mean PEC-Qs  
  
 EPA (2000) published an approach for predicting sediment toxicity based on the PEC-Q, which 
uses the consensus-based PECs developed by MacDonald et al. (2000) in a three-step process, as 
follows: 
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• Step 1: Calculate the individual PEC-Qs for chemicals that have “reliable” PECs, namely seven 
metals (i.e., arsenic, Cadmium [Cd], chromium, Cu, Pb, Nickel [Ni], and Zinc [Zn]), total PAHs, 
and total PCBs.   

 
  PEC-Q = chemical concentration in sediment  
             corresponding PEC value      
 
• Step 2: Calculate the mean PEC-Q for the seven metals. 
 
  Mean PEC-Qmetals = Σ individual metal PEC-Qs 
      7 
 
• Step 3: Calculate the mean PEC-Q for the three main classes of chemicals with reliable PECs. 
 
  Mean PEC-Q = mean PEC-Qmetals + PEC-Qtotal PAHs + PEC-Qtotal PCBs 
       3 
 
 This approach was used to calculate a mean PEC-Q for the 11 sediment samples used in the 
toxicity test.  The mean PEC-Qs were then used to rank the non-toxic and toxic sediment samples and to 
develop a mean PEC-Q PRG, as outlined in Section 3.4.2.  
 
3.4.2 Linking toxicity to chemistry 
 
 Attachment 2 compares the toxicity test results to the sediment analytical data, including the 
PEC-Qs.  This table is organized as follows: 
 
• The left half of the table shows the five non-toxic sediment samples as determined by the toxicity 

test.  The right half of the table shows the six toxic samples.  Both the non-toxic and toxic 
samples are ranked by their mean PEC-Qs (see bottom row in Attachment 2). 
 

• The sediment toxicity test results appear at the top of the table.  Those results are the same as 
those shown in Table 1.  Shaded values indicate statistical significance based on comparison 
against the reference samples.  
 

• The three classes of COPECs are total PAHs, total PCBs, and metals.  They are listed in the 
extreme left-hand column of Attachment 2. 
 

• The sediment benchmarks are listed next to the COPECs.  Two sets of benchmarks are shown, 
namely the “reliable” PECs used to calculate the PEC-Qs, and sediment benchmarks from 
secondary sources not used in the PEC-Q calculations. 

 
• For each sediment sample, the concentrations of total PAHs, total PCBs, and individual metals 

(separated into two groups, namely those with reliable PECs and those with secondary 
benchmarks) are listed.  A second column provides the PEC-Qs for total PAHs, total PCBs, and 
the seven metals with reliable PECs. 

 
• The Mean PEC-Qmetals is shown in the second-to-last row at the bottom of Attachment 2. 

 
• The highest COPEC levels measured in the non-toxic samples were highlighted in green in 

Attachment 2. 
 

• The COPEC levels in the six toxic samples were color-coded as follows: 
 

o yellow shows that the COPEC level in a toxic sample fell below the highest concentration 
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measured in the non-toxic samples. 
o orange shows that the COPEC level in a toxic sample exceeded the highest 

concentration measured in the non-toxic samples but fell below the sediment benchmark. 
o red shows that the COPEC level in a toxic sample exceeded both the highest 

concentration measured in the non-toxic samples and the sediment benchmark. 
o blank shows that the COPEC level in a toxic sample exceeded the highest concentration 

measured in the non-toxic samples; however, the potential for effect is not known 
because a benchmark is not available for comparison. 

 
 A review of the data presented in Attachment 2 showed that the mean PEC-Qs in three of the six 
toxic samples (specifically, samples SD-RI-06053, SD-RI-06021, and SD-RI-06036) fell below the highest 
mean PEC-Q of 0.51 measured in the non-toxic samples.  In addition, (a) 83% of the COPEC 
concentrations (coded yellow) in those three toxic samples fell below the highest concentration measured 
in the non-toxic samples (coded green); (b) 14% of the COPEC concentrations (coded orange) exceeded 
the highest concentration measured in the non-toxic samples but fell below the sediment benchmark, and 
(c) none of the COPEC concentrations exceeded the benchmarks (note: three values could not be 
assessed due to missing benchmarks).   
 
 This information suggested that the COPECs measured in these three sediment samples were 
not likely responsible for the observed toxicity.  It is not known what caused the lower survival in samples 
SD-RI-06053 and SD-RI-06021, nor the increased mortality in samples SD-RI-06021 and SD-RI- 06036.  
Instead, it was decided to develop the PRGs using the data from samples SD-RI-06001, SD-RI-06005, 
and SD-RI-06009 in order to create the strongest-possible link between chemistry and toxicity. 
 
 The COPEC levels in these three remaining toxic samples showed a potential link between 
toxicity and sediment chemistry, as follows: 
 
• The mean PEC-Qs ranged from 0.8 to 17.6, which exceeded the highest mean PEC-Q measured 

in the non-toxic samples (i.e., 0.51). 
• The PEC-Qtotal PCBs ranged from 1.92 to 51.11, which exceeded the highest PEC-Qtotal PCBs 

measured in the non-toxic samples (i.e., 1.33). 
• The PEC-QCu ranged from 1.6 to 7.18, which exceeded the highest PEC-QCu measured in the 

non-toxic samples (i.e., 0.87). 
• The PEC-QPb equaled 1.56 in sample SD-RI-06009, which exceeded the highest PEC-QPb 

measured in the non-toxic samples (0.37). 
• Finally, Hg and Ag in sample SD-RI-06009 exceeded their benchmarks by a factor of 8.2 and 

64.8, respectively (note: PEC-Qs were not calculated for these two metals because only sediment 
benchmarks from secondary sources were available). 

 
 Attachment 2 shows that sample SD-RI-06009 was the most contaminated of the 11 sediment 
samples used in the toxicity test.  Besides the exceedances noted above, SD-RI-06009 also had the 
highest levels of antimony, barium, Be, Cd, Chromium (Cr), cobalt, Mo, Ni, selenium, thallium, tungsten, 
U, Zn, and zirconium.  Figure 1-4 in the 2010 draft BERA showed that sediment sample SD-RI-06009 
was collected at the far south-west corner of the Sphagnum bog, in an area known to have historically 
received overflow process water from the adjacent Holding Basin (Area of Interest 1).  It is noteworthy 
that sediment samples SD-RI-06005 and SD-RI-06001 were collected about 270 ft and 420 ft, 
respectively, further north along the western shore of the bog.  The other eight sediment samples used in 
the toxicity test were collected elsewhere along the periphery of the Sphagnum bog.  
 
 This linear pattern suggested that the sediment along the western shore of the bog, over a 
distance exceeding 420 ft, had unacceptable contaminant levels associated with total PCBs, Cu, Pb, 
and/or Hg.  
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3.5 Calculating cleanup goals for sediment in the Sphagnum bog 
 
3.5.1 No effect PRGs 
 
 The no effect PRGs were derived assuming that the highest COPEC levels measured in the five 
non-toxic sediment samples were too low to cause a toxic effect.  Hence, the highest mean PEC-Q and 
the highest levels of total PCBs, Cu, Pb, and Hg measured in the non-toxic samples were retained as the 
no effect PRGs, as follows (see Attachment 2): 
 
• No effect PRG for mean PEC-Q: 0.51 
• No effect PRG for total PCBs:   0.90 mg/kg 
• No effect PRG for Cu:    130 mg/kg 
• No effect PRG for Pb:    47.3 mg/kg 
• No effect PRG for Hg:    0.29 mg/kg 
 
3.5.2 Effect PRGs 
 
 The effect PRGs were derived assuming that the lowest COPEC levels measured in toxic 
sediment samples SD-RI-06001, SD-RI-06005, and SD-RI-06009 could have caused the observed 
toxicity.  This assumption resulted in the following effect PRGs (see Attachment 2): 
 
• Effect PRG for mean PEC-Q:  0.80 
• Effect PRG for total PCBs:  1.3 mg/kg 
• Effect PRG for Cu:   239 mg/kg 
• Effect PRG for Pb:   34.1 mg/kg 
• Effect PRG for Hg:   0.063 mg/kg 
 
 The effect PRGs for Pb and Hg were clearly indefensible because both fell not only below their 
respective benchmarks, but also below the highest Pb and Hg concentrations measured in the five non-
toxic sediment samples. As a result, the effect PRGs for Pb and Hg were below their respective no effect 
PRGs, which made no sense.  The only reason Pb and Hg were identified as responsible for toxicity was 
because of their high concentrations in sample SD-RI-06009, i.e., the most toxic of the 11 sediment 
samples (see Attachment 2).   
 
 Alternative values for Pb and Hg were developed by retaining the Pb and Hg concentrations in 
sample SD-RI-06009 as the effect PRGs, as follows: 
 
• Effect PRG for Pb:   200 mg/kg 
• Effect PRG for Hg:   5.8 mg/kg 
 
3.5.3 Proposed sediment PRGs 
 
 The proposed sediment PRGs were obtained by calculating the geometric mean of each pair of 
no effect and effect PRGs, which resulted in the following values:   
• Proposed PRG for mean PEC-Q:  0.64 
• Proposed PRG for total PCBs:   1.08 mg/kg 
• Proposed PRG for Cu:    176 mg/kg 
• Proposed PRG for Pb:    97.3 mg/kg 
• Proposed PRG for Hg:    1.3 mg/kg 
 
 The proposed sediment PRGs did not appear to be overly conservative.  Table 2 compares these 
PRGs to their sediment benchmarks.  
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Table 2: Comparing the proposed sediment PRGs to their effect benchmarks 
COPECs Proposed sediment PRGs Effect benchmarks 

Total PCBs 1.08 mg/kg 0.676 mg/kg 
Cu 176 mg/kg 149 mg/kg 
Pb 97.3 mg/kg 128 mg/kg 
Hg 1.3 mg/kg 0.71 mg/kg 

  
 Three of the four final sediment PRGs exceeded the benchmarks for the corresponding COPECs; 
only the final sediment PRG for Pb fell below the Pb benchmark.  The benchmarks in Attachment 2 
reflected concentrations at which toxicity to benthic invertebrates can be expected to occur.  It is not 
recommended to use these benchmarks as cleanup goals because the final sediment PRGs were derived 
using results from a site-specific toxicity test.  Note, however, that past experiences at the New England 
Regional Laboratory with C. dilutus, the organism used to measure sediment toxicity at the Sphagnum 
bog, showed that this test species is not particularly sensitive.  The freshwater amphipod Hyalella azteca 
is considered to be substantially more sensitive, particularly to metals.  It should be kept in mind that the 
PRGs might have been lower if a more sensitive benthic species had been used in the sediment toxicity 
test.     
 
 Additional sediment samples were collected from the Sphagnum bog during earlier investigations 
at the Site.  The sampling locations were provided in Figure 1-4 of the 2010 draft BERA.  ESAT used this 
map, together with the sediment analytical data in Table D.3 of Appendix D of the 2010 draft BERA, to 
identify sediment samples collected in the immediate vicinity of toxic samples SD-RI-06001, SD-RI-
06005, and SD-RI-06009.  The goal was to determine how widespread the sediment contamination might 
be along the western shore of the Sphagnum bog.  
 
 Attachment 3 summarizes the analytical data for these additional samples, together with the 
sediment PRGs.  This table showed that several other sediment samples collected along the western 
shore of the Sphagnum bog (but not tested for toxicity) had substantial exceedances of total PCBs and 
Cu.  The Pb exceedances were few and relatively minor, whereas Hg was only exceeded at location SD-
RI-06009.  The balance of this information clearly indicated, however, that the mineral sediment along the 
western shoreline of the Sphagnum bog may need to undergo remedial action to protect the benthic 
invertebrate community.  
 
 
4.0 TIME FRAME FOR AERIAL EXPANSION OF FLOATING BOGS 
 
4.1 Introduction 
 
 Damage to the floating mat is possible with any active remediation involving sediment removal, 
and the long-term effects of such damage should be considered in determining the appropriate remedial 
response.  Also, sediment remediation in the Sphagnum bog might be moot if only a relatively short time 
span is needed to eliminate the limited amount of surface water present along the shoreline as the bog 
matures into a fully terrestrial habitat.  Techlaw, Inc. conducted a cursory literature search to provide a 
qualitative estimate of how fast this process might occur in the natural environment.  It was not necessary 
to conduct a formal literature search for a qualitative evaluation.  Instead, the search used the Google 
Search feature on the Internet to retrieve articles, books, government reports, on-line publications, 
websites, and blogs on this subject.  The search results are summarized below.     
 
4.2 General findings 
 
 The rate at which quaking bogs fill their aquatic environment via Sphagnum peat moss growth is 
extremely slow, and is thought to take many centuries.  A bog may never even get to the point of 
complete closure.  Many bogs have been around for thousands of years, or even longer.  For example, 
the Philbrick-Cricenti Bog in New London, NH is estimated to be about 10,000 years old; the Volo Bog in 
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Illinois is estimated to be about 6,000 years old; and the Quacking Bog in Theodore Wirth Park, MN is 
estimated to be around 3,700 years old.  The rate of maturation of a bog depends on the depth and size 
of the original pond it fills, along with other environmental factors such as rainfall. 
   

The type of plant succession in the Sphagnum bog at Nuclear Metals Superfund Site is called 
hydrarch succession.  This succession may or may not result in a completed climax habitat, which is a 
more stable environment, such as an upland forest (Weller, 1994).  Plant succession in a bog takes a 
long time.  The growth of peat slows down as its density increases within the bog.  This effect is partially 
in response to increased oxygen availability as the peat approaches the water surface, and also depends 
on oxygen presence in the water.  These factors often cause the rate of peat growth to drop below the 
rate of peat decay (Mitsch and Gosselink, 2000) because peat accumulates quicker in anoxic 
environments.  As stated by Weller (1994), “In theory, an upland forest is the climax state [of a mature 
bog].  However, this set of events rarely occurs in nature, and if filling does occur, the most likely ultimate 
stage is a wet prairie or wet forest rather than upland community.” 

 
Based on this qualitative information, it is concluded that the current aquatic habitat along the 

edges of the Sphagnum bog can be expected to persist for centuries into the future.  Hence, it appears 
worthwhile to pursue remediation of the mineral sediment along the western shoreline of the Sphagnum 
bog since this habitat is expected to persist for a long time in the future.   Damage to the floating mat 
should be minimized to the extent possible in the course of remedial activities. 
 
 
5.0 SUMMARY AND CONCLUSIONS 
 
 EPA reviewed the 2010 draft BERA report for the Nuclear Metals Superfund Site in Concord, MA.  
The purpose of the review was to provide support on the following issues: 
 
• Summarize the extent of ecological risk at the Sphagnum bog based on all available lines 

of evidence. 
 
The highest amount of ecological risk was associated with the benthic invertebrate community 
exposed to mineral sediment, peat, and moss.  
 
Risk was identified to amphibians based on surface water contaminant levels exceeding chronic 
benchmarks. However, the FETAX toxicity test did not identify significant responses to embryo-
larval stages of amphibians exposed to surface water from the bog for 96 hours.  This information 
was not used in the derivation of PRGs. 
 
A small amount of ecological risk was possible to predatory wading birds (great blue herons) and 
omnivorous small mammals (long-tailed shrews) based on ingesting prey collected from the bog. 
 
Adverse population-level effects were unlikely to omnivorous water fowl (mallards) and predatory 
large mammals (raccoons) exposed to contaminants in the mineral, peat, and moss fractions.    
 

• Recommend areas of the Sphagnum bog where the accumulated evidence suggests that 
some remediation would be required. 
 
The sediment toxicity test identified an area along the western shoreline of the Sphagnum bog 
where contaminant levels in three mineral sediment samples matched up against the presence of 
toxicity. Several additional sediment samples collected in earlier sampling efforts from the same 
general area, but which were not used in toxicity testing, also showed high contaminant levels.     

 
• Recommend a way to develop RAOs and PRGs for the Sphagnum bog. 
 

The preliminary RAO for the Sphagnum bog is to “Reduce contaminant levels in bog sediments 
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so that long-term exposures to those sediments will not affect the benthic invertebrate 
community. The goal is to remediate the sediment through minimal disturbance of the bog”. 

 
The sediment samples used in the toxicity test provided the data needed to derive sediment 
PRGs by linking responses to sediment chemistry. The proposed sediment PRGs were as 
follows:  

 
o Proposed PRG for mean PEC-Q:  0.64 
o Proposed PRG for total PCBs:  1.08 mg/kg 
o Proposed PRG for Cu:   176 mg/kg 
o Proposed PRG for Pb:   97.3 mg/kg 
o Proposed PRG for Hg:   1.3 mg/kg 

 
• Perform a cursory literature search to estimate the rate at which floating bogs can expand 

over time in open water. 
 
A cursory review of the literature suggested that floating bogs expand very slowly over time. This 
information showed that remediating the sediment along the western shoreline of the Sphagnum 
bog using the PRGs developed in this technical memorandum would provide viable benthic 
invertebrate habitat for decades to come.  
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Attachment 1: Summary of ecological risk at the Sphagnum Bog 
Receptor 

Group 
Assessment 

Endpoint Measurement Endpoint Weight Risk summary (see footnotes for acronyms) 
1. Aquatic 
invertebrates 

Aquatic 
benthic 
invertebrate 
community 
structure. 

1A. Compare COPEC levels in surface 
water samples to published surface 
water benchmarks and to background. 

low-
medium 

Adverse impacts are possible based on CTE IRs > 1.0 derived from chronic 
toxicity surface water benchmarks.  The three major risk drivers for total 
metals are Cu (CTE IR = 25; FOD = 8/25), Pb (CTE IR = 9.0, FOD = 
14/25), and Ag (CTE IR = 37; FOD = 9/25).  The three major risk drivers for 
dissolved metals are Cu (CTE IR = 19; FOD = 25/25), Pb (CTE IR = 17; 
FOD = 8/25), and Ag (CTE IR = 27; FOD = 13/25) (see Table 3-18 in 2011 
draft BERA). 

1B1. Compare COPEC levels in mineral 
sediment samples to published 
sediment benchmarks and to 
background. 

low-
medium 

Adverse impacts in mineral sediment are possible based on CTE IRs > 1.0 
derived from no-effect sediment benchmarks.  The three main risk drivers 
are 2,4-dinitrophenol (CTE IR = 160; FOD = 1/19), Cu (CTE IR = 13; FOD = 
28/28), and Mo (CTE IR = 5.8; FOD = 23/23).  Cu remains as the only risk 
driver when using effect benchmarks (CTE IR = 1.9; FOD = 28/28) (see 
Table 3-22 in the 2010 draft BERA) 

1B2. Compare COPEC levels in moss 
samples to published mineral sediment 
benchmarks and to background. 

low-
medium 

Adverse impacts in moss are possible based on CTE IRs > 1.0 derived 
from no-effect sediment benchmarks.  The three main risk drivers are Cu 
(CTE IR = 5.9; FOD = 4/4), Mo (CTE IR = 3.7; FOD = 4/4), and U (CTE IR = 
2.0; FOD = 4/4).  None of the COPECs remain as risk driver when using 
sediment effect benchmarks (see Table 3-23 in the 2010 draft BERA) 

1B3. Compare COPEC levels in peat 
samples to published mineral sediment 
benchmarks and to background. 

low-
medium 

Adverse impacts in peat are possible based on CTE IRs derived from no-
effect sediment benchmarks.  The three main risk drivers are phenol (CTE 
IR = 12; FOD = 3/17), Cu (CTE IR = 8.2; FOD = 14/18), and Mo (CTE IR = 
5.1; FOD = 18/18).  The CTE IRs derived from sediment effect benchmark 
retain phenol (CTE IR = 9.7; FOD = 3/17) and Cu (CTE IR = 1.2; FOD = 
14/18) as risk drivers (see Table 3-24 in the 2010 draft BERA) 

1C. Perform lab toxicity tests to 
measure survival and growth of a 
freshwater benthic invertebrate 
(Chironomus dilutus) exposed to 
mineral sediment and compare results 
to those measured in background 
samples.  

medium-
high 

Adverse impacts are possible at several locations in the bog.  C. dilutus 
showed statistically significant effects in six of the 11 mineral sediment 
samples tested for toxicity.  However, ecologically significant effects 
(defined in the 2010 draft BERA as >20% deviation from reference results) 
occurred only at SD-RI-600100R and SD-RI-0600900R, which 
corresponded with the highest and second highest PCB and metal levels in 
mineral sediments.  SD-RI-0605300 also showed ecologically significant 
effects, but its contaminant levels were similar to other locations in the bog 
that did not show adverse effects. 



 

Attachment 1: Summary of ecological risk at the Sphagnum Bog 
Receptor 

Group 
Assessment 

Endpoint Measurement Endpoint Weight Risk summary (see footnotes for acronyms) 
1D. Assess the health of the benthic 
community in mineral sediment samples 
and compare the results to background 
conditions. 

medium Five of 13 benthic community samples were characterized as either slightly 
or moderately impaired.  No relationship was found between the responses 
measured in the laboratory toxicity test and benthic community impairment. 

2. Amphibians Growth, 
survival, and 
reproduction 
of amphibian 
populations 

2A. Compare surface water 
concentrations to published surface 
water benchmarks and to background. 

low-
medium 

See measurement endpoint 1A. 

2B. Compare site sediment 
concentrations to published sediment 
benchmarks and to background. 

low-
medium 

See measurement endpoint 1B. 

2C. Perform laboratory FETAX tests to 
measure survival, malformation, and 
growth of amphibians exposed to 
surface water collected from the site 
and compare to background. 

medium-
high 

The five surface water samples from the Sphagnum Bog used in the 
FETAX tests did not result in statistically significant or ecologically 
significant (i.e., >20% deviation from background results) adverse effects to 
survival, malformation, or growth in embryonic Xenopus when compared to 
background conditions.   

3. Wetland 
birds 

Growth, 
survival, and 
reproduction 
of semi-
aquatic bird 
populations 

3A. Compare the EDDs for omnivorous 
waterfowl (mallard) based on ingesting 
prey from the Sphagnum Bog to 
published avian TRVs and to 
background conditions.  

medium Adverse population-effects to mallards from COPECs in the mineral, peat, 
and moss fractions are unlikely. 

3B. Compare the EDDs for predatory 
wading birds (great blue heron) based 
on ingesting prey from the Sphagnum 
Bog to published avian TRVs and to 
background conditions.  

medium Adverse population effects to great blue heron are possible from Be in the 
mineral fraction (effect CTE IR = 4.3; see Table 3-34 in the 2010 draft 
BERA), peat fraction (effect CTE IR = 3.8; see Table 3-35 in the 2010 draft 
BERA), and moss fraction (effect CTE IR = 1.3; see Table 3-36 in the draft 
2010 BERA). 

4. Wetland 
mammals 

Growth, 
survival, and 
reproduction 
of semi-
aquatic 
mammal 
populations 

4A. Compare the EDDs for omnivorous 
small mammals (shrew) based on 
ingesting prey from the Sphagnum Bog 
to published mammal TRVs and to 
background conditions.  

medium Adverse population effects to the shrew are possible from Mo in the peat 
fraction (effect CTE IR = 4.3; see Table 3-35 in the 2010 draft BERA) but 
not in the mineral or moss fractions (see Tables 3-34 and 3.36, respectively 
in the draft 2010 BERA). 

4B. Compare the EDDs for predatory 
large mammals (raccoon) based on 
ingesting prey from the Sphagnum Bog 
to published mammal TRVs and to 
background conditions.  

medium Adverse population-effects to the raccoon from COPECs in the mineral, 
peat, and moss fractions are unlikely. 



 

COPEC = contaminant of potential ecological concern 
CTE = central tendency exposure 
IR = incremental risk 
EDD = estimated daily dose 
FETAX = frog embryo teratogenesis assay - Xenopus  
FOD = frequency of detection 
TRV = toxicity reference value 



 

   
t2:r, diment toxicity to sediment chemistr 1 to derive pre liminary 1 1 goa ls 

NON-TOXIC SEDIMENT SAMPLES TOXIC SEDIM ENT SAMPLES 

Sediment 10 <:n .DLnr.nh? SD-RI-06038 I SD-RI-06017 '>U · K I· UOULO I SD-RI-06021 I I SD-RI-0600 1 I I I 
C. dilutus s urvival' 92.50% 67.10% 90% 92.50% 82.90% 85% 62.50% 62.50% 56.30% 62.90% 52.50% 

c 0.723 mg 0.895 mg 0.823 mg 0.634 mg 1.0 16 mg 0.444 mg 0.573 mg 0.798 mg 0.696 mg 0.746 0.562 mg 

"reliable" Secondary 
PE e • benchmarksc Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" Cone. "reliable" 

(mg/ kg) (mg/kg) (mg/kg) PEC-0 ' (mg/kg) PEC-Q (mg/kg) P EC-Q (mg/kg) PEC-Q (mg/kg) PEC-Q (mg/kg) PEC-Q (mg/ kg) PEC-Q (mg/kg) PEC-Q (mg/kg) PEC-Q (mg/kg) PEC-Q (mg/kg) PEC-Q 

Total PAHs~' 22.8 .. 0.80 0.04 0.99 0. 04 1 26 0.06 0.96 0.04 1.10 0.05 0 82 0.04 0 87 0.04 0 94 0.04 1 17 0.05 0 89 0.04 0 91 0.04 

Total PCBs'·' 0.676 .. 0.18 0.27 0.30 0.44 0.48 0.71 0.64 0.95 0 90 1.33 0 21 0.31 0 37 0.55 0 76 1.12 - 1.92 - 14.87 - 51.11 
Metals 

arsenic 33 .. 0] 3 0,02 0,87 0, 03 L9 0, 06 _7_6_ 0, 23 1_,2 0, 04 _1_5_ 0, 05 _5_8_ 0, 18 _1_! 0,04 _1_1_ 0,04 _7_6_ 0.23 _3_4_ 0.10 

cadmium 4.98 .. 0.036 0.01 0.091 0. 02 0.19 0.04 044 0.09 0.2 0.04 0 14 0.03 1.4 0.28 0 3 0.06 0 36 0.07 0 15 0.03 24 0.4 8 

chromium 111 .. 7.1 0.06 4.4 0. 04 9.2 0.08 19 2 0.17 7.7 0.07 11 0.10 16 9 0.15 7 9 0.07 78 0.07 167 0.15 ~ 
copper 149 .. 14.4 0.10 43 0. 29 77.4 0.52 130 0.87 61.6 0.41 56 0.38 34 3 0.23 109 0.73 - 1.60 - 1.69 
lead 128 .. 8.4 0.07 15.9 0. 12 36.1 0.28 47 3 0.37 21 0.16 19 3 0.15 26 2 0.20 28 9 0.23 63 6 0.50 34 1 0.27 

nickel 48.6 .. 6.9 0.14 9.8 0. 20 17 6 0.36 12.9 0.27 11.4 0.23 19 7 0.41 11 2 0.23 28 6 0.59 31 7 0.65 14 2 0.29 428 o:ss 
zinc 459 .. 9.5 0.02 10.6 0. 02 35.7 0.08 55 9 0.12 43 0.09 18 5 0.04 243 0.53 38 8 0.08 645 0.14 42 8 0.09 256 0.56 

alumim1m 58030 3020 .. 1500 -· 3700 .. 7120 . . 2020 .. 7600 .. 11600 . . 2 170 .. 1790 .. 8680 .. 2120 .. 

antimony 25 0.02 .. 0.05 -· 0.125 .. 0 9 .. 0.055 .. 0 024 .. 0 029 .. 0 18 .. 0 86 .. 0 04 .. 2 5 .. 
barium NA 11.7 .. 10.1 -· 19.6 .. 46 . . 12.9 .. 17 9 .. 22 1 .. 38 4 .. 36 6 .. 25 5 .. 98.1 .. 
beryllium NA 1.3 . . 1.9 -· 3.3 .. 10 4 .. 6.3 .. 5 . . 6 3 .. 8 8 .. 8 3 -· 1 6 .. 140 · -

cobalt 50 0.43 .. 0.38 -· 0.94 .. 3 9 .. 0.61 .. 11 .. 2 7 .. 1 3 .. 1 3 .. 3 5 . . 4 3 · -

iron 40000 915 .. 466 -· 1720 .. 8700 .. 940 .. 2140 .. 8070 .. 1220 .. 2470 .. 8290 .. 2070 ·-
1100 17.9 .. 13.7 -· 727 .. 63.9 .. 26.3 .. 35 1 .. 77 .. 57 6 .. 138 -· 105 .. 113 · -

mercury 0.71 0.034 . . 0.28 -· 0.24 .. 0.022 .. 0 29 .. 0 21 . . 0.4 .. 0 31 .. 0 33 .. 0 063 .. - · -

540 6.5 .. 21.8 -· 42 3 .. 22.2 .. 37 .. 22 7 .. 15 .. 67 2 .. 117 .. 10 1 .. 158 ·-
sele nium NA 0.21 .. 0.23 -· _IU9_ .. 0.67 .. 0.43 .. 0 33 .. 0 1 .. 0 49 .. 0 54 .. 0 1 .. 1.1 · -

s ilve r 0.5 0.1 . . 0.28 -· 0.31 .. 3 8 .. 1 .. 0 31 . . 0 66 .. 2 1 .. 0 86 -· 0 1 .. 32.4 · -

thallium .. NA 0.038 .. 0.032 .. 0.065 .. 0 34 .. 0.08 .. 0 075 .. 0 085 .. 0 1 .. 0 047 .. 0 06 .. 1.3 .. 
thorium NA 2 .. 1.3 -· 1.2 .. 3 .. 0.72 .. 1 3 .. 3.4 .. 1 . . 2 6 .. 5 .. 4.9 .. 
t itanium NA 256 . . 134 -· 223 .. 373 .. 120 .. 293 . . 380 .. 83 5 . . 73 9 - 389 .. 102 · -

tungsten NA 0.08 .. 0.7 -· 1.7 .. 2 4 .. 2.3 .. 0 94 .. 1 4 .. 4.1 .. 7.5 .. 1 .. 34.7 · -

uranium 34 10 2.8 .. 7.4 -· 18.9 .. __2!_5_ .. 15.3 .. _9__9_ .. _1_2__3_ .. _1_8__8_ .. _H_3_ .. _4!_3_ .. _E1_ ·-
vanadium 77 4.4 .. 5.1 -· 12 9 .. 12.6 .. 6.4 .. 10 6 .. 16 1 .. 3 8 .. 12 9 .. 15 6 .. 3 · -

zircon1um NA 0.89 .. 0.98 -· 1.8 .. 6 2 .. 0.84 .. 1 6 .. 2 5 .. 1 9 .. 7.0 .. 6.9 .. 69 · -

Mea~ 0.06 0.10 0.20 0.30 0.15 0.16 0.26 0.26 0.44 0.39 1.66 

0.12 0. 20 0.32 0.43 0.51 0.17 0.28 0.47 0.80 5.10 17.60 

note: non detected concentrations were included in this table at 1/2 their reported detection limits 

PEC = probable effect concentration; PEC-0 = probable effect concentration · quotient; mean PEC-Ome1a~ = (sum reliable PEC-Ometa~)/7; mean P EC-0 = (mean PEC-Ometa~ + P EC-OtctatPAHs + P EC-0 1, 1, 1pcss)/3 

green: highest contaminant concentration measured in the non-toxic sediment samples 

yellm.v: contaminant concentration fa lls belmN the highest concentration measured in the non-toxic sediment samples 

orange: the contaminant concentrat ion exceeds the maximum concentration in the non-toxic samP.Ies but falls below its benchmark 

' Appe ndix H ( Chironomus dilutus toxic ity test la borat ory re port) in the 2010 dra ft BE RA re po rt 

b Re lia ble PECs a s ide ntifie d in EPA. 2000. Pre dict ion of sedime nt t oxicity u s ing consens us -ba sed freshwat e r sediment quality gu ide lines. EPA 905/ R-00/ 007. June 2000. 

' Secondary be nchma rks a re from Ta ble 3-12 in t he 2010 dra ft S ERA re port 

dtotal PAHs were ca lculated by summing the concentrat ions of 16 individual PAHs; non-detected values were retained at 1/ 2 the ir detection limit 

,. total PBs were calculated by summing the concentrations of seven Aroclors; non-detected values were retained at 1/ 2 their detection limit 
1
Th e analytical da ta w e re obta ined from Appendix 0 , Ta b le D-3 in the 2010 dra ft ERA re port 

' Th e re lia ble PEC-Qs we re calcula te d b y dividing the comcent ra tion by the re lia ble PEC 



 

 
Attachment 3: Exceedances of the sediment PRGs along the western shore of the Sphagnum bog  

Sample 
location 

Total PCBs Copper Lead Mercury 
Measured 

Conc. (mg/kg) PRG (mg/kg) 
Measured 

Conc. (mg/kg) PRG (mg/kg) 
Measured 

Conc. (mg/kg) PRG (mg/kg) 
Measured 

Conc. (mg/kg) PRG (mg/kg) 
TOXIC SEDIMENT SAMPLES USED TO DEVELOP THE PRGS 

SD-RI-06001 1.3 1.08 239 176 63.6 97.3 0.33 1.3 
SD-RI-06005 10.1 1.08 252 176 34.1 97.3 0.063 1.3 
SD-RI-06009 34.6 1.08 1070 176 200 97.3 5.8 1.3 

OTHER SEDIMENT SAMPLES COLLECTED AROUND THE THREE TOXIC SEDIMENT SAMPLES USED TO DEVELOP THE PRGS 
SD-RI-06002 0.13 1.08 149 176 37.9 97.3 0.034 1.3 
SD-RI-06030 1.52 1.08 1590 176 99.9 97.3 0.29 1.3 
SD-RI-06032 2.02 1.08 450 176 102 97.3 0.18 1.3 
SD-RI-06045 12.8 1.08 264 176 37.7 97.3 0.11 1.3 
SD-RI-06046 9.8 1.08 226 176 33.8 97.3 0.052 1.3 
SD-RI-06047 1.68 1.08 64.9 176 18.9 97.3 0.57 1.3 
SD-RI-06048 0.52 1.08 249 176 41.6 97.3 R 1.3 
SD-RI-06049 0.53 1.08 184 176 25.1 97.3 R 1.3 

 
Source: Appendix D, Table D-3 (Sediment data – AOI 6 – Sphagnum bog – mineral) and Figure 4 (Sample location map – facility) in the 2010 draft BERA 
Shaded values exceed their sediment PRGs 
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APPENDIX B 

HUMAN HEALTH RISK ASSESSMENT 

CALCULATION OF HUMAN HEALTH BASED PRGS 



1.0 Introduction 
 
This appendix provides documentation of the derivation of human health Preliminary Remediation Goals 
(PRGs).  PRGs represent chemical concentrations that correspond to specified levels of risk.  They are 
used to help set remediation goals that, when achieved, will result in residual (post-response action) 
health and environmental risks that do not exceed USEPA risk management criteria.   
 
PRGs are calculated in accordance with guidance provided in Risk Assessment Guidance for Superfund, 
Part B – Development of Risk-Based Preliminary Remediation Goals (RAGS Part B) (USEPA, 1991).  
The process for establishing PRGs consists of the following major components: 

 Initial identification of PRGs 
 Modification of PRGs 
 Calculation of final risk-based PRGs 

These components are discussed in the following sections. 

2.0 Initial Identification of PRGs 

PRGs are initially identified during Remedial Investigation/Feasibility Study (RI/FS) scoping to help 
establish data quality objectives for the RI, and evaluate analytical data to establish the nature and extent 
of contamination.  As described in RAGS Part B, PRGs are initially identified based on readily available 
information.  At this Site, PRGs were initially identified using residential risk-based screening levels 
published by USEPA (i.e., USEPA Preliminary Remediation Goals [now termed Regional Screening 
Levels]), Site-specific background values, and Applicable, Relevant, and Appropriate Requirements 
(ARARs).  These initial PRGs were published in the RI/FS work plans as Remedial Investigation 
Screening Levels (RISLs).  The RISLs were used to guide the selection of analytical methods to ensure 
that detection limits were sufficient, and to support the delineation of the extent of contamination.   

3.0 Modification of PRGs 

The baseline human health risk assessment (BHHRA) identifies the media, chemicals, land uses, 
receptors, and exposure pathways that are associated with risks that require response actions.  As 
articulated in RAGS Part B, based on the results of the BHHRA, it is appropriate to evaluate if the 
initially-identified PRGs require modification based on land use, exposure assumptions, and media and 
chemicals of potential concern.  This section identifies how the results of the BHHRA were used to 
modify the chemicals of concern (COC), land uses, and exposure pathways for which final PRGs are 
calculated. 

3.1 Chemicals of Concern 

In accordance with RAGS Part B, PRGs are developed for COCs, which are the chemicals that, based on 
the results of the BHHRA, were determined to pose an excess lifetime cancer risk (ELCR) greater than 1 
in 1 million (10-6) or a hazard index (HI) greater than 1.  COCs were identified for exposure areas that 
posed A) a cancer risk in excess of an ELCR of 10-4, or B) an HI greater than 1.   

As described in Section 1.7 of the FS, the results of the BHHRA indicated that soil at six exposure areas, 
sediment at one exposure area, and groundwater at all exposure areas were associated with ELCR values 
greater than 10-4 and/or a HI greater than 1, for one or more future land uses.  COCs are presented in 
Table 1, and were identified using the RAGS Part D ‘Table 10’ risk summary tables from the BHHRA 
(provided for reference in Attachment A), as follows: 

1. For each future land use scenario evaluated in the risk assessment (i.e., commercial, recreational, 
residential, construction work), exposure areas that posed risks greater than an ELCR of 10-4 or a 
HI of 1 were identified. 

Appendix B - Human Health Risk Assessment Calculation of Human Health Based PRGs



2. Within each of the identified exposure areas, COCs were identified as chemicals of potential 
concern (COPCs) that contributed a total ELCR greater than 10-6 or a total HI greater than 1.  
(Total risk is the summation of risks for all exposure routes that are applicable to the COC and the 
exposure area.  For example, a COC for residential exposure to soil is identified based on the 
ELCR and HI that is the summation of risks for the incidental ingestion, dermal contact, dust 
inhalation, and vapor inhalation exposure routes). 

3.2 Exposure Pathways  

Table 2 provides a summary of the exposure pathways that were included in the calculation of risks, as 
presented in the BHHRA, and the pathways that are included in the derivation of PRGs.  Evaluation of the 
risk assessment results showed that some exposure pathways contributed risks that were insignificant 
when compared to other exposure pathways.  Specifically, total pathway risks associated with inhalation 
exposures to dust and vapor from soil did not exceed a HI of 1 or an excess lifetime cancer risk of 1x10-6, 
and were more than two orders of magnitude lower than risks contributed by incidental ingestion and 
dermal contact exposures.  Similarly, irrigation of home grown produce with groundwater was 
determined to be an insignificant exposure pathway relative to ingestion.  The excess lifetime cancer risk 
for the groundwater irrigation pathway was 8x10-5, compared to a groundwater ingestion risk of 1x10-3.   
Consequently, it is not necessary to include these pathways in the derivation of PRGs, as inclusion of the 
pathways would have no bearing on the calculated PRGs.     

3.3 Exposure Scenarios  

The exposure scenarios evaluated in the BHHRA included future resident, future passive recreational 
visitor, future indoor commercial/industrial worker, future outdoor commercial/industrial worker, and 
future construction worker.  These exposure scenarios were Site-specific, and therefore represented 
departures from the exposure assumptions that were used as the basis of the initial PRGs.   

The exposure factors that are used to calculate PRGs are the same exposure factors that were used in the 
BHHRA to calculate risks for these exposure scenarios.  Exposure factors are provided in Table 3 for soil, 
Table 4 for sediment, and Table 5 for groundwater.   

In the BHHRA, each of the exposure scenarios was used to evaluate risks for each of the exposure areas 
at the Site.  Therefore, the PRGs for each of the exposure scenarios can be applied to any of the exposure 
areas for which response actions are required (Section 2.4 of the FS); it is not necessary to derive different 
or separate PRGs for each exposure area.   In addition, although most COCs were identified as such based 
on future residential land use risks, PRGs were derived for all COCs, for all exposure scenarios.  This 
approach provides additional information to support risk management decisions. 

4.0 Calculation of Final Risk-Based PRGs 

This section presents the methodology used to derive risk-based PRGs.  PRGs are calculated using 
exposure factors, toxicity values, and chemical-specific variables with target cancer and non-cancer risks. 

4.1 Exposure Factors 

Exposure factors are provided in Tables 3 through 5 for the exposure pathways and scenarios described 
above.  For national consistency, EPA Regional Screening Levels and PRGs for groundwater (drinking 
water) are derived using a tapwater ingestion rate for the residential child receptor of 1 liter per day (as 
opposed to the value of 1.5 liters per day used in the BHHRA) and an assumption that receptors are 
exposed to volatiles released during use of tap water 24 hours per day (as opposed to only during the 
periods of bathing, as used in the BHHRA).  These updated exposure factors are used to derive PRGs for 
groundwater (Table 5). 

 

 



4.2 Toxicity Values 

Toxicity values, consisting of cancer slope factor, unit risk, reference dose, and reference concentration 
values, are provided in Tables 6 through 10.  The toxicity values are current as of November 2013 but are 
the same values that were used in the BHHRA, except as noted below (only three updates to the toxicity 
values for the COCs have been provided in EPA-approved sources since publication of the Draft Final 
BHHRA in September 2012).  Table 11 provides additional chemical-specific information (e.g., dermal 
absorption factors) required for PRG calculation. 

Toxicity values updates since publication of the Draft Final BHHRA are as follows: 

 Arsenic:  An oral relative bioavailability factor of 0.6 is now recommended by EPA for 
evaluation of risks and calculation of PRGs for arsenic in soil.  The bioavailability factor was not 
used in the BHHRA; use of the factor would have reduced risks for arsenic in soil from those 
presented in the BHHRA, but would not have removed arsenic as a COC in soil.  PRGs for soil 
are calculated using the oral relative bioavailability factor of 0.6. 

 Chromium:  For national consistency, EPA Regional Screening Levels and PRGs are derived 
using the New Jersey DEP oral cancer slope factor for chromium evaluated as hexavalent 
chromium.  Chromium was identified as a COC in groundwater under the assumption that it is 
present as hexavalent chromium.  The PRGs for chromium (as hexavalent chromium) in 
groundwater are calculated using the New Jersey DEP oral cancer slope factor for hexavalent 
chromium. 

 Uranium:  The BHHRA used the oral reference dose for uranium that was developed by the EPA 
Office of Water for use in establishing the drinking water MCL for uranium.   That reference dose 
is lower (more conservative) than the reference dose that is published by EPA in the Integrated 
Risk Information System, and for which EPA Regional Screening Levels and PRGs are derived 
nationally.  The PRGs for uranium are derived using the more conservative reference dose that 
was used in the BHHRA. 

4.3 Target Risks 

PRGs were derived for target excess lifetime cancer risk values of 1x10-6, 1x10-5, and 1x10-4, and for 
target non-cancer hazard index values of 0.1, 1, and 10.   

4.4 PRG Equations 

As articulated in RAGS Part B, PRGs are calculated using an algebraic rearrangement of the intake and 
risk calculation algorithm which solves for an unknown risk at an established exposure point 
concentration: 

Risk = (Exposure point concentration)     X     (Intake)     X     (Toxicity) 

In PRG derivation, the risk and exposure point concentration variables are interchanged, such that a set 
risk value (termed Target Risk) is used to solve for an unknown exposure point concentration (i.e., the 
PRG): 

PRG = (Target Risk)     /     (Intake)     X     (Toxicity) 

Although RAGS Part B provides the conceptual guidance and framework for calculating PRGs, the 
equations presented in RAGS Part B have largely been superseded by more recent USEPA guidance, 
including RAGS Part E (Dermal Exposure Assessment; USEPA, 2004), RAGS Part F (Inhalation 
Exposure Assessment; USEPA, 2009), and Supplemental Cancer Guidance (USEPA, 2005; 2008).  The 
BHHRA for the Nuclear Metals Site incorporated the guidance and equations provided in these more 
recent documents.   



Tables 12 and 13 provide PRG calculation equations for soil / sediment and groundwater, respectively.  
These equations are the same intake and risk calculation algorithms that were used in the BHHRA, but 
have been rearranged to derive a PRG.  

In accordance with the Supplemental Cancer Guidance, for chemicals that initiate carcinogenesis by a 
mutagenic mode of action (MOA), adjustments are made to the PRG calculations to reflect USEPA’s 
conclusion that cancer risks for chemicals that act by a mutagenic MOA are generally higher from early-
life exposure than from similar exposures later in life (USEPA, 2005; 2008).  Among the chemicals that 
USEPA has identified as acting through a mutagenic MOA, the following are COCs: 

 Potentially carcinogenic polynuclear aromatic hydrocarbons (cPAHs): benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene in soil. 

 Trichloroethene in groundwater 

 Vinyl chloride in groundwater 

The approach used for each of these COCs is described below.  Since the Supplemental Cancer Guidance 
only applies to exposure scenarios with receptors under age 16, only the PRGs for the residential and 
passive recreational scenarios use these equations.    

Carcinogenic PAHs 

Table 14 provides equations used to derive PRGs for the incidental ingestion and dermal contact exposure 
pathways for cPAHs in soil.  The equations in Table 14 were published by USEPA in the Regional 
Screening Levels Table (USEPA, 2013).  Parameters cited in the following equations are identical to 
those provided in Table 3, with the exception of the EFr parameter, for which the values provided in 
Table 3 should be used.   

Trichloroethene 

The cancer slope factor (CSF) and unit risk (UR) values for trichloroethene are based on quantitative 
dose-response relationships for liver cancer, non-hodgkin’s lymphoma (NHL), and kidney cancer, as 
shown in the following table. 

 CSF (mg/kg/day)-1 UR (ug/m3)-1 
NHL + Liver 3.7E-02 3.1E-06 
Kidney 9.3E-03 1.0E-06 

Total 4.6E-02 4.1E-06 
 

However, USEPA has determined that only kidney cancer is induced by a mutagenic MOA (see USEPA’s 
Integrated Risk Information System).  Consequently, the Supplemental Cancer Guidance is applied only 
to the kidney-cancer component of the CSF and UR values.  Therefore, PRGs for trichloroethene are 
calculated as follows: 

 PRGs for kidney are calculated using the equations shown in Table 15 

 PRG for NHL + Liver are calculated using the cancer PRG equations presented in Table 13 

 The PRGs for these two effects are then used to derive a final PRG  as 1 / [(1/NHL+Liver PRG) 
+ (1/Kidney PRG)] 

 



Vinyl chloride 

In the IRIS data base, USEPA provides CSF and UR values that are to be used with ‘exposures beginning 
in adult-hood’ and ‘lifetime exposures beginning at birth’.  These toxicity values were developed prior to 
more contemporary guidance that addresses how the Supplemental Cancer Guidance should be 
implemented for vinyl chloride (USEPA, 2008).   

Implementation of the Supplemental Cancer Guidance for vinyl chloride indicates that, when evaluating 
partial life exposures that begin at birth as is the case with standard 30-year residential exposure 
scenarios, a separate risk calculation for children that excludes the averaging time component of the 
standard intake algorithm be included in the total risk calculation.  PRG equations for vinyl chloride are 
provided in Table 16. 

4.5 Presentation of Selected Risk-Based Human Health PRGs 

Risk-based PRGs calculated using the methodology and input parameters provided in this Appendix are 
provided in Table 17 for soil, Table 18 for sediment, and Table 19 for groundwater.  These PRGs are used 
with background values, ARARs, and ecological PRGs (as applicable) in the FS to identify Selected 
PRGs for the Site. 

References: 

1. USEPA, 1991. “Risk Assessment Guidance for Superfund, Volume 1, Human Health 
Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals)”; 
Office of Emergency and Remedial Response; EPA/540/R-92/003; Washington, D.C. 

2. USEPA, 2004. “Risk Assessment Guidance for Superfund, Volume 1, Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)”; Office of 
Emergency and Remedial Response; EPA/540/R/99/005; Washington, D.C. 

3. USEPA, 2005.  “Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure 
to Carcinogens”; Risk Assessment Forum; EPA/630/R-03/003F; Washington, D.C.  March. 

4. USEPA, 2008.  “Handbook for Implementing Supplemental Cancer Guidance at Waste and 
Cleanup Sites”; Office of Emergency and Remedial Response.  
http://www.epa.gov/oswer/riskassessment/sghandbook/index.htm.  

5. USEPA, 2009.  “Risk Assessment Guidance for Superfund, Volume 1, Human Health 
Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment, Final)”; 
Office of Emergency and Remedial Response; EPA/540/R/070/002; Washington, D.C. 

6. USEPA, 2013.  “Regional Screening Levels for Chemical Contaminants at Superfund Sites”; EPA 
Office of Superfund.  November 

 

 



Table 1 - Summary of Chemicals of Concern for Exposure Areas with Cancer Risks Greater than 1x10-4 or a HI of 1
Nuclear Metals Superfund Site

Soil Sediment Groundwater

CAS
Surface

(0-1 ft bgs)
Shallow Subsurface

(1-10 ft bgs) Cooling Pond Overburden Bedrock

A4 A5 A6 B2 B4 B5 A5 A6 B2 B5
On-Property 

Plume
On-Propertty 

GW
Off-Property 

GW
On-Property 

Plume
On-Propertty 

GW
Off-Property 

GW
Volatile Organics

75-34-3 1,1-Dichloroethane C
127-18-4 Tetrachloroethene C / NC
79-01-6 Trichloroethene C / NC C / NC C / NC C C / NC
75-01-4 Vinyl chloride C C

Semivolatile Organics
123-91-1 1,4-Dioxane C C C C
56-55-3 Benzo(a)anthracene C
50-32-8 Benzo(a)pyrene C C C C C C
205-99-2 Benzo(b)fluoranthene C C
117-81-7 Bis(2-Ethylhexyl)phthalate C C C
193-39-5 Indeno(1,2,3-cd)pyrene C

PCBs
11097-69-1 Aroclor-1254 NC NC / C C NC / C NC NC / C NC / C NC
11096-82-5 Aroclor-1260 C NC / C C NC / C

Inorganics
7440-38-2 Arsenic C C C C C C C C C / NC C / NC C C / NC C / NC C / NC
7440-39-3 Barium NC
7440-47-3 Chromium NC NC
7440-48-4 Cobalt NC NC NC NC
7440-50-8 Copper NC

Iron NC NC NC NC NC NC
7439-96-5 Manganese NC NC NC NC NC
7439-98-7 Molybdenum NC NC
7440-29-1 Thorium C C C C C C C C C C C C C C
7440-61-1 Uranium C NC / C C NC / C NC / C C NC / C C / NC C C C / NC C / NC C / NC
14797-55-8 Nitrate as N NC NC NC
14797-65-0 Nitrite as N NC NC

C - Chemical of Concern (COC) because excess lifetime cancer risk for exposure area is greater than 1x10-4 and chemical has an excess lifetime cancer risk greater than 1x10-6

NC - Chemical of Concern (COC) because hazard index for exposure area is greater than 1 and chemical has a hazard quotient greater than 1.
C [italicized] - Chemical of Concern (COC) because excess lifetime cancer risk for exposure area is greater than 1x10-4 and chemical has an excess lifetime cancer risk greater than 1x10-6.  However, incremental cancer risk for exposure area does not exceed 1x10-4.

Chemical of Concern
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Table 2 - Summary of Exposure Pathways Included in Derivation of PRGs
Nuclear Metals Superfund Site

Exposure Pathway Receptor Scenario
Resident Recreational Visitor Commercial Worker Construction Worker

HHRA PRG HHRA PRG HHRA PRG HHRA PRG
SOIL
Incidental ingestion X X X X X X X X
Dermal contact X X X X X X X X
Dust inhalation X -- X -- X -- X --
Vapor inhalation X -- X -- X -- X --
Home grown produce ingestion X X na na na

SEDIMENT
Incidental ingestion X X X X na na
Dermal contact X X X X na na
Dust inhalation na na na na
Vapor inhalation na na na na
Home grown produce ingestion na na na na

GROUNDWATER
Ingestion X X na na na
Dermal contact X X na na na
Vapor inhalation X X na na na
Home grown produce ingestion X -- na na na

X - Pathway quantitatively evaluated
-- - Pathway was associated with insignificant risk in HHRA (i.e., risks below a HI of 1 or cancer risk of 1E-06)
    and therefore not included in PRG derivation
na - Pathway not complete or not applicable to scenario



Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Ingestion Resident Adult Exposure Areas USEPA, 1994
A4, A5, A6, B2, B5 USEPA, 1994

IR-S Ingestion Rate of Soil 100 mg/day USEPA, 1994
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 161 day/yr Site-specific [1]
ED Exposure Duration 24 yr USEPA, 1994
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Resident Child Exposure Areas USEPA, 1994
(ages 1 - 6) A4, A5, A6, B2, B5 USEPA, 1994

IR-S Ingestion Rate of Soil 200 mg/day USEPA, 1994
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 161 day/yr Site-specific [1]
ED Exposure Duration 6 yr USEPA, 1994
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Recreational Adult Exposure Areas USEPA, 1994
Visitor A5, A6, B2, B5 USEPA, 1994

IR-S Ingestion Rate of Soil 100 mg/day USEPA, 1994
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 80 day/yr Assumption [3]
ED Exposure Duration 24 yr USEPA, 1994
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Recreational Child Exposure Areas USEPA, 1994
Visitor (ages 1 - 6) A5, A6, B2, B5 USEPA, 1994

IR-S Ingestion Rate of Soil 200 mg/day USEPA, 1994
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 80 day/yr Assumption [3]
ED Exposure Duration 6 yr USEPA, 1994
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)
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Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)

Commercial / Adult Exposure Areas USEPA, 1994
Industrial No exposure areas USEPA, 1994
Worker with risks above risk limits IR-S Ingestion Rate of Soil 50 mg/day USEPA, 2002a
Indoor FI Fraction Ingested 1 unitless Assumption

EF Exposure Frequency 161 day/yr Site-specific [10]
ED Exposure Duration 25 yr USEPA, 1994
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 9125 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Commercial / Adult Exposure Areas USEPA, 1994
Industrial No exposure areas USEPA, 1994
Worker with inremental risks above IR-S Ingestion Rate of Soil 100 mg/day USEPA, 2002a
Outdoor risk limits FI Fraction Ingested 1 unitless Assumption

EF Exposure Frequency 161 day/yr Site-specific [10]
ED Exposure Duration 25 yr USEPA, 1994
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 9125 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Construction Adult Exposure Areas USEPA, 1994
Worker A5, A6, B2 USEPA, 1994

IR-S Ingestion Rate of Soil 330 mg/day USEPA, 2002a
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 250 day/yr USEPA, 2002a
ED Exposure Duration 1 yr USEPA, 2002a
BW Body Weight 70 kg USEPA, 2002a

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 365 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Dermal Resident Adult Exposure Areas USEPA, 1994
A4, A5, A6, B2, B5 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 5700 cm2 USEPA, 2004
EF Exposure Frequency 161 day/yr Site-specific [1]
ED Exposure Duration 24 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2004
AF Adherence Factor 0.07 mg/cm2-event USEPA, 2004

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

C:\Users\lmontplaisir\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\FEZCNMAF\
PRG Documenation Tables.xlsx, SO Page 2 of 7



Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)

Resident Child Exposure Areas USEPA, 1994
(ages 1 - 6) A4, A5, A6, B2, B5 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 2800 cm2 USEPA, 2004
EF Exposure Frequency 161 day/yr Site-specific [1]
ED Exposure Duration 6 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2004
AF Adherence Factor 0.2 mg/cm2-event USEPA, 2004

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

Recreational Adult Exposure Areas USEPA, 1994
Visitor A4, A5, A6, B2 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 5700 cm2 USEPA, 2004
EF Exposure Frequency 80 day/yr Assumption [3]
ED Exposure Duration 24 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2004
AF Adherence Factor 0.07 mg/cm2-event USEPA, 2004

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

Recreational Child Exposure Areas USEPA, 1994
Visitor (ages 1 - 6) A4, A5, A6, B2 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 2800 cm2 USEPA, 2004
EF Exposure Frequency 80 day/yr Assumption [3]
ED Exposure Duration 6 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2004
AF Adherence Factor 0.2 mg/cm2-event USEPA, 2004

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

Commercial / Adult Exposure Areas USEPA, 1994
Industrial No exposure areas DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004
Worker with risks above risk limits SA Skin Surface Area Available for Contact 3300 cm2 USEPA, 2002a
Indoor EF Exposure Frequency 161 day/yr Site-specific [10]

ED Exposure Duration 25 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2002a [10]
AF Adherence Factor 0.02 mg/cm2-event USEPA, 2004 [15]

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004 
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 9125 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

C:\Users\lmontplaisir\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\FEZCNMAF\
PRG Documenation Tables.xlsx, SO Page 3 of 7



Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)

Commercial / Adult Exposure Areas USEPA, 1994
Industrial No exposure areas DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004
Worker with inremental risks above SA Skin Surface Area Available for Contact 3300 cm2 USEPA, 2002a
Outdoor risk limits EF Exposure Frequency 161 day/yr Site-specific [10]

ED Exposure Duration 25 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2002a
AF Adherence Factor 0.2 mg/cm2-event USEPA, 2002a

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004 
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 9125 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

Construction Adult Exposure Areas USEPA, 1994
Worker A5, A6, B2 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 3300 cm2 USEPA, 2002a
EF Exposure Frequency 250 day/yr USEPA, 2002a
ED Exposure Duration 1 yr USEPA, 2002a
EV Events per Day 1 event/day USEPA, 2002a
AF Adherence Factor 0.3 mg/cm2-event USEPA, 2002a

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004 
BW Body Weight 70 kg USEPA, 2002a

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 365 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

External Resident Adult Exposure Areas USEPA, 1994
A4, A5, A6, B2, B5 EFi Exposure Frequency - indoor 350 day/yr USEPA, 2000

EFo Exposure Frequency - outdoor 186 day/yr Site-specific [1]
ED Exposure Duration 24 yr USEPA, 1994
ETo Exposure Time - outdoors 0.073 hr/hr USEPA, 2000 [4]
ETi Exposure Time - indoors 0.683 hr/hr USEPA, 2000 [5]
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor 0.4 unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption
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Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)

Resident Child Exposure Areas USEPA, 1994
(ages 1 - 6) A4, A5, A6, B2, B5 EFi Exposure Frequency - indoor 350 day/yr USEPA, 2000

EFo Exposure Frequency - outdoor 186 day/yr Site-specific [1]
ED Exposure Duration 6 yr USEPA, 1994
ETo Exposure Time - outdoors 0.125 hr/hr USEPA, 2002b [6]
ETi Exposure Time - indoors 0.833 hr/hr USEPA, 2002b [7]
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor 0.4 unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Recreational Adult Exposure Areas USEPA, 1994
Visitor A5, A6, B2, B5 EFi Exposure Frequency - indoor 0 day/yr Assumption [9]

EFo Exposure Frequency - outdoor 80 day/yr Assumption [3]
ED Exposure Duration 24 yr USEPA, 1994
ETo Exposure Time - outdoors 0.125 hr/hr Assumption [9]
ETi Exposure Time - indoors 0 hr/hr Assumption [9]
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor NA unitless Assumption [9]
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Recreational Child Exposure Areas USEPA, 1994
Visitor (ages 1 - 6) A5, A6, B2, B5 EFi Exposure Frequency - indoor 0 day/yr Assumption [9]

EFo Exposure Frequency - outdoor 80 day/yr Assumption [3]
ED Exposure Duration 6 yr USEPA, 1994
ETo Exposure Time - outdoors 0.125 hr/hr Assumption [9]
ETi Exposure Time - indoors 0 hr/hr Assumption [9]
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor NA unitless Assumption [9]
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Commercial / Adult Exposure Areas USEPA, 1994
Industrial No exposure areas EFi Exposure Frequency - indoor 250 day/yr USEPA, 2002a
Worker with inremental risks above EFo Exposure Frequency - outdoor 186 day/yr Site-specific [10]
Indoor risk limits ED Exposure Duration 25 yr USEPA, 1994

ETo Exposure Time - outdoors 0.042 hr/hr Assumption [10]
ETi Exposure Time - indoors 0.33 hr/hr USEPA, 2002a
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor 0.4 unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Commercial / Adult Exposure Areas USEPA, 1994
Industrial No exposure areas EFi Exposure Frequency - indoor 0 day/yr USEPA, 2002a
Worker with risks above risk limits EFo Exposure Frequency - outdoor 225 day/yr USEPA, 2002a
Outdoor ED Exposure Duration 25 yr USEPA, 1994

ETo Exposure Time - outdoors 0.33 hr/hr USEPA, 2002a
ETi Exposure Time - indoors 0 hr/hr USEPA, 2002a
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor NA unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption
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Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)

Construction Adult Exposure Areas USEPA, 1994
Worker A5, A6, B2 EFi Exposure Frequency - indoor 0 day/yr Assumption [11]

EFo Exposure Frequency - outdoor 250 day/yr USEPA, 2002a
ED Exposure Duration 1 yr USEPA, 2002a
ETo Exposure Time - outdoors 0.33 hr/hr USEPA, 2002a
ETi Exposure Time - indoors 0 hr/hr Assumption [11]
ACF Area Correction Factor 0.9 unitless USEPA, 2000
CF Conversion Factor 365 day/yr USEPA, 2000

SHFi Sheilding Factor - indoor NA unitless
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Produce Resident Adult Exposure Areas USEPA, 1994
Ingestion A1, A2, A3, A4 IR-V Ingestion Rate of Vegetables 700 g/day USEPA, 1997 [17]

A5, A6, A7, A8 IR-F Ingestion Rate of Fruit 840 g/day USEPA, 1997 [17]
B1, B2, B3, B4, B5 FI-V Fraction Vegetables Homegrown 0.038 unitless USEPA, 1997 [18]

FI-F Fration Fruite Homegrown 0.005 unitless USEPA, 1997 [18]
UPF Uptake Factor chemical-specific unitless USEPA, 2000
EF Exposure Frequency 350 day/yr USEPA, 2000
ED Exposure Duration 24 yr USEPA, 1994

Resident Child Exposure Areas USEPA, 1994
(ages 1 - 6) A1, A2, A3, A4 IR-V Ingestion Rate of Vegetables 150 g/day USEPA, 1997 [17]

A5, A6, A7, A8 IR-F Ingestion Rate of Fruit 180 g/day USEPA, 1997 [17]
B1, B2, B3, B4, B5 FI-V Fraction Vegetables Homegrown 0.038 unitless USEPA, 1997 [18]

FI-F Fration Fruite Homegrown 0.005 unitless USEPA, 1997 [18]
UPF Uptake Factor chemical-specific unitless USEPA, 2000
EF Exposure Frequency 350 day/yr USEPA, 2000
ED Exposure Duration 6 yr USEPA, 1994

USEPA, 1989. “Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A)”; Office of Emergency and Remedial Response; EPA-540/1-89/002 (interim final);  Washington, D.C., December. 
USEPA, 1994.  “Risk Updates No. 2”; USEPA Region I, Waste Management Division; August.  Values from "Attachment 2" to Risk Updates No. 2.
USEPA, 1997.  "Exposure Factors Handbook, Volume 1"; Office of Research and Development; EPA-600/P-95/002Fa; Washington, D.C.; August.
USEPA, 2000.  Soil Screening Guidance for Radionuclides: User's Guide.  Office of Radiation and Indoor Air.  EPA/540-R-00-007.  October.
USEPA, 2002a.  Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites.  OSWER 9355.4-24.  December.
USEPA, 2002b.  Child-Specific Exposure Factors Handbook.  NCEA.  EPA-600-P-00-002B.  September.
USEPA, 2004.  "Risk Assessment Guidance for Superfund.  Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
[1] - Per USEPA (1994), the exposure frequency is derived as a site-specific value that accounts for climactic conditions in Concord, MA.  Derivation of values is provided below.
[2] - Assumes that residents living at Exposure Areas A1 - A6 use 'B' Exposure Areas with frequency and intensity of a residential yard. 
[3] - Value assumes that area residents could be the passive recreational visitors under this land use; assumes that passive recreational visitation occurs on one-half of the days that residential outdoor activity would occur.
[4] - USEPA residential default; value corresponds to 1.75 hours per day outdoors at a place of residence.
[5] - USEPA residential default; value corresponds to 16.4 hours per day indoors at a place of residence.
[6] - Based on USEPA-recommended value of 3 hours per day outdoors at a place of residence.
[7] - Based on USEPA-recommended value of 20 hours per day indoors at a place of residence.
[8] - No buildings at 'B' exposure areas, therefore no time spent indoors.  Assumes that all time spent outdoors occurs at 'B' exposure areas on days when access to 'B' exposure areas occurs.
[9] - No buildings under assumed passive recreational use, therefore no time spent indoors.  The outdoor exposure times assumed to be 3 hours per visit, equal to the residential outdoor exposure time.
[10] - Assumes that employees are outdoors for passive activities such as walking during lunch break 1 hour per visit during periods of the year when outdoor activities occur; event frequency for outdoor activities is derived as described in Note [1]. 
[11] - Assumes that all construction work (e.g., excavation work) occurs outdoors.
[12] - Indoor based on long-term exposures; outdoor based on short-term exposures, moderate activities.  Child value is based on value for children ages 3 through 5, and adult value is based on average of adult males and females (EPA, 1997, Table 5-23)
[13] - Emission models are provided in Appendix D3 and D4.
[14] - Value for outdoor workers, short-term exposures, moderate activities (USEPA, 1997, Table 5-23)
[15] - Passive activities at these areas would not result in substantial soil contact.  The adherence value is the geometric mean value for commercial/industrial landscapers.
[16] - Assumes that a young child is attended to by an adult; therefore, the outdoor exposure time is equal to the adult exposure time.
[17] - 95th percentile per-capita vegetable intake ‘as eaten’ (Table 9-29)
[18] - Fraction of vegetable intake that is home-produced in the northeast U.S. (Table 13-71)
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Table 3 - Values Used For Intake Calculations in PRG Derivation - Soil
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Soil
Exposure Medium:  Soil (0 - 1 and 1 - 10 ft bgs)

NA - Not Applicable
kg - kilograms m3 - cubic meters ug - micrograms
cm2 - square centimeters mg - milligrams pCi - picocurie
g - grams yr - year hr - hour

Derivation of residential exposure frequencies:
Direct contact & dust inhalation:

365 days/year
-15 days/year (EPA default assumption that people are away from home 15 days per year)
-90 Days when ground is frozen (Dec, Jan, Feb) and direct contact cannot occur
-99 Average number of days with more than 0.01 inches of preciptiation Mar - Nov (NOAA; Worcester, MA:  http://ols.nndc.noaa.gov/plolstore/plsql/olstore.prodspecific?prodnum=C00095-PUB-A0001)
161 Days per year that direct conact exposures could potentially occur

External Exposure to ionizing radation:
365 days/year
-15 days/year (EPA default assumption that people are away from home 15 days per year)
-30 Days per year when ground is snow-covered (conservatively estimated as 1/3 of the days Dec - Feb).
-35 Average number of days with more than 0.01 inches of preciptiation Dec - Feb (NOAA; Worcester, MA:  http://ols.nndc.noaa.gov/plolstore/plsql/olstore.prodspecific?prodnum=C00095-PUB-A0001)
-99 Average number of days with more than 0.01 inches of preciptiation Mar - Nov (NOAA; Worcester, MA:  http://ols.nndc.noaa.gov/plolstore/plsql/olstore.prodspecific?prodnum=C00095-PUB-A0001)
186 Days per year that external exposures to radiation could potentially occur
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Table 4 - Values Used For Intake Calculations in PRG Derivation - Sediment
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Ingestion Abutting Adult Exposure Areas
Resident / SW/SD-3

Recreational (wading) IR-S Ingestion Rate of Sediment 100 mg/day USEPA, 1994
Visitor FI Fraction Ingested 1 unitless Assumption

EF Exposure Frequency 26 day/yr Assumption [1]
ED Exposure Duration 24 yr USEPA, 1994
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Abutting Child Exposure Areas
Resident / (ages 1 - 6) SW/SD-3

Recreational (wading) IR-S Ingestion Rate of Sediment 200 mg/day USEPA, 1994
Visitor FI Fraction Ingested 1 unitless Assumption

EF Exposure Frequency 26 day/yr Assumption [2]
ED Exposure Duration 6 yr USEPA, 1994
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF1 Conversion Factor 1.0.E-06 kg/mg
CF2 Conversion Factor 1.0E-03 g/mg

Dermal Abutting Adult Exposure Areas
Resident / SW/SD-3 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

Recreational (wading) SA Skin Surface Area Available for Contact 2970 cm2 USEPA, 1997 [3]
Visitor EF Exposure Frequency 26 day/yr Assumption [1]

ED Exposure Duration 24 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2004
AF Adherence Factor 0.3 mg/cm2-event USEPA, 2004 [4]

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

Abutting Child Exposure Areas
Resident / (ages 1 - 6) SW/SD-3 DAevent Dose Absorbed Per Event chemical-specific mg/cm2-event USEPA, 2004

Recreational (wading) SA Skin Surface Area Available for Contact 1560 cm2 USEPA, 1997 [3]
Visitor EF Exposure Frequency 26 day/yr Assumption [2]

ED Exposure Duration 6 yr USEPA, 1994
EV Events per Day 1 event/day USEPA, 2004
AF Adherence Factor 0.3 mg/cm2-event USEPA, 2004 [4]

ABSd Dermal Absorption Factor chemical-specific unitless USEPA, 2004
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF Conversion Factor 1.00E-06 kg/mg

Scenario Timeframe: Future Land Use 
Medium:  Sediment
Exposure Medium:  Partially Submerged Sediment
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Table 4 - Values Used For Intake Calculations in PRG Derivation - Sediment
Nuclear Metals Superfund Site

Exposure Route Receptor Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Sediment
Exposure Medium:  Partially Submerged Sediment

USEPA, 1989. “Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A)”; Office of Emergency and Remedial Response; EPA-540/1-89/002 (interim final);  Washington, D.C., December. 
USEPA, 1994.  “Risk Updates No. 2”; USEPA Region I, Waste Management Division; August.  Values from "Attachment 2" to Risk Updates No. 2.
USEPA, 1997.  "Exposure Factors Handbook, Volume 1"; Office of Research and Development; EPA-600/P-95/002Fa; Washington, D.C.; August.
USEPA, 2000.  Soil Screening Guidance for Radionuclides: User's Guide.  Office of Radiation and Indoor Air.  EPA/540-R-00-007.  October.
USEPA, 2004.  "Risk Assessment Guidance for Superfund.  Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
[1] - Assumes 2 events per week during June, July, and August.
[2] - Assumes the same exposure frequency as adults.  This is conservative for young children who are unlikely to wade in the Site surface water bodies.  However, use of this exposure frequency for both the young child and adult ensures that risks for 
     older children (who are more likely to wade at this frequency) are not under estimated.
[3] - Surface area for lower legs, feet, and hands used for child, and surface area for feet and hands used for adult.  Calculated as average areas for males and females, for ages 1 through 6 and older than 18 (used for adults).
[4] - Geometric mean value for reed gatherers.  Value is conservative; since sediment is submerged, it is unlikely that any substantial adherence will occur.

NA - Not Applicable
kg - kilograms yr - year hr - hour
cm2 - square centimeters mg - milligrams
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Table 5 - Values Used For Intake Calculations in PRG Derivation - Groundwater
Nuclear Metals Superfund Site

Exposure Route Receptor 
Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Ingestion Resident Adult Overburden and 
bedrock wells

IR-W Ingestion Rate of Water 2 l/day USEPA, 1994
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 350 day/yr USEPA, 1994
ED Exposure Duration 24 yr USEPA, 1994
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED

Child Overburden and 
(ages 1-6) bedrock wells

IR-W Ingestion Rate of Water 1 l/day USEPA, 1997
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 350 day/yr USEPA, 1994
ED Exposure Duration 6 yr USEPA, 1994
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED

Dermal Resident Adult Overburden and 
bedrock wells DAevent Permeability Constant Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 18000 cm2 USEPA, 2004 [1]
tevent Exposure Time 0.58 hr/event USEPA, 2004

EF Exposure Frequency 350 day/yr USEPA, 1994
ED Exposure Duration 24 yr USEPA, 1994
EV Event Frequency 1 event/day USEPA, 2004
BW Body Weight 70 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF Conversion Factor 0.001 l/cm3

Child Overburden and 
(ages 1-6) bedrock wells DAevent Permeability Constant Per Event chemical-specific mg/cm2-event USEPA, 2004

SA Skin Surface Area Available for Contact 6600 cm2 USEPA, 2004 [1]
tevent Exposure Time 1.0 hr/event USEPA, 2004

EF Exposure Frequency 350 day/yr USEPA, 1994
ED Exposure Duration 6 yr USEPA, 1994
EV Event Frequency 1 event/day USEPA, 2004
BW Body Weight 15 kg USEPA, 1994

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF Conversion Factor 0.001 l/cm3

Scenario Timeframe: Future Land Use 
Medium:  Groundwater
Exposure Medium:  Groundwater used as potable water
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Table 5 - Values Used For Intake Calculations in PRG Derivation - Groundwater
Nuclear Metals Superfund Site

Exposure Route Receptor 
Population Receptor Age Exposure Points Parameter Code Parameter Definition Value Units Rationale/ Reference

Scenario Timeframe: Future Land Use 
Medium:  Groundwater
Exposure Medium:  Groundwater used as potable water

Vapor Resident Adult Bathroom air
Inhalation (during and after-bathing)

EF Exposure Frequency 350 event/yr USEPA, 1994
ED Exposure Duration 24 yr USEPA, 1994
ET Exposure Time 24 hr/event Assumption
K Andelman Volatilization Factor 0.5 l/m3 USEPA, 2010

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 8760 day USEPA, 1989 / equal to ED
CF Conversion Factor 24 hr/day

Resident Child Bathroom air
(ages 1-6) (during and after-bathing)

EF Exposure Frequency 350 event/yr USEPA, 1994
ED Exposure Duration 6 yr USEPA, 1994
ET Exposure Time 24 hr/event Assumption
K Andelman Volatilization Factor 0.5 l/m3 USEPA, 2010

AT-C Averaging Time (Cancer) 25550 day USEPA, 1989
AT-N Averaging Time (Non-Cancer) 2190 day USEPA, 1989 / equal to ED
CF Conversion Factor 24 hr/day

 
USEPA, 1989. “Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A)”; Office of Emergency and Remedial Response; EPA-540/1-89/002 (interim final);  Washington, D.C., December. 
USEPA, 1994.  “Risk Updates No. 2”; USEPA Region I, Waste Management Division; August.  Values from "Attachment 2" to Risk Updates No. 2.
USEPA, 1997.  "Exposure Factors Handbook, Volume 1"; Office of Research and Development; EPA-600/P-95/002Fa; Washington, D.C.; August.
USEPA, 2004.  "Risk Assessment Guidance for Superfund.  Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
USEPA, 2010.  "Regional Screening Level Table; User's Guide" May.  www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm  
[1] - Whole-body surface areas; values are recommended for evaluating residential exposures to water during showering/bathing.

mg - milligrams cm3 - cubic centimeters hr - hour pCi - picocurie
ug - micrograms m3 - cubic meters l - liter
cm2 - square centimeters yr - year kg - kilograms
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Table 6 - Cancer Toxicity Data - Oral/Dermal
Nuclear Metals Superfund Site

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral Cancer Slope Factor

of Potential  Efficiency for Dermal (1) for Dermal (2) Cancer Guideline

Concern Value Units Value Units Description Source(s) Date(s)

VOLATILES

1,1-Dichloroethane 5.7E-03 (mg/kg/day) -1 100% 5.7E-03 (mg/kg/day) -1 NA CALEPA July 2009

Tetrachloroethene 2.1E-03 (mg/kg/day) -1 100% 2.1E-03 (mg/kg/day) -1 Likely to be carcinogenic in humans IRIS April-13

Trichloroethene - kidney (see note) 9.3E-03 (mg/kg/day) -1 100% 9.3E-03 (mg/kg/day) -1 Carcinogenic to humans IRIS April-13

Trichloroethene - Liver & NHL (see note) 3.6E-02 (mg/kg/day) -1 100% 3.6E-02 (mg/kg/day) -1 Carcinogenic to humans IRIS April-13

Vinyl Chloride (adult only) 7.2E-01 (mg/kg/day) -1 100% 7.2E-01 (mg/kg/day) -1 Known carcinogen IRIS April-13

Vinyl Chloride (child and adult) 1.4E+00 (mg/kg/day) -1 100% 1.4E+00 (mg/kg/day) -1 Known carcinogen IRIS April-13

SEMIVOLATILES

1,4-Dioxane 1.0E-01 (mg/kg/day) -1 100% 1.0E-01 (mg/kg/day) -1 B2 IRIS April-13

Benzo(a)anthracene 7.3E-01 (mg/kg/day) -1 89% 7.3E-01 (mg/kg/day) -1 B2 ECAO November-13

Benzo(a)pyrene 7.3E+00 (mg/kg/day) -1 89% 7.3E+00 (mg/kg/day) -1 B2 IRIS April-13

Benzo(b)fluoranthene 7.3E-01 (mg/kg/day) -1 89% 7.3E-01 (mg/kg/day) -1 B2 ECAO November-13

Bis(2-ethylhexyl)phthalate (BEHP) 1.4E-02 (mg/kg/day) -1 100% 1.4E-02 (mg/kg/day) -1 B2 IRIS April-13

Indeno(1,2,3-cd)pyrene 7.3E-01 (mg/kg/day) -1 89% 7.3E-01 (mg/kg/day) -1 B2 ECAO November-13

PESTICIDES/PCBs

Aroclor-1254 2.0E+00 (mg/kg/day) -1 80% 2.0E+00 (mg/kg/day) -1 See PCBs

Aroclor 1260 2.0E+00 (mg/kg/day) -1 80% 2.0E+00 (mg/kg/day) -1 See PCBs

INORGANICS/METALS

Arsenic 1.5E+00 (mg/kg/day) -1 95% 1.5E+00 (mg/kg/day) -1 A IRIS April-13

Barium NA NA D IRIS April-13

Chromium VI 5.0E-01 (mg/kg/day) -1 2.5% 1.3E-02 (mg/kg/day) -1 NJDEP November-13

Cobalt NA NA ND

Copper NA NA D IRIS April-13

Iron NA NA ND

Manganese NA NA D IRIS April-13

Molybdenum NA NA ND IRIS April-13

Nitrate NA NA ND IRIS April-13

Nitrite NA NA ND IRIS April-13

Thorium NA NA NA IRIS April-13

Uranium (elemental, soluble salts) NA NA NA IRIS April-13
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Table 6 - Cancer Toxicity Data - Oral/Dermal
Nuclear Metals Superfund Site

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral Cancer Slope Factor

of Potential  Efficiency for Dermal (1) for Dermal (2) Cancer Guideline

Concern Value Units Value Units Description Source(s) Date(s)

Notes: mg = milligram

In accordance with OSWER 9285.7-53, slope factors are identified from the following heirarchy of sources: kg = kilogram

Tier 1: BW = body weight

IRIS = Integrated Risk Information System: April-13 NA = not applicable

Tier 2:

PPRTV = Preliminary Peer-Reviewed Reference Toxicity Value November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

Tier 3:

HEAST97= Health Effects Assessment Summary Tables: FY 1997 From HEAST FY 1997 Update

HEAST= Health Effects Assessment Summary Tables: November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

CALEPA - California Environmental Protection Agency July 2009

In addition, provisional RfDs developed by NCEA are presented for informational purposes and to be used on a case-by-case basis:

ECAE =  Environmental Criteria Assessment Office: November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

WHO = World Health Organization November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

NJDEP - New Jersey Department of Environmental Protection November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

(1) Values obtained from RAGS Volume 1 (Part E, Supplemental Guidance for Dermal Risk Assessment, Interim Guidance) (EPA, 2004) Weight of Evidence:

       Per this guidance, a value of 100% is used for analytes without published values.      A - Human carcinogen

(2)  Adjusted Dermal SF = Oral SF / Oral to Dermal Adjustment Factor.  Per RAGS Part E (USEPA, 2004), adjustments are only performed      B1 - Probable human carcinogen - indicates that limited human data are available

       for chemicals that have an oral absorption efficiency of less than 50%.      B2 - Probable human carcinogen - indicates sufficient evidence in animals 

For trichloroethene, carcinogenic effects to the kidney are associated with a mutagenic mode of action, where as carcinogenic effects to the liver           and inadequate or no evidence in humans 

and other targets are not associated with a mutagenic moe of action.  Per EPA guidance, the slope factor of 4.6E-02 per mg/kg/day is separated into      C - Possible human carcinogen

a slope factor for mutagenic effects to the kidney, and a slope factor for non-mutagenic effecs to othter targets.      D - Not classifiable as a human carcinogen

PCB slope factors are applicable to Aroclors 1016, 1248, 1254, and 1260.

[a] - The RfD for chloroform is protective for cancer risk.

[b] - Slope Factor for Benzo(a)Pyrene used for other carcinogenic PAHs, adjusted by Relative Potency Factors of 1.0 [benzo(a)pyrene,dibenz(a,h)anthracene]; 0.1 [benzo(a)anthracene, benzo(b)flouoranthene,

      indeno(1,2,3-c,d)pyrene]; 0.01 [benzo(k)fluoranthene]; 0.001 [chrysene].
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Table 7 - Cancer Toxicity Data - Inhalation
Nuclear Metals Superfund Site

Chemical Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ Unit Risk: Inhalation Cancer Slope Factor

of Potential Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

VOLATILES

1,1-Dichloroethane 1.6E-06 (ug/m3)-1 NA NA CALEPA July 2009

Tetrachloroethene 2.6E-07 (ug/m3)-1 NA Likely carcinogenic in humans IRIS April-13

Trichloroethene - kidney (see note) 1.0E-06 (ug/m3)-1 NA Carcinogenic to humans IRIS April-13

Trichloroethene - Liver & NHL (see note) 3.1E-06 (ug/m3)-1 NA Carcinogenic to humans IRIS April-13

Vinyl Chloride (adult only) 4.4E-06 (ug/m3)-1 NA Known human carcinogen IRIS April-13

Vinyl Chloride (adult and child) 8.8E-06 (ug/m3)-1 NA Known human carcinogen IRIS April-13

SEMIVOLATILES

1,4-Dioxane 7.7E-06 (ug/m3)-1 NA NA CALEPA July 2009

Benzo(a)anthracene 1.1E-04 (ug/m3)-1 NA B2 CALEPA July 2009

Benzo(a)pyrene 1.1E-03 (ug/m3)-1 NA B2 CALEPA July 2009

Benzo(b)fluoranthene 1.1E-04 (ug/m3)-1 NA B2 CALEPA July 2009

bis(2-ethylhexyl)phthalate (BEHP) 2.4E-06 (ug/m3)-1 NA NA CALEPA July 2009

Indeno(1,2,3-cd)pyrene 1.1E-04 (ug/m3)-1 NA B2 CALEPA July 2009

PESTICIDES/PCBs

Aroclor 1254 5.7E-04 (ug/m3)-1 NA B2 See PCBs

Aroclor 1260 5.7E-04 (ug/m3)-1 NA B2 See PCBs

INORGANICS/METALS

Arsenic 4.3E-03 (ug/m3)-1 NA A IRIS April-13

Barium NA NA D IRIS April-13

Chromium VI 8.4E-02 (ug/m3)-1 NA Known human carcinogen IRIS April-13

Cobalt 2.5E-06 (ug/m3)-1 NA ND PPRTV November-13

Copper NA NA D IRIS April-13

Iron NA NA ND

Manganese NA NA D IRIS April-13

Molybdenum NA NA ND IRIS April-13

Nitrate NA NA ND IRIS April-13

Nitrite NA NA ND IRIS April-13

Thorium NA NA NA IRIS April-13

Uranium (elemental, soluble salts) NA NA NA IRIS April-13

C:\Users\lmontplaisir\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\FEZCNMAF\
PRG Documenation Tables.xlsx, CAN-I Page 1 of 2



Table 7 - Cancer Toxicity Data - Inhalation
Nuclear Metals Superfund Site

Chemical Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ Unit Risk: Inhalation Cancer Slope Factor

of Potential Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

Notes:

In accordance with OSWER 9285.7-53, unit risk values are identified from the following heirarchy of sources:

Tier 1:

IRIS = Integrated Risk Information System: April-13

Tier 2:

PPRTV = Preliminary Peer-Reviewed Reference Toxicity Value Nov-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

Tier 3:

HEAST-97= Health Effects Assessment Summary Tables: FY 1997 From HEAST FY 1997 Update

HEAST= Health Effects Assessment Summary Tables: Nov-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

CALEPA - California Environmental Protection Agency July 2009

In addition, provisional RfDs developed by NCEA are presented for informational purposes and to be used on a case-by-case basis:

ECAO =  Environmental Criteria Assessment Office: Nov-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites
              

Weight of Evidence:

     A - Human carcinogen

     B1 - Probable human carcinogen - indicates that limited human data are available

     B2 - Probable human carcinogen - indicates sufficient evidence in animals 

          and inadequate or no evidence in humans 

     C - Possible human carcinogen

     D - Not classifiable as a human carcinogen

For trichloroethene, carcinogenic effects to the kidney are associated with a mutagenic mode of action, where as carcinogenic effects to the liver mg = milligram

and other targets are not associated with a mutagenic moe of action.  Per EPA guidance, the unit risk of 4.1E-06 per ug/m3 is separated into ug = microgram

a unit risk for mutagenic effects to the kidney, and a unit risk for non-mutagenic effecs to othter targets. kg = kilogram

    PAHs, adjusted by Relative Potency Factors of 1.0 [benzo(a)pyrene, m3 = cubic meter

    dibenz(a,h)anthracene]; 0.1 [benzo(a)anthracene, benzo(b)flouoranthene, BW = body weight

    indeno(1,2,3-c,d)pyrene]; 0.01 [benzo(k)fluoranthene]; 0.001 [chrysene]. ND = no data available
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Table 8 - Non-Cancer Toxicity Data - Oral/Dermal
Nuclear Metals Superfund Site

Chemical Chronic/ Oral RfD Oral Absorption Adjusted Dermal RfD (2) Primary Target Organ or System / Critical Effect Combined RfD: Target Organ(s)

of  Potential Subchronic Value Units Efficiency for Dermal (1) Value Units Uncertainty/Modifying Source(s) Date(s)

Concern Factors

VOLATILES

1,1-Dichloroethane chronic 2.0E-01 mg/kg/day 100% 2.0E-01 mg/kg/day Kidney; renal injury 3,000 PPRTV November-13

subchronic 2.0E+00 mg/kg/day 100% 2.0E+00 mg/kg/day Kidney; renal injury 300 PPRTV November-13

Tetrachloroethene chronic 6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day CNS; neurotoxicity 100 IRIS April-13

subchronic 6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day CNS; neurotoxicity 100 Chronic

Trichloroethene chronic 5.0E-04 mg/kg/day 100% 5.0E-04 mg/kg/day Immunological 10 to 1000 IRIS April-13

subchronic 5.0E-04 mg/kg/day 100% 5.0E-04 mg/kg/day Immunological 10 to 1000 Chronic

Vinyl Chloride chronic 3.0E-03 mg/kg/day 100% 3.0E-03 mg/kg/day Liver; liver cell polymorphism 30/1 IRIS April-13

subchronic 3.0E-03 mg/kg/day 100% 3.0E-03 mg/kg/day Liver; liver cell polymorphism 30/1 Chronic

SEMIVOLATILES

1,4-Dioxane chronic 3.0E-02 mg/kg/day 100% 3.0E-02 mg/kg/day Liver 100 IRIS April-13

subchronic 6.0E-01 mg/kg/day 100% 6.0E-01 mg/kg/day Liver 100 MRL February-12

Benzo(a)anthracene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney; renal tubular pathology 3,000/1 Surrogate (2)

subchronic 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney; renal tubular pathology 300/1 Surrogate (2)

Benzo(a)pyrene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney; renal tubular pathology 3,000/1 Surrogate (2)

subchronic 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney; renal tubular pathology 300/1 Surrogate (2)

Benzo(b)fluoranthene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney; renal tubular pathology 3,000/1 Surrogate (2)

subchronic 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney; renal tubular pathology 300/1 Surrogate (2)

Bis(2-ethylhexyl)phthalate (BEHP) chronic 2.0E-02 mg/kg/day 100% 2.0E-02 mg/kg/day Liver; increased liver weight 1,000/1 IRIS April-13

subchronic 1.0E-01 mg/kg/day 100% 1.0E-01 mg/kg/day Reproductive 100 MRL February-12

Indeno(1,2,3-cd)pyrene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney; renal tubular pathology 3,000/1 Surrogate (2)

subchronic 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney; renal tubular pathology 300/1 Surrogate (2)

PESTICIDES/PCBs

Aroclor-1254 chronic 2.0E-05 mg/kg/day 80% 2.0E-05 mg/kg/day Immune system; immunotoxicity 300/1 IRIS April-13

subchronic 5.0E-05 mg/kg/day 80% 5.0E-05 mg/kg/day Immune system; immunotoxicity 300/1 MRL February-12

Aroclor 1260 chronic 2.0E-05 mg/kg/day 80% 2.0E-05 mg/kg/day Immune system; immunotoxicity 300/1 Surrogate

subchronic 5.0E-05 mg/kg/day 80% 5.0E-05 mg/kg/day Immune system; immunotoxicity 300/1 Surrogate

INORGANICS/METALS

Arsenic chronic 3.0E-04 mg/kg/day 95% 3.0E-04 mg/kg/day Skin; keratosis and hyperpigmentation 3/1 IRIS April-13

subchronic 3.0E-04 mg/kg/day 95% 3.0E-04 mg/kg/day Skin; keratosis and hyperpigmentation 3/1 HEAST97 FY 1997

Barium chronic 2.0E-01 mg/kg/day 7% 1.4E-02 mg/kg/day Kidney; nephropathy 300/1 IRIS April-13

subchronic 2.0E-01 mg/kg/day 7% 1.4E-02 mg/kg/day Kidney 300 MRL February-12

Chromium VI chronic 3.0E-03 mg/kg/day 2.5% 7.5E-05 mg/kg/day No effects observed 300/3 IRIS April-13

subchronic 2.0E-02 mg/kg/day 2.5% 5.0E-04 mg/kg/day No effects observed 300/1 HEAST97 FY 1997

Cobalt chronic 3.0E-04 mg/kg/day 100% 3.0E-04 mg/kg/day Thyroid; decreased iodine updake 3,000 PPRTV November-13

subchronic 3.0E-03 mg/kg/day 100% 3.0E-03 mg/kg/day Thyroid; decreased iodine updake 300 PPRTV November-13

Copper chronic 4.0E-02 mg/kg/day 100% 4.0E-02 mg/kg/day HEAST November-13

subchronic 4.0E-02 mg/kg/day 100% 4.0E-02 mg/kg/day Chronic

Iron chronic 7.0E-01 mg/kg/day 100% 7.0E-01 mg/kg/day GI system; gastrointestinal effects 1.5 PPRTV November-13

subchronic 7.0E-01 mg/kg/day 100% 7.0E-01 mg/kg/day GI system; gastrointestinal effects 1.5 PPRTV November-13

Manganese (drinking water) chronic 2.4E-02 mg/kg/day 4% 9.6E-04 mg/kg/day CNS; Impairment of neurobehavioral function 1/3 IRIS April-13

subchronic 2.4E-02 mg/kg/day 4% 9.6E-04 mg/kg/day CNS; Impairment of neurobehavioral function 1/3 Chronic

Molybdenum chronic 5.0E-03 mg/kg/day 100% 5.0E-03 mg/kg/day Kidney; increased uric acid levels 30/1 IRIS April-13

subchronic 5.0E-03 mg/kg/day 100% 5.0E-03 mg/kg/day Kidney; increased uric acid levels 30/1 Chronic
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Table 8 - Non-Cancer Toxicity Data - Oral/Dermal
Nuclear Metals Superfund Site

Chemical Chronic/ Oral RfD Oral Absorption Adjusted Dermal RfD (2) Primary Target Organ or System / Critical Effect Combined RfD: Target Organ(s)

of  Potential Subchronic Value Units Efficiency for Dermal (1) Value Units Uncertainty/Modifying Source(s) Date(s)

Concern Factors

Nitrate chronic 1.6E+00 mg/kg/day 100% 1.6E+00 mg/kg/day Hematological; early clinical signs of methemoglobinemia 1/1 IRIS April-13

subchronic 1.6E+00 mg/kg/day 100% 1.6E+00 mg/kg/day Hematological; early clinical signs of methemoglobinemia 1/1 Chronic

Nitrite chronic 1.0E-01 mg/kg/day 100% 1.0E-01 mg/kg/day Hematological; methemoglobinemia 1/10 IRIS April-13

subchronic 1.0E-01 mg/kg/day 100% 1.0E-01 mg/kg/day Hematological; methemoglobinemia 1/10 HEAST97 FY 1997

Thorium chronic ND ND

subchronic ND ND

Uranium (elemental, soluble salts) chronic 6.0E-04 mg/kg/day 100% 6.0E-04 mg/kg/day Kidney; nephrotoxicity 100 EPA

subchronic 2.0E-03 mg/kg/day 100% 2.0E-03 mg/kg/day Kidney 30 MRL February-12

Notes: Checked by: JHP 5/6/12

In accordance with OSWER 9285.7-53, chronic RfDs are identified from the following heirarchy of sources:

Tier 1:

IRIS = Integrated Risk Information System: April-13

Tier 2: mg = milligram

PPRTV = Preliminary Peer-Reviewed Toxicity Value: November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites kg = kilogram

Tier 3: surrogate - a value for a closely related chemical is used as the RfD

HEAST97= Health Effects Assessment Summary Tables: FY 1997 From HEAST FY 1997 Update BW = body weight

HEAST= Health Effects Assessment Summary Tables: November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites chronic - the chronic value is used as the subchronic RfD

MRL = Minimum Risk Level (ATSDR: chronic MRLs): February-12 ND = no data available

REL - CALEPA December-08

In addition, provisional RfDs developed by NCEA are presented for informational purposes and to be used on a case-by-case basis:

Subchronic RfDs are obtained from:

- ATSDR: Intermitent MRLs

- HEAST: subchronic RfDs (from HEAST FY 1997)

- Equal to chronic RfDs when values are not published in HEAST or by ATSDR

(1) Values obtained from RAGS Volume 1 (Part E, Supplemental Guidance for Dermal Risk Assessment, Interim Guidance) (EPA, 2004)

       Per this guidance, a value of 100% is used for analytes without published values.

(2)  Adjusted Dermal RfD = Oral RfD x Oral to Dermal Adjustment Factor.  Per RAGS Part E (USEPA, 2004), adjustments are only performed 

       for chemicals that have an oral absorption efficiency of less than 50%.

The RfD for uranium of 6E-04 mg/kg/day was developed by EPA Office of Water in support of the MCL for uranium, and was published in the Federal Register (Thursday, December 7, 2000).

Per USEPA Region I "Risk Updates, No. 5", (August, 1999), Non-carcinogenic PAHs without published RfDs should be evaluated using the published RfD for a structurally similar PAH.

     Surrogate (2) - Value for pyrene used as a surrogate

For Manganese in drinking water:  As recommended by USEPA Region I Risk Update, a non-dietary RfD is obtained by subtracting typical 

  dietary intake of manganese (5 mg/kday) from critical dose (10 mg/day). Non-dietary RfD is then adjusted with 

  dietary intake of manganese (5 mg/kday) from critical dose (10 mg/day).   A modifying factor of 1 is then applied, per USEPA Region 1.

Vanadium - Region 1 - RfD for vanadium is the RfD for Vanadium pentoxide of 9E-3, adjusted for the amount of vanadium in vanadium pentoxide (56%), per USEPA Region I.

     Surrogate (1) - Value for acenaphthene used as a surrogate

RfD for Aroclor 1254 used as surrogate for other PCB congeners with no published RfDs
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Table 9 - Non-Cancer Toxicity Data - Inhalation
Nuclear Metals Superfund Site

Chemical Chronic/ Inhalation RfC (1) Extrapolated RfD Primary Target Organ or System / Combined RfC: Target Organ(s)

of  Potential Subchronic Value Units Value Units Critical Effect Uncertainty/Modifying Source(s) Date(s)

Concern Factors

VOLATILES

1,1-Dichloroethane chronic 5.0E+00 mg/m3 NA Kidney Subchronic

subchronic 5.0E+00 mg/m3 NA Kidney 100 HEAST97 FY 1997

Tetrachloroethene chronic 4.0E-02 mg/m3 NA CNS; neurotoxicity 100 IRIS April-13

subchronic 4.0E-02 mg/m3 NA CNS; neurotoxicity 100 Chronic

Trichloroethene chronic 2.0E-03 mg/m3 NA Immunological 10 to 1000 IRIS April-13

subchronic 5.4E-01 mg/m3 NA Neurological 300 MRL February-12

Vinyl Chloride chronic 1.0E-01 mg/m3 NA Liver; liver cell polymorphism 30/1 IRIS April-13

subchronic 1.0E-01 mg/m3 NA Liver; liver cell polymorphism 30/1 Chronic

SEMIVOLATILES

1,4-Dioxane chronic 3.0E+00 mg/m3 NA Liver 30 REL December 2008

subchronic 3.6E+00 mg/m3 NA Liver 30 MRL February-12

Benzo(a)anthracene chronic ND NA IRIS April-13

subchronic ND NA

Benzo(a)pyrene chronic ND NA IRIS April-13

subchronic ND NA

Benzo(b)fluoranthene chronic ND NA IRIS April-13

subchronic ND NA

Bis(2-ethylhexyl)phthalate (BEHP) chronic ND NA IRIS April-13

subchronic ND NA

Indeno(1,2,3-cd)pyrene chronic ND NA IRIS April-13

subchronic ND NA

PESTICIDES/PCBs

Aroclor-1254 chronic ND NA IRIS April-13

subchronic ND NA

Aroclor 1260 chronic ND NA IRIS April-13

subchronic ND NA

INORGANICS/METALS

Arsenic chronic 1.5E-05 mg/m3 NA Developmental; cardiovascular; CNS REL December 2008

subchronic 1.5E-05 mg/m3 NA Developmental; cardiovascular; CNS Chronic

Barium chronic 5.0E-04 mg/m3 NA Developmental; fetotoxicity 1,000 HEAST November-13

subchronic 5.0E-03 mg/m3 NA Developmental; fetotoxicity 100 HEAST97 FY 1997

Chromium VI chronic 1.0E-04 mg/m3 NA Lung; enzyme alterations 300/1 IRIS April-13

subchronic 1.0E-04 mg/m3 NA Lung; enzyme alterations 300/1 Chronic

Cobalt chronic 6.0E-06 mg/m3 NA Respiratory; lung function 300 PPRTV November-13

subchronic 2.0E-05 mg/m3 NA Respiratory; lung function 100 PPRTV November-13

Copper chronic ND NA IRIS April-13

subchronic ND NA
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Table 9 - Non-Cancer Toxicity Data - Inhalation
Nuclear Metals Superfund Site

Chemical Chronic/ Inhalation RfC (1) Extrapolated RfD Primary Target Organ or System / Combined RfC: Target Organ(s)

of  Potential Subchronic Value Units Value Units Critical Effect Uncertainty/Modifying Source(s) Date(s)

Concern Factors

Iron chronic ND NA

subchronic ND NA

Manganese chronic 5.0E-05 mg/m3 NA CNS; impairment of neurobehavioral function 1,000/1 IRIS April-13

subchronic 5.0E-05 mg/m3 NA CNS; impairment of neurobehavioral function 1,000/1 Chronic

Molybdenum chronic ND NA IRIS April-13

subchronic ND NA

Nitrate chronic ND NA IRIS April-13

subchronic ND NA

Nitrite chronic ND NA IRIS April-13

subchronic ND NA

Thorium chronic ND NA

subchronic ND NA

Uranium (elemental, soluble salts) chronic 3.0E-04 mg/m3 NA Kidney 90 MRL February-12

subchronic 4.0E-04 mg/m3 NA Kidney 30 MRL February-12

Notes:

In accordance with OSWER 9285.7-53, chronic RfDs are identified from the following heirarchy of sources: Checked by: JHP 5/6/12

Tier 1:

IRIS = Integrated Risk Information System: April-13

Tier 2:

PPRTV = Preliminary Peer-Reviewed Toxicity Value: November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

Tier 3:

HEAST97= Health Effects Assessment Summary Tables: FY 1997 From HEAST FY 1997 Update

HEAST= Health Effects Assessment Summary Tables: November-13 Obtained from Oak Ridge National Laboratory Regional Screening Levels for Chemical Contaminants at Superfund Sites

MRL = Minimum Risk Level (ATSDR: chronic MRLs): February-12

REL - CALEPA December 2008 mg = milligram

In addition, provisional RfDs developed by NCEA are presented for informational purposes and to be used on a case-by-case basis: kg = kilogram

NCEA = National Center for Environmental Assessment: September 2004 Obtained from Region IX PRG Table ug - microgram

April 2007 Obtained from Region III RBC Table m3 - cubic meter

Subchronic RfDs are obtained from: BW = body weight

- ATSDR: Intermitent MRLs ND = no data

- HEAST: subchronic RfDs (from HEAST FY 1997) NA = not applicable

- Equal to chronic RfDs when values are not published in HEAST or by ATSDR

chronic - the chronic value is used as the subchronic RfD

Value for chromium VI particulates; value for chromium VI as dissolved chromium VI aerosols or chromic acid mists is 8E-6 mg/m3
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Table 10 - Cancer Toxicity Data - Radionuclides
Nuclear Metals Superfund Site

Chemical
Water Ingestion

Cancer Slope Factor
Food Ingestion

Cancer Slope Factor

Soil Ingestion - Whole 
Population

Cancer Slope Factor
Soil Ingestion - Adult
Cancer Slope Factor

Inhalation
Cancer Slope Factor

External Exposure
Cancer Slope Factor

Source of Cancer Slope 
Factor

of  Potential       
Concern Value Units Value Units Value Units Value Units Value Units Value Units Source(s) Date(s)

Ac-227+D 4.86E-10 Risk/pCi 6.53E-10 Risk/pCi 1.16E-09 Risk/pCi 3.45E-10 Risk/pCi 2.09E-07 Risk/pCi 1.47E-06 Risk/y per pCi/g HEAST01 April-01
Bi-210 8.92E-12 Risk/pCi 1.30E-11 Risk/pCi 2.55E-11 Risk/pCi 3.74E-12 Risk/pCi 3.17E-10 Risk/pCi 2.76E-09 Risk/y per pCi/g HEAST01 April-01
Pb-210 8.81E-10 Risk/pCi 1.18E-09 Risk/pCi 1.84E-09 Risk/pCi 5.99E-10 Risk/pCi 2.77E-09 Risk/pCi 1.41E-09 Risk/y per pCi/g HEAST01 April-01
Po-210 3.77E-10 Risk/pCi 2.25E-09 Risk/pCi 7.96E-10 Risk/pCi 2.96E-10 Risk/pCi 1.08E-08 Risk/pCi 3.95E-11 Risk/y per pCi/g HEAST01 April-01
Ra-226+D 3.86E-10 Risk/pCi 5.15E-10 Risk/pCi 7.30E-10 Risk/pCi 2.95E-10 Risk/pCi 1.16E-08 Risk/pCi 8.49E-06 Risk/y per pCi/g HEAST01 April-01
Ra-228+D 1.04E-09 Risk/pCi 1.43E-09 Risk/pCi 2.29E-09 Risk/pCi 6.70E-10 Risk/pCi 5.23E-09 Risk/pCi 4.53E-06 Risk/y per pCi/g HEAST01 April-01
Th-228+D 3.00E-10 Risk/pCi 4.22E-10 Risk/pCi 8.09E-10 Risk/pCi 1.62E-10 Risk/pCi 1.43E-07 Risk/pCi 7.76E-06 Risk/y per pCi/g HEAST01 April-01
Th-230 9.10E-11 Risk/pCi 1.19E-10 Risk/pCi 2.02E-10 Risk/pCi 7.73E-11 Risk/pCi 2.85E-08 Risk/pCi 8.19E-10 Risk/y per pCi/g HEAST01 April-01
Th-232 1.01E-10 Risk/pCi 1.33E-10 Risk/pCi 2.31E-10 Risk/pCi 8.47E-11 Risk/pCi 4.33E-08 Risk/pCi 3.42E-10 Risk/y per pCi/g HEAST01 April-01
U-234 7.07E-11 Risk/pCi 9.55E-11 Risk/pCi 1.58E-10 Risk/pCi 5.11E-11 Risk/pCi 1.14E-08 Risk/pCi 2.52E-10 Risk/y per pCi/g HEAST01 April-01
U-235+D 7.18E-11 Risk/pCi 9.76E-11 Risk/pCi 1.63E-10 Risk/pCi 5.03E-11 Risk/pCi 1.01E-08 Risk/pCi 5.43E-07 Risk/y per pCi/g HEAST01 April-01
U-238+D 8.71E-11 Risk/pCi 1.21E-10 Risk/pCi 2.10E-10 Risk/pCi 5.62E-11 Risk/pCi 9.35E-09 Risk/pCi 1.14E-07 Risk/y per pCi/g HEAST01 April-01

Notes:
HEAST01 = Health Effects Assessment Summary Tables April 16, 2001
Soil Ingestion - Adult values taken from USEPA, 2007.  Radionuclide Toxicity and Preliminary Remediation Goals for Superfund.  November 13.  http://epa-prgs.ornl.gov/radionuclides/download/rad_master_prg_table_pci.pdf

Risk/pCi - Risk per picocurie
Risk/y per pCi/g - Risk per year per picocurie per gram
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Table 11 - Dermal Absorption Factors (ABSd) and Plant Uptake Factors (UPF)
Nuclear Metals Superfund Site

Chemical of Concern ABSd

Benzo(a)anthracene 0.13
Benzo(a)pyrene 0.13
Benzo(b)fluoranthene 0.13
Indeno(1,2,3-cd)pyrene 0.13
Polychlorinated biphenyls 0.14
Arsenic 0.03
Uranium not available
Thorium not available

Chemical of Concern UPF

Uranium 0.0025
Thorium 0.001
Radium 0.04

ABSd - Dermal Absorption Factor: 
     USEPA, 2004.  "Risk Assessment Guidance for Superfund.  Volume I:  Human Health Evaluation 
    Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
UPF - Plant Uptake Factor:
     USEPA, 2000.  Soil Screening Guidance for Radionuclides: User's Guide.  Office of Radiation 
    and Indoor Air.  EPA/540-R-00-007.  October.



Table 12 - PRG Equations for Soil and Sediment
Nuclear Metals Superfund Site

PRG (cancer) - Chemical COC (mg/kg) = TR x BW x ATc
EF x ED x 1E-06 kg/mg x [(IR-S x FI x CSFo) + (AF x ABSd x SA x EV x CSFd)]

THQ x BW x ATnc
EF x ED x 1E-06 kg/mg x [(IR-S x FI x 1/RfDo) + (AF x ABSd x SA x EV x 1/RfDd)]

PRG (cancer) - Radionuclide COC (pCi/g) = TR

PRG (cancer) - 1
Combined adult and child populations = (1 / Adult PRG)  +  (1 / Child PRG)

Note:
PRG (Cancer) equations for chemicals of concern that act through a mutagenic mode of action are presented in Table 14.
All paramater are defined, and values provided, on Tables 3 and 4 except as noted below.
- CSFo - Cancer Slope Factor: Oral (Table 6 & 10; for radionuclides, adult value used for commercial worker & construction worker; whole population value used for all other receptors)
- CSFd - Cancer Slope Factor: Dermal (Table 6)
- CSFe - Cancer Slope Factor: External (Table 10)
- CSFf - Cancer Slope Factor: Food ingestion (Table 10)
- RfDo - Reference Dose: Oral (Table 8)
- RfDd - Reference Dose: Dermal (Table 8)
- TR - Target Cancer Risk (1E-06, 1E-05, 1E-04)
- THQ - Target Hazard Quotient (0.1, 1.0, 10)

PRG (non-cancer) - Chemical and 
Radionuclide (mg/kg) = 

                                {ED x IR-S x FI x EF x 1E-03 g/mg x CSFo} + {ED x ACF x CSFe x [(ETi x (EFi / 365 d/y) x SHFi) + (ETo x ( EFo / 365 d/y) x SHFo)]} + {[(IR-V x FI-V) + (IR-F x FI-F)] x  UPF x EF x ED x CSFf}



Table 13 - PRG Equations for Groundwater
Nuclear Metals Superfund Site

1
PRG (cancer) - Chemical COC (ug/L) = 1 1

(TR x BW x Atc x 1000 ug/mg) x {1 / EF x ED x [(IR-W x FI x CSFo) + (SA x EV x PCevent x 1E-03 L/cm3 x CSFd)]} +   TR x AT x  24 hr/day x [1 / (K x ED x EF x ET x UR)]

1
PRG (non-cancer) - Chemical COC (ug/L) = 1 1

(THQ x BW x Atnc x 1000 ug/mg) x {1 / EF x ED x [(IR-W x FI x 1/RfDo) + (SA x EV x PCevent x 1E-03 L/cm3 x 1/RfDd)]} +    THQ x AT x  24 hr/day x [1 / (K x ED x EF x ET x 1/RfC)]

PRG (cancer) - Radionuclide COC (pCi/L) = TR
IR-W x  FI x EF x ED x CSFw

PRG (cancer) - 1
Combined adult and child populations = (1 / Adult PRG)  +  (1 / Child PRG)

Note:
PRG (Cancer) equations for chemicals of concern that act through a mutagenic mode of action are presented in Tables 15 and 16
All paramater are defined, and values provided, on Table 5 except as noted below.
- CSFo - Cancer Slope Factor: Oral (Table 6)
- CSFd - Cancer Slope Factor: Dermal (Table 6)
- CSFw - Cancer Slope Factor: Water (Table 10)
- UR- Cancer Unit Risk: Inhalation (Table 7)
- RfC - Reference Concentration: Inhalation (Table 9)
- RfDo - Reference Dose: Oral (Table 8)
- RfDd - Reference Dose: Dermal (Table 8)
- TR - Target Cancer Risk (1E-06, 1E-05, 1E-04)
- THQ - Target Hazard Quotient (0.1, 1.0, 10)

     For inorganics, Pcevent = Kp x tevent, where Kp is the chemical-specific permeability constant provided in Attachment B
     For organics:
     PCevent is tevent multiplied by chemical-specific parameters
     B, t*, Tevent, and Kp, using the algorithm that is appropriate
     for the relationship between tevent and t*, per USEPA (2004)
     Calculations are documented in Attachment B



Table 14- PRG Equations for Soil- Chemicals of Concern that have a Mutagenic Mode of Action 

Nuclear Metals Superfund Site 

Incidental ingestion of soil 
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PRGs based on the combined ingestion and dermal pathways are calculated as follows: 

1 1 [(1/ingestion SL) + (1/derma/ SL)] 



Table 15- PRG Equations for Groundwater- Chemicals of Concern that have a Mutagenic Mode of Action 

Nuclear Metals Superfund Site 

Note: All parameter values shown in the following equations are consistent with those presented in Table 5, with the exception of IRWc, for 

which the value of 1.5 L/day was used in the HHRA and is used to derive PRGs (Table 5). 

Ingestion of water 
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Dermal Contact with Water 
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Inhalation of Volatiles from Water 
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Table 16- PRG Equations for Vinyl Chloride in Groundwater 

Nuclear Metals Superfund Site 

Note: All parameter values shown in the following equations are consistent with those presented in Table 5, with the exception of IRWc, for 
which the value of 1.5 L/day was used in the HHRA and is used to derive PRGs (Table 5). 

Ingestion of water 
TR 
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Inhalation of volatiles 
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Table 17 - Derivation of Site-Specific Human Health Preliminary Remediation Goals - Soil
Nuclear Metals Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg)
Based on Excess Liftime Cancer Risk Based on Hazard Index
1x10-6 1x10-5 1x10-4 0.1 1 10

Benzo(a)anthracene Resident 0.32 3.2 32 374 3,740 37,400
Recreational Visitor 0.65 6.5 65 753 7,526 75,260
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200
Construction Worker 21 210 2,100 6,907 69,070 690,700

Benzo(a)pyrene Resident 0.032 0.32 3.2 374 3,740 37,400
Recreational Visitor 0.065 0.65 6.5 753 7,526 75,260
C/I Worker - Indoor 1.0 10 105 8,127 81,270 812,700
C/I Worker - Outdoor 0.33 3.3 33 2,562 25,620 256,200
Construction Worker 2.1 21 210 6,907 69,070 690,700

Benzo(b)fluoranthene Resident 0.32 3.2 32 374 3,740 37,400
Recreational Visitor 0.65 6.5 65 753 7,526 75,260
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200
Construction Worker 21 210 2,100 6,907 69,070 690,700

Indeno(1,2,3-cd)pyrene Resident 0.32 3.2 32 374 3,740 37,400
Recreational Visitor 0.65 6.5 65 753 7,526 75,260
C/I Worker - Indoor 10 105 1,048 8,127 81,270 812,700
C/I Worker - Outdoor 3.3 33 328 2,562 25,620 256,200
Construction Worker 21 210 2,100 6,907 69,070 690,700

PCBs [1] Resident 0.48 4.8 48 0.24 2.4 24
Recreational Visitor 0.97 9.7 97 0.49 4.9 49
C/I Worker - Indoor 3.8 38 380 5.4 54 535
C/I Worker - Outdoor 1.2 12 120 1.6 16 160
Construction Worker 7.6 76 758 1.1 11 107



Table 17 - Derivation of Site-Specific Human Health Preliminary Remediation Goals - Soil
Nuclear Metals Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg)
Based on Excess Liftime Cancer Risk Based on Hazard Index
1x10-6 1x10-5 1x10-4 0.1 1 10

Arsenic Resident 1.3 13 130 7.5 75 750
Recreational Visitor 2.7 27 270 15 150 1,500
C/I Worker - Indoor 9.3 93 930 149 1,489 14,890
C/I Worker - Outdoor 3.7 37 370 60 597 5,970
Construction Worker 21 210 2100 14 135 1,350

Uranium [2] Resident 2.3 23 230 10 102 1,021
Recreational Visitor 19 191 1,915 21 205 2,050
C/I Worker - Indoor 9.5 95 950 190 1,904 19,040
C/I Worker - Outdoor 5.0 50 500 95 952 9,520
Construction Worker 100 1,000 10,000 62 619 6,188

Thorium [2] Resident 0.074 0.74 7.4
Recreational Visitor 0.90 9.0 90
C/I Worker - Indoor 0.29 2.9 29
C/I Worker - Outdoor 0.16 1.6 16
Construction Worker 3.5 35 348

[1] - PRGs for PCBs are derived using risks calculated for Aroclor-1254.  The PRGs apply to the total PCB concentrations in soil.
[2] - PRGs are calculated in unit of picocuries per gram and are then converted to units of mg/kg using specific activities (Attachment C)
mg/kg - milligram per kilogram

Not Applicable



Table 18 - Derivation of Site-Specific Human Health Preliminary Remediation Goals - Sediment
Nuclear Metals Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (mg/kg)
Human Health - Based on Excess Liftime Cancer Risk Human Health - Based on Hazard Index

1x10-6 1x10-5 1x10-4 0.1 1 10

PCBs [1] Recreational Visitor 2.7 27 269 1.6 16 159

[1] - PRGs for PCBs are derived using risks calculated for Aroclor-1254.  The PRGs apply to the total PCB concentrations in sediment
mg/kg - milligram per kilogram



Table 19 - Derivation of Site-Specific Human Health Preliminary Remediation Goals - Groundwater
Nuclear Metals Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (ug/l)
Based on Excess Liftime Cancer Risk Based on Hazard Index
1x10-6 1x10-5 1x10-4 0.1 1 10

1,1-Dichloroethane Resident 2.4 24 240 230 2,300 23,000

Tetrachloroethene Resident 9.7 97 970 3.5 35 350

Trichloroethene Resident 0.44 4.4 44 0.26 2.6 26

Vinyl chloride Resident 0.015 0.15 1.5 3.6 36 360

1,4-Dioxane Resident 0.67 6.7 67 47 470 4,700

bis(2-Ethylhexyl)phthalate Resident 4.8 48 480 31 310 3,100

Arsenic Resident 0.045 0.45 4.5 0.47 4.7 47

Barium Resident Not Applicable 290 2,900 29,000

Chromium Resident Not Applicable 3.1 31 310

Cobalt Resident Not Applicable 0.47 4.7 47

Copper Resident Not Applicable 62 620 6,200

Iron Resident Not Applicable 1100 11,000 110,000

Manganese Resident Not Applicable 32 320 3,200

Molybdenum Resident Not Applicable 7.8 78 780

Thorium Resident 0.33 3.3 33 Not Applicable



Table 19 - Derivation of Site-Specific Human Health Preliminary Remediation Goals - Groundwater
Nuclear Metals Superfund Site

Chemical of Concern Receptor Scenario Preliminary Remedition Goals (ug/l)
Based on Excess Liftime Cancer Risk Based on Hazard Index
1x10-6 1x10-5 1x10-4 0.1 1 10

Depleted Uranium Resident 1.6 16 160 0.93 9.3 93

Natural Uranium Resident 0.077 0.77 7.7 0.93 9.3 93

Nitrate-N Resident Not Applicable 2,500 25,000 250,000

Nitrite-N Resident Not Applicable 160 1,600 16,000

[1] - PRGs are calculated in unit of picocuries per liter and are then converted to units of ug/L using specific activities (Attachment C)
ug/L - microgram per liter



Attachment A 

RAGS Part D ‘Table 10’s’ 

 

  



RAGS Part D Table 10’s 

This appendix provides RAGS Part D ‘Table 10’s’.  The ‘Table 10’s’ are used to identify the chemicals of 
potential concern (COPCs) that contribute significantly to exposure areas with risks that exceed 10‐4 or 
HI values that exceed 1.  COPCs that ‘significantly’ contribute to risks are identified as chemicals of 
concern (COCs), and are defined as those with total cancer risks greater than 10‐6 or total HI values 
greater than 1.   

As indicated in the risk assessment, exposure areas associated with risks that exceed 10‐4 or a HI of 1 
include subsurface and/or surface soil at exposure areas A4, A5, A6, B2, B4, B5, sediment at the Cooling 
Pond, and all six groundwater exposure areas.  Therefore, Table 10’s are presented in this appendix for 
these EAs.   For each of these EAs, Table 10’s are presented for all receptor exposure scenarios for which 
risks exceed 10‐4 or a HI of 1.   

For exposure scenarios where both children and adult receptor subpopulations are evaluated, including 
passive recreational and residential land use scenarios, COCs are identified based on non‐cancer risks 
using HI values calculated for the child receptor, and on cancer risks using the total cancer risk for the 
child and adult populations.  To document the calculation of total cancer risks, separate Table 10’s are 
presented for the child and adult receptors, with a third Table 10 presenting the total cancer risks (child 
and adult cancer risks summed together) as well as the total non‐cancer risk based on the child HI 
values.  Care was taken to ensure that COPCs that did not contribute risks in excess of 10‐6 for either the 
child or adult receptors individually, but did contribute risks in excess of 10‐6 when child and adult risks 
were summed together, were identified as COCs.   

For some receptor scenarios the total HI was greater than 1 due to target organ HI values in excess of 1; 
however, no individual COPCs were associated with HI values greater than 1.  In these situations, which 
occurred because of additive hazards from both Aroclor‐1254 and Aroclor‐1260, the individual HI values 
for Aroclor‐1254 and Aroclor‐1260, along with the total HI values (sum of HI values for Aroclor‐1254 and 
Arcolor‐1260) are presented in the Table 10’s. 

Total risks for uranium (depleted and natural) and thorioium‐232 were identified by summing the risks 
for all isotopes within the decay chains for those radionuclides.  In some cases, certain isotopes 
contributed insignificantly to total uranium or thorium risks (e.g., were associated with cancer risks 
orders of magnitude below 10‐6), and those isotopes were subsequently excluded from the total risk 
calculations in the Table 10’s. 

The total cancer risk and HI values presented for the COCs in the Table 10’s will be used to derive 
preliminary remediation goals (PRGs) in the Feasibility Study. 
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TABLE 10-C.6
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - CURRENT 6 - FENCED AREA (COOLING POND) - ADOLESCENT TRESPASSER - OLDER CHILD/ADOLESCENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: CURRENT 6 - FENCED AREA (COOLING POND) 
RECEPTOR POPULATION: TRESPASER
RECEPTOR AGE: OLDER CHILD/ADOLESCENT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
FENCED AREA (COOLING 

POND) CHEMICAL TOTAL -- -- 3E-01
EXPOSURE POINT TOTAL 0E+00 3E-01

EXPOSURE MEDIUM TOTAL 0E+00 3E-01

SEDIMENT SEDIMENT COOLING POND Aroclor-1254 Immune System 1.7E+00 NA 2.4E+00 4.2E+00
EXPOSURE POINT TOTAL 0E+00 1.7E+00 2.4E+00 4E+00

EXPOSURE MEDIUM TOTAL 0E+00 1.7E+00 2.4E+00 4E+00

SURACE WATER SURFACE WATER COOLING POND
EXPOSURE POINT TOTAL 0E+00 3E-03

EXPOSURE MEDIUM TOTAL 0E+00 3E-03

RECEPTOR TOTAL 0E+00 4E+00
TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 4E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

TOTAL IMMUNE SYSTEM HI = 4.2E+00
--
--
--
--
--
--
--
--

EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICALMEDIUM
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TABLE 10-F.7
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A4 - AOI 14 NORTH - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A4 - AOI 14 NORTH
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 14 NORTH
Aroclor-1254 NA NA Immune System 1.0E+00 NA 4.0E-01 1.4E+00
Aroclor-1260 -- NA -- NA Immune System 2.5E-01 NA 9.8E-02 3.5E-01

CHEMICAL TOTAL -- -- 0E+00 1.3E+00 -- 5.0E-01 2E+00

RADIONUCLIDE TOTAL -- -- 0E+00
EXPOSURE POINT TOTAL 0E+00 2E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00
SOIL AIR DUST AT AOI 14 NORTH Aoclor-1254 NA -- NA

Aroclor-1260 NA -- NA

CHEMICAL TOTAL -- -- -- 0E+00 -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 2E+00
PRODUCE TOTAL 0E+00 0E+00
RECEPTOR TOTAL 0E+00 2E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/24/12 --
Checked by / Date: JHP 05/29/12 --

TOTAL IMMUNE SYSTEM HI = 1.8E+00
--
--
--
--
--
--
--
--

EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICALMEDIUM
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TABLE 10-F.11
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 8 SWEEPINGS AREA Benzo(a)pyrene 2.3E-06 NA 8.5E-07 NA 3.2E-06
Aroclor-1254 1.6E-05 NA 6.4E-06 NA 2.3E-05 Immune System 4.8E+00 NA 1.9E+00 6.6E+00
Aroclor-1260 2.4E-06 NA 9.4E-07 NA 3.3E-06
Arsenic 6.6E-06 NA 5.5E-07 NA 7.1E-06
CHEMICAL TOTAL 2.8E-05 -- 8.7E-06 -- 4E-05 4.8E+00 -- 1.9E+00 7E+00
Uranium-238+D 1.1E-06 NA NA 6.4E-06 7.5E-06
Uranium-235+D 1.0E-08 NA NA 4.0E-07 4.1E-07
Uranium-234 1.4E-07 NA NA 2.4E-09 1.4E-07
Thorium-232 2.5E-08 NA NA 4.0E-10 2.5E-08
Radium-228+D 2.5E-07 NA NA 5.3E-06 5.5E-06
Thorium-228+D 8.8E-08 NA NA 9.0E-06 9.1E-06
RADIONUCLIDE TOTAL 1.4E-06 -- -- 2.1E-05 2E-05

EXPOSURE POINT TOTAL 6E-05 7E+00
EXPOSURE MEDIUM TOTAL 6E-05 7E+00

SOIL AIR
DUST AT AOI 8 SWEEPINGS 

AREA Benzo(a)pyrene NA 9.4E-13 NA NA 9.4E-13
Aroclor-1254 NA 1.2E-11 NA NA 1.2E-11
Aroclor-1260 NA 1.8E-12 NA NA 1.8E-12
Arsenic NA 5.0E-11 NA NA 5.0E-11
CHEMICAL TOTAL -- 6.5E-11 -- -- 7E-11 -- -- -- 0E+00
Uranium-238+D NA 6.6E-10 NA NA 6.6E-10
Uranium-235+D NA 9.6E-12 NA NA 9.6E-12
Uranium-234 NA 1.4E-10 NA NA 1.4E-10
Thorium-232 NA 6.4E-11 NA NA 6.4E-11
Radium-228+D NA 7.7E-12 NA NA 7.7E-12
Thorium-228+D NA 2.1E-10 NA NA 2.1E-10
RADIONUCLIDE TOTAL -- 8.8E-10 -- -- 9E-10 -- -- -- --

EXPOSURE POINT TOTAL 9E-10 0E+00
EXPOSURE MEDIUM TOTAL 9E-10 0E+00

SOIL TOTAL 6E-05 7E+00
PRODUCE PRODUCE AOI 8 SWEEPINGS AREA Uranium-238+D 9.0E-08 NA NA NA 9.0E-08

Uranium-235+D 9.6E-10 NA NA NA 9.6E-10
Uranium-234 1.2E-08 NA NA NA 1.2E-08
Thorium-232 8.2E-10 NA NA NA 8.2E-10
Radium-228+D 3.5E-07 NA NA NA 3.5E-07
Thorium-228+D 2.6E-09 NA NA NA 2.6E-09
RADIONUCLIDE TOTAL 4.4E-07 -- -- -- 4E-07 -- -- -- --

EXPOSURE POINT TOTAL 4E-07 0E+00
EXPOSURE MEDIUM TOTAL 4E-07 0E+00

PRODUCE TOTAL 4E-07 0E+00

RECEPTOR TOTAL 6E-05 7E+00
TOTAL RISK ACROSS ALL MEDIA 6E-05 TOTAL HAZARD ACROSS ALL MEDIA 7E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/24/12 --
Checked by / Date: JHP 05/29/12 --

TOTAL IMMUNE SYSTEM HI = 6.6E+00
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM



C:\Users\jpeters\Documents\FILES\Nuclear Metals RI FS EECA\HHRA\BHHRA\Calcs to xfer to M directory\
Residential Table 10s - 121016.xls, A5 SS Adult Page 1 of 1 10/26/2012

TABLE 10-F.13
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 8 SWEEPINGS AREA Benzo(a)pyrene 3.4E-07 NA 1.8E-07 NA 5.2E-07
Aroclor-1254 7.0E-06 NA 3.9E-06 NA 1.1E-05
Aroclor-1260 1.0E-06 NA 5.7E-07 NA 1.6E-06
Arsenic 2.8E-06 NA 3.4E-07 NA 3.2E-06

CHEMICAL TOTAL 1.1E-05 -- 4.8E-06 -- 2E-05 -- -- -- 0E+00
Uranium-238+D 2.2E-06 NA NA 2.0E-05 2.2E-05
Uranium-235+D 2.3E-08 NA NA 1.3E-06 1.3E-06
Uranium-234 2.8E-07 NA NA 7.5E-09 2.9E-07
Thorium-232 5.0E-08 NA NA 1.2E-09 5.1E-08
Radium-228+D 5.0E-07 NA NA 1.6E-05 1.7E-05
Thorium-228+D 1.8E-07 NA NA 2.8E-05 2.8E-05

RADIONUCLIDE TOTAL 2.9E-06 -- -- 6.4E-05 7E-05
EXPOSURE POINT TOTAL 8E-05 0E+00

EXPOSURE MEDIUM TOTAL 8E-05 0E+00

SOIL AIR
DUST AT AOI 8 SWEEPINGS 

AREA Benzo(a)pyrene NA 7.4E-13 NA NA 7.4E-13
Aroclor-1254 NA 2.9E-11 NA NA 2.9E-11
Aroclor-1260 NA 4.2E-12 NA NA 4.2E-12
Arsenic NA 1.2E-10 NA NA 1.2E-10
CHEMICAL TOTAL -- 1.5E-10 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 3.0E-09 NA NA 3.0E-09
Uranium-235+D NA 4.3E-11 NA NA 4.3E-11
Uranium-234 NA 6.1E-10 NA NA 6.1E-10
Thorium-232 NA 2.8E-10 NA NA 2.8E-10
Radium-228+D NA 3.4E-11 NA NA 3.4E-11
Thorium-228+D NA 9.4E-10 NA NA 9.4E-10
RADIONUCLIDE TOTAL -- 3.9E-09 -- -- 4E-09 -- -- -- --

EXPOSURE POINT TOTAL 4E-09 0E+00
EXPOSURE MEDIUM TOTAL 4E-09 0E+00

SOIL TOTAL 8E-05 0E+00
PRODUCE PRODUCE AOI 8 SWEEPINGS AREA Uranium-238+D 2.3E-06 NA NA NA 2.3E-06

Uranium-235+D 2.5E-08 NA NA NA 2.5E-08
Uranium-234 3.1E-07 NA NA NA 3.1E-07
Thorium-232 2.1E-08 NA NA NA 2.1E-08
Radium-228+D 9.1E-06 NA NA NA 9.1E-06
Thorium-228+D 6.7E-08 NA NA NA 6.7E-08

RADIONUCLIDE TOTAL 1.1E-05 -- -- -- 1E-05 -- -- -- --
EXPOSURE POINT TOTAL 1E-05 0E+00

EXPOSURE MEDIUM TOTAL 1E-05 0E+00
PRODUCE TOTAL 1E-05 0E+00

RECEPTOR TOTAL 9E-05 --
TOTAL RISK ACROSS ALL MEDIA 9E-05 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/24/12 --
Checked by / Date: JHP 05/29/12 --

--
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM



C:\Users\jpeters\Documents\FILES\Nuclear Metals RI FS EECA\HHRA\BHHRA\Calcs to xfer to M directory\
Residential Table 10s - 121016.xls, A5 SS TOTAL Page 1 of 1 10/26/2012

TABLE 10-A5SS TOTAL 
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 8 SWEEPINGS AREA Benzo(a)pyrene 2.7E-06 1.7E-12 1.0E-06 NA NA 3.7E-06
Aroclor-1254 2.3E-05 4.1E-11 1.0E-05 NA NA 3.4E-05 Immune System 4.8E+00 NA 1.9E+00 NA 6.6E+00
Aroclor-1260 3.4E-06 6.0E-12 1.5E-06 NA NA 4.9E-06
Arsenic 9.4E-06 1.7E-10 8.9E-07 NA NA 1.0E-05

CHEMICAL TOTAL 4E-05 2E-10 1E-05 -- -- 5E-05 5E+00 -- 2E+00 -- 7E+00
Uranium-238+D 3.3E-06 3.6E-09 NA 2.6E-05 2.4E-06 3.2E-05
Uranium-235+D 3.3E-08 5.3E-11 NA 1.7E-06 2.6E-08 1.8E-06
Uranium-234 4.2E-07 7.5E-10 NA 9.9E-09 3.2E-07 7.5E-07

Uranium - Total 3.4E-05
Thorium-232 7.5E-08 3.4E-10 NA 1.6E-09 2.2E-08 9.9E-08
Radium-228+D 7.4E-07 4.2E-11 NA 2.2E-05 9.4E-06 3.2E-05
Thorium-228+D 2.6E-07 1.1E-09 NA 3.7E-05 7.0E-08 3.7E-05

Thorium 232 - Total 6.9E-05
RADIONUCLIDE TOTAL 5E-06 6E-09 -- 9E-05 1E-05 1E-04 NA NA NA NA

EXPOSURE ROUTE TOTAL 4E-05 6E-09 1E-05 9E-05 1E-05 2E-04 5E+00 -- 2E+00 7E+00

RECEPTOR TOTAL 2E-04 7E+00

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL IMMUNE SYSTEM HI = 6.6E+00
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
--
--
--
--
--
--

CHEMICALMEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT



TABLE 10-A5SO TOTAL 
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL AOI 8 Sweepings Area
Aroclor-1254 NA NA Immune System 2.8E+00 NA 1.1E+00 3.9E+00
Aroclor-1260 -- NA -- NA Immune System 3.8E-01 NA 1.5E-01 5.3E-01

CHEMICAL TOTAL -- -- 0E+00 3.9E+00 -- 1.2E+00 5E+00

RADIONUCLIDE TOTAL -- -- 0E+00
EXPOSURE POINT TOTAL 0E+00 5E+00

EXPOSURE MEDIUM TOTAL 0E+00 5E+00
SOIL AIR DUST AT AOI 8 Sweepings Area Aoclor-1254 NA -- NA

Aroclor-1260 NA -- NA

CHEMICAL TOTAL -- -- -- 0E+00 -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 5E+00
PRODUCE TOTAL 0E+00 0E+00
RECEPTOR TOTAL 0E+00 5E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 5E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/24/12 --
Checked by / Date: JHP 05/29/12 --

TOTAL IMMUNE SYSTEM HI = 4.4E+00
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL

G:\37285_de_maximis\000\Deliverables\HHRA\Draft Final to EPA\Appendices\Appendix M\
AOI5 ‐ SO.xlsx, A5 SO Child Page 1 of 1 9/2/2013
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TABLE 10-F.15
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL EAST Benzo(a)pyrene 7.2E-06 NA 2.6E-06 NA 9.8E-06
Benzo(b)fluoranthene 1.8E-06 NA 6.6E-07 NA 2.5E-06
Aroclor-1254 2.6E-06 NA 1.0E-06 NA 3.6E-06
Arsenic 5.4E-06 NA 4.5E-07 NA 5.8E-06
Uranium Kidney 7.8E+00 NA 7.8E+00

CHEMICAL TOTAL 1.7E-05 -- 4.7E-06 -- 2E-05 7.8E+00 -- -- 8E+00
Uranium-238+D 1.1E-05 NA NA 6.3E-05 7.3E-05
Uranium-235+D 1.1E-07 NA NA 3.8E-06 3.9E-06
Uranium-234 1.4E-06 NA NA 2.3E-08 1.4E-06
Thorium-232 2.7E-08 NA NA 4.3E-10 2.7E-08
Radium-228+D 2.7E-07 NA NA 5.7E-06 6.0E-06
Thorium-228+D 9.5E-08 NA NA 9.8E-06 9.9E-06

RADIONUCLIDE TOTAL 1.3E-05 -- -- 8.2E-05 9E-05
EXPOSURE POINT TOTAL 1E-04 8E+00

EXPOSURE MEDIUM TOTAL 1E-04 8E+00

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST Benzo(a)pyrene NA 2.9E-12 NA NA 2.9E-12
Benzo(b)fluoranthene NA 7.2E-13 NA NA 7.2E-13
Aroclor-1254 NA 2.0E-12 NA NA 2.0E-12
Arsenic NA 4.1E-11 NA NA 4.1E-11
Uranium NA Kidney NA 4.1E-05 NA 4.1E-05

CHEMICAL TOTAL -- 4.7E-11 -- -- 5E-11 -- 4.1E-05 -- 4E-05
Uranium-238+D NA 6.5E-09 NA NA 6.5E-09
Uranium-235+D NA 9.0E-11 NA NA 9.0E-11
Uranium-234 NA 1.3E-09 NA NA 1.3E-09
Thorium-232 NA 6.9E-11 NA NA 6.9E-11
Radium-228+D NA 8.4E-12 NA NA 8.4E-12
Thorium-228+D NA 2.3E-10 NA NA 2.3E-10

RADIONUCLIDE TOTAL -- 8.2E-09 -- -- 8E-09 -- -- -- --
EXPOSURE POINT TOTAL 8E-09 4E-05

EXPOSURE MEDIUM TOTAL 8E-09 4E-05
SOIL TOTAL 1E-04 8E+00

PRODUCE PRODUCE
AOI 7 & 11 INDUSTRIAL AREA 

EAST Uranium-238+D 8.8E-07 NA NA NA 8.8E-07
Uranium-235+D 9.1E-09 NA NA NA 9.1E-09
Uranium-234 1.2E-07 NA NA NA 1.2E-07
Thorium-232 8.9E-10 NA NA NA 8.9E-10
Radium-228+D 3.8E-07 NA NA NA 3.8E-07
Thorium-228+D 2.8E-09 NA NA NA 2.8E-09

RADIONUCLIDE TOTAL 1.4E-06 -- -- -- 1E-06 -- -- -- --
EXPOSURE POINT TOTAL 1E-06 0E+00

EXPOSURE MEDIUM TOTAL 1E-06 0E+00
PRODUCE TOTAL 1E-06 0E+00

RECEPTOR TOTAL 1E-04 7.8E+00
TOTAL RISK ACROSS ALL MEDIA 1E-04 TOTAL HAZARD ACROSS ALL MEDIA 7.8E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 --

--
TOTAL KIDNEY HI = 7.8E+00

--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.17
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 7 & 11 INDUSTRIAL AREA 

EAST Benzo(a)pyrene 1.0E-06 NA 5.4E-07 NA 1.6E-06
Benzo(b)fluoranthene 2.6E-07 NA 1.4E-07 NA 4.0E-07
Aroclor-1254 1.1E-06 NA 6.3E-07 NA 1.8E-06
Arsenic 2.3E-06 NA 2.8E-07 NA 2.6E-06

CHEMICAL TOTAL 4.5E-06 -- 1.4E-06 -- 6E-06 -- -- -- 0E+00
Uranium-238+D 2.2E-05 NA NA 2.0E-04 2.2E-04
Uranium-235+D 2.1E-07 NA NA 1.2E-05 1.2E-05
Uranium-234 2.7E-06 NA NA 7.3E-08 2.8E-06
Thorium-232 5.4E-08 NA NA 1.3E-09 5.5E-08
Radium-228+D 5.4E-07 NA NA 1.8E-05 1.8E-05
Thorium-228+D 1.9E-07 NA NA 3.1E-05 3.1E-05

RADIONUCLIDE TOTAL 2.5E-05 -- -- 2.6E-04 3E-04
EXPOSURE POINT TOTAL 3E-04 0E+00

EXPOSURE MEDIUM TOTAL 3E-04 0E+00

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST Benzo(a)pyrene NA 2.3E-12 NA NA 2.3E-12
Benzo(b)fluoranthene NA 5.7E-13 NA NA 5.7E-13
Aroclor-1254 NA 4.6E-12 NA NA 4.6E-12
Arsenic NA 9.6E-11 NA NA 9.6E-11

CHEMICAL TOTAL -- 1.0E-10 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 2.9E-08 NA NA 2.9E-08
Uranium-235+D NA 4.0E-10 NA NA 4.0E-10
Uranium-234 NA 6.0E-09 NA NA 6.0E-09
Thorium-232 NA 3.1E-10 NA NA 3.1E-10
Radium-228+D NA 3.7E-11 NA NA 3.7E-11
Thorium-228+D NA 1.0E-09 NA NA 1.0E-09

RADIONUCLIDE TOTAL -- 3.7E-08 -- -- 4E-08 -- -- -- --
EXPOSURE POINT TOTAL 4E-08 0E+00

EXPOSURE MEDIUM TOTAL 4E-08 0E+00
SOIL TOTAL 3E-04 0E+00

PRODUCE PRODUCE
AOI 7 & 11 INDUSTRIAL AREA 

EAST Uranium-238+D 2.3E-05 NA NA NA 2.3E-05
Uranium-235+D 2.3E-07 NA NA NA 2.3E-07
Uranium-234 3.0E-06 NA NA NA 3.0E-06
Thorium-232 2.3E-08 NA NA NA 2.3E-08
Radium-228+D 9.9E-06 NA NA NA 9.9E-06
Thorium-228+D 7.3E-08 NA NA NA 7.3E-08

RADIONUCLIDE TOTAL 3.6E-05 -- -- -- 4E-05 -- -- -- --
EXPOSURE POINT TOTAL 4E-05 0E+00

EXPOSURE MEDIUM TOTAL 4E-05 0E+00
PRODUCE TOTAL 4E-05 0E+00

RECEPTOR TOTAL 3E-04 --
TOTAL RISK ACROSS ALL MEDIA 3E-04 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 --

--
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-A6 SS TOTAL 
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL Benzo(a)pyrene 8.2E-06 5.1E-12 3.2E-06 NA NA 1.1E-05
Benzo(b)fluoranthene 2.1E-06 1.3E-12 8.0E-07 NA NA 2.9E-06
Aroclor-1254 3.7E-06 6.6E-12 1.7E-06 NA NA 5.4E-06
Arsenic 7.7E-06 1.4E-10 7.3E-07 NA NA 8.4E-06
Uranium Kidney 7.8E+00 4.1E-05 NA NA 7.8E+00

CHEMICAL TOTAL 2E-05 1E-10 6E-06 -- -- 3E-05 8E+00 4E-05 -- -- 8E+00
Uranium-238+D 3.2E-05 3.6E-08 NA 2.6E-04 2.4E-05 3.1E-04
Uranium-235+D 3.2E-07 4.9E-10 NA 1.6E-05 2.4E-07 1.6E-05
Uranium-234 4.1E-06 7.4E-09 NA 9.7E-08 3.2E-06 7.4E-06

Uranium - Total 3.4E-04
Thorium-232 8.1E-08 3.8E-10 NA 1.7E-09 2.4E-08 1.1E-07
Radium-228+D 8.1E-07 4.6E-11 NA 2.4E-05 1.0E-05 3.5E-05
Thorium-228+D 2.9E-07 1.3E-09 NA 4.0E-05 7.6E-08 4.1E-05

Thorium 232 - Total 7.6E-05
RADIONUCLIDE TOTAL 4E-05 5E-08 -- 3E-04 4E-05 4E-04 NA NA NA NA

EXPOSURE ROUTE TOTAL 6E-05 5E-08 6E-06 3E-04 4E-05 4E-04 8E+00 4E-05 -- 8E+00

RECEPTOR TOTAL 4E-04 8E+00

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL KIDNEY HI = 8E+00

--
--
--
--
--
--
--

CHEMICAL

AOI 7 & 11 INDUSTRIAL 
AREA EAST

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
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TABLE 10-F.16
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL
AOI 7 & 11 INDUSTRIAL AREA 

EAST Benzo(a)pyrene 4.3E-06 NA 1.6E-06 NA 5.9E-06
Aroclor-1254 1.8E-05 NA 7.2E-06 NA 2.6E-05 Immune System 5.4E+00 NA 2.1E+00 7.4E+00
Aroclor-1260 2.6E-06 NA 1.0E-06 NA 3.6E-06
Arsenic 3.9E-06 NA 3.3E-07 NA 4.3E-06
Uranium NA Kidney 3.3E+00 NA 3.3E+00

CHEMICAL TOTAL 2.9E-05 -- 1.0E-05 -- 4E-05 8.7E+00 -- 2.1E+00 1.1E+01
Uranium-238+D 4.6E-06 NA NA 2.7E-05 3.1E-05
Uranium-235+D 4.7E-08 NA NA 1.7E-06 1.7E-06
Uranium-234 5.8E-07 NA NA 9.9E-10 5.8E-07
Thorium-232 3.6E-08 NA NA 5.7E-10 3.7E-08
Radium-228+D 3.5E-07 NA NA 7.5E-06 7.9E-06
Thorium-228+D 1.3E-07 NA NA 1.3E-05 1.3E-05

RADIONUCLIDE TOTAL 5.1E-06 -- -- 4.9E-05 5E-05
EXPOSURE POINT TOTAL 9E-05 1E+01

EXPOSURE MEDIUM TOTAL 9E-05 1E+01

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST Benzo(a)pyrene NA 1.7E-12 NA NA 1.7E-12
Aroclor-1254 NA 1.4E-11 NA NA 1.4E-11
Aroclor-1260 NA 2.0E-12 NA NA 2.0E-12
Arsenic NA 3.0E-11 NA NA 3.0E-11
Uranium NA Kidney NA 1.8E-05 NA 1.8E-05

CHEMICAL TOTAL -- 4.8E-11 -- -- 5E-11 -- 1.8E-05 -- 2E-05
Uranium-238+D NA 2.8E-09 NA NA 2.8E-09
Uranium-235+D NA 4.0E-11 NA NA 4.0E-11
Uranium-234 NA 5.7E-10 NA NA 5.7E-10
Thorium-232 NA 9.1E-11 NA NA 9.1E-11
Radium-228+D NA 1.1E-11 NA NA 1.1E-11
Thorium-228+D NA 3.0E-10 NA NA 3.0E-10

RADIONUCLIDE TOTAL -- 3.1E-09 -- -- 3E-09 -- -- -- --
EXPOSURE POINT TOTAL 3E-09 2E-05

EXPOSURE MEDIUM TOTAL 3E-09 2E-05
SOIL TOTAL 9E-05 1E+01

PRODUCE PRODUCE OI 7 & 11 INDUSTRIAL AREA EASUranium-238+D 3.8E-07 NA NA NA 3.8E-07
Uranium-235+D 4.0E-09 NA NA NA 4.0E-09
Uranium-234 5.0E-08 NA NA NA 5.0E-08
Thorium-232 1.2E-09 NA NA NA 1.2E-09
Radium-228+D 5.0E-07 NA NA NA 5.0E-07
Thorium-228+D 3.7E-09 NA NA NA 3.7E-09

 
RADIONUCLIDE TOTAL 8.9E-07 -- -- -- 9E-07 -- -- -- --

EXPOSURE POINT TOTAL 9E-07 0E+00
EXPOSURE MEDIUM TOTAL 9E-07 0E+00

PRODUCE TOTAL 9E-07 0E+00

RECEPTOR TOTAL 9E-05 1.1E+01
TOTAL RISK ACROSS ALL MEDIA 9E-05 TOTAL HAZARD ACROSS ALL MEDIA 1.1E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/31/12 --
Checked by / Date: JHP 06/01/12 --

TOTAL IMMUNE SYSTEM HI = 7.4E+00
TOTAL KIDNEY HI = 3.3E+00

--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.18
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

Benzo(a)pyrene 6.2E-07 NA 3.6E-07 NA 9.8E-07
SOIL SUBSURFACE SOIL Aroclor-1254 7.9E-06 NA 4.4E-06 NA 1.2E-05

Aroclor-1260 1.1E-06 NA 6.3E-07 NA 1.8E-06
Arsenic 1.7E-06 NA 2.0E-07 NA 1.9E-06

CHEMICAL TOTAL 1.1E-05 -- 5.2E-06 -- 2E-05 -- -- -- 0E+00
Uranium-238+D 9.2E-06 NA NA 8.3E-05 9.2E-05
Uranium-235+D 9.4E-08 NA NA 5.3E-06 5.4E-06
Uranium-234 1.2E-06 NA NA 3.1E-08 1.2E-06
Thorium-232 7.1E-08 NA NA 1.8E-09 7.3E-08
Radium-228+D 7.1E-07 NA NA 2.3E-05 2.4E-05
Thorium-228+D 2.5E-07 NA NA 4.0E-05 4.0E-05

RADIONUCLIDE TOTAL 1.1E-05 -- -- 1.5E-04 2E-04
EXPOSURE POINT TOTAL 2E-04 0E+00

EXPOSURE MEDIUM TOTAL 2E-04 0E+00
Benzo(a)pyrene NA 1.4E-12 NA NA 1.4E-12( , , )py

SOIL AIR Aroclor-1254 NA 3.2E-11 NA NA 3.2E-11
Aroclor-1260 NA 4.6E-12 NA NA 4.6E-12
Arsenic NA 7.0E-11 NA NA 7.0E-11

CHEMICAL TOTAL -- 1.1E-10 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 1.2E-08 NA NA 1.2E-08
Uranium-235+D NA 1.8E-10 NA NA 1.8E-10
Uranium-234 NA 2.5E-09 NA NA 2.5E-09
Thorium-232 NA 4.1E-10 NA NA 4.1E-10
Radium-228+D NA 4.9E-11 NA NA 4.9E-11
Thorium-228+D NA 1.3E-09 NA NA 1.3E-09

RADIONUCLIDE TOTAL -- 1.6E-08 -- -- 2E-08 -- -- -- --
EXPOSURE POINT TOTAL 2E-08 0E+00

EXPOSURE MEDIUM TOTAL 2E-08 0E+00
SOIL TOTAL 2E-04 0E+00

PRODUCE PRODUCE Uranium-238+D 9.7E-06 NA NA NA 9.7E-06
Uranium-235+D 1.0E-07 NA NA NA 1.0E-07
Uranium-234 1.3E-06 NA NA NA 1.3E-06
Thorium-232 3.0E-08 NA NA NA 3.0E-08
Radium-228+D 1.3E-05 NA NA NA 1.3E-05
Thorium-228+D 9.6E-08 NA NA NA 9.6E-08

 
RADIONUCLIDE TOTAL 2.4E-05 -- -- -- 2E-05 -- -- -- --

EXPOSURE POINT TOTAL 2E-05 0E+00
EXPOSURE MEDIUM TOTAL 2E-05 0E+00

PRODUCE TOTAL 2E-05 0E+00

RECEPTOR TOTAL 2E-04 --
TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/31/12 --
Checked by / Date: JHP 06/01/12 --

--
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL

AOI 7 & 11 INDUSTRIAL AREA 
EAST

AOI 7 & 11 INDUSTRIAL AREA 
EAST

DUST AT AOI 7 & 11 
INDUSTRIAL AREA EAST
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TABLE 10-A6SUBS TOTAL 
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL Benzo(a)pyrene 4.9E-06 3.1E-12 1.9E-06 NA NA 6.8E-06
Aroclor-1254 2.6E-05 4.6E-11 1.2E-05 NA NA 3.8E-05 Immune System 5.4E+00 2.1E+00 NA 7.4E+00
Aroclor-1260 3.7E-06 6.6E-12 1.7E-06 NA NA 5.4E-06
Arsenic 5.6E-06 1.0E-10 5.3E-07 NA NA 6.1E-06
Uranium Kidney 3.3E+00 1.8E-05 NA 3.3E+00

CHEMICAL TOTAL 4E-05 2E-10 2E-05 -- -- 6E-05 9E+00 2E-05 2E+00 -- 1.1E+01
Uranium-238+D 1.4E-05 1.5E-08 NA 1.1E-04 1.0E-05 1.3E-04
Uranium-235+D 1.4E-07 2.2E-10 NA 7.0E-06 1.1E-07 7.2E-06
Uranium-234 1.7E-06 3.1E-09 NA 3.2E-08 1.3E-06 3.1E-06

Uranium - Total 1.4E-04
Thorium-232 1.1E-07 5.0E-10 NA 2.4E-09 3.1E-08 1.4E-07
Radium-228+D 1.1E-06 6.0E-11 NA 3.1E-05 1.3E-05 4.5E-05
Thorium-228+D 3.8E-07 1.6E-09 NA 5.3E-05 9.9E-08 5.3E-05

Thorium 232 - Total 9.9E-05
RADIONUCLIDE TOTAL 2E-05 2E-08 -- 2E-04 3E-05 2E-04 NA NA NA NA

EXPOSURE ROUTE TOTAL 6E-05 2E-08 2E-05 2E-04 3E-05 3E-04 9E+00 2E-05 2E+00 1.1E+01

RECEPTOR TOTAL 3E-04 1.1E+01

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL IMMUNE SYSTEM HI = 7.4E+00
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL KIDNEY HI = 3.3E+00

--
--
--
--
--
--
--

CHEMICAL

AOI 7 & 11 INDUSTRIAL 
AREA EAST

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
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TABLE 10-F.29
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 2 & 4 SOILS AREA AT 

COOLING POND Benzo(a)pyrene 5.1E-06 NA 1.9E-06 NA 6.9E-06
Aroclor-1254 7.0E-06 NA 2.7E-06 NA 9.7E-06 Immune System 2.0E+00 NA 8.0E-01 2.8E+00
Aroclor-1260 2.8E-05 NA 1.1E-05 NA 3.9E-05 Immune System 8.2E+00 NA 3.2E+00 1.1E+01
Arsenic 1.2E-05 NA 1.0E-06 NA 1.3E-05

CHEMICAL TOTAL 5.3E-05 -- 1.7E-05 -- 7E-05 1.0E+01 -- 4.0E+00 1.4E+01
Uranium-238+D 4.1E-07 NA NA 2.4E-06 2.8E-06
Uranium-235+D 4.4E-09 NA NA 1.6E-07 1.6E-07
Uranium-234 5.5E-08 NA NA 9.4E-10 5.6E-08
Thorium-232 2.6E-08 NA NA 4.1E-10 2.6E-08
Radium-228+D 2.6E-07 NA NA 5.4E-06 5.7E-06
Thorium-228+D 9.1E-08 NA NA 9.3E-06 9.4E-06

RADIONUCLIDE TOTAL 7.5E-07 -- -- 1.7E-05 2E-05
EXPOSURE POINT TOTAL 9E-05 1.4E+01

EXPOSURE MEDIUM TOTAL 9E-05 1.4E+01

SOIL AIR
DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND Benzo(a)pyrene NA 2.0E-12 NA NA 2.0E-12

Aroclor-1254 NA 5.3E-12 NA NA 5.3E-12
Aroclor-1260 NA 2.1E-11 NA NA 2.1E-11
Arsenic NA 9.4E-11 NA NA 9.4E-11

CHEMICAL TOTAL -- 1.2E-10 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 2.5E-10 NA NA 2.5E-10
Uranium-235+D NA 3.7E-12 NA NA 3.7E-12
Uranium-234 NA 5.4E-11 NA NA 5.4E-11
Thorium-232 NA 6.6E-11 NA NA 6.6E-11
Radium-228+D NA 8.0E-12 NA NA 8.0E-12
Thorium-228+D NA 2.2E-10 NA NA 2.2E-10

RADIONUCLIDE TOTAL -- 4.7E-10 -- -- 5E-10 -- -- -- --
EXPOSURE POINT TOTAL 6E-10 0E+00

EXPOSURE MEDIUM TOTAL 6E-10 0E+00
SOIL TOTAL 9E-05 1.4E+01

PRODUCE PRODUCE
AOI 2 & 4 SOILS AREA AT 

COOLING POND Uranium-238+D 3.3E-08 NA NA NA 3.3E-08
Uranium-235+D 3.8E-10 NA NA NA 3.8E-10
Uranium-234 4.7E-09 NA NA NA 4.7E-09
Thorium-232 8.5E-10 NA NA NA 8.5E-10
Radium-228+D 3.6E-07 NA NA NA 3.6E-07
Thorium-228+D 2.7E-09 NA NA NA 2.7E-09

 
RADIONUCLIDE TOTAL 4.0E-07 -- -- -- 4E-07 -- -- -- --

EXPOSURE POINT TOTAL 4E-07 0E+00
EXPOSURE MEDIUM TOTAL 4E-07 0E+00

PRODUCE TOTAL 4E-07 0E+00

RECEPTOR TOTAL 9E-05 1.4E+01
TOTAL RISK ACROSS ALL MEDIA 9E-05 TOTAL HAZARD ACROSS ALL MEDIA 1.4E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

TOTAL IMMUNE SYSTEM HI = 1.4E+01
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.29
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM

--
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TABLE 10-F.31
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

Benzo(a)pyrene 7.4E-07 NA 7.8E-07 NA 1.5E-06

SOIL SURFACE SOIL
AOI 2 & 4 SOILS AREA AT 

COOLING POND Aroclor-1254 3.0E-06 NA 1.7E-06 NA 4.6E-06
Aroclor-1260 1.2E-05 NA 6.8E-06 NA 1.9E-05
Arsenic 5.3E-06 NA 6.4E-07 NA 6.0E-06

CHEMICAL TOTAL 2.0E-05 -- 9.1E-06 -- 3E-05 -- -- -- 0E+00
Uranium-238+D 8.1E-07 NA NA 7.4E-06 8.2E-06
Uranium-235+D 8.8E-09 NA NA 4.9E-07 5.0E-07
Uranium-234 1.1E-07 NA NA 2.9E-09 1.1E-07
Thorium-232 5.2E-08 NA NA 1.3E-09 5.3E-08
Radium-228+D 5.1E-07 NA NA 1.7E-05 1.7E-05
Thorium-228+D 1.8E-07 NA NA 2.9E-05 2.9E-05

RADIONUCLIDE TOTAL 1.5E-06 -- -- 5.3E-05 5E-05
EXPOSURE POINT TOTAL 8E-05 0E+00

EXPOSURE MEDIUM TOTAL 8E-05 0E+00
Benzo(a)pyrene NA 1.6E-12 NA NA 1.6E-12

SOIL AIR
DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND Aroclor-1254 NA 1.2E-11 NA NA 1.2E-11

Aroclor-1260 NA 5.0E-11 NA NA 5.0E-11
Arsenic NA 2.2E-10 NA NA 2.2E-10

CHEMICAL TOTAL -- 2.8E-10 -- -- 3E-10 -- -- -- 0E+00
Uranium-238+D NA 1.1E-09 NA NA 1.1E-09
Uranium-235+D NA 1.7E-11 NA NA 1.7E-11
Uranium-234 NA 2.4E-10 NA NA 2.4E-10
Thorium-232 NA 2.9E-10 NA NA 2.9E-10
Radium-228+D NA 3.6E-11 NA NA 3.6E-11
Thorium-228+D NA 9.7E-10 NA NA 9.7E-10

RADIONUCLIDE TOTAL -- 2.1E-09 -- -- 2E-09 -- -- -- --
EXPOSURE POINT TOTAL 2E-09 0E+00

EXPOSURE MEDIUM TOTAL 2E-09 0E+00
SOIL TOTAL 8E-05 0E+00

PRODUCE PRODUCE
AOI 2 & 4 SOILS AREA AT 

COOLING POND Uranium-238+D 8.6E-07 NA NA NA 8.6E-07
Uranium-235+D 9.7E-09 NA NA NA 9.7E-09
Uranium-234 1.2E-07 NA NA NA 1.2E-07
Thorium-232 2.2E-08 NA NA NA 2.2E-08
Radium-228+D 9.4E-06 NA NA NA 9.4E-06
Thorium-228+D 6.9E-08 NA NA NA 6.9E-08

 
RADIONUCLIDE TOTAL 1.0E-05 -- -- -- 1E-05 -- -- -- --

EXPOSURE POINT TOTAL 1E-05 0E+00
EXPOSURE MEDIUM TOTAL 1E-05 0E+00

PRODUCE TOTAL 1E-05 0E+00

RECEPTOR TOTAL 9E-05 --
TOTAL RISK ACROSS ALL MEDIA 9E-05 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

--
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-B2SS TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL Benzo(a)pyrene 5.8E-06 3.6E-12 2.6E-06 NA NA 8.5E-06
Aroclor-1254 9.9E-06 1.8E-11 4.4E-06 NA NA 1.4E-05 Immune System 2.0E+00 NA 8.0E-01 2.8E+00
Aroclor-1260 4.0E-05 7.1E-11 1.8E-05 NA NA 5.8E-05 Immune System 8.2E+00 NA 3.2E+00 1.1E+01
Arsenic 1.8E-05 3.1E-10 1.7E-06 NA NA 1.9E-05

CHEMICAL TOTAL 7E-05 4E-10 3E-05 -- -- 1E-04 1.0E+01 0.0E+00 4.0E+00 -- 1.4E+01
Uranium-238+D 1.2E-06 1.3E-09 NA 9.7E-06 8.9E-07 1.2E-05
Uranium-235+D 1.3E-08 2.1E-11 NA 6.5E-07 1.0E-08 6.7E-07
Uranium-234 1.7E-07 2.9E-10 NA 3.8E-09 1.2E-07 2.9E-07

Uranium - Total 1.3E-05
Thorium-232 7.8E-08 3.6E-10 NA 1.7E-09 2.3E-08 1.0E-07
Radium-228+D 7.7E-07 4.4E-11 NA 2.2E-05 9.8E-06 3.3E-05
Thorium-228+D 2.7E-07 1.2E-09 NA 3.8E-05 7.2E-08 3.9E-05

Thorium 232 - Total 7.2E-05
RADIONUCLIDE TOTAL 3E-06 3E-09 -- 7E-05 1E-05 8E-05 NA NA NA NA

EXPOSURE ROUTE TOTAL 8E-05 4E-09 3E-05 7E-05 1E-05 2E-04 1.0E+01 0.0E+00 4.0E+00 1.4E+01

RECEPTOR TOTAL 2E-04 1.4E+01

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL IMMUNE SYSTEM HI = 1.4E+01

--
--
--
--
--
--
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

AOI 2 & 4 SOILS AREA AT 
COOLING POND
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TABLE 10-F.30
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL
AOI 2 & 4 SOILS AREA AT 

COOLING POND Benzo(a)pyrene 1.7E-06 NA 6.2E-07 NA 2.3E-06
Aroclor-1254 3.7E-06 NA 1.5E-06 NA 5.2E-06 Immune System 1.1E+00 NA 4.3E-01 1.5E+00
Aroclor-1260 1.6E-05 NA 6.3E-06 NA 2.2E-05 Immune System 4.7E+00 NA 1.8E+00 6.5E+00
Arsenic 1.4E-05 NA 1.1E-06 NA 1.5E-05

CHEMICAL TOTAL 3.5E-05 -- 9.6E-06 -- 4E-05 5.8E+00 -- 2.3E+00 8E+00
Uranium-238+D 4.0E-07 NA NA 2.3E-06 2.7E-06
Uranium-235+D 4.1E-09 NA NA 1.5E-07 1.5E-07
Uranium-234 4.9E-08 NA NA 8.3E-10 5.0E-08
Thorium-232 2.9E-07 NA NA 4.6E-10 2.9E-07
Radium-228+D 2.9E-07 NA NA 6.1E-06 6.4E-06
Thorium-228+D 1.0E-07 NA NA 1.0E-05 1.1E-05

RADIONUCLIDE TOTAL 7.9E-07 -- -- 1.9E-05 2E-05
EXPOSURE POINT TOTAL 6E-05 8E+00

EXPOSURE MEDIUM TOTAL 6E-05 8E+00

SOIL AIR
DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND Benzo(a)pyrene NA 6.9E-13 NA NA 6.9E-13

Aroclor-1254 NA 2.8E-12 NA NA 2.8E-12
Aroclor-1260 NA 1.2E-11 NA NA 1.2E-11
Arsenic NA 1.0E-10 NA NA 1.0E-10

CHEMICAL TOTAL -- 1.2E-10 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 2.4E-10 NA NA 2.4E-10
Uranium-235+D NA 3.5E-12 NA NA 3.5E-12
Uranium-234 NA 4.8E-11 NA NA 4.8E-11
Thorium-232 NA 7.4E-11 NA NA 7.4E-11
Radium-228+D NA 8.9E-12 NA NA 8.9E-12
Thorium-228+D NA 2.4E-10 NA NA 2.4E-10

RADIONUCLIDE TOTAL -- 4.9E-10 -- -- 5E-10 -- -- -- --
EXPOSURE POINT TOTAL 6E-10 0E+00

EXPOSURE MEDIUM TOTAL 6E-10 0E+00
SOIL TOTAL 6E-05 8E+00

PRODUCE PRODUCE
AOI 2 & 4 SOILS AREA AT 

COOLING POND Uranium-238+D 3.3E-08 NA NA NA 3.3E-08
Uranium-235+D 3.5E-10 NA NA NA 3.5E-10
Uranium-234 4.2E-09 NA NA NA 4.2E-09
Thorium-232 9.5E-10 NA NA NA 9.5E-10
Radium-228+D 4.1E-07 NA NA NA 4.1E-07
Thorium-228+D 3.0E-09 NA NA NA 3.0E-09

 
RADIONUCLIDE TOTAL 4.4E-07 -- -- -- 4E-07 -- -- -- --

EXPOSURE POINT TOTAL 4E-07 0E+00
EXPOSURE MEDIUM TOTAL 4E-07 0E+00

PRODUCE TOTAL 4E-07 0E+00

RECEPTOR TOTAL 6E-05 8.1E+00
TOTAL RISK ACROSS ALL MEDIA 6E-05 TOTAL HAZARD ACROSS ALL MEDIA 8.1E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

TOTAL IMMUNE SYSTEM HI = 8.1E+00
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.32
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENI
  

NON-
 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

Benzo(a)pyrene 2.5E-07 NA 1.3E-07 NA 3.8E-07
SOIL SUBSURFACE SOIL Aroclor-1254 1.6E-06 NA 8.9E-07 NA 2.5E-06

Aroclor-1260 6.9E-06 NA 3.9E-06 NA 1.1E-05
Arsenic 5.8E-06 NA 7.0E-07 NA 6.5E-06

CHEMICAL TOTAL 1.4E-05 -- 5.5E-06 -- 2E-05 -- -- -- 0E+00
Uranium-238+D 8.0E-07 NA NA 7.2E-06 8.0E-06
Uranium-235+D 8.2E-09 NA NA 4.6E-07 4.7E-07
Uranium-234 9.8E-08 NA NA 2.6E-09 1.0E-07
Thorium-232 5.8E-08 NA NA 1.4E-09 5.9E-08
Radium-228+D 5.8E-07 NA NA 1.9E-05 2.0E-05
Thorium-228+D 2.0E-07 NA NA 3.3E-05 3.3E-05

RADIONUCLIDE TOTAL 1.6E-06 -- -- 5.9E-05 6E-05
EXPOSURE POINT TOTAL 8E-05 0E+00

EXPOSURE MEDIUM TOTAL 8E-05 0E+00
Benzo(a)pyrene NA 5.4E-13 NA NA

SOIL AIR Aroclor-1254 NA 6.6E-12 NA NA 6.6E-12
Aroclor-1260 NA 2.8E-11 NA NA 2.8E-11
Arsenic NA 2.4E-10 NA NA 2.4E-10

CHEMICAL TOTAL -- 2.8E-10 -- -- 3E-10 -- -- -- 0E+00
Uranium-238+D NA 1.1E-09 NA NA 1.1E-09
Uranium-235+D NA 1.5E-11 NA NA 1.5E-11
Uranium-234 NA 2.1E-10 NA NA 2.1E-10
Thorium-232 NA 3.3E-10 NA NA 3.3E-10
Radium-228+D NA 4.0E-11 NA NA 4.0E-11
Thorium-228+D NA 1.1E-09 NA NA 1.1E-09

RADIONUCLIDE TOTAL -- 2.2E-09 -- -- 2E-09 -- -- -- --
EXPOSURE POINT TOTAL 2E-09 0E+00

EXPOSURE MEDIUM TOTAL 2E-09 0E+00
SOIL TOTAL 8E-05 0E+00

PRODUCE PRODUCE
AOI 2 & 4 SOILS AREA AT 

COOLING POND Uranium-238+D 8.4E-07 NA NA NA 8.4E-07
Uranium-235+D 9.0E-09 NA NA NA 9.0E-09
Uranium-234 1.1E-07 NA NA NA 1.1E-07
Thorium-232 2.4E-08 NA NA NA 2.4E-08
Radium-228+D 1.1E-05 NA NA NA 1.1E-05
Thorium-228+D 7.8E-08 NA NA NA 7.8E-08

 
RADIONUCLIDE TOTAL 1.1E-05 -- -- -- 1E-05 -- -- -- --

EXPOSURE POINT TOTAL 1E-05 0E+00
EXPOSURE MEDIUM TOTAL 1E-05 0E+00

PRODUCE TOTAL 1E-05 0E+00

RECEPTOR TOTAL 9E-05 --
TOTAL RISK ACROSS ALL MEDIA 9E-05 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

--
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL

AOI 2 & 4 SOILS AREA AT 
COOLING POND

DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND
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TABLE 10-B2SUBS TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL Benzo(a)pyrene 2.0E-06 1.2E-12 7.5E-07 NA NA 2.7E-06
Aroclor-1254 5.3E-06 9.4E-12 2.4E-06 NA NA 7.7E-06 Immune System 1.1E+00 NA 4.3E-01 1.5E+00
Aroclor-1260 2.3E-05 4.1E-11 1.0E-05 NA NA 3.3E-05 Immune System 4.7E+00 NA 1.8E+00 6.5E+00
Arsenic 1.9E-05 3.5E-10 1.8E-06 NA NA 2.1E-05

CHEMICAL TOTAL 5E-05 4E-10 2E-05 -- -- 6E-05 6E+00 0E+00 2E+00 -- 8E+00
Uranium-238+D 1.2E-06 1.3E-09 NA 9.5E-06 8.7E-07 1.2E-05
Uranium-235+D 1.2E-08 1.9E-11 NA 6.1E-07 9.4E-09 6.3E-07
Uranium-234 1.5E-07 2.6E-10 NA 3.4E-09 1.1E-07 2.6E-07

Uranium - Total 1.2E-05
Thorium-232 3.5E-07 4.0E-10 NA 1.9E-09 2.5E-08 3.8E-07
Radium-228+D 8.6E-07 4.9E-11 NA 2.5E-05 1.1E-05 3.7E-05
Thorium-228+D 3.0E-07 1.3E-09 NA 4.3E-05 8.1E-08 4.3E-05

Thorium 232 - Total 8.1E-05
RADIONUCLIDE TOTAL 3E-06 3E-09 -- 8E-05 1E-05 9E-05 NA NA NA NA

EXPOSURE ROUTE TOTAL 5E-05 4E-09 2E-05 8E-05 1E-05 2E-04 6E+00 0E+00 2E+00 8E+00

RECEPTOR TOTAL 2E-04 8E+00

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL IMMUNE SYSTEM HI = 8.1E+00

--
--
--
--
--
--
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

AOI 2 & 4 SOILS AREA AT 
COOLING POND
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TABLE 10-F.37
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B4 - Rt 62 OUTFALL AND EMBAYMENT AREA - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B4 - Rt 62 OUTFALL AND EMBAYMENT AREA
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL Rt 62 OUTFALL Benzo(a)anthracene 4.1E-06 NA 1.5E-06 NA 5.6E-06
AND EMBAYMENT AREA Benzo(a)pyrene 4.3E-05 NA 1.6E-05 NA 5.9E-05

Benzo(b)fluoranthene 6.8E-06 NA 2.5E-06 NA 9.3E-06
Indeno(1,2,3-cd)pyrene 2.0E-06 NA 7.1E-07 NA 2.7E-06
Arsenic 5.7E-06 NA 4.8E-07 NA 6.2E-06

CHEMICAL TOTAL 6.2E-05 -- 2.1E-05 -- 8E-05 -- -- -- 0E+00
Thorium-232 2.6E-08 NA NA 4.1E-10 2.6E-08
Radium-228+D 2.6E-07 NA NA 5.4E-06 5.7E-06
Thorium-228+D 9.1E-08 NA NA 9.3E-06 9.4E-06

RADIONUCLIDE TOTAL 3.8E-07 -- -- 1.5E-05 2E-05
EXPOSURE POINT TOTAL 1E-04 0E+00

EXPOSURE MEDIUM TOTAL 1E-04 0E+00
SOIL AIR Rt 62 OUTFALL Benzo(a)anthracene NA 2.7E-12 NA NA 2.7E-12

AND EMBAYMENT AREA Benzo(a)pyrene NA 1.7E-11 NA NA 1.7E-11
Benzo(b)fluoranthene NA 2.7E-12 NA NA 2.7E-12
Arsenic NA 7.8E-13 NA NA 7.8E-13

CHEMICAL TOTAL -- 2.3E-11 -- -- 2E-11 -- -- -- 0E+00
Thorium-232 NA 6.6E-11 NA NA 6.6E-11
Radium-228+D NA 8.0E-12 NA NA 8.0E-12
Thorium-228+D NA 2.2E-10 NA NA 2.2E-10

RADIONUCLIDE TOTAL -- 2.9E-10 -- -- 3E-10 -- -- -- --
EXPOSURE POINT TOTAL 3E-10 0E+00

EXPOSURE MEDIUM TOTAL 3E-10 0E+00
SOIL TOTAL 1E-04 0E+00

PRODUCE PRODUCE Rt 62 OUTFALL
AND EMBAYMENT AREA Thorium-232 8.5E-10 NA NA NA 8.5E-10

Radium-228+D 3.6E-07 NA NA NA 3.6E-07
Thorium-228+D 2.7E-09 NA NA NA 2.7E-09

 
RADIONUCLIDE TOTAL 3.6E-07 -- -- -- 4E-07 -- -- -- --

EXPOSURE POINT TOTAL 4E-07 0E+00
EXPOSURE MEDIUM TOTAL 4E-07 0E+00

PRODUCE TOTAL 4E-07 0E+00

RECEPTOR TOTAL 1E-04 0E+00
TOTAL RISK ACROSS ALL MEDIA 1E-04 TOTAL HAZARD ACROSS ALL MEDIA 0.0E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 --

--
0

--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM
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POINT CHEMICAL
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TABLE 10-F.39
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B4 - Rt 62 OUTFALL AND EMBAYMENT AREA - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B4 - Rt 62 OUTFALL AND EMBAYMENT AREA
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL Rt 62 OUTFALL Benzo(a)anthracene 6.0E-07 NA 3.1E-07 NA 9.1E-07
AND EMBAYMENT AREA Benzo(a)pyrene 6.2E-06 NA 3.2E-06 NA 9.4E-06

Benzo(b)fluoranthene 9.9E-07 NA 5.2E-07 NA 1.5E-06
Indeno(1,2,3-cd)pyrene 2.8E-07 NA 1.5E-07 NA 4.3E-07
Arsenic 2.4E-06 NA 2.9E-07 NA 2.7E-06

CHEMICAL TOTAL 1.0E-05 -- 4.5E-06 -- 1E-05 -- -- -- 0E+00
Thorium-232 5.2E-08 NA NA 1.3E-09 5.3E-08
Radium-228+D 5.1E-07 NA NA 1.7E-05 1.8E-05
Thorium-228+D 1.8E-07 NA NA 2.9E-05 2.9E-05

RADIONUCLIDE TOTAL 7.4E-07 -- -- 4.6E-05 5E-05
EXPOSURE POINT TOTAL 6E-05 0E+00

EXPOSURE MEDIUM TOTAL 6E-05 0E+00
SOIL AIR Rt 62 OUTFALL Benzo(a)anthracene NA 1.3E-12 NA NA 1.3E-12

AND EMBAYMENT AREA Benzo(a)pyrene NA 1.4E-11 NA NA 1.4E-11
Benzo(b)fluoranthene NA 2.7E-12 NA NA 2.7E-12
Arsenic NA 6.2E-13 NA NA 6.2E-13

CHEMICAL TOTAL -- 1.9E-11 -- -- 2E-11 -- -- -- 0E+00
Thorium-232 NA 2.9E-10 NA NA 2.9E-10
Radium-228+D NA 3.6E-11 NA NA 3.6E-11
Thorium-228+D NA 9.7E-10 NA NA 9.7E-10

RADIONUCLIDE TOTAL -- 1.3E-09 -- -- 1E-09 -- -- -- --
EXPOSURE POINT TOTAL 1E-09 0E+00

EXPOSURE MEDIUM TOTAL 1E-09 0E+00
SOIL TOTAL 6E-05 0E+00

PRODUCE PRODUCE Rt 62 OUTFALL
AND EMBAYMENT AREA Thorium-232 2.2E-08 NA NA NA 2.2E-08

Radium-228+D 9.4E-06 NA NA NA 9.4E-06
Thorium-228+D 6.9E-08 NA NA NA 6.9E-08

 
RADIONUCLIDE TOTAL 9.5E-06 -- -- -- 9E-06 -- -- -- --

EXPOSURE POINT TOTAL 9E-06 0E+00
EXPOSURE MEDIUM TOTAL 9E-06 0E+00

PRODUCE TOTAL 9E-06 0E+00

RECEPTOR TOTAL 7E-05 0E+00
TOTAL RISK ACROSS ALL MEDIA 7E-05 TOTAL HAZARD ACROSS ALL MEDIA 0.0E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 --

--
0

--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL
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TABLE 10-B4SS TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B4 - Rt 62 OUTFALL AND EMBAYMENT AREA - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B4 - Rt 62 OUTFALL AND EMBAYMENT AREA
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL Rt 62 OUTFALL Benzo(a)anthracene 4.7E-06 4.0E-12 1.8E-06 NA NA 6.5E-06
AND EMBAYMENT AREA Benzo(a)pyrene 4.9E-05 3.1E-11 1.9E-05 NA NA 6.8E-05

Benzo(b)fluoranthene 7.8E-06 5.4E-12 3.0E-06 NA NA 1.1E-05
Indeno(1,2,3-cd)pyrene 2.3E-06 1.4E-12 8.6E-07 NA NA 3.1E-06
Arsenic
CHEMICAL TOTAL 6E-05 4E-11 2E-05 -- -- 9E-05 0.0E+00 0.0E+00 0.0E+00 -- 0.0E+00
Thorium-232 7.8E-08 3.6E-10 NA 1.7E-09 2.3E-08 1.0E-07
Radium-228+D 7.7E-07 4.4E-11 NA 2.2E-05 9.8E-06 3.3E-05
Thorium-228+D 2.7E-07 1.2E-09 NA 3.8E-05 7.2E-08 3.9E-05

Thorium 232 - Total 7.2E-05
RADIONUCLIDE TOTAL 1E-06 2E-09 -- 6E-05 1E-05 7E-05 NA NA NA NA

EXPOSURE ROUTE TOTAL 7E-05 2E-09 2E-05 6E-05 1E-05 2E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00

RECEPTOR TOTAL 2E-04 0.0E+00

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL IMMUNE SYSTEM HI = 1.4E+01

--
--
--
--
--
--
--

CHEMICALMEDIUM
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MEDIUM
EXPOSURE 

POINT
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TABLE 10-F.151
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
EXPOSURE 

ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 1 HOLDING BASIN Arsenic 6.3E-06 NA 5.3E-07 NA 6.8E-06
Uranium NA Kidney 3.0E+00 NA 3.0E+00

CHEMICAL TOTAL 6.3E-06 -- 5.3E-07 -- 7E-06 3.0E+00 -- -- 3E+00
Uranium-238+D 4.1E-06 NA NA 2.4E-05 2.8E-05
Uranium-235+D 4.1E-08 NA NA 1.5E-06 1.5E-06
Uranium-234 5.2E-07 NA NA 8.9E-09 5.3E-07
Thorium-232 3.6E-08 NA NA 5.7E-10 3.7E-08
Radium-228+D 3.6E-07 NA NA 7.6E-06 8.0E-06
Thorium-228+D 1.3E-07 NA NA 1.3E-05 1.3E-05

RADIONUCLIDE TOTAL 4.6E-06 -- -- 4.6E-05 5E-05
EXPOSURE POINT TOTAL 6E-05 3E+00

EXPOSURE MEDIUM TOTAL 6E-05 3E+00

SOIL AIR
DUST AT AOI 1 HOLDING 

BASIN Arsenic NA 4.8E-11 NA NA 4.8E-11
Uranium NA Kidney NA 1.6E-05 NA 1.6E-05

CHEMICAL TOTAL -- 4.8E-11 -- -- 5E-11 -- 1.6E-05 -- 2E-05
Uranium-238+D NA 2.5E-09 NA NA 2.5E-09
Uranium-235+D NA 3.5E-11 NA NA 3.5E-11
Uranium-234 NA 5.1E-10 NA NA 5.1E-10
Thorium-232 NA 9.2E-11 NA NA 9.2E-11
Radium-228+D NA 1.1E-11 NA NA 1.1E-11
Thorium-228+D NA 3.0E-10 NA NA 3.0E-10

RADIONUCLIDE TOTAL -- 2.8E-09 -- -- 3E-09 -- -- -- --
EXPOSURE POINT TOTAL 3E-09 2E-05

EXPOSURE MEDIUM TOTAL 3E-09 2E-05
SOIL TOTAL 6E-05 3E+00

PRODUCE PRODUCE AOI 1 HOLDING BASIN Uranium-238+D 3.4E-07 NA NA NA 3.4E-07
Uranium-235+D 3.5E-09 NA NA NA 3.5E-09
Uranium-234 4.5E-08 NA NA NA 4.5E-08
Thorium-232 1.2E-09 NA NA NA 1.2E-09
Radium-228+D 5.1E-07 NA NA NA 5.1E-07
Thorium-228+D 3.8E-09 NA NA NA 3.8E-09

 
RADIONUCLIDE TOTAL 8.5E-07 -- -- -- 9E-07 -- -- -- --

EXPOSURE POINT TOTAL 9E-07 0E+00
EXPOSURE MEDIUM TOTAL 9E-07 0E+00

PRODUCE TOTAL 9E-07 0E+00

RECEPTOR TOTAL 6E-05 3.0E+00
TOTAL RISK ACROSS ALL MEDIA 6E-05 TOTAL HAZARD ACROSS ALL MEDIA 3.0E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

--
TOTAL KIDNEY HI = 3.0E+00

--
--
--
--
--
--
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TABLE 10-F.153
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTIO
N

INHALATION
DERMA

L
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTIO
N

INHALATION DERMAL
EXPOSURE 

ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 1 HOLDING BASIN Arsenic 2.7E-06 NA 3.2E-07 NA 3.0E-06

CHEMICAL TOTAL 2.7E-06 -- 3.2E-07 -- 3E-06 -- -- -- 0E+00
Uranium-238+D 8.2E-06 NA NA 7.4E-05 8.3E-05
Uranium-235+D 8.2E-08 NA NA 4.6E-06 4.6E-06
Uranium-234 1.0E-06 NA NA 2.8E-08 1.1E-06
Thorium-232 7.2E-08 NA NA 1.8E-09 7.4E-08
Radium-228+D 7.2E-07 NA NA 2.4E-05 2.4E-05
Thorium-228+D 2.5E-07 NA NA 4.1E-05 4.1E-05

RADIONUCLIDE TOTAL 1.0E-05 -- -- 1.4E-04 2E-04
EXPOSURE POINT TOTAL 2E-04 0E+00

EXPOSURE MEDIUM TOTAL 2E-04 0E+00

SOIL AIR
DUST AT AOI 1 HOLDING 

BASIN Arsenic NA 1.1E-10 NA NA 1.1E-10

CHEMICAL TOTAL -- 1.1E-10 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 1.1E-08 NA NA 1.1E-08
Uranium-235+D NA 1.5E-10 NA NA 1.5E-10
Uranium-234 NA 2.3E-09 NA NA 2.3E-09
Thorium-232 NA 4.1E-10 NA NA 4.1E-10
Radium-228+D NA 5.0E-11 NA NA 5.0E-11
Thorium-228+D NA 1.4E-09 NA NA 1.4E-09

RADIONUCLIDE TOTAL -- 1.5E-08 -- -- 1E-08 -- -- -- --
EXPOSURE POINT TOTAL 2E-08 0E+00

EXPOSURE MEDIUM TOTAL 2E-08 0E+00
SOIL TOTAL 2E-04 0E+00

PRODUCE PRODUCE AOI 1 HOLDING BASIN Uranium-238+D 8.7E-06 NA NA NA 8.7E-06
Uranium-235+D 9.0E-08 NA NA NA 9.0E-08
Uranium-234 1.1E-06 NA NA NA 1.1E-06
Thorium-232 3.1E-08 NA NA NA 3.1E-08
Radium-228+D 1.3E-05 NA NA NA 1.3E-05
Thorium-228+D 9.7E-08 NA NA NA 9.7E-08

 
RADIONUCLIDE TOTAL 2.3E-05 -- -- -- 2E-05 -- -- -- --

EXPOSURE POINT TOTAL 2E-05 0E+00
EXPOSURE MEDIUM TOTAL 2E-05 0E+00

PRODUCE TOTAL 2E-05 0E+00

RECEPTOR TOTAL 2E-04 --
TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

--
--
--
--
--
--
--
--
--
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TABLE 10-F.B5SS TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL Arsenic 9.0E-06 1.6E-10 8.5E-07 NA NA 9.8E-06
Uranium Kidney 3.0E+00 1.6E-05 NA NA 3.0E+00

CHEMICAL TOTAL 9E-06 2E-10 8E-07 -- -- 1E-05 3E+00 2E-05 0E+00 -- 3E+00
Uranium-238+D 1.2E-05 1.4E-08 NA 9.8E-05 9.0E-06 1.2E-04
Uranium-235+D 1.2E-07 1.9E-10 NA 6.0E-06 9.3E-08 6.2E-06
Uranium-234 1.6E-06 2.8E-09 NA 3.7E-08 1.2E-06 2.8E-06

Uranium - Total 1.3E-04
Thorium-232 1.1E-07 5.0E-10 NA 2.4E-09 3.2E-08 1.4E-07
Radium-228+D 1.1E-06 6.1E-11 NA 3.1E-05 1.4E-05 4.6E-05
Thorium-228+D 3.8E-07 1.7E-09 NA 5.4E-05 1.0E-07 5.4E-05

Thorium 232 - Total 1.0E-04
RADIONUCLIDE TOTAL 2E-05 2E-08 -- 2E-04 2E-05 2E-04 NA NA NA NA

EXPOSURE ROUTE TOTAL 2E-05 2E-08 8E-07 2E-04 2E-05 2E-04 3E+00 2E-05 0E+00 3E+00

RECEPTOR TOTAL 2E-04 3E+00

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL KIDNEY HI = 3.0E+00
-- - Not calculated; dose-response data and/or dermal absorption values are not available.

--
--
--
--
--
--
--

CHEMICALMEDIUM
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MEDIUM
EXPOSURE 

POINT
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TABLE 10-F.152
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
EXPOSURE 

ROUTES 
TOTAL

SOIL SUBSURFACE SOIL AOI 1 HOLDING BASIN Arsenic 4.8E-06 NA 4.0E-07 NA 5.2E-06
Uranium NA Kidney 3.5E+00 NA 3.5E+00

CHEMICAL TOTAL 4.8E-06 -- 4.0E-07 -- 5E-06 3.5E+00 -- -- 4E+00
Uranium-238+D 4.9E-06 NA NA 2.8E-05 3.3E-05
Uranium-235+D 5.0E-08 NA NA 1.8E-06 1.8E-06
Uranium-234 6.1E-07 NA NA 1.0E-08 6.2E-07
Thorium-232 2.5E-08 NA NA 3.9E-10 2.5E-08
Radium-228+D 2.4E-07 NA NA 5.2E-06 5.4E-06
Thorium-228+D 8.6E-08 NA NA 8.8E-06 8.9E-06

RADIONUCLIDE TOTAL 5.2E-06 -- -- 4.4E-05 5E-05
EXPOSURE POINT TOTAL 5E-05 4E+00

EXPOSURE MEDIUM TOTAL 5E-05 4E+00
SOIL AIR

     
BASIN Arsenic NA 3.6E-11 NA NA 3.6E-11

Uranium NA Kidney NA 1.9E-05 NA 1.9E-05

CHEMICAL TOTAL -- 3.6E-11 -- -- 4E-11 -- 1.9E-05 -- 2E-05
Uranium-238+D NA 3.0E-09 NA NA 3.0E-09
Uranium-235+D NA 4.3E-11 NA NA 4.3E-11
Uranium-234 NA 6.0E-10 NA NA 6.0E-10
Thorium-232 NA 6.3E-11 NA NA 6.3E-11
Radium-228+D NA 7.6E-12 NA NA 7.6E-12
Thorium-228+D NA 2.1E-10 NA NA 2.1E-10

RADIONUCLIDE TOTAL -- 3.2E-09 -- -- 3E-09 -- -- -- --
EXPOSURE POINT TOTAL 3E-09 2E-05

EXPOSURE MEDIUM TOTAL 3E-09 2E-05
SOIL TOTAL 5E-05 4E+00

PRODUCE PRODUCE AOI 1 HOLDING BASIN Uranium-238+D 4.0E-07 NA NA NA 4.0E-07
Uranium-235+D 4.3E-09 NA NA NA 4.3E-09
Uranium-234 5.2E-08 NA NA NA 5.2E-08
Thorium-232 8.0E-10 NA NA NA 8.0E-10
Radium-228+D 3.5E-07 NA NA NA 3.5E-07
Thorium-228+D 2.5E-09 NA NA NA 2.5E-09

 
RADIONUCLIDE TOTAL 7.5E-07 -- -- -- 8E-07 -- -- -- --

EXPOSURE POINT TOTAL 8E-07 0E+00
EXPOSURE MEDIUM TOTAL 8E-07 0E+00

PRODUCE TOTAL 8E-07 0E+00

RECEPTOR TOTAL 6E-05 4E+00
TOTAL RISK ACROSS ALL MEDIA 6E-05 TOTAL HAZARD ACROSS ALL MEDIA 4E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

--
TOTAL KIDNEY HI = 3.5E+00

--
--
--
--
--
--
--

EXPOSURE 
POINT

CHEMICALMEDIUM
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MEDIUM
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TABLE 10-F.154
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
EXPOSURE 

ROUTES 
TOTAL

SOIL SUBSURFACE SOIL AOI 1 HOLDING BASIN Arsenic 2.0E-06 NA 2.4E-07 NA 2.3E-06

CHEMICAL TOTAL 2.0E-06 -- 2.4E-07 -- 2E-06 -- -- -- 0E+00
Uranium-238+D 9.7E-06 NA NA 8.8E-05 9.8E-05
Uranium-235+D 1.0E-07 NA NA 5.6E-06 5.7E-06
Uranium-234 1.2E-06 NA NA 3.3E-08 1.3E-06
Thorium-232 4.9E-08 NA NA 1.2E-09 5.0E-08
Radium-228+D 4.9E-07 NA NA 1.6E-05 1.7E-05
Thorium-228+D 1.7E-07 NA NA 2.8E-05 2.8E-05

RADIONUCLIDE TOTAL 1.2E-05 -- -- 1.4E-04 1E-04
EXPOSURE POINT TOTAL 2E-04 0E+00

EXPOSURE MEDIUM TOTAL 2E-04 0E+00

SOIL AIR
DUST AT AOI 1 HOLDING 

BASIN Arsenic NA 8.5E-11 NA NA 8.5E-11

CHEMICAL TOTAL -- 8.5E-11 -- -- 8E-11 -- -- -- 0E+00
Uranium-238+D NA 1.3E-08 NA NA 1.3E-08
Uranium-235+D NA 1.9E-10 NA NA 1.9E-10
Uranium-234 NA 2.7E-09 NA NA 2.7E-09
Thorium-232 NA 2.8E-10 NA NA 2.8E-10
Radium-228+D NA 3.4E-11 NA NA 3.4E-11
Thorium-228+D NA 9.2E-10 NA NA 9.2E-10

RADIONUCLIDE TOTAL -- 1.7E-08 -- -- 2E-08 -- -- -- --
EXPOSURE POINT TOTAL 2E-08 0E+00

EXPOSURE MEDIUM TOTAL 2E-08 0E+00
SOIL TOTAL 2E-04 0E+00

PRODUCE PRODUCE AOI 1 HOLDING BASIN Uranium-238+D 1.0E-05 NA NA NA 1.0E-05
Uranium-235+D 1.1E-07 NA NA NA 1.1E-07
Uranium-234 1.4E-06 NA NA NA 1.4E-06
Thorium-232 2.1E-08 NA NA NA 2.1E-08
Radium-228+D 8.9E-06 NA NA NA 8.9E-06
Thorium-228+D 6.6E-08 NA NA NA 6.6E-08

 
RADIONUCLIDE TOTAL 2.1E-05 -- -- -- 2E-05 -- -- -- --

EXPOSURE POINT TOTAL 2E-05 0E+00
EXPOSURE MEDIUM TOTAL 2E-05 0E+00

PRODUCE TOTAL 2E-05 0E+00

RECEPTOR TOTAL 2E-04 --
TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

--
--
--
--
--
--
--
--
--

EXPOSURE 
POINT

CHEMICALMEDIUM
EXPOSURE 

MEDIUM
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TABLE 10-B5SUBS TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD and ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
PRODUCE 

INGESTION

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL Arsenic 6.8E-06 1.2E-10 6.4E-07 NA NA 7.5E-06
Uranium Kidney 3.5E+00 1.9E-05 NA NA 3.5E+00

CHEMICAL TOTAL 7E-06 1E-10 6E-07 -- -- 7E-06 4E+00 2E-05 0E+00 -- 4E+00
Uranium-238+D 1.5E-05 1.6E-08 NA 1.2E-04 1.1E-05 1.4E-04
Uranium-235+D 1.5E-07 2.3E-10 NA 7.4E-06 1.1E-07 7.7E-06
Uranium-234 1.8E-06 3.3E-09 NA 4.3E-08 1.4E-06 3.3E-06

Uranium - Total 1.5E-04
Thorium-232 7.4E-08 3.4E-10 NA 1.6E-09 2.2E-08 9.8E-08
Radium-228+D 7.3E-07 4.1E-11 NA 2.1E-05 9.3E-06 3.1E-05
Thorium-228+D 2.6E-07 1.1E-09 NA 3.6E-05 6.8E-08 3.7E-05

Thorium 232 - Total 6.8E-05
RADIONUCLIDE TOTAL 2E-05 2E-08 -- 2E-04 2E-05 2E-04 NA NA NA NA

EXPOSURE ROUTE TOTAL 2E-05 2E-08 6E-07 2E-04 2E-05 2E-04 4E+00 2E-05 0E+00 4E+00

RECEPTOR TOTAL 2E-04 4E+00

NOTES: --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. --
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for U-238+D, U-235+D, and U-234 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL KIDNEY HI = 4E+00
-- - Not calculated; dose-response data and/or dermal absorption values are not available.

--
--
--
--
--
--
--

CHEMICALMEDIUM
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POINT
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TABLE 10-F.43
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA
SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER
1,1-Dichloroethane 7.4E-07 NA 3.8E-08 NA 7.7E-07
Trichloroethene 7.6E-06 NA 8.1E-07 NA 8.3E-06 Immune System 2.1E+00 NA 1.3E-01 2.2E+00
1,4-Dioxane 2.9E-05 NA 7.1E-08 NA 2.9E-05
Bis(2-Ethylhexyl)phthalate 1.5E-06 NA 1.5E-06 NA 3.0E-06
Arsenic 7.3E-04 NA 3.2E-06 NA 7.4E-04 Skin 1.9E+01 NA 8.4E-02 1.9E+01
Barium NA Kidney 2.2E+00 NA 1.4E-01 2.4E+00
Chromium NA NOAEL 2.4E+00 NA 8.6E-01 3.3E+00
Cobalt NA Endocrine 3.8E+00 NA 1.7E-02 3.8E+00
Iron NA GI System 5.5E+00 NA 5.5E+00
Manganese NA Nervous System 4.9E+00 NA 5.4E-01 5.5E+00
Molybdenum NA Kidney 2.2E+00 NA 9.8E-03 2.2E+00
Uranium NA Kidney 3.5E+01 NA 1.5E-01 3.5E+01
Nitrate as N NA Hematological 6.8E+00 NA 6.8E+00
Nitrite as N NA Hematological 1.0E+01 NA 1.0E+01

CHEMICAL TOTAL 7.7E-04 -- 5.6E-06 -- 8E-04 9.4E+01 -- 1.9E+00 9.6E+01
Uranium-238+D 2.0E-05 NA NA NA 2.0E-05
Uranium-235+D 7.7E-07 NA NA NA 7.7E-07
Uranium-234 1.7E-05 NA NA NA 1.7E-05
Actinium-227+D 5.2E-06 NA NA NA 5.2E-06
Thorium-230 2.2E-05 NA NA NA 2.2E-05
Radium-226+D 1.2E-04 NA NA NA 1.2E-04
Lead-210 2.9E-04 NA NA NA 2.9E-04
Bismuth-210 3.2E-06 NA NA NA 3.2E-06
Polonium-210 5.5E-04 NA NA NA 5.5E-04
Thorium-232 2.4E-07 NA NA NA 2.4E-07
Radium-228+D 2.4E-06 NA NA NA 2.4E-06
Thorium-228+D 7.0E-07 NA NA NA 7.0E-07

RADIONUCLIDE TOTAL 1.0E-03 -- -- -- 1E-03 -- -- -- --
EXPOSURE POINT TOTAL 2E-03 1E+02

EXPOSURE MEDIUM TOTAL 2E-03 1E+02
AIR INDOOR AIR

1,1-Dichloroethane 4.3E-08 NA 4.3E-08
Trichloroethene 1.6E-07 NA 1.6E-07 Immune System NA 1.1E-01 NA 1.1E-01

CHEMICAL TOTAL -- 1.6E-07 -- -- 2E-07 -- 1.1E-01 -- 1E-01

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 2E-07 1E-01

EXPOSURE MEDIUM TOTAL 2E-07 1E-01
GROUNDWATER TOTAL 2E-03 1E+02
RECEPTOR TOTAL 2E-03 9.6E+01

TOTAL RISK ACROSS ALL MEDIA 2E-03 TOTAL HAZARD ACROSS ALL MEDIA 9.6E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 3.8E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 5.5E+00
Checked by / Date: JHP 06/08/12 TOTAL HEMATOLOGICAL HI = 1.7E+01

TOTAL IMMUNE SYSTEM HI = 2.3E+00
TOTAL KIDNEY HI = 3.9E+01

--
--

TOTAL NERVOUS SYSTEM HI = 5.5E+00
TOTAL NOAEL HI = 3.3E+00

--
TOTAL SKIN HI = 1.9E+01

--

CHEMICAL

GROUND 
WATER

ON-PROPERTY BEDROCK 
GROUNDWATER PLUME USED AS 

TAP WATER

GROUND 
WATER

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
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TABLE 10-F.44
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
EXPOSURE 

ROUTES TOTAL
PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES TOTAL

GROUND 
WATER GROUND WATER

ON-PROPERTY BEDROCK 
GROUNDWATER PLUME USED AS 

TAP WATER 1,1-Dichloroethane 8.4E-07 NA 6.6E-08 NA 9.1E-07
Trichloroethene 5.4E-06 NA 9.0E-07 NA 6.0E-06
1,4-Dioxane 3.3E-05 NA 1.2E-07 NA 3.3E-05
Bis(2-Ethylhexyl)phthalate 1.7E-06 NA 2.7E-06 NA 4.4E-06
Arsenic 8.4E-04 NA 4.4E-06 NA 8.4E-04 Skin 5.4E+00 NA 2.8E-02 5.5E+00
Iron NA GI System 1.6E+00 NA 1.6E+00
Manganese NA Nervous System 1.4E+00 NA 1.8E-01 1.6E+00
Uranium NA Kidney 9.9E+00 NA 5.2E-02 1.0E+01
Nitrate as N NA Hematological 1.9E+00 NA 1.9E+00
Nitrite as N NA Hematological 2.9E+00 NA 2.9E+00

CHEMICAL TOTAL 8.8E-04 -- 8.1E-06 -- 9E-04 2.3E+01 -- 2.6E-01 2.3E+01
Uranium-238+D 1.1E-04 NA NA NA 1.1E-04
Uranium-235+D 4.1E-06 NA NA NA 4.1E-06
Uranium-234 9.1E-05 NA NA NA 9.1E-05
Actinium-227+D 2.8E-05 NA NA NA 2.8E-05
Thorium-230 1.2E-04 NA NA NA 1.2E-04
Radium-226+D 6.7E-04 NA NA NA 6.7E-04
Lead-210 1.5E-03 NA NA NA 1.5E-03
Bismuth-210 1.7E-05 NA NA NA 1.7E-05
Polonium-210 2.9E-03 NA NA NA 2.9E-03
Thorium-232 1.3E-06 NA NA NA 1.3E-06
Radium-228+D 1.3E-05 NA NA NA 1.3E-05
Thorium-228+D 3.7E-06 NA NA NA 3.7E-06

RADIONUCLIDE TOTAL 5.5E-03 -- -- -- 5E-03 -- -- -- --
EXPOSURE POINT TOTAL 6E-03 2.3E+01

EXPOSURE MEDIUM TOTAL 6E-03 2.3E+01 
WATER AIR INDOOR AIR 1,1-Dichloroethane NA 1.0E-07 NA NA 1.0E-07

Trichloroethene NA 1.9E-07 NA NA 1.9E-07

CHEMICAL TOTAL -- 2.1E-07 -- -- 3E-07 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 2E-07 0E+00

EXPOSURE MEDIUM TOTAL 2E-07 0E+00
GROUNDWATER TOTAL 6E-03 2.3E+01
RECEPTOR TOTAL 6E-03 2.3E+01

TOTAL RISK ACROSS ALL MEDIA 6E-03 TOTAL HAZARD ACROSS ALL MEDIA 2.3E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 1.6E+00
Checked by / Date: JHP 06/08/12 TOTAL HEMATOLOGICAL HI = 4.8E+00

--
TOTAL KIDNEY HI = 1.0E+01

--
--

TOTAL NERVOUS SYSTEM HI = 1.6E+00
--
--

TOTAL SKIN HI = 5.5E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER
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TABLE 10-BR PLUME TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD & ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER
1,1-Dichloroethane 1.6E-06 1.4E-07 1.0E-07 NA 1.8E-06
Trichloroethene 1.3E-05 3.5E-07 1.7E-06 NA 1.5E-05 Immune System 2.1E+00 NA 1.3E-01 2.2E+00
1,4-Dioxane 6.2E-05 NA 1.6E-06 NA 6.4E-05 NA 0.0E+00
Bis(2-Ethylhexyl)phthalate 3.3E-06 4.2E-06 NA 7.5E-06 NA
Arsenic 1.6E-03 7.6E-06 NA 1.6E-03 Skin 1.9E+01 NA 8.4E-02 1.9E+01
Barium NA Kidney 2.2E+00 NA 1.4E-01 2.4E+00
Chromium NA NOAEL 2.4E+00 NA 8.6E-01 3.3E+00
Cobalt NA Endocrine 3.8E+00 NA 1.7E-02 3.8E+00
Iron NA GI System 5.5E+00 NA 5.5E+00
Manganese NA Nervous System 4.9E+00 NA 5.4E-01 5.5E+00
Molybdenum NA Kidney 2.2E+00 NA 9.8E-03 2.2E+00
Uranium NA Kidney 3.5E+01 NA 1.5E-01 3.5E+01
Nitrate as N NA Hematological 6.8E+00 NA 6.8E+00
Nitrite as N NA Hematological 1.0E+01 NA 1.0E+01

CHEMICAL TOTAL 1.7E-03 4.9E-07 1.5E-05 -- 2E-03 9.4E+01 -- 1.9E+00 9.6E+01
Uranium-238+D 1.3E-04 NA NA NA 1.3E-04
Uranium-235+D 4.9E-06 NA NA NA 4.9E-06
Uranium-234 1.1E-04 NA NA NA 1.1E-04
Actinium-227+D 3.3E-05 NA NA NA 3.3E-05
Thorium-230 1.4E-04 NA NA NA 1.4E-04
Radium-226+D 7.9E-04 NA NA NA 7.9E-04
Lead-210 1.8E-03 NA NA NA 1.8E-03
Bismuth-210 2.0E-05 NA NA NA 2.0E-05
Polonium-210 3.5E-03 NA NA NA 3.5E-03

Uranium (Natural) 6.5E-03
Thorium-232 1.5E-06 NA NA NA 1.5E-06
Radium-228+D 1.5E-05 NA NA NA 1.5E-05
Thorium-228+D 4.4E-06 NA NA NA 4.4E-06

Thorium-232 2.1E-05
RADIONUCLIDE TOTAL 6.5E-03 -- -- -- 7E-03 -- -- -- --

EXPOSURE POINT TOTAL 8E-03 0E+00
GROUNDWATER TOTAL 8E-03

RECEPTOR TOTAL 8E-03 9.6E+01
TOTAL RISK ACROSS ALL MEDIA 8E-03 TOTAL HAZARD ACROSS ALL MEDIA 9.6E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 3.8E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. TOTAL GI SYSTEM HI = 5.5E+00
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. TOTAL HEMATOLOGICAL HI = 1.7E+01
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. TOTAL IMMUNE SYSTEM HI = 2.3E+00
Uranium - total carcinogenic risk is the sum of risks for the significant contributors  among: U-238+D, U-235+D, U-234, Ac-227+D, Th-230, Ra-226+D, Pb-210, Bi-210, and Po-210 TOTAL KIDNEY HI = 3.9E+01
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --

--
TOTAL NERVOUS SYSTEM HI = 5.5E+00

TOTAL NOAEL HI = 3.3E+00
--

TOTAL SKIN HI = 1.9E+01
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

ON-PROPERTY BEDROCK 
GROUNDWATER PLUME USED AS 

TAP WATER
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TABLE 10-F.45B
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND 
WATER

GROUND WATER
ON-PROPERTY BEDROCK 

GROUNDWATER USED AS TAP 
WATER Trichloroethene 2.6E-06 NA 2.7E-07 NA 2.9E-06

Bis(2-Ethylhexyl)phthalate 5.1E-07 NA 5.0E-07 NA 1.0E-06
Arsenic 8.9E-05 NA 3.9E-07 NA 8.9E-05 Skin 2.3E+00 NA 1.0E-02 2.3E+00
Iron NA GI System 1.8E+00 NA 1.8E+00
Manganese NA Nervous System 1.4E+00 NA 1.5E-01 1.6E+00
Uranium NA Kidney 3.8E+00 NA 1.7E-02 3.8E+00

CHEMICAL TOTAL 9.0E-05 -- 5.5E-07 -- 9E-05 9.4E+00 -- 1.8E-01 9.5E+00
Uranium-238+D 2.2E-06 NA NA NA 2.2E-06 NA NA NA
Uranium-235+D 8.4E-08 NA NA NA 8.4E-08
Uranium-234 1.9E-06 NA NA NA 1.9E-06
Actinium-227+D 5.7E-07 NA NA NA 5.7E-07
Thorium-230 2.4E-06 NA NA NA 2.4E-06
Radium-226+D 1.4E-05 NA NA NA 1.4E-05
Lead-210 3.2E-05 NA NA NA 3.2E-05
Bismuth-210 3.5E-07 NA NA NA 3.5E-07
Polonium-210 6.0E-05 NA NA NA 6.0E-05
Thorium-232 3.5E-08 NA NA NA 3.5E-08
Radium-228+D 3.6E-07 NA NA NA 3.6E-07
Thorium-228+D 1.0E-07 NA NA NA 1.0E-07

RADIONUCLIDE TOTAL 1.1E-04 -- -- -- 1E-04 -- -- -- --
EXPOSURE POINT TOTAL 2E-04 9.5E+00

EXPOSURE MEDIUM TOTAL 2E-04 9.5E+00
GROUND 
WATER

AIR INDOOR AIR
Trichloroethene NA 5.2E-08 NA NA 5.2E-08

CHEMICAL TOTAL -- 3.3E-08 -- -- 3E-08 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 3E-08 0E+00

EXPOSURE MEDIUM TOTAL 3E-08 0E+00
GROUNDWATER TOTAL 2E-04 9.5E+00
RECEPTOR TOTAL 2E-04 9.5E+00

TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA 9.5E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 1.8E+00
Checked by / Date: JHP 06/08/12 --

--
TOTAL KIDNEY HI = 3.8E+00

--
--

TOTAL NERVOUS SYSTEM HI = 1.6E+00
--
--

TOTAL SKIN HI = 2.3E+00
--

CHEMICALMEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
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TABLE 10-F.46B
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND 
WATER

GROUND WATER
ON-PROPERTY BEDROCK 

GROUNDWATER USED AS TAP 
WATER Trichloroethene 1.5E-06 NA 2.6E-07 NA 1.8E-06

Bis(2-Ethylhexyl)phthalate 5.8E-07 NA 8.9E-07 NA 1.5E-06
Arsenic 1.0E-04 NA 5.3E-07 NA 1.0E-04

CHEMICAL TOTAL 1.0E-04 -- 5.3E-07 -- 1E-04 0E+00
Uranium-238+D 1.2E-05 NA NA NA 1.2E-05
Uranium-235+D 4.5E-07 NA NA NA 4.5E-07
Uranium-234 1.0E-05 NA NA NA 1.0E-05
Actinium-227+D 3.0E-06 NA NA NA 3.0E-06
Thorium-230 1.3E-05 NA NA NA 1.3E-05
Radium-226+D 7.4E-05 NA NA NA 7.4E-05
Lead-210 1.7E-04 NA NA NA 1.7E-04
Bismuth-210 1.9E-06 NA NA NA 1.9E-06
Polonium-210 3.2E-04 NA NA NA 3.2E-04
Thorium-232 1.9E-07 NA NA NA 1.9E-07
Radium-228+D 1.9E-06 NA NA NA 1.9E-06
Thorium-228+D 5.5E-07 NA NA NA 5.5E-07

RADIONUCLIDE TOTAL 6.0E-04 -- -- -- 6E-04 -- -- -- --
EXPOSURE POINT TOTAL 7E-04 0E+00

EXPOSURE MEDIUM TOTAL 7E-04 0E+00
Trichloroethene NA 5.9E-08 NA NA 5.9E-08

AIR INDOOR AIR

CHEMICAL TOTAL -- -- -- -- 0E+00 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
GROUNDWATER TOTAL 7E-04 0E+00
RECEPTOR TOTAL 7E-04 --

TOTAL RISK ACROSS ALL MEDIA 7E-04 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/07/12 --
Checked by / Date: JHP 06/08/12 --

--
--
--
--
--
--
--
--
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER
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TABLE 10-BR TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD & ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Trichloroethene 4.1E-06 1.1E-07 5.3E-07 NA 4.8E-06
Bis(2-Ethylhexyl)phthalate 1.1E-06 NA 1.4E-06 NA 2.5E-06
Arsenic 1.9E-04 NA 9.2E-07 NA 1.9E-04 Skin 2.3E+00 NA 1.0E-02 2.3E+00
Iron NA GI System 1.8E+00 NA 1.8E+00
Manganese NA Nervous System 1.4E+00 NA 1.5E-01 1.6E+00
Uranium NA Kidney 3.8E+00 NA 1.7E-02 3.8E+00

CHEMICAL TOTAL 2.0E-04 1.1E-07 2.8E-06 -- 2E-04 5.6E+00 -- 1.6E-01 6E+00
Uranium-238+D 1.4E-05 NA NA NA 1.4E-05
Uranium-235+D 5.3E-07 NA NA NA 5.3E-07
Uranium-234 1.2E-05 NA NA NA 1.2E-05
Actinium-227+D 3.6E-06 3.6E-06
Thorium-230 1.5E-05 1.5E-05
Radium-226+D 8.7E-05 8.7E-05
Lead-210 2.0E-04 NA NA NA 2.0E-04
Bismuth-210 2.2E-06 NA NA NA 2.2E-06
Polonium-210 3.8E-04 NA NA NA 3.8E-04

Uranium (Natural) 7.2E-04
Thorium-232 2.2E-07 NA NA NA 2.2E-07
Radium-228+D 2.3E-06 NA NA NA 2.3E-06
Thorium-228+D 6.6E-07 NA NA NA 6.6E-07

Thorium-232 3.2E-06
RADIONUCLIDE TOTAL 7.2E-04 -- -- -- 7E-04 -- -- -- --

EXPOSURE POINT TOTAL 9E-04 0E+00
GROUNDWATER TOTAL 9E-04

RECEPTOR TOTAL 9E-04 6E+00
TOTAL RISK ACROSS ALL MEDIA 9E-04 TOTAL HAZARD ACROSS ALL MEDIA 6E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. TOTAL GI SYSTEM HI = 1.8E+00
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for the significant contributors  among: U-238+D, U-235+D, U-234, Ac-227+D, Th-230, Ra-226+D, Pb-210, Bi-210, and Po-210 TOTAL KIDNEY HI = 3.8E+00
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --

--
TOTAL NERVOUS SYSTEM HI = 1.6E+00

--
--

TOTAL SKIN HI = 2.3E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

ON-PROPERTY BEDROCK 
GROUNDWATER USED AS TAP 

WATER
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TABLE 10-F.41
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

MEDIUM EXPOSURE EXPOSURE CHEMICAL CARCINOGEN NON-CARCINOGENIC 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
EXPOSURE 

ROUTES TOTAL
PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES TOTAL

GROUND 
WATER

GROUND WATER
ON-PROPERTY OVERBURDEN 

GROUNDWATER PLUME USED AS 
TAP WATER Tetrachloroethene 9.9E-07 NA 3.8E-07 NA 1.4E-06 Nervous System 9.6E-01 NA 3.7E-01 1.3E+00

Trichloroethene 9.5E-06 NA 1.0E-06 NA 1.0E-05 Immune System 2.6E+00 NA 1.6E-01 2.7E+00
1,4-Dioxane 1.1E-05 NA 2.6E-08 NA 1.1E-05
Bis(2-Ethylhexyl)phthalate 1.1E-06 NA 1.0E-06 NA 2.1E-06
Arsenic 1.6E-04 NA 6.9E-07 NA 1.6E-04 Skin 4.1E+00 NA 1.8E-02 4.1E+00
Chromium NA NOAEL 2.8E+00 NA 1.0E+00 3.8E+00
Cobalt NA Endocrine 1.3E+01 NA 5.6E-02 1.3E+01
Copper NA Undetermined 3.8E+00 NA 1.7E-02 3.8E+00
Iron NA GI System 5.5E+00 NA 5.5E+00
Manganese NA Nervous System 3.5E+00 NA 3.9E-01 3.9E+00
Molybdenum NA Kidney 1.8E+01 NA 7.8E-02 1.8E+01
Uranium NA Kidney 8.76E+02 NA 3.9E+00 8.80E+02
Nitrate as N NA Hematological 6.8E+00 NA 6.8E+00
Nitrite as N NA Hematological 2.0E+00 NA 2.0E+00

CHEMICAL TOTAL 1.8E-04 -- 2.8E-06 -- 2E-04 9.38E+02 -- 5.9E+00 9.44E+02
Uranium-238+D 5.0E-04 NA NA NA 5.0E-04
Uranium-235+D 5.4E-06 NA NA NA 5.4E-06
Uranium-234 6.9E-05 NA NA NA 6.9E-05
Thorium-232 1.0E-07 NA NA NA 1.0E-07
Radium-228+D 1.0E-06 NA NA NA 1.0E-06
Thorium-228+D 3.0E-07 NA NA NA 3.0E-07

RADIONUCLIDE TOTAL 5.8E-04 -- -- -- 6E-04 -- -- -- --
EXPOSURE POINT TOTAL 8E-04 9.44E+02

EXPOSURE MEDIUM TOTAL 8E-04 9.44E+02
GROUND AIR INDOOR AIR Tetrachloroethene 3.1E-08 NA Nervous System NA 3.0E-02 NA 3.0E-02

Trichloroethene 1.9E-07 NA Immune System NA 1.3E-01 NA 1.3E-01

CHEMICAL TOTAL -- 2.3E-07 -- -- 2E-07 -- 1.6E-01 -- 2E-01

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 2E-07 2E-01

EXPOSURE MEDIUM TOTAL 2E-07 2E-01
GROUNDWATER TOTAL 8E-04 9.45E+02
RECEPTOR TOTAL 8E-04 9.45E+02

TOTAL RISK ACROSS ALL MEDIA 8E-04  HAZARD ACROSS ALL MEDIA 9.45E+02

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 1.3E+01
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 5.5E+00
Checked by / Date: JHP 06/08/12 TOTAL HEMATOLOGICAL HI = 8.8E+00

TOTAL IMMUNE SYSTEM HI = 2.9E+00
TOTAL KIDNEY HI = 8.97E+02

--
--

TOTAL NERVOUS SYSTEM HI = 5.3E+00
TOTAL NOAEL HI = 7.7E+00

--
TOTAL SKIN HI = 4.1E+00

--
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TABLE 10-F.42
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)
EXPOSURE 

ROUTES TOTAL
PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES TOTAL

GROUND WATER Tetrachloroethene 1.1E-06 NA 6.8E-07 NA 1.8E-06

Trichloroethene 6.7E-06 NA 1.1E-06 NA 7.8E-06
1,4-Dioxane 1.2E-05 NA 4.4E-08 NA 1.2E-05
Bis(2-Ethylhexyl)phthalate 1.2E-06 NA 1.9E-06 NA 3.1E-06
Arsenic 1.8E-04 NA 9.4E-07 NA 1.8E-04
Cobalt NA Endocrine 3.6E+00 NA 1.9E-02 3.7E+00
Iron NA GI System 1.6E+00 NA 1.6E+00
Molybdenum NA Kidney 5.1E+00 NA 2.6E-02 5.1E+00
Uranium NA Kidney 2.50E+02 NA 1.3E+00 2.52E+02
Nitrate as N NA Hematological 1.9E+00 NA 1.9E+00

CHEMICAL TOTAL 2.0E-04 -- 4.7E-06 -- 2E-04 2.62E+02 -- 1.4E+00 2.64E+02
Uranium-238+D 2.7E-03 NA NA NA 2.7E-03
Uranium-235+D 2.9E-05 NA NA NA 2.9E-05
Uranium-234 3.7E-04 NA NA NA 3.7E-04
Thorium-232 5.4E-07 NA NA NA 5.4E-07
Radium-228+D 5.6E-06 NA NA NA 5.6E-06
Thorium-228+D 1.6E-06 NA NA NA 1.6E-06

RADIONUCLIDE TOTAL 3.1E-03 -- -- -- 3E-03 -- -- -- --
EXPOSURE POINT TOTAL 3E-03 2.64E+02

EXPOSURE MEDIUM TOTAL 3E-03 2.64E+02
AIR INDOOR AIR Tetrachloroethene NA 7.2E-08 NA NA 7.2E-08

Trichloroethene NA 3.0E-07 NA NA 3.0E-07

CHEMICAL TOTAL -- 3.3E-07 -- -- 3E-07 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 3E-07 0E+00

EXPOSURE MEDIUM TOTAL 3E-07 0E+00
GROUNDWATER TOTAL 3E-03 2.64E+02
RECEPTOR TOTAL 3E-03 2.64E+02

TOTAL RISK ACROSS ALL MEDIA 3E-03 TOTAL HAZARD ACROSS ALL MEDIA 2.64E+02

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 3.7E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 1.6E+00
Checked by / Date: JHP 06/08/12 TOTAL HEMATOLOGICAL HI = 1.9E+00

--
TOTAL KIDNEY HI = 2.57E+02

--
--
--
--
--
--
--

GROUND 
WATER

ON-PROPERTY OVERBURDEN 
GROUNDWATER PLUME USED AS 

TAP WATER

GROUND 
WATER

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL
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TABLE 10- OB PLUME TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD & ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER
Tetrachloroethene 2.1E-06 1.0E-07 1.1E-06 NA 3.3E-06 Nervous System 9.6E-01 3.0E-02 3.7E-01 1.4E+00
Trichloroethene 1.6E-05 3.0E-07 2.1E-06 NA 1.9E-05 Immune System 2.6E+00 1.3E-01 1.6E-01 2.9E+00
1,4-Dioxane 2.3E-05 NA 7.0E-08 NA 2.3E-05
Bis(2-Ethylhexyl)phthalate 2.3E-06 2.9E-06 NA 5.2E-06
Arsenic 3.4E-04 1.6E-06 NA 3.4E-04 Skin 4.1E+00 NA 1.8E-02 4.1E+00
Chromium NA NOAEL 2.8E+00 NA 1.0E+00 3.8E+00
Cobalt NA Endocrine 1.3E+01 NA 5.6E-02 1.3E+01
Copper NA Undetermined 3.8E+00 NA 1.7E-02 3.8E+00
Iron NA GI System 5.5E+00 NA 5.5E+00
Manganese NA Nervous System 3.5E+00 NA 3.9E-01 3.9E+00
Molybdenum NA Kidney 1.8E+01 NA 7.8E-02 1.8E+01
Uranium NA Kidney 8.76E+02 NA 3.9E+00 8.8E+02
Nitrate as N NA Hematological 6.8E+00 NA 6.8E+00
Nitrite as N NA Hematological 2.0E+00 NA 2.0E+00

CHEMICAL TOTAL 3.8E-04 4.0E-07 7.8E-06 -- 4E-04 9.4E+02 -- 5.9E+00 9.4E+02
Uranium-238+D 3.2E-03 NA NA NA 3.2E-03
Uranium-235+D 3.4E-05 NA NA NA 3.4E-05
Uranium-234 4.3E-04 NA NA NA 4.3E-04

Uranium (Depleted) 3.7E-03
Thorium-232 6.4E-07 NA NA NA 6.4E-07
Radium-228+D 6.6E-06 NA NA NA 6.6E-06
Thorium-228+D 1.9E-06 NA NA NA 1.9E-06

Thorium-232 9.2E-06
RADIONUCLIDE TOTAL 3.7E-03 -- -- -- 4E-03 -- -- -- --

EXPOSURE POINT TOTAL 4E-03 0E+00
GROUNDWATER TOTAL 4E-03

RECEPTOR TOTAL 4E-03 9.4E+02
TOTAL RISK ACROSS ALL MEDIA 4E-03 TOTAL HAZARD ACROSS ALL MEDIA 9.4E+02

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 1.3E+01
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. TOTAL GI SYSTEM HI = 5.5E+00
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. TOTAL HEMATOLOGICAL HI = 8.8E+00
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. TOTAL IMMUNE SYSTEM HI = 2.9E+00
Uranium - total carcinogenic risk is the sum of risks for: U-238+D, U-235+D, U-234 TOTAL KIDNEY HI = 8.97E+02
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --

--
TOTAL NERVOUS SYSTEM HI = 5.3E+00

TOTAL NOAEL HI = 7.7E+00
--

TOTAL SKIN HI = 4.1E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

ON-PROPERTY OVERBURDEN 
GROUNDWATER PLUME USED AS 

TAP WATER
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TABLE 10-F.45A
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND 
WATER

GROUND WATER
ON-PROPERTY OVERBURDEN 
GROUNDWATER USED AS TAP 

WATER Vinyl chloride 3.4E-05 NA 1.2E-06 NA 3.5E-05
Bis(2-Ethylhexyl)phthalate 4.7E-07 NA 4.7E-07 NA 9.4E-07
Arsenic 2.0E-04 NA 8.8E-07 NA 2.0E-04 Skin 5.2E+00 NA 2.3E-02 5.2E+00
Cobalt NA Endocrine 4.9E+00 NA 2.1E-02 4.9E+00
Iron NA GI System 2.5E+00 NA 2.5E+00
Manganese NA Nervous System 5.1E+00 NA 5.6E-01 5.6E+00

CHEMICAL TOTAL 2.1E-04 -- 1.1E-06 -- 2E-04 1.8E+01 -- 6.0E-01 1.8E+01
Uranium-238+D 4.1E-07 NA NA NA 4.1E-07
Uranium-234 3.6E-07 NA NA NA 3.6E-07
Thorium-230 4.6E-07 NA NA NA 4.6E-07
Radium-226+D 2.6E-06 NA NA NA 2.6E-06
Lead-210 5.9E-06 NA NA NA 5.9E-06
Polonium-210 1.1E-05 NA NA NA 1.1E-05
Thorium-232 8.0E-08 NA NA NA 8.0E-08
Radium-228+D 8.2E-07 NA NA NA 8.2E-07
Thorium-228+D 2.4E-07 NA NA NA 2.4E-07

RADIONUCLIDE TOTAL 2.0E-05 -- -- -- 2E-05 -- -- -- --
EXPOSURE POINT TOTAL 2E-04 1.8E+01

EXPOSURE MEDIUM TOTAL 2E-04 1.8E+01
GROUND 
WATER AIR INDOOR AIR Vinyl chloride NA 4.0E-08 NA NA 4.0E-08

CHEMICAL TOTAL -- 4.0E-08 -- -- 1E-07 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 7E-09 0E+00

EXPOSURE MEDIUM TOTAL 7E-09 0E+00
GROUNDWATER TOTAL 2E-04 1.8E+01
RECEPTOR TOTAL 2E-04 1.8E+01

TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.8E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 4.9E+00

--
Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 2.5E+00
Checked by / Date: JHP 06/08/12 --

--
--
--
--

TOTAL NERVOUS SYSTEM HI = 5.6E+00
--
--

TOTAL SKIN HI = 5.2E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL
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TABLE 10-F.46A
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND 
WATER

GROUND WATER
ON-PROPERTY OVERBURDEN 
GROUNDWATER USED AS TAP 

WATER Vinyl chloride 3.0E-06 NA 1.0E-07 NA 3.1E-06
Bis(2-Ethylhexyl)phthalate 5.4E-07 NA 8.3E-07 NA 1.4E-06
Arsenic 2.3E-04 NA 1.2E-06 NA 2.3E-04
Manganese NA Nervous System 1.4E+00 NA 1.9E-01 1.6E+00

CHEMICAL TOTAL 2.3E-04 -- 1.5E-06 -- 2E-04 1.4E+00 -- 1.9E-01 1.6E+00
Uranium-238+D 2.2E-06 NA NA NA 2.2E-06
Uranium-234 1.9E-06 NA NA NA 1.9E-06
Thorium-230 2.4E-06 NA NA NA 2.4E-06
Radium-226+D 1.4E-05 NA NA NA 1.4E-05
Lead-210 3.2E-05 NA NA NA 3.2E-05
Polonium-210 6.0E-05 NA NA NA 6.0E-05
Thorium-232 4.2E-07 NA NA NA 4.2E-07
Radium-228+D 4.4E-06 NA NA NA 4.4E-06
Thorium-228+D 1.3E-06 NA NA NA 1.3E-06

RADIONUCLIDE TOTAL 1.2E-04 -- -- -- 1E-04 -- -- -- --
EXPOSURE POINT TOTAL 4E-04 1.6E+00

EXPOSURE MEDIUM TOTAL 4E-04 1.6E+00
GROUND 
WATER

AIR INDOOR AIR
Vinyl chloride NA 1.0E-08 NA NA 1.0E-08

CHEMICAL TOTAL -- 1.0E-08 -- -- 2E-08 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 2E-08 0E+00

EXPOSURE MEDIUM TOTAL 2E-08 0E+00
GROUNDWATER TOTAL 4E-04 1.6E+00
RECEPTOR TOTAL 4E-04 1.6E+00

TOTAL RISK ACROSS ALL MEDIA 4E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.6E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/07/12 --
Checked by / Date: JHP 06/08/12 --

--
--
--
--

TOTAL NERVOUS SYSTEM HI = 1.6E+00
--
--
--
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL
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TABLE 10- OB TOTAL TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD & ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Vinyl chloride 3.7E-05 5.0E-08 1.3E-06 NA 3.8E-05
Bis(2-Ethylhexyl)phthalate 1.0E-06 NA 1.3E-06 NA 2.3E-06
Arsenic 4.3E-04 NA 2.1E-06 NA 4.3E-04 Skin 5.2E+00 NA 2.3E-02 5.2E+00
Cobalt NA Endocrine 4.9E+00 NA 2.1E-02 4.9E+00
Iron NA GI System 2.5E+00 NA 2.5E+00
Manganese NA Nervous System 5.1E+00 NA 5.6E-01 5.6E+00

CHEMICAL TOTAL 4.7E-04 5.0E-08 4.7E-06 -- 5E-04 1.8E+01 -- 6.0E-01 1.8E+01
Uranium-238+D 2.6E-06 NA NA NA 2.6E-06
Uranium-234 2.3E-06 NA NA NA --
Thorium-230 2.9E-06 NA NA NA 2.9E-06
Radium-226+D 1.6E-05 NA NA NA 1.6E-05
Lead-210 3.8E-05 NA NA NA 3.8E-05
Polonium-210 7.2E-05 NA NA NA 7.2E-05

Uranium (Natural) 1.3E-04
Thorium-232 5.0E-07 NA NA NA 5.0E-07
Radium-228+D 5.2E-06 NA NA NA 5.2E-06
Thorium-228+D 1.5E-06 NA NA NA 1.5E-06

Thorium-232 7.2E-06
RADIONUCLIDE TOTAL 1.4E-04 -- -- -- 1E-04 -- -- -- --

EXPOSURE POINT TOTAL 6E-04 0E+00
GROUNDWATER TOTAL 6E-04

RECEPTOR TOTAL 6E-04 1.8E+01
TOTAL RISK ACROSS ALL MEDIA 6E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.8E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 4.9E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. TOTAL GI SYSTEM HI = 2.5E+00
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. --
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. --
Uranium - total carcinogenic risk is the sum of risks for the significant contributors  among: U-238+D, U-235+D, U-234, Ac-227+D, Th-230, Ra-226+D, Pb-210, Bi-210, and Po-210 --
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --

--
TOTAL NERVOUS SYSTEM HI = 5.6E+00

--
--

TOTAL SKIN HI = 5.2E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

ON-PROPERTY OVERBURDEN 
GROUNDWATER USED AS TAP 

WATER
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TABLE 10-F.47B
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Trichloroethene 1.4E-05 NA 1.5E-06 NA 1.5E-05 Immune System 3.8E+00 NA 2.3E-01 4.0E+00
Vinyl chloride 3.0E-05 NA 1.0E-06 NA 3.1E-05
1,4-Dioxane 6.7E-05 NA 1.6E-07 NA 6.7E-05
Arsenic 7.5E-05 NA 3.3E-07 NA 7.6E-05 Skin 1.9E+00 NA 8.6E-03 2.0E+00
Cobalt NA Endocrine 9.1E+00 NA 4.0E-02 9.1E+00
Iron NA GI System 4.3E+00 NA 4.3E+00
Manganese NA Nervous System 1.7E+01 NA 1.8E+00 1.8E+01
Uranium NA Kidney 3.2E+00 NA 1.4E-02 3.2E+00
Nitrate as N NA Hematological 1.7E+01 NA 1.7E+01

CHEMICAL TOTAL 1.6E-04 -- 2.1E-06 -- 2E-04 5.5E+01 -- 2.1E+00 5.7E+01
Uranium-238+D 1.8E-06 NA NA NA 1.8E-06
Uranium-234 1.6E-06 NA NA NA 1.6E-06
Actinium-227+D 4.7E-07 NA NA NA 4.7E-07
Thorium-230 2.0E-06 NA NA NA 2.0E-06
Radium-226+D 1.2E-05 NA NA NA 1.2E-05
Lead-210 2.6E-05 NA NA NA 2.6E-05
Bismuth-210 2.9E-07 NA NA NA 2.9E-07
Polonium-210 5.0E-05 NA NA NA 5.0E-05
Thorium-232 5.7E-08 NA NA NA 5.7E-08
Radium-228+D 5.9E-07 NA NA NA 5.9E-07
Thorium-228+D 1.7E-07 NA NA NA 1.7E-07

RADIONUCLIDE TOTAL 9.4E-05 -- -- -- 9E-05 -- -- -- --
EXPOSURE POINT TOTAL 3E-04 5.7E+01

EXPOSURE MEDIUM TOTAL 3E-04 5.7E+01
AIR INDOOR AIR Trichloroethene NA 2.8E-07 NA NA 2.8E-07

Trichloroethene NA Immune System NA 2.0E-01 NA 2.0E-01
Vinyl chloride NA 4.0E-08 NA NA 4.0E-08

CHEMICAL TOTAL -- 2.9E-07 -- -- 3E-07 -- 2.0E-01 -- 2E-01

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 3E-07 2E-01

EXPOSURE MEDIUM TOTAL 3E-07 2E-01
GROUNDWATER TOTAL 3E-04 5.8E+01
RECEPTOR TOTAL 3E-04 5.8E+01

TOTAL RISK ACROSS ALL MEDIA 3E-04 TOTAL HAZARD ACROSS ALL MEDIA 5.8E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 9.1E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 4.3E+00
Checked by / Date: JHP 06/08/12 TOTAL HEMATOLOGICAL HI = 1.7E+01

TOTAL IMMUNE SYSTEM HI = 4.2E+00
TOTAL KIDNEY HI = 3.2E+00

--
--

TOTAL NERVOUS SYSTEM HI = 1.8E+01
--
--

TOTAL SKIN HI = 2.0E+00
--

GROUND 
WATER

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

OFF-PROPERTY BEDROCK 
GROUNDWATER USED AS TAP 

WATER
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TABLE 10-F.48B
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND 
WATER

GROUND WATER OFF-PROPERTY BEDROCK 
GROUNDWATER USED AS TAP Trichloroethene 9.7E-06 NA 1.7E-06 NA 1.1E-05

Vinyl chloride 2.4E-06 NA 1.3E-07 NA 2.5E-06
1,4-Dioxane 7.7E-05 NA 2.8E-07 NA 7.7E-05
Arsenic 8.6E-05 NA 4.5E-07 NA 8.6E-05
Cobalt NA Endocrine 2.6E+00 NA 1.4E-02 2.6E+00
Manganese NA Nervous System 4.7E+00 NA 6.2E-01 5.3E+00
Nitrate as N NA Hematological 4.7E+00 NA 4.7E+00

CHEMICAL TOTAL 1.8E-04 -- 2.6E-06 -- 2E-04 1.2E+01 -- 6.3E-01 1.3E+01
Uranium-238+D 9.7E-06 NA NA NA 9.7E-06
Uranium-234 8.4E-06 NA NA NA 8.4E-06
Actinium-227+D 2.5E-06 NA NA NA 2.5E-06
Thorium-230 1.1E-05 NA NA NA 1.1E-05
Radium-226+D 6.1E-05 NA NA NA 6.1E-05
Lead-210 1.4E-04 NA NA NA 1.4E-04
Bismuth-210 1.6E-06 NA NA NA 1.6E-06
Polonium-210 2.7E-04 NA NA NA 2.7E-04
Thorium-232 3.1E-07 NA NA NA 3.1E-07
Radium-228+D 3.1E-06 NA NA NA 3.1E-06
Thorium-228+D 9.1E-07 NA NA NA 9.1E-07

RADIONUCLIDE TOTAL 5.1E-04 -- -- -- 5E-04 -- -- -- --
EXPOSURE POINT TOTAL 7E-04 1.3E+01

EXPOSURE MEDIUM TOTAL 7E-04 1.3E+01
AIR INDOOR AIR Trichloroethene NA 3.8E-07 NA NA 3.8E-07

Vinyl chloride NA 5.0E-09 NA NA 5.0E-09

CHEMICAL TOTAL -- 3.9E-07 -- -- 4E-07 -- -- -- 0E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 4E-07 0E+00

EXPOSURE MEDIUM TOTAL 4E-07 0E+00
GROUNDWATER TOTAL 7E-04 1.3E+01
RECEPTOR TOTAL 7E-04 1.3E+01

TOTAL RISK ACROSS ALL MEDIA 7E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.3E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 2.6E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 --
Checked by / Date: JHP 06/08/12 TOTAL HEMATOLOGICAL HI = 4.7E+00

--
--
--
--

TOTAL NERVOUS SYSTEM HI = 5.3E+00
--
--
--
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER
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TABLE 10-OP BR TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD & ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Trichloroethene 2.3E-05 6.6E-07 3.2E-06 NA 2.7E-05 Immune System 3.8E+00 2.0E-01 2.3E-01 4.2E+00
Vinyl chloride 3.2E-05 4.5E-08 1.1E-06 NA 3.4E-05
1,4-Dioxane 1.4E-04 NA 4.4E-07 NA 1.4E-04
Arsenic 1.6E-04 NA 7.8E-07 NA 1.6E-04 Skin 1.9E+00 NA 8.6E-03 2.0E+00
Cobalt NA Endocrine 9.1E+00 NA 4.0E-02 9.1E+00
Iron NA GI System 4.3E+00 NA 4.3E+00
Manganese NA Nervous System 1.7E+01 NA 1.8E+00 1.8E+01
Uranium NA Kidney 3.2E+00 NA 1.4E-02 3.2E+00
Nitrate as N NA Hematological 1.7E+01 NA 1.7E+01

CHEMICAL TOTAL 3.6E-04 7.1E-07 5.6E-06 -- 4E-04 5.5E+01 -- 2.1E+00 5.7E+01
Uranium-238+D 1.1E-05 NA NA NA 1.1E-05
Uranium-234 1.0E-05 NA NA NA 1.0E-05
Actinium-227+D 3.0E-06 NA NA NA 3.0E-06
Thorium-230 1.3E-05 NA NA NA 1.3E-05
Radium-226+D 7.3E-05 NA NA NA 7.3E-05
Lead-210 1.7E-04 NA NA NA 1.7E-04
Bismuth-210 1.8E-06 NA NA NA 1.8E-06
Polonium-210 3.2E-04 NA NA NA 3.2E-04

Uranium (Natural) 6.0E-04
Thorium-232 3.6E-07 NA NA NA 3.6E-07
Radium-228+D 3.7E-06 NA NA NA 3.7E-06
Thorium-228+D 1.1E-06 NA NA NA 1.1E-06

Thorium-232 5.2E-06
RADIONUCLIDE TOTAL 6.0E-04 -- -- -- 6E-04 -- -- -- --

EXPOSURE POINT TOTAL 1E-03 5.7E+01
GROUNDWATER TOTAL 1E-03 5.8E+01
RECEPTOR TOTAL 1E-03 5.8E+01

TOTAL RISK ACROSS ALL MEDIA 1E-03 TOTAL HAZARD ACROSS ALL MEDIA 5.8E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 9.1E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. TOTAL GI SYSTEM HI = 4.3E+00
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. TOTAL HEMATOLOGICAL HI = 1.7E+01
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. TOTAL IMMUNE SYSTEM HI = 4.2E+00
Uranium - total carcinogenic risk is the sum of risks for the significant contributors  among: U-238+D, U-235+D, U-234, Ac-227+D, Th-230, Ra-226+D, Pb-210, Bi-210, and Po-210 TOTAL KIDNEY HI = 3.2E+00
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --

--
TOTAL NERVOUS SYSTEM HI = 1.8E+01

--
--

TOTAL SKIN HI = 2.0E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

OFF-PROPERTY BEDROCK 
GROUNDWATER USED AS TAP 

WATER
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TABLE 10-F.47A
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - CHILD RESIDENT - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: CHILD RESIDENT
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Trichloroethene 3.7E-05 4.0E-06 NA 4.1E-05 Immune System 1.0E+01 NA 6.1E-01 1.1E+01
1,4-Dioxane 3.5E-05 NA 8.4E-08 NA 3.5E-05
Bis(2-Ethylhexyl)phthalate 2.8E-06 NA 2.7E-06 NA 5.5E-06
Arsenic 4.1E-05 NA 1.8E-07 NA 4.1E-05
Iron NA GI System 4.5E+00 NA 4.5E+00

CHEMICAL TOTAL 1.2E-04 -- 7.0E-06 -- 1E-04 1.5E+01 -- 6.1E-01 1.5E+01
Lead-210 5.9E-07 NA NA NA 5.9E-07
Polonium-210 1.1E-06 NA NA NA 1.1E-06
Thorium-232 5.7E-08 NA NA NA 5.7E-08
Radium-228+D 5.9E-07 NA NA NA 5.9E-07
Thorium-228+D 1.7E-07 NA NA NA 1.7E-07

RADIONUCLIDE TOTAL -- -- -- -- 3E-06 -- -- -- --
EXPOSURE POINT TOTAL 1E-04 1.5E+01

EXPOSURE MEDIUM TOTAL 1E-04 1.5E+01
AIR INDOOR AIR

Trichloroethene NA 7.6E-07 NA NA 7.6E-07 Immune System NA 5.3E-01 NA 5.3E-01

CHEMICAL TOTAL -- 7.6E-07 -- -- 8E-07 -- 5.3E-01 -- 5E-01

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 8E-07 5E-01

EXPOSURE MEDIUM TOTAL 8E-07 5E-01
GROUNDWATER TOTAL 1E-04 1.6E+01
RECEPTOR TOTAL 1E-04 1.6E+01

TOTAL RISK ACROSS ALL MEDIA 1E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.6E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 TOTAL GI SYSTEM HI = 4.5E+00
Checked by / Date: JHP 06/08/12 --

TOTAL IMMUNE SYSTEM HI = 1.1E+01
--
--
--
--
--
--
--
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

OFF-PROPERTY OVERBURDEN 
GROUNDWATER USED AS TAP 

WATER

GROUND 
WATER
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TABLE 10-F.48A
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - ADULT RESIDENT - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: ADULT RESIDENT
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Trichloroethene 2.6E-05 4.4E-06 NA 3.0E-05 Immune System 2.9E+00 NA 2.7E-01 3.2E+00
1,4-Dioxane 4.0E-05 NA 1.4E-07 NA 4.0E-05
Bis(2-Ethylhexyl)phthalate 3.1E-06 NA 4.8E-06 NA 8.0E-06
Arsenic 4.6E-05 NA 2.4E-07 NA 4.7E-05

CHEMICAL TOTAL 1.2E-04 -- 9.6E-06 -- 1E-04 2.9E+00 -- 2.7E-01 3.2E+00
Lead-210 3.2E-06 NA NA NA 3.2E-06
Polonium-210 6.0E-06 NA NA NA 6.0E-06
Thorium-232 3.1E-07 NA NA NA 3.1E-07
Radium-228+D 3.1E-06 NA NA NA 3.1E-06
Thorium-228+D 9.1E-07 NA NA NA 9.1E-07

RADIONUCLIDE TOTAL 1.2E-05 -- -- -- 1E-05 -- -- -- --
EXPOSURE POINT TOTAL 1E-04 3.2E+00

EXPOSURE MEDIUM TOTAL 1E-04 3.2E+00
AIR INDOOR AIR

Trichloroethene NA 1.3E-06 NA NA 1.3E-06 Immune System NA 3.1E-01 NA 3.1E-01

CHEMICAL TOTAL -- 1.0E-06 -- -- 1E-06 -- 3.1E-01 -- 3E-01

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 1E-06 3E-01

EXPOSURE MEDIUM TOTAL 1E-06 3E-01
GROUNDWATER TOTAL 1E-04 3.5E+00
RECEPTOR TOTAL 1E-04 3.5E+00

TOTAL RISK ACROSS ALL MEDIA 1E-04 TOTAL HAZARD ACROSS ALL MEDIA 3.5E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --

Prepared by / Date: KJC 06/07/12 --
Checked by / Date: JHP 06/08/12 --

TOTAL IMMUNE SYSTEM HI = 3.5E+00
--
--
--
--
--
--
--
--

GROUND 
WATER

OFF-PROPERTY OVERBURDEN 
GROUNDWATER USED AS TAP 

WATER

GROUND 
WATER

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL
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TABLE 10-OP OB TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE - TOTAL RESIDENT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE
RECEPTOR POPULATION: RESIDENT
RECEPTOR AGE: CHILD & ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES TOTAL

PRIMARY TARGET ORGAN INGESTION INHALATION DERMAL EXPOSURE 
ROUTES TOTAL

GROUND WATER

Trichloroethene 6.3E-05 2.1E-06 8.4E-06 NA 7.3E-05 Immune System 1.0E+01 5.3E-01 6.1E-01 1.1E+01
1,4-Dioxane 7.4E-05 NA 2.3E-07 NA 7.5E-05
Bis(2-Ethylhexyl)phthalate 5.9E-06 NA 7.6E-06 NA 1.3E-05
Arsenic 8.7E-05 NA 4.2E-07 NA 8.8E-05
Iron NA GI System 4.5E+00 NA 4.3E+00

CHEMICAL TOTAL 2.3E-04 2.1E-06 1.7E-05 -- 2E-04 1.5E+01 -- 6.1E-01 1.6E+01
Lead-210 3.8E-06 NA NA NA 3.8E-06
Polonium-210 7.2E-06 NA NA NA 7.2E-06

Uranium (Natural) 1.1E-05
Thorium-232 3.6E-07 NA NA NA 3.6E-07
Radium-228+D 3.7E-06 NA NA NA 3.7E-06
Thorium-228+D 1.1E-06 NA NA NA 1.1E-06

Thorium-232 5.2E-06
RADIONUCLIDE TOTAL 1.6E-05 -- -- -- 2E-05 -- -- -- --

EXPOSURE POINT TOTAL 3E-04 5.7E+01
GROUNDWATER TOTAL 3E-04 5.8E+01
RECEPTOR TOTAL 3E-04 5.8E+01

TOTAL RISK ACROSS ALL MEDIA 3E-04 TOTAL HAZARD ACROSS ALL MEDIA 5.8E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. TOTAL ENDOCRINE HI = 9.1E+00
Risks for trichloroethene are the sum of cancer risks for kidney and Liver/NHL --
Carcinogenic risk is the sum of cancer risks for the child and adult receptors, as presented in the Table 10's for this exposure area. TOTAL GI SYSTEM HI = 4.3E+00
Non-carcinogenic hazard quotient is the hazard quotient for the child receptor, as presented in the Table 10's for this exposure area. TOTAL HEMATOLOGICAL HI = 1.7E+01
The chemicals presented in this table are those that are associated with a total (child plus adult) carcinogenic risk greater than 1x10-6 or a hazard index greater than 1, for this exposure area. TOTAL IMMUNE SYSTEM HI = 4.2E+00
Uranium - total carcinogenic risk is the sum of risks for the significant contributors  among: U-238+D, U-235+D, U-234, Ac-227+D, Th-230, Ra-226+D, Pb-210, Bi-210, and Po-210 TOTAL KIDNEY HI = 3.2E+00
Thorium 232 - total carcinogenic risk is the sum of risks for Th-232, Ra-228+D, and Th-228+D --

--
TOTAL NERVOUS SYSTEM HI = 1.8E+01

--
--

TOTAL SKIN HI = 2.0E+00
--

MEDIUM
EXPOSURE 

MEDIUM
EXPOSURE 

POINT
CHEMICAL

GROUND 
WATER

OFF-PROPERTY OVERBURDEN 
GROUNDWATER USED AS TAP 

WATER
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TABLE 10-F.65
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE SW/SD-3 - COOLING POND - CHILD ABUTTING RESIDENT/RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTUER SW/SD-3 - COOLING POND
RECEPTOR POPULATION: ABUTTING RESIDENT/RECREATIONAL VISITOR
RECEPTOR AGE:  CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

 
INGESTION INHALATION DERMAL

EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SEDIMENT SEDIMENT COOLING POND Aroclor-1254 Immune System 1.7E+01 NA 5.7E+00 2.3E+01
EXPOSURE POINT TOTAL 0E+00 1.7E+01 5.7E+00 2.3E+01

EXPOSURE MEDIUM TOTAL 0E+00 1.7E+01 5.7E+00 2.3E+01

SURACE WATER SURFACE WATER COOLING POND
EXPOSURE POINT TOTAL 0E+00 4E-03

EXPOSURE MEDIUM TOTAL 0E+00 4E-03

RECEPTOR TOTAL 0E+00 2.3E+01
TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2.3E+01

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

TOTAL IMMUNE SYSTEM HI = 2.3E+01
--
--
--
--
--
--
--
--

EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICALMEDIUM
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TABLE 10-F.77
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 8 SWEEPINGS AREA
Aroclor-1254 Immune System 2.4E+00 NA 9.3E-01 3.3E+00

CHEMICAL TOTAL -- -- 2.4E+00 -- 9.3E-01 3E+00

RADIONUCLIDE TOTAL -- -- -- --
EXPOSURE POINT TOTAL 0E+00 3E+00

EXPOSURE MEDIUM TOTAL 0E+00 3E+00

SOIL AIR
DUST AT AOI 8 SWEEPINGS 

AREA
Aroclor-1254 NA -- NA

CHEMICAL TOTAL -- -- -- -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 3E+00

RECEPTOR TOTAL 0E+00 3.3E+00
TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 3.3E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/24/12 --
Checked by / Date: JHP 05/29/12 --

TOTAL IMMUNE SYSTEM HI = 3.3E+00
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM

EXPOSURE 
MEDIUM
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TABLE 10-F.78
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN

INGESTION INHALATION DERMAL
EXPOSURE 

ROUTES 
TOTAL

SOIL SUBSURFACE SOIL AOI 8 SWEEPINGS AREA Kidney -- NA --
Immune System 1.4E+00 NA 5.4E-01 1.9E+00

Skin -- NA --

CHEMICAL TOTAL -- -- 1.4E+00 -- 5.4E-01 2E+00

RADIONUCLIDE TOTAL -- -- -- --
EXPOSURE POINT TOTAL 0E+00 2E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00

SOIL AIR
DUST AT AOI 8 SWEEPINGS 

AREA
Aroclor-1254 NA -- NA

CHEMICAL TOTAL -- -- -- -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 2E+00

RECEPTOR TOTAL 0E+00 1.9E+00
TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 1.9E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/30/12 --
Checked by / Date: JHP 05/31/12 --

TOTAL IMMUNE SYSTEM HI = 1.9E+00
--
--
--
--
--
--
--
--

EXPOSURE 
POINT

CHEMICALMEDIUM EXPOSURE 
MEDIUM
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TABLE 10-F.81
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 7 & 11 INDUSTRIAL 

AREA EAST
Uranium Kidney 3.9E+00 NA 3.9E+00

CHEMICAL TOTAL -- -- 3.9E+00 -- -- 4E+00
NA NA NA

RADIONUCLIDE TOTAL -- --
EXPOSURE POINT TOTAL 0E+00 4E+00

EXPOSURE MEDIUM TOTAL 0E+00 4E+00

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST
Uranium Kidney NA 2.1E-05 NA 2.1E-05

CHEMICAL TOTAL -- -- -- -- 2.1E-05 -- 2E-05
0 NA NA

RADIONUCLIDE TOTAL -- -- -- -- -- -- --
EXPOSURE POINT TOTAL 0E+00 2E-05

EXPOSURE MEDIUM TOTAL 0E+00 2E-05
SOIL TOTAL 0E+00 4E+00
RECEPTOR TOTAL 0E+00 3.9E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 3.9E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 --

--
TOTAL KIDNEY HI = 3.9E+00

--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.82
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL
     

AREA EAST
Aroclor-1254 Immune System 2.7E+00 NA 1.0E+00 3.7E+00
Uranium Kidney 1.6E+00 NA 1.6E+00

CHEMICAL TOTAL -- -- 4.3E+00 -- 1.0E+00 5E+00
NA NA NA

RADIONUCLIDE TOTAL -- --
EXPOSURE POINT TOTAL 0E+00 5E+00

EXPOSURE MEDIUM TOTAL 0E+00 5E+00

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST
Aroclor-1254 NA -- NA
Uranium Kidney NA 8.7E-06 NA 8.7E-06

CHEMICAL TOTAL -- -- -- -- 8.7E-06 -- 9E-06
NA NA NA

RADIONUCLIDE TOTAL -- -- -- -- -- -- --
EXPOSURE POINT TOTAL 0E+00 9E-06

EXPOSURE MEDIUM TOTAL 0E+00 9E-06
SOIL TOTAL 0E+00 5E+00
RECEPTOR TOTAL 0E+00 5.3E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 5.3E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/31/12 --
Checked by / Date: JHP 06/01/12 --

TOTAL IMMUNE SYSTEM HI = 3.7E+00
TOTAL KIDNEY HI = 1.6E+00

--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.95
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 2 & 4 SOILS AREA AT 

COOLING POND

Aroclor-1260 Immune System 4.1E+00 NA 1.6E+00 5.7E+00

CHEMICAL TOTAL -- -- 4.1E+00 -- 1.6E+00 6E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00
EXPOSURE POINT TOTAL 0E+00 6E+00

EXPOSURE MEDIUM TOTAL 0E+00 6E+00

SOIL AIR
DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND

Aroclor-1260 NA -- NA

CHEMICAL TOTAL -- -- -- -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 6E+00
RECEPTOR TOTAL 0E+00 5.7E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 5.7E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

TOTAL IMMUNE SYSTEM HI = 5.7E+00
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.96
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL
Aroclor-1260 Immune System 2.3E+00 NA 9.2E-01 3.3E+00

CHEMICAL TOTAL 2.3E+00 -- 9.2E-01 3E+00

RADIONUCLIDE TOTAL
EXPOSURE POINT TOTAL 0E+00 3E+00

EXPOSURE MEDIUM TOTAL 0E+00 3E+00
SOIL AIR

Aroclor-1260 NA -- NA

CHEMICAL TOTAL -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 3E+00
RECEPTOR TOTAL 0E+00 3.3E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 3.3E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

TOTAL IMMUNE SYSTEM HI = 3.3E+00
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL

AOI 2 & 4 SOILS AREA AT 
COOLING POND

DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND
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TABLE 10-F.155
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 1 HOLDING BASIN Uranium Kidney 1.5E+00 NA -- 1.5E+00

CHEMICAL TOTAL -- -- 1.5E+00 -- -- 2E+00
NA NA NA

RADIONUCLIDE TOTAL -- --
EXPOSURE POINT TOTAL 0E+00 2E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00

SOIL AIR
DUST AT AOI 1 HOLDING 

BASIN Uranium Kin NA 7.80E-06 NA 7.8E-06

CHEMICAL TOTAL -- -- -- -- -- -- 8E-06

RADIONUCLIDE TOTAL -- -- -- -- -- -- --
EXPOSURE POINT TOTAL 0E+00 8E-06

EXPOSURE MEDIUM TOTAL 0E+00 2E+00
SOIL TOTAL 0E+00 2E+00
RECEPTOR TOTAL 0E+00 2E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

KIDNEY 1.5E+00
--
--
--
--
--
--
--
--

EXPOSURE 
POINT CHEMICALMEDIUM EXPOSURE 

MEDIUM
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TABLE 10-F.156
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B5 - AOI 1 HOLDING BASIN - CHILD RECREATIONAL VISITOR - CHILD

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B5 - AOI 1 HOLDING BASIN
RECEPTOR POPULATION: CHILD RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL AOI 1 HOLDING BASIN Uranium Kidney 1.7E+00 NA 1.7E+00

CHEMICAL TOTAL -- -- 1.7E+00 -- -- 2E+00
NA NA NA

RADIONUCLIDE TOTAL -- --
EXPOSURE POINT TOTAL 0E+00 2E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00

SOIL AIR
DUST AT AOI 1 HOLDING 

BASIN Uranium Kin NA 9.30E-06 NA 9.3E-06

CHEMICAL TOTAL -- -- -- -- -- -- 9E-06

RADIONUCLIDE TOTAL -- -- -- -- -- -- --
EXPOSURE POINT TOTAL 0E+00 9E-06

EXPOSURE MEDIUM TOTAL 0E+00 2E+00
SOIL TOTAL 0E+00 2E+00
RECEPTOR TOTAL 0E+00 2E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 06/01/12 --
Checked by / Date: JHP 06/04/12 --

KIDNEY 1.7E+00
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL



TABLE 10-F-A6 COM WRKR TOTAL
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - OUTDOOR WORKER - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: OUTDOOR WORKER
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 7 & 11 INDUSTRIAL AREA 

EAST Benzo(a)pyrene 6.0E-07 NA 5.2E-07 NA 1.1E-06
Aroclor-1254 1.2E-06 NA 1.1E-06 NA 2.3E-06
Arsenic 2.4E-06 NA 2.9E-06 NA 2.9E-06

CHEMICAL TOTAL 4.7E-06 -- 2.5E-06 -- 7E-06 -- -- -- 0E+00
Uranium-238+D 6.9E-06 NA NA 1.4E-04 1.5E-04
Uranium-235+D 6.9E-08 NA NA 8.5E-06 8.6E-06
Uranium-234 9.3E-07 NA NA 5.2E-08 9.8E-07
Thorium-232 2.1E-08 NA NA 9.6E-10 2.2E-08
Radium-228+D 1.6E-07 NA NA 1.3E-05 1.3E-05
Thorium-228+D 4.0E-08 NA NA 2.2E-05 2.2E-05

RADIONUCLIDE TOTAL 7.2E-06 -- -- 1.8E-04 2E-04
EXPOSURE POINT TOTAL 2E-04 0E+00

EXPOSURE MEDIUM TOTAL 2E-04 0E+00

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST Benzo(a)pyrene NA 6.0E-12 NA NA 6.0E-12
Aroclor-1254 NA 2.2E-11 NA NA 2.2E-11
Arsenic NA 4.6E-10 NA NA 4.6E-10

CHEMICAL TOTAL -- 2.9E-08 -- -- 1E-10 -- -- -- 0E+00
Uranium-238+D NA 3.6E-08 NA NA 3.6E-08
Uranium-235+D NA 5.0E-10 NA NA 5.0E-10
Uranium-234 NA 7.5E-09 NA NA 7.5E-09
Thorium-232 NA 3.9E-10 NA NA 3.9E-10
Radium-228+D NA 4.7E-11 NA NA 4.7E-11
Thorium-228+D NA 1.3E-09 NA NA 1.3E-09

RADIONUCLIDE TOTAL -- 4.6E-08 -- -- 5E-08 -- -- -- --
EXPOSURE POINT TOTAL 5E-08 0E+00

EXPOSURE MEDIUM TOTAL 5E-08 0E+00
SOIL TOTAL 2E-04 0E+00
RECEPTOR TOTAL 2E-04 --

TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA --

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 --

--
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL
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TABLE 10-F.138
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A5 - AOI 8 SWEEPINGS AREA - CONSTRUCTION WORKER - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A5 - AOI 8 SWEEPINGS AREA
RECEPTOR POPULATION: CONSTRUCTION WORKER
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL
EXTERNAL 

(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL AOI 8 SWEEPINGS AREA Aroclor-1254 NA Immune System 1.0E+00 NA 4.4E-01 1.4E+00
Aroclor-1260 NA Immune System 1.5E-01 NA 6.4E-02 2.1E-01

CHEMICAL TOTAL -- -- 0E+00 1.2E+00 -- 5.0E-01 2E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00

SOIL AIR
DUST AT AOI 8 SWEEPINGS 

AREA Aroclor-1254 NA NA NA 0.0E+00 NA -- NA
Aroclor-1260 NA -- NA NA NA -- NA

CHEMICAL TOTAL -- -- -- 0E+00 -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 2E+00

RECEPTOR TOTAL 0E+00 2E+00
TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/24/12 --
Checked by / Date: JHP 05/29/12 --

--
TOTAL IMMUNE SYSTEM 1.7E+00

--
--
--
--
--
--
--

EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICALMEDIUM
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TABLE 10-F.140
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - CONSTRUCTION WORKER - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: CONSTRUCTION WORKER
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 7 & 11 INDUSTRIAL 

AREA EAST Uranium Kidney 1.3E+00 NA -- 1.3E+00

CHEMICAL TOTAL -- -- -- -- 0E+00 -- -- -- 1E+00

RADIONUCLIDE TOTAL 1.2E-06 -- -- 6.2E-06 0E+00
EXPOSURE POINT TOTAL 0E+00 1E+00

EXPOSURE MEDIUM TOTAL 0E+00 1E+00
SOIL AIR

Uranium Kidney 5.7E-02 5.7E-02
CHEMICAL TOTAL -- -- -- -- 0E+00 -- -- -- 6E-02
Uranium-238+D NA NA NA 1.0E-06

RADIONUCLIDE TOTAL -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 1E+00
SOIL TOTAL 0E+00 1E+00
RECEPTOR TOTAL 0E+00 1.4E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 1.4E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/25/12 --
Checked by / Date: JHP 05/29/12 KIDNEY 1.4E+00

--
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL

DUST AT AOI 7 & 11 
INDUSTRIAL AREA EAST
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TABLE 10-F.141
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST - CONSTRUCTION WORKER - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE A6 - AOI 7 & 11 INDUSTRIAL AREA EAST
RECEPTOR POPULATION: CONSTRUCTION WORKER
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL
      

EAST Aroclor-1254 NA NA Immune System 1.2E+00 NA 4.9E-01 1.7E+00

CHEMICAL TOTAL -- -- 0E+00 1.2E+00 -- 4.9E-01 2E+00
NA NA NA NA NA

RADIONUCLIDE TOTAL -- --
EXPOSURE POINT TOTAL 0E+00 2E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00

SOIL AIR
DUST AT AOI 7 & 11 

INDUSTRIAL AREA EAST Aroclor-1254 NA

CHEMICAL TOTAL -- -- -- -- -- -- 0E+00
NA NA NA

RADIONUCLIDE TOTAL -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 2E+00
RECEPTOR TOTAL 0E+00 1.7E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 1.7E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/31/12 --
Checked by / Date: JHP 06/01/12 --

TOTAL IMMUNE SYSTEM HI = 1.7E+00
--
--
--
--
--
--
--
--

EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICALMEDIUM
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TABLE 10-F.147
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CONSTRUCTION WORKER - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CONSTRUCTION WORKER
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SURFACE SOIL
AOI 2 & 4 SOILS AREA AT 

COOLING POND Aroclor-1260 NA NA Immune System 1.8E+00 NA 7.6E-01 2.6E+00

CHEMICAL TOTAL -- -- 0E+00 1.8E+00 -- 7.6E-01 3E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00
EXPOSURE POINT TOTAL 0E+00 3E+00

EXPOSURE MEDIUM TOTAL 0E+00 3E+00

SOIL AIR
DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND Aroclor-1260 NA NA NA

CHEMICAL TOTAL -- -- -- 0E+00 -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 3E+00
RECEPTOR TOTAL 0E+00 2.6E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2.6E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

TOTAL IMMUNE SYSTEM HI = 2.6E+00
--
--
--
--
--
--
--
--

EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICALMEDIUM



C:\Users\jpeters\Documents\FILES\Nuclear Metals RI FS EECA\HHRA\BHHRA\Calcs to xfer to M directory\
CW Table 10s - 121025.xls, B2 SO CW Page 1 of 1 10/26/2012

TABLE 10-F.148
RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND - CONSTRUCTION WORKER - ADULT

BASELINE HUMAN HEALTH RISK ASSESSMENT
NUCLEAR METALS, INC.

CONCORD, MA

SCENARIO TIMEFRAME: FUTURE B2 - AOI 2 & 4 SOILS AREA AT COOLING POND
RECEPTOR POPULATION: CONSTRUCTION WORKER
RECEPTOR AGE: ADULT

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION)

EXPOSURE 
ROUTES 
TOTAL

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL

EXPOSURE 
ROUTES 
TOTAL

SOIL SUBSURFACE SOIL
AOI 2 & 4 SOILS AREA AT 

COOLING POND Aroclor-1254 NA NA Immune System 2.4E-01 NA 1.0E-01 3.4E-01
Aroclor-1260 NA NA Immune System 1.0E+00 NA 4.3E-01 1.4E+00

CHEMICAL TOTAL -- -- 0E+00 1.2E+00 -- 5.3E-01 2E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00
EXPOSURE POINT TOTAL 0E+00 2E+00

EXPOSURE MEDIUM TOTAL 0E+00 2E+00

SOIL AIR
DUST AT AOI 2 & 4 SOILS 
AREA AT COOLING POND Aroclor-1260 NA NA NA

Aroclor-1254 NA NA MA
CHEMICAL TOTAL -- -- -- 0E+00 -- -- -- 0E+00

RADIONUCLIDE TOTAL -- -- -- -- 0E+00 -- -- -- --
EXPOSURE POINT TOTAL 0E+00 0E+00

EXPOSURE MEDIUM TOTAL 0E+00 0E+00
SOIL TOTAL 0E+00 2E+00
RECEPTOR TOTAL 0E+00 2E+00

TOTAL RISK ACROSS ALL MEDIA 0E+00 TOTAL HAZARD ACROSS ALL MEDIA 2E+00

NOTES: --
NC - Not carcinogenic by this exposure route. --
NA - Not applicable; exposure route not applicable for this chemical/exposure medium. --
-- - Not calculated; dose-response data and/or dermal absorption values are not available. --

--
Prepared by / Date: KJC 05/29/12 --
Checked by / Date: JHP 05/30/12 --

TOTAL IMMUNE SYSTEM HI = 1.8E+00
--
--
--
--
--
--
--
--

MEDIUM EXPOSURE 
MEDIUM

EXPOSURE 
POINT CHEMICAL



Attachment B 

Supporting Calculations for Dermal Exposure to Groundwater 

 

  



CALCULATION of PC event:  T = 0.58 hours

Event time (hr/event): t_event = 0.58 hr/event (35 minutes/event)
Skin thickness (assumed to be 10 um): lsc = 1.00E-03 cm

CHEMICAL    CAS No. MWT logKow Kp Kp Kp Kp Special B tau t_star FA Conc Kp used in PC_event
 95% LCI (cm/hr) (cm/hr) 95% UCI Chemicals (hr) (hr) (mg/cm3) DA_event (mg/cm2-evt)

predicted measured  (*) or (**)  

94 Dioxane, 1,4- 123-91-1 88.1 -0.27 1.3E-05 3.3E-04 8.6E-03 0.0 0.33 0.80 1.0 1.0E+00 3.3E-04 4.0E-04
**  187 Tetrachlorethylene 127-18-4 165.8 3.40 1.3E-03 3.3E-02 8.4E-01 ** 0.2 0.91 2.18 1.0 1.0E+00 3.3E-02 6.7E-02

Chromium (III) 16065-83-1 1.0E-03 5.8E-04
Chromium (VI) 18540-29-9 2.0E-03 1.2E-03
Manganese 7439-96-5 1.0E-03 5.8E-04
Molybdenum 7439-98-7 1.0E-03 5.8E-04
Arsenic (arsenite) 7440-38-2 1.0E-03 5.8E-04
Barium 7440-39-3 1.0E-03 5.8E-04
Chromium (total) 7440-47-3 1.0E-03 1.2E-03
Cobalt 7440-48-4 1.0E-03 5.8E-04
Copper 7440-50-8 1.0E-03 5.8E-04
Uranium 7440-61-1 1.0E-03 5.8E-04

** 207 Vinyl chloride 75-01-4 62.5 1.63 2.2E-04 8.4E-03 1.4E-01 ** 0.0 0.24 0.57 1.0 1.0E+00 8.4E-03 8.9E-03
**    69 Dichloroethane, 1,1- 75-34-3 99.0 1.79 2.7E-04 6.7E-03 1.7E-01 ** 0.0 0.38 0.92 1.0 1.0E+00 6.7E-03 8.8E-03
**  200 Trichloroethylene 79-01-6 131.4 2.42 4.7E-04 1.2E-02 2.9E-01 ** 0.1 0.58 1.39 1.0 1.0E+00 1.2E-02 1.9E-02

org3_99 1



CALCULATION of PC event:  T = 1.0 hours

Event time (hr/event): t_event = 1.00 hr/event (35 minutes/event)
Skin thickness (assumed to be 10 um): lsc = 1.00E-03 cm

CHEMICAL    CAS No. MWT logKow Kp Kp Kp Kp Special B tau t_star FA Conc Kp used in PC_event
 95% LCI (cm/hr) (cm/hr) 95% UCI Chemicals (hr) (hr) (mg/cm3) DA_event (mg/cm2-evt)

predicted measured  (*) or (**)  

94 Dioxane, 1,4- 123-91-1 88.1 -0.27 1.3E-05 3.3E-04 8.6E-03 0.0 0.33 0.80 1.0 1.0E+00 3.3E-04 5.5E-04
**  187 Tetrachlorethylene 127-18-4 165.8 3.40 1.3E-03 3.3E-02 8.4E-01 ** 0.2 0.91 2.18 1.0 1.0E+00 3.3E-02 8.8E-02

Chromium (III) 16065-83-1 1.0E-03 5.8E-04
Chromium (VI) 18540-29-9 2.0E-03 1.2E-03
Manganese 7439-96-5 1.0E-03 5.8E-04
Molybdenum 7439-98-7 1.0E-03 5.8E-04
Arsenic (arsenite) 7440-38-2 1.0E-03 5.8E-04
Barium 7440-39-3 1.0E-03 5.8E-04
Chromium (total) 7440-47-3 1.0E-03 1.2E-03
Cobalt 7440-48-4 1.0E-03 5.8E-04
Copper 7440-50-8 1.0E-03 5.8E-04
Uranium 7440-61-1 1.0E-03 5.8E-04

** 207 Vinyl chloride 75-01-4 62.5 1.63 2.2E-04 8.4E-03 1.4E-01 ** 0.0 0.24 0.57 1.0 1.0E+00 8.4E-03 1.2E-02
**    69 Dichloroethane, 1,1- 75-34-3 99.0 1.79 2.7E-04 6.7E-03 1.7E-01 ** 0.0 0.38 0.92 1.0 1.0E+00 6.7E-03 1.2E-02
**  200 Trichloroethylene 79-01-6 131.4 2.42 4.7E-04 1.2E-02 2.9E-01 ** 0.1 0.58 1.39 1.0 1.0E+00 1.2E-02 2.5E-02

org3_99 2



Attachment C 

PRG Calculations for Radionuclides and Activity to Mass Conversions 

 



Attachment C, Table 1 - Derivation of Site-Specific Human Health Preliminary Remediation Goals for Radionucildes - Soil
Nuclear Metals Superfund Site

Depleted Uranium
Receptor Scenario: Resident Recreational Visitor C/I Worker - Indoor C/I Worker - Outdoor Construction Worker 

PRG:
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
Mass Abundance 2.3E+00 1.9E+01 9.5E+00 5.0E+00 1.0E+02

U-238+D 3.35E+05 99.7982% 8.4E-01 2.5E+00 7.0E+00 2.1E+01 3.4E+00 1.0E+01 1.8E+00 5.4E+00 3.6E+01 1.1E+02
U-235+D 2.16E+06 0.2009% 2.1E-01 4.8E+01 2.2E+00 5.0E+02 7.2E-01 1.7E+02 4.0E-01 9.1E+01 8.7E+00 2.0E+03

U-234 6.24E+09 0.0009% 6.2E+00 1.1E+02 2.3E+01 4.0E+02 9.2E+01 1.6E+03 4.6E+01 8.2E+02 2.4E+02 4.2E+03

Thorium (as Th-232)
Receptor Scenario: Resident Recreational Visitor C/I Worker - Indoor C/I Worker - Outdoor Construction Worker 

PRG:
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
PRG - Activity 

(pCi/g)
PRG - Mass 

(mg/kg)
Mass Abundance 8.1E-03 7.4E-02 9.9E-02 9.0E-01 3.2E-02 2.9E-01 1.7E-02 1.6E-01 3.9E-01 3.5E+00

Th-232 1.10E+05 100% 5.7E+00 5.1E+01 1.5E+01 1.4E+02 5.5E+01 5.0E+02 2.8E+01 2.5E+02 1.4E+02 1.3E+03
Ra-228+D PRG is for Th-232 mass 1.8E-02 1.6E-01 2.5E-01 2.3E+00 8.6E-02 7.8E-01 4.7E-02 4.3E-01 1.0E+00 9.2E+00
Th-228+D PRG is for Th-232 mass 1.5E-02 1.4E-01 1.7E-01 1.5E+00 5.1E-02 4.6E-01 2.8E-02 2.5E-01 6.2E-01 5.7E+00

PRG - Activity:  PRGs for each isotope, expressed as actibivity, are calculated using equations provided in Table 12.

PRG - Mass:  Calculated for each isotope as PRG-Activity x 1E+06 /specific activity / mass abundance

PRG - Mass (total): For total uranium and total throium calculated as:  1 / [(1/PRG-Mass for isotope) + (1/PRG-Mass for isotope) + (1/PRG-Mass for isotope)]

PRG - Activity (total): For thorium is calculated as:  Activity PRG for Th-232 x Th mass PRG / Th-232 mass PRG.  This results in a mass to activity conversion factor of 9.1 mg/kg per pCi/g

mg/Kg = milligram per kilogram

pCi/g = picoCurie per gram

Specific Activity  
(pCi/g)Isotope

Isotope Specific Activity  
(pCi/g)



Attachment C, Table 2 - Derivation of Human Health Preliminary Remediation Goals for Uranium in Units of Activity - Soil
Nuclear Metals Superfund Site

Depleted Uranium

Receptor Scenario: Resident
Recreational 

Visitor C/I Worker - Indoor
C/I Worker - 

Outdoor
Construction 

Worker 
PRG - Mass (mg/kg) 2.3E+00 1.9E+01 9.5E+00 5.0E+00 1.0E+02

PRG - Activity 
(pCi/g)

PRG - Activity 
(pCi/g)

PRG - Activity 
(pCi/g)

PRG - Activity 
(pCi/g)

PRG - Activity 
(pCi/g)

U-238+D 3.35E+05 99.7982% 7.8E-01 6.4E+00 3.2E+00 1.7E+00 3.4E+01
U-235+D 2.16E+06 0.2009% 1.0E-02 8.3E-02 4.1E-02 2.2E-02 4.4E-01

U-234 6.24E+09 0.0009% 1.3E-01 1.1E+00 5.3E-01 2.8E-01 5.7E+00
Total Uranium as depleted uranium (0.2% U-235) 9.2E-01 7.5E+00 3.7E+00 2.0E+00 4.0E+01

PRG - Mass:  Calculated in Attachment C, Table 1

PRG - Activity:  Calculated for each isotope as PRG-Mass x specific activity x mass abundance / 1E+06

Total uranum as depleted uranium (0.2% U-235) calculated by summing the activities of all isotopes.

Isotope
Specific 
Activity  
(pCi/g)



Attachment C, Table 3 - Derivation of Site-Specific Human Health Preliminary Remediation Goals for Radionucildes - Groundwater
Nuclear Metals Superfund Site

Depleted Uranium
Receptor Scenario Resident
PRG - Mass (ug/L) 1.6E+00

Isotope
Specific Activity 

(pCi/ml) Mass Abundance
PRG - Activity 

(pCi/L)
PRG - Mass 

(ug/L)
U-238+D 3.35E+05 99.7982% 6.07E-01 1.8E+00
U-235+D 2.16E+06 0.2009% 7.37E-01 1.7E+02

U-234 6.24E+09 0.0009% 7.48E-01 1.3E+01

Natural Uranium
Receptor Scenario Resident

PRG - Mass (ug/L) 7.7E-02

Isotope Mass Abundance
PRG - Activity 

(pCi/L)
PRG - Mass 

(ug/L)
U-238+D 3.35E+05 99.2739% 6.07E-01 1.83E+00
U-235+D 2.16E+06 0.7204% 7.37E-01 4.73E+01

U-234 6.24E+09 0.0057% 7.48E-01 2.10E+00
Ac-227+D activity equals U-235 activity 1.09E-01 6.99E+00

Th-230 activity equals U-234 activity 5.81E-01 1.63E+00
Ra-226+D activity equals U-234 activity 1.37E-01 3.85E-01

Pb-210 activity equals U-234 activity 6.01E-02 1.69E-01
Bi-210 activity equals U-234 activity 5.93E+00 1.67E+01
Po-210 activity equals U-234 activity 1.40E-01 3.94E-01

Total Thorium (as Th-232)
Receptor Scenario Resident
PRG - Mass (ug/L) 3.3E-01

Isotope Mass Abundance
PRG - Activity 

(pCi/L)
PRG - Mass 

(ug/L)
Th-232 1.10E+05 100% 5.24E-01 4.76E+00

Ra-228+D activity equals Th-232 activity 5.09E-02 4.63E-01
Th-228+D activity equals Th-232 activity 1.76E-01 1.60E+00

PRG - Activity calculated using equations provided in Table 13.
PRG - Mass calculated for each isotope as PRG-Activity x 1E+06 /specific activity / mass abundance
PRG - Mass for total uranium and total throium calculated as:  1 / [(1/PRG-Mass for isotope) + (1/PRG-Mass for isotope) + (1/PRG-Mass for isotope) … n ]
ug/L = microgram per liter
pCi/L = picoCurie per liter

Specific Activity 
(pCi/ml)

Specific Activity 
(pCi/ml)
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APPENDIX C 

SOIL AND SEDIMENT ALTERNATIVES 

COST ESTIMATES 



CAPITAL EXPENDITURES
Remedial Design

Remedial Action

Remedial Action Subtotal -$                  
Capital Expenditures - Subtotal -$                 
Contingency (Capital Expenditures) 20% -$                  
CAPITAL EXPENDITURES - TOTAL COST $ 0
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

O&M Subtotal -$                  
Site Closeout Documentation
OMM&R Subtotal 
Contingency (OMM&R) 20% -$                  
OMM&R - TOTAL COST $ 0

TOTAL COST - NET PRESENT VALUE (NPV) 7% $ 0

REMEDIAL ALTERNATIVE SS-1
NO ACTION

COST ESTIMATE SUMMARY
Feasibility Study 

Nuclear Metals Inc. Superfund Site

Item Year Unit Cost  Total Cost 



1 of 1

CAPITAL EXPENDITURES
Remedial Design

Pilot Test Work Plan and Implementation 1 440,000$         440,000$               
Remedial Design Work Plan and Project Planning 1 120,000$         120,000$               
Remedial Design, including Design Specifications 1 390,000$         390,000$               
Bid Document Preparation and Subcontractor Selection 1 120,000$         120,000$               
Remedial Design Subtotal 1,070,000$            

Remedial Action
Project and Construction Management and Support 1 & 2 4,113,545$      4,113,545$            
Mobilization 1 1,781,600$      1,781,600$            
Monitoring, Surveying, Geotechnical Testing and Sampling 1 & 2 2,342,190$      2,342,190$            
Excavation 1 & 2 9,918,670$      9,918,670$            
Construction of Consolidation Facility and Placement of soils 1 & 2 4,634,336$      4,634,336$            
Stabilization of Saturated Soils Below Holding Basin 1 4,745,620$      4,745,620$            
Site Restoration and Demobilization 2 2,631,216$      2,631,216$            
Construction Completion Report 3 300,000$         300,000$               
O&M Work Plans 3 90,000$           90,000$                 
Remedial Action Subtotal 30,557,177$          

Capital Expenditures - Subtotal 31,627,177$          
Contingency (Capital Expenditures) 20% 6,325,435$            
CAPITAL EXPENDITURES - TOTAL COST 37,953,000$          
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

Project Management 2-200 43,613$           582,276$               
Site Management and Inspections 2-200 80,750$           1,078,103$            
Leachate Collection 2-200 120,000$         1,602,134$            
O&M Subtotal 3,262,512$            

Site Closeout Documentation
Closeout Report, Public Meeting, Notice of Completion 200 50,000$           0.07$                     

OMM&R Subtotal 3,262,512$            
Contingency (OMM&R) 20% 652,503$               
OMM&R - TOTAL COST 3,915,000$            

TOTAL COST - NET PRESENT VALUE (NPV) 7.0% 41,868,000$          
Notes:
1. Total Capital Expenditures and Total OMM&R Costs are rounded to the nearest $1,000.
2. Future Capital Cost, beyond Year 1; subject to NPV calculation
3.

4. This alternative is illustrated on Figures 4.3.1 and 4.3.2.

Feasibility Study 

Long-term groundwater monitoring, insititutional controls, and 5-Year Review Reports are accounted for within the 
groundwater alternative evaluation and cost estimates.

REMEDIAL ALTERNATIVE SS-2
Excavation and On-Site Consolidation of Soils (including Unsaturated Holding Basin Soils) and Sediments.

Cap and Liner System,  
In-Situ Stabilization of Holding Basin Saturated Soils Using Apatite Injection  

COST ESTIMATE SUMMARY

Nuclear Metals Inc. Superfund Site

Item Year Unit Cost  Total Cost 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

CAPITAL EXPENDITURES - PILOT TEST
Pilot Test

1 Work Plan Pilot Test Work Plan 120,000$         LS 1 120,000$              Prof. Judgement
2 Implementation Construction, Monitoring, Laboratory Testing, Reporting 320,000$         LS 1 320,000$              Cost Proposal; Prof. Judgement
3 Pilot Test Cost 440,000$              

CAPITAL EXPENDITURES - REMEDIAL DESIGN - SITE WIDE - incorporates soil, sediment, groundwater and VI remedies
4 Project Planning Remedial Design Work Plan, Data Review Public Meetings 120,000$         LS 1 120,000$              Prof. Judgement
5 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 120,000$         LS 1 120,000$              Prof. Judgement
6 Pre-Final (90%) Design Pre-Final Plans and Specifications, CQA Plan 120,000$         LS 1 120,000$              Prof. Judgement
7 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 150,000$         LS 1 150,000$              Prof. Judgement
8 Bid Documents Preparation of Bid Documents, Bid Evaluation 120,000$         LS 1 120,000$              Prof. Judgement
9 Remedial Design Cost 630,000$              

CAPITAL EXPENDITURES - REMEDIAL ACTION 
Institutional Controls

10 Institutional Controls Accounted for in Vapor Intrusion Remedy LS 1 -$                      
Mobilize and Excavate Contaminated Soils 

11
Mobilization and Permit Equivalencies Includes mobilization of personnel and equipment, training, temporary facility and office set 

up, utilities, and per diem 1,781,600$      LS 1 1,781,600$           Prof. Judgement

12
Survey and Sampling Includes geophysical sampling, radiological surveying to define cut lines and sampling and 

analysis 2,342,190$      LS 1 2,342,190$           Prof. Judgement

13
Excavation of Contaminated soils and 
sediments and Holding Basin Unsaturated Soils

Includes demolition of parking lots and building foundations, Placement of sheet pile wall and 
selective excavation of soils and sediments 6,578,270$      LS 1 6,578,270$           Prof. Judgement

14 Water Treatment for Contact Water Includes design, contruction and operation, and downgradient groundwater containment 3,340,400$      LS 1 3,340,400$           Prof. Judgement
15 Mobilize and Excavate Contaminated Soils Subtotal (lines 11-13) 14,042,460$         

Construction of Consolidation Facility
16 Construction of Consolidation Facility Includes excavation of soils for CF, and construction of liner and leachate collection system 1,657,900$      LS 1 1,657,900$           Prof. Judgement

17
Placement of Soils in Facility and Solidification Includes size reduction, solidification equipment and operation (if needed), placement, and 

compaction in lifts 2,413,936$      LS 1 2,413,936$           Prof. Judgement

18 Cap Construction 225,000$         Acre 3 562,500$              Prof. Judgement
19 Construction of Consolidation Facility Subtotal (lines 14-16) 4,634,336$           

In-Situ Stabilization
20 In-Situ Stabilization Includes design, mobilization, QA/QC requirements, and operation 4,745,620$      LS 1 4,745,620$           Vendor Quotes (April 2013)

Site Restoration and Demobilization
21 Site Restoration and Demobilization 2,631,216$      LS 1 2,631,216$           Prof. Judgement

Construction Completion Report
22 Construction Completion Report 300,000$         LS 1 300,000$              Prof. Judgement
23 Remedial Action Cost 26,353,632$         

SUBTOTAL CAPITAL EXPENDITURES 27,423,632$         
Professional Labor and Management

24 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 4,113,545$           Prof. Judgement
25 TOTAL CAPITAL EXPENDITURES 31,537,177$      

Nuclear Metals Inc. Superfund Site

TABLE C2 DETAILS
REMEDIAL ALTERNATIVE SS2

Excavation and On-Site Consolidation of Soils (including Unsaturated Holding Basin Soils) and Sediments.
Cap and Liner System,  

In-Situ Stabilization of Holding Basin Saturated Soils Using Apatite Injection  
COST ESTIMATE DETAILS

Feasibility Study 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

Nuclear Metals Inc. Superfund Site

REMEDIAL ALTERNATIVE SS2
Excavation and On-Site Consolidation of Soils (including Unsaturated Holding Basin Soils) and Sediments.

Cap and Liner System,  
In-Situ Stabilization of Holding Basin Saturated Soils Using Apatite Injection  

COST ESTIMATE DETAILS

Feasibility Study 

OPERATIONS AND MAINTENANCE (O&M) COSTS
O&M Workplans for Maintenance of Consolidation Facility

26 O&M Workplans - Year 1 only 90,000$           LS 1 90,000$                Prof. Judgement
Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost

27 Site Inspections, Monitoring, and Maintenance Groundwater monitoring is not included since it is addessed in the groundwater remedy 80,750$           yr 1 80,750$                Prof. Judgement
28 Leachate Collection and Disposal Local Disposal 120,000$         yr 1 120,000$              Prof. Judgement
29 Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost 200,750$              
30 SUBTOTAL YEAR 1 O&M COSTS 290,750$              
31 Professional Labor and Management Year 1 Lump Sum Percentage of O&M Costs (15%) LS 0.15 43,613$                Prof. Judgement
32 TOTAL YEAR 1 O&M COSTS 334,363$           
33 SUBTOTAL ANNUAL O&M COSTS 200,750$              
34 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 30,113$                Prof. Judgement
35 TOTAL ANNUAL O&M COSTS 230,863$           

Key:
CY - cubic yard
ft - feet
LS - lump sum
O&M - operation and maintenance
yr - year

Assumptions:
1. O&M Costs are provided on an Annual Basis unless otherwise noted.
2. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.



1 of 1

CAPITAL EXPENDITURES
Remedial Design

Pilot Test Work Plan and Implementation 1 440,000$         440,000$               
Remedial Design Work Plan and Project Planning 1 120,000$         120,000$               
Remedial Design, including Design Specifications 1 390,000$         390,000$               
Bid Document Preparation and Subcontractor 
Selection 1 120,000$         120,000$               

Remedial Design Subtotal 1,070,000$            

Remedial Action
Project and Construction Management and Support 1 & 2 14,006,314$    14,006,314$          
Mobilization 1 1,781,600$      1,781,600$            
Monitoring, Surveying and Sampling 1 & 2 2,306,190$      2,306,190$            
Excavation 1 & 2 4,337,123$      4,337,123$            
Off-Site Disposal 1 & 2 70,144,500$    70,144,500$          
In-Situ Stabilization Using Cement (Sat & Unsat Zones 1 & 2 9,734,800$      9,734,800$            
Site Restoration and Demobilization 2 2,631,216$      2,631,216$            
Construction Completion Report 3 300,000$         300,000$               
O&M Work Plans 3 90,000$           90,000$                 
Remedial Action Subtotal 105,331,743$        

Capital Expenditures - Subtotal 106,401,743$        
Contingency (Capital Expenditures) 20% 21,280,349$          
CAPITAL EXPENDITURES - TOTAL COST 127,682,000$        
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

Project Management 2-200 24,488$           1,234,907$            
Site Management and Inspections 2-200 73,250$           3,694,004$            
O&M Subtotal 4,928,910$            

Site Closeout Documentation
Closeout Report, Public Meeting, Notice of Completion 200 50,000$           1,159.13$              

OMM&R Subtotal 4,930,070$            
Contingency (OMM&R) 20% 986,014$               
OMM&R - TOTAL COST 5,916,000$            

TOTAL COST - NET PRESENT VALUE (NPV) 2% 133,598,000$        
Notes:
1. Total Capital Expenditures and Total OMM&R Costs are rounded to the nearest $1,000.
2. Future Capital Cost, beyond Year 1; subject to NPV calculation
3.

4. This alternative is illustrated on Figure 4.3.3 

Long-term groundwater monitoring, institutional controls, and 5-Year Review Reports are accounted for 
within the groundwater alternative evaluation and cost estimates.

REMEDIAL ALTERNATIVE SS-3

Excavation and Off-Site Disposal Of Sediments And Non-Holding Basin Soils, 
Containment with Partial In-Situ Solidification/Stabilization of Holding Basin Soils Using Cement 

Grouting,  and Low-Permeability Sub-Grade Cover

COST ESTIMATE SUMMARY
Feasibility Study 

Nuclear Metals Inc. Superfund Site

Item Year Unit Cost  Total Cost 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

CAPITAL EXPENDITURES - PILOT TEST
Pilot Test

1 Work Plan Pilot Test Work Plan 120,000$         LS 1 120,000$                  Prof. Judgement
2 Implementation Construction, Monitoring, Laboratory Testing, Reporting 320,000$         LS 1 320,000$                  Cost Proposal; Prof. Judgement
3 Pilot Test Cost 440,000$                  

CAPITAL EXPENDITURES - REMEDIAL DESIGN - SITE WIDE - incorporates soil, sediment, groundwater and VI remedies
4 Project Planning Remedial Design Work Plan, Data Review Public Meetings 120,000$         LS 1 120,000$                  Prof. Judgement
5 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 120,000$         LS 1 120,000$                  Prof. Judgement
6 Pre-Final (90%) Design Pre-Final Plans and Specifications, CQA Plan 120,000$         LS 1 120,000$                  Prof. Judgement
7 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 150,000$         LS 1 150,000$                  Prof. Judgement
8 Bid Documents Preparation of Bid Documents, Bid Evaluation 120,000$         LS 1 120,000$                  Prof. Judgement
9 Remedial Design Cost 630,000$                  

CAPITAL EXPENDITURES - REMEDIAL ACTION 
Institutional Controls

10 Institutional Controls Accounted for in Vapor Intrusion Remedy LS 1 -$                          
Mobilize and Excavate Contaminated Soils 

11
Mobilization and Permit Equivalencies Includes mobilization of personnel and equipment, training, temporary facility and office set up, 

utilities, and per diem 1,781,600$      LS 1 1,781,600$               Prof. Judgement

12 Survey and Sampling Includes radiological surveying to define cut lines and sampling and analysis 2,306,190$      LS 1 2,306,190$               Prof. Judgement

13
Excavation of Contaminated soils and sediments Includes soil beneath  building foundations

3,430,875$      LS 1 3,430,875$               Prof. Judgement

14 Water Treatment for Contact Water Includes design, contruction and operation; and downgradient hydraulic containment 906,248$         LS 1 906,248$                  Prof. Judgement
15 Mobilize and Excavate Contaminated Soils Subtotal (lines 11-15) 8,424,913$               

In-Situ Stabilization Using Cement - Saturated and Unsaturated Zones
16 Mobilization/Demobilization 185,000$         LS 1 185,000$                  Vendor quotes (April 2013)
17 Jet Grouting, Soil Mixing, or Secant Piles Full-scale implementation for the in-situ stabilization of Holding Basin soils 9,245,000$      LS 1 9,245,000$               Vendor quotes (April 2013)

18
Spoils Management Pumping of spoils generated during in-situ stabilization to a holding area at ground surface and 

use of spoils to backfill excavation after they have solidified 1,200$             DAY 129 154,800$                  Prof. Judgement

19 Sub-Grade Low-Permeability Cap GCL, HDPE Membrane and geotextile 150,000$         ACRE 1 150,000$                  
20 In-Situ Stabilization Using Cement Subtotal (lines 16-19) 9,734,800$               

Off-Site Disposal
21 Off-Site Disposal 463$                TON 151,500 70,144,500$             Prof. Judgement

Site Restoration and Demobilization
22 Site Restoration and Demobilization 2,631,216$      LS 1 2,631,216$               Prof. Judgement

Construction Completion Report
23 Construction Completion Report 300,000$         LS 1 300,000$                  Prof. Judgement
24 Remedial Action Cost 92,305,429$             

SUBTOTAL CAPITAL EXPENDITURES 93,375,429$             
Professional Labor and Management

25 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 14,006,314$             Prof. Judgement
26 TOTAL CAPITAL EXPENDITURES 107,381,743$        

Nuclear Metals Inc. Superfund Site

TABLE C3 DETAILS
REMEDIAL ALTERNATIVE SS3

Excavation and Off-Site Disposal Of Sediments And Non-Holding Basin Soils, 
Containment with Partial In-Situ Solidification/Stabilization of Holding Basin Soils Using Cement Grouting,  and 

Low-Permeability Sub-Grade Cover
COST ESTIMATE DETAILS

Feasibility Study 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

Nuclear Metals Inc. Superfund Site

REMEDIAL ALTERNATIVE SS3
Excavation and Off-Site Disposal Of Sediments And Non-Holding Basin Soils, 

Containment with Partial In-Situ Solidification/Stabilization of Holding Basin Soils Using Cement Grouting,  and 
Low-Permeability Sub-Grade Cover

COST ESTIMATE DETAILS
Feasibility Study 

OPERATIONS AND MAINTENANCE (O&M) COSTS
O&M Workplans for Maintenance of Consolidation Facility

27 O&M Workplans - Year 1 only 90,000$           LS 1 90,000$                    Prof. Judgement
Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost

28 Site Inspections, Monitoring, and Maintenance Groundwater monitoring is not included since it is addessed in the groundwater remedy 73,250$           yr 1 73,250$                    Prof. Judgement
29 Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost 73,250$                    
30 SUBTOTAL YEAR 1 O&M COSTS 163,250$                  
31 Professional Labor and Management Year 1 Lump Sum Percentage of Capital Costs (15%) LS 0.15 24,488$                    Prof. Judgement
32 TOTAL YEAR 1 O&M COSTS 187,738$               
33 SUBTOTAL ANNUAL O&M COSTS 73,250$                    
34 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 10,988$                    Prof. Judgement
35 TOTAL ANNUAL O&M COSTS 84,238$                 

Key:
CY - cubic yard
ft - feet
LS - lump sum
O&M - operation and maintenance
yr - year

Assumptions:
1. O&M Costs are provided on an Annual Basis unless otherwise noted.
2. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.



1 of 1

CAPITAL EXPENDITURES
Remedial Design

Pilot Test Work Plan and Implementation 1 440,000$       440,000$               
Remedial Design Work Plan and Project Planning 1 120,000$       120,000$               
Remedial Design, including Design Specifications 1 390,000$       390,000$               
Bid Document Preparation and Subcontractor 
Selection 1 120,000$       120,000$               

Remedial Design Subtotal 1,070,000$            

Remedial Action
Project and Construction Management and Support 1 & 2 10,513,040$  10,513,040$          
Mobilization 1 1,545,800$    1,545,800$            
Monitoring, Surveying and Sampling 1 & 2 788,042$       788,042$               
Excavation 1 & 2 4,218,917$    4,218,917$            
Disposal 1 & 2 57,296,250$  57,296,250$          
Stabilization of Soils beneath Holding Basin 1 & 2 5,300,000$    5,300,000$            
Construction of Containment Wall and Cap 1 & 2 2,753,607$    2,753,607$            
Site Restoration & Demobilization 2 2,114,316$    2,114,316$            
Construction Completion Report 3 300,000$       300,000$               
O&M Work Plans 3 90,000$         90,000$                 
Remedial Action Subtotal 84,919,972$          

Capital Expenditures - Subtotal 85,989,972$          
Contingency (Capital Expenditures) 20% 17,197,994$          
CAPITAL EXPENDITURES - TOTAL COST 103,188,000$        
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

Project Management 2-200 24,488$         326,935$               
Site Management and Inspections 2-200 73,250$         977,969$               
O&M Subtotal 1,304,905$            

Site Closeout Documentation
Closeout Report, Public Meeting, Notice of Completion 200 50,000$         0.07$                     

OMM&R Subtotal 1,304,905$            
Contingency (OMM&R) 20% 260,981$               
OMM&R - TOTAL COST 1,566,000$            

TOTAL COST - NET PRESENT VALUE (NPV) 7% 104,754,000$        
Notes:
1. Total Capital Expenditures and Total OMM&R Costs are rounded to the nearest $1,000.
2. Future Capital Cost, beyond Year 1; subject to NPV calculation
3.

4. This alternative is illustrated on Figures 4.3.4 and 4.3.5.

Long-term groundwater monitoring, institutional controls, and 5-Year Review Reports are accounted for 
within the groundwater alternative evaluation and cost estimates.

REMEDIAL ALTERNATIVE SS-4

Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils, 
Containment with Vertical Containment Wall 

Low-Permeability Sub-Grade Cover
In-Situ Stabilization of Holding Basin Soils Using Apatite Injection

COST ESTIMATE SUMMARY
Feasibility Study 

Nuclear Metals Inc. Superfund Site

Item Year Unit Cost  Total Cost 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

CAPITAL EXPENDITURES - PILOT TEST
Pilot Test

1 Work Plan Pilot Test Work Plan 120,000$       LS 1 120,000$               Prof. Judgement

2 Implementation Construction, Monitoring, Laboratory Testing, Reporting 320,000$       LS 1 320,000$               
Cost Proposal; Prof. 
Judgement

3 Pilot Test Cost 440,000$               
CAPITAL EXPENDITURES - REMEDIAL DESIGN - SITE WIDE - incorporates soil, sediment, groundwater and VI remedies

4 Project Planning Remedial Design Work Plan, Data Review Public Meetings 120,000$       LS 1 120,000$               Prof. Judgement
5 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 120,000$       LS 1 120,000$               Prof. Judgement
6 Pre-Final (90%) Design Pre-Final Plans and Specifications, CQA Plan 120,000$       LS 1 120,000$               Prof. Judgement
7 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 150,000$       LS 1 150,000$               Prof. Judgement
8 Bid Documents Preparation of Bid Documents, Bid Evaluation 120,000$       LS 1 120,000$               Prof. Judgement
9 Remedial Design Cost 630,000$               

CAPITAL EXPENDITURES - REMEDIAL ACTION 
Institutional Controls

10 Institutional Controls Accounted for in Vapor Intrusion Remedy LS 1 -$                       
Mobilize and Excavate Contaminated Soils 

11 Mobilization and Permit Equivalencies Includes mobilization of personnel and equipment, training, temporary facility and 
office set up, utilities, and per diem 1,545,800$    LS 1 1,545,800$            Prof. Judgement

12 Survey and Sampling Includes radiological surveying to define cut lines and sampling and analysis 788,042$       LS 1 788,042$               Prof. Judgement

13 Excavation of Contaminated soils and 
sediments 

Includes soil beneath  building foundations 3,430,875$    LS 1 3,430,875$            Prof. Judgement

14 Water Treatment for Contact Water Includes design, contruction and operation, and downgradient groundwater 
containment 788,042$       LS 1 788,042$               Prof. Judgement

15 Mobilize and Excavate Contaminated Soils Subtotal (lines 11-13) 6,552,759$            
In-Situ Stabilization

16 In-Situ Stabilization Includes design, mobilization, QA/QC requirements, and operation 5,300,000$    LS 1 5,300,000$            Vendor Quotes (April 2013)
Construction of Containment Wall and Cap

17 Construction of Containment Wall 2,603,607$    LS 1 2,603,607$            Vendor Quotes (April 2013)
18 Sub-Grade Low-Permeability Cap GCL, HDPE membrane and geotextile 150,000$       ACRE 1.0 150,000$               Prof. Judgement
19 Construction of Consolidation Facility Subtotal (lines 14-16) 2,753,607$            

Off-Site Disposal
20 Off-Site Disposal 463$              TON 123,750 57,296,250$          Prof. Judgement

Site Restoration and Demobilization
21 Site Restoration and Demobilization 2,114,316$    LS 1 2,114,316$            Prof. Judgement

Construction Completion Report
22 Construction Completion Report 300,000$       LS 1 300,000$               Prof. Judgement
23 Remedial Action Cost 69,016,932$          

SUBTOTAL CAPITAL EXPENDITURES 70,086,932$          
Professional Labor and Management

24 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 10,513,040$          Prof. Judgement
25 TOTAL CAPITAL EXPENDITURES 80,599,972$      

Nuclear Metals Inc. Superfund Site

TABLE C4 DETAILS
REMEDIAL ALTERNATIVE SS4

Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils, 
Containment with Vertical Containment Wall 

Low-Permeability Sub-Grade Cover
In-Situ Stabilization of Holding Basin Soils Using Apatite Injection

COST ESTIMATE DETAILS
Feasibility Study 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

Nuclear Metals Inc. Superfund Site

REMEDIAL ALTERNATIVE SS4

Excavation and Off-Site Disposal Of Sediments and Non-Holding Basin Soils, 
Containment with Vertical Containment Wall 

Low-Permeability Sub-Grade Cover
In-Situ Stabilization of Holding Basin Soils Using Apatite Injection

COST ESTIMATE DETAILS
Feasibility Study 

OPERATIONS AND MAINTENANCE (O&M) COSTS
O&M Workplans for Maintenance of Consolidation Facility

26 O&M Workplans - Year 1 only 90,000$         LS 1 90,000$                 Prof. Judgement
Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost

27 Site Inspections, Monitoring, and MaintenancGroundwater monitoring is not included since it is addessed in the groundwater remedy 73,250$         yr 1 73,250$                 Prof. Judgement
28 Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost 73,250$                 
29 SUBTOTAL YEAR 1 O&M COSTS 163,250$               
30 Professional Labor and Management Year 1 Lump Sum Percentage of Capital Costs (15%) LS 0.15 24,488$                 Prof. Judgement
31 TOTAL YEAR 1 O&M COSTS 187,738$           
32 SUBTOTAL ANNUAL O&M COSTS 73,250$                 
33 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 10,988$                 Prof. Judgement
34 TOTAL ANNUAL O&M COSTS 84,238$             

Key:
CY - cubic yard
ft - feet
LS - lump sum
O&M - operation and maintenance
yr - year

Assumptions:
1. O&M Costs are provided on an Annual Basis unless otherwise noted.
2. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
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CAPITAL EXPENDITURES
Remedial Design

Pilot Test Work Plan and Implementation 1 440,000$       440,000$               
Remedial Design Work Plan and Project Planning 1 120,000$       120,000$               
Remedial Design, including Design Specifications 1 390,000$       390,000$               
Bid Document Preparation and Subcontractor 
Selection 1 120,000$       120,000$               

Remedial Design Subtotal 1,070,000$            

Remedial Action
Project and Construction Management and Support 1 & 2 16,036,290$  16,036,290$          
Mobilization 1 1,781,600$    1,781,600$            
Monitoring, Surveying and Sampling 1 & 2 2,342,190$    2,342,190$            
Excavation 1 & 2 9,836,170$    9,836,170$            
Off-Site Disposal 1 & 2 74,832,375$  74,832,375$          
In-Situ Stabilization Using Cement (Sat Zone) 1 & 2 13,561,950$  13,561,950$          
Site Restoration and Demobilization 2 2,114,316$    2,114,316$            
Construction Completion Report 3 300,000$       300,000$               
O&M Work Plans 3 90,000$         90,000$                 
Remedial Action Subtotal 120,894,891$        

Capital Expenditures - Subtotal 121,964,891$        
Contingency (Capital Expenditures) 20% 24,392,978$          
CAPITAL EXPENDITURES - TOTAL COST 146,358,000$        
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

Project Management 2-200 24,488$         1,234,907$            
Site Management and Inspections 2-200 73,250$         3,694,004$            
O&M Subtotal 4,928,910$            

Site Closeout Documentation
Closeout Report, Public Meeting, Notice of Completion 200 50,000$         1,159.13$              

OMM&R Subtotal 4,930,070$            
Contingency (OMM&R) 20% 986,014$               
OMM&R - TOTAL COST 5,916,000$            

TOTAL COST - NET PRESENT VALUE (NPV) 2% 152,274,000$        
Notes:
1. Total Capital Expenditures and Total OMM&R Costs are rounded to the nearest $1,000.
2. Future Capital Cost, beyond Year 1; subject to NPV calculation
3.

4. This alternative is illustrated on Figures 4.3.6 and 4.3.7.

Long-term groundwater monitoring, institutional controls, and 5-Year Review Reports are accounted for 
within the groundwater alternative evaluation and cost estimates.

REMEDIAL ALTERNATIVE SS-5

Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated Holding Basin Soils), 
and Containment with Full In-Situ Solidification/Stabilization of Holding Basin Saturated Soils Using 

Deep Soil Mixing, and Low-Permeability Sub-Grade Cover

COST ESTIMATE SUMMARY
Feasibility Study 

Nuclear Metals Inc. Superfund Site

Item Year Unit Cost  Total Cost 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

CAPITAL EXPENDITURES - PILOT TEST
Pilot Test

1 Work Plan Pilot Test Work Plan 120,000$       LS 1 120,000$               Prof. Judgement

2 Implementation Construction, Monitoring, Laboratory Testing, Reporting 320,000$       LS 1 320,000$               
Cost Proposal; Prof. 
Judgement

3 Pilot Test Cost 440,000$               
CAPITAL EXPENDITURES - REMEDIAL DESIGN - SITE WIDE - incorporates soil, sediment, groundwater and VI remedies

4 Project Planning Remedial Design Work Plan, Data Review Public Meetings 120,000$       LS 1 120,000$               Prof. Judgement
5 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 120,000$       LS 1 120,000$               Prof. Judgement
6 Pre-Final (90%) Design Pre-Final Plans and Specifications, CQA Plan 120,000$       LS 1 120,000$               Prof. Judgement
7 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 150,000$       LS 1 150,000$               Prof. Judgement
8 Bid Documents Preparation of Bid Documents, Bid Evaluation 120,000$       LS 1 120,000$               Prof. Judgement
9 Remedial Design Cost 630,000$               

CAPITAL EXPENDITURES - REMEDIAL ACTION 
Institutional Controls

10 Institutional Controls Accounted for in Vapor Intrusion Remedy LS 1 -$                      
Mobilize and Excavate Contaminated Soils 

11 Mobilization and Permit Equivalencies Includes mobilization of personnel and equipment, training, temporary facility and 
office set up, utilities, and per diem 1,781,600$    LS 1 1,781,600$            Prof. Judgement

12 Survey and Sampling Includes geophysical sampling, radiological surveying to define cut lines and sampling 
and analysis 2,342,190$    LS 1 2,342,190$            Prof. Judgement

13
Excavation of Contaminated soils and 
sediments and Holding Basin Unsaturated 
Soils

Placement of sheet pile wall and selective excavation including building foundations
6,495,770$    LS 1 6,495,770$            Prof. Judgement

14 Water Treatment for Contact Water Includes design, contruction and operation, and downgradient groundwater 
containment 3,340,400$    LS 1 3,340,400$            Prof. Judgement

15 Mobilize and Excavate Contaminated Soils Subtotal (lines 11-15) 13,959,960$          
In-Situ Stabilization Using Cement - Saturated Zone

16 Mobilization/Demobilization 185,000$       LS 1 185,000$               Vendor quotes (April 2013)
17 Jet Grouting, Soil Mixing, or Secant Piles Full-scale implementation for the in-situ stabilization of Holding Basin soils 11,200,000$  LS 1 11,200,000$          Vendor quotes (April 2013)

18 Spoils Management Pumping of spoils generated during in-situ stabilization to a holding area at ground 
surface and use of spoils to backfill excavation after they have solidified 1,200$           DAY 215 258,000$               Prof. Judgement

19 Sub-Grade Low-Permeability Cap GCL, HDPE membrane and geotextile 150,000$       ACRE 1 150,000$               
20 Professional Labor and Management 15% of Subtotal 11,793,000$  LS 0.15 1,768,950$            RACER
21 In-Situ Stabilization Using Cement Subtotal (lines 16-19) 13,561,950$          

Off-Site Disposal
22 Off-Site Disposal 463$              TON 161,625 74,832,375$          Prof. Judgement

Site Restoration and Demobilization
23 Site Restoration and Demobilization 2,114,316$    LS 1 2,114,316$            Prof. Judgement

Construction Completion Report
24 Construction Completion Report 300,000$       LS 1 300,000$               Prof. Judgement
25 Remedial Action Cost 105,838,601$        

SUBTOTAL CAPITAL EXPENDITURES 106,908,601$        

Nuclear Metals Inc. Superfund Site

TABLE C5 DETAILS
REMEDIAL ALTERNATIVE SS5

Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated Holding Basin Soils), and 
Containment with Full In-Situ Solidification/Stabilization of Holding Basin Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

COST ESTIMATE DETAILS

Feasibility Study 
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Item
No. Activity Description Unit

Costs Units Quantity Estimated Cost Source

Nuclear Metals Inc. Superfund Site

REMEDIAL ALTERNATIVE SS5

Excavation and Off-Site Disposal of Sediments and Soils (including Unsaturated Holding Basin Soils), and 
Containment with Full In-Situ Solidification/Stabilization of Holding Basin Saturated Soils Using Deep Soil Mixing

Low-Permeability Sub-Grade Cover

COST ESTIMATE DETAILS

Feasibility Study 

Professional Labor and Management
26 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 16,036,290$          Prof. Judgement
27 TOTAL CAPITAL EXPENDITURES 122,944,891$    

OPERATIONS AND MAINTENANCE (O&M) COSTS
O&M Workplans for Maintenance of Consolidation Facility

28 O&M Workplans - Year 1 only 90,000$         LS 1 90,000$                 Prof. Judgement
Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost

29 Site Inspections, Monitoring, and MaintenancGroundwater monitoring is not included since it is addessed in the groundwater remedy 73,250$         yr 1 73,250$                 Prof. Judgement
30 Maintenance and Monitoring of Consolidation Facility and Bog - Annual Cost 73,250$                 
31 SUBTOTAL YEAR 1 O&M COSTS 163,250$               
32 Professional Labor and Management Year 1 Lump Sum Percentage of Capital Costs (15%) LS 0.15 24,488$                 Prof. Judgement
33 TOTAL YEAR 1 O&M COSTS 187,738$           
34 SUBTOTAL ANNUAL O&M COSTS 73,250$                 
35 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) LS 0.15 10,988$                 Prof. Judgement
36 TOTAL ANNUAL O&M COSTS 84,238$             

Key:
CY - cubic yard
ft - feet
LS - lump sum
O&M - operation and maintenance
yr - year

Assumptions:
1. O&M Costs are provided on an Annual Basis unless otherwise noted.
2. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
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COST ESTIMATES 
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Year Total Cost
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS

TOTAL PROJECT COST - NET PRESENT VALUE (NPV) 7% -$                 
Assumptions:

1. The No Action Alternative assumes no additional capital expenditures.

REMEDIAL ALTERNATIVE GW-1

Item Unit Cost 

COST ESTIMATE SUMMARY

Nuclear Metals, Inc. Superfund Site
Feasibility Study 

NO ACTION
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CAPITAL EXPENDITURES
Remedial Design

Remedial Design 1 59,800$       59,800$                    
Remedial Action

Institutional Controls 2 975,000$     851,600$                  
Remedial Action Subtotal 851,600$                  

Capital Expenditures - Subtotal 911,400$                 
Contingency (Capital Expenditures) 30% 273,420$                  
CAPITAL EXPENDITURES - TOTAL COST 1,185,000$               
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Long-Term Monitoring

Annual Monitoring Program 1-30 69,100$       857,500$                  
Five-Year Monitoring Program (Years 1-30) 1-30, Every 5 yrs 40,200$       86,700$                    
Five-Year Monitoring Program (Years 31-200) 31-200, Every 5 yrs 63,700$       20,800$                    
Long-Term Monitoring Subtotal 965,000$                 

Five-Year Review (CERCLA)
Document Review, Interviews, Inspections, Report, Well 
Maintenance 1-200, Every 5 yrs 135,600$     336,800$                  

Site Closeout
Closeout Report, Public Meeting, Notice of Completion 200 34,100$       0.05$                        
Well Decommissioning 1-30, Every 5 yrs 11,200$       24,200$                    

OMM&R Subtotal 1,326,000$              
Contingency (OMM&R) 30% 397,800$                  
OMM&R - TOTAL COST 1,724,000$               

TOTAL COST - NET PRESENT VALUE (NPV) 7% 2,909,000$               
Notes:
A. Total costs are rounded to the nearest $100.
B. Future capital costs beyond Year 1 are subject to NPV calculation.

Assumptions:
1. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
2.

3. Holding Basin Source Control is costed under the soils remedy section of the Feasibility Study Report.
4. Well decommissioning will occur every fifth year for Years 1-30, each for five (5) wells.

Feasibility Study 

REMEDIAL ALTERNATIVE
GW-2 -LIMITED ACTION /INSTITUTIONAL CONTROLS AND LONG-TERM MONITORING

COST ESTIMATE SUMMARY

Long-term monitoring will consist of annual sampling for Years 1-30, with an augmented program every fifth year and 
five-year sampling for Years 31-200. The five-year monitoring for Years 1-30 is an incremental cost associated with 
the annual monitoring every fifth year.  Five year monitoring for DU and UROCK will continue from year 31 to 200.

Nuclear Metals, Inc. Superfund Site

Item Year Unit Cost  Total Cost 
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Item
No. Activity Description  Unit

Costs Units Quantity  Estimated Cost Source

CAPITAL EXPENDITURES - REMEDIAL DESIGN
1 Project Planning Remedial Design Work Plan, Public Meetings 15,113$       LS 1 15,100$               RACER 11.0
2 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 8,439$         LS 1 8,400$                 RACER 11.0
3 Pre-Final (90%) Design Pre-Final Plans and Specifications, Construction Quality Assurance Pla 16,679$       LS 1 16,700$               RACER 11.0
4 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 17,496$       LS 1 17,500$               RACER 11.0
5 Bid Documents Preparation of Bid Documents, Bid Evaluation 2,149$         LS 1 2,100$                 RACER 11.0
6 Remedial Design Cost (lines 1 - 5) 59,800$               

CAPITAL EXPENDITURES - REMEDIAL ACTION
Institutional Controls

7 Institutional Controls Deed Notifications, Regulatory Submittals, Access Control Signs 975,000$     LS 1 975,000$             professional judgment

8 Remedial Action Cost (line 7) 975,000$             
OPERATION, MAINTENANCE, MONITORING AND REPORTING (OMM&R) COSTS
Long-Term Groundwater Monitoring
Annual Monitoring Program (Years 1-30)

9 DU (10 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 20,801$       yr 1 20,800$               RACER 11.0
10 UROCK (10 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 21,838$       yr 1 21,800$               RACER 11.0
11 VOC (15 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 26,528$       yr 1 26,500$               RACER 11.0
12 Annual Monitoring Subtotal (lines 9-11) 69,100$               

Five-Year Monitoring Program (Every 5 Years during Years 1-30) - Incremental Cost
13 DU (15 Wells Every 5 Years) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 6,787$         yr 1 6,800$                 RACER 11.0
14 UROCK (20 Wells Every 5 Years) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 14,248$       yr 1 14,200$               RACER 11.0
15 VOC (25 Wells Every 5 Years) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 19,232$       yr 1 19,200$               RACER 11.0
16 Five-Year Monitoring for Years 1-30 Subtotal (lines 13-15) 40,200$               

Five-Year Monitoring Program (Every 5 Years during Years 31-200) 
17 DU (15 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 27,588$       yr 1 27,600$               RACER 11.0
18 UROCK (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 36,086$       yr 1 36,100$               RACER 11.0
19 Five-Year Monitoring for Years 31-200 Subtotal (lines 17-18) 63,700$               

REMEDIAL ALTERNATIVE
GW-2 - LIMITED ACTION /  INSTITUTIONAL CONTROLS  AND LONG-TERM MONITORING

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site
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Item
No. Activity Description  Unit

Costs Units Quantity  Estimated Cost Source

REMEDIAL ALTERNATIVE
GW-2 - LIMITED ACTION /  INSTITUTIONAL CONTROLS  AND LONG-TERM MONITORING

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

Five-Year Review (CERCLA)
20 Document Review Document Review 9,034$         LS 1 9,000$                 RACER 11.0
21 Interviews Interviews 3,272$         LS 1 3,300$                 RACER 11.0
22 Site Inspection Site Inspection 11,016$       LS 1 11,000$               RACER 11.0
23 Report Report 12,345$       LS 1 12,300$               RACER 11.0
24 Monitoring Well Inspection / Redevelopment Monitoring Well Maintenance 100,000$     LS 1 100,000$             professional judgment
25 Five-Year Review (CERCLA) Subtotal (lines 20 - 23) 135,600$             

Site Closeout
Well Decommissioning

26 Well Decommissioning (5 Wells) Well Abandonment 11,245$       LS 1 11,200$               RACER 11.0
Site Closeout Documentation

27 Reports Site Closeout Report 11,657$       LS 1 11,700$               RACER 11.0
28 Meetings Public Meetings 8,609$         LS 1 8,600$                 RACER 11.0
29 Documents Notice of Completion 13,754$       LS 1 13,800$               RACER 11.0
30 Site Closeout Documentation Subtotal (lines 27 - 29) 34,100$               

Notes:
1. Estimated costs are rounded to the nearest $100.
2. OMM&R costs are provided on an annual basis unless otherwise noted.
3. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
4.

5. Holding Basin Source Control is costed under the soils remedy section of the Feasibility Study Report.
6. Well decommissioning will occur every fifth year for Years 1-30, each for five (5) wells.
7.

Abbreviations:
DU - depleted uranium VOC - volatile organic compound
LS - lump sum yr - year
UROCK - uranium in bedrock

Long-term monitoring will consist of annual sampling for Years 1-30, with an augmented program every fifth year and five-year sampling for Years 31-200. The five-year monitoring for Years 1-30 is an incremental cost associated with the annual 
monitoring every fifth year.  Five year monitoring for DU and UROCK will continue from year 31 to 200.

Cost estimates were developed using the program Remedial Action Cost Engineering and Requirements (RACER), 2011,Version 11.0.98.0, Copyright: AECOM Technology Corporation, 1998-2011.
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Discount Rate: 7.00%

CAPITAL EXPENDITURES
Remedial Design

Remedial Design 1 643,400$        643,400$                 
Remedial Action

Institutional Controls 1 975,000$        975,000$                 
Hydraulic Containment 2 564,700$        493,200$                 
Ex-Situ Treatment 2 2,335,700$     2,040,100$              
Groundwater Monitoring Wells 2 262,600$        229,400$                 
Professional Labor and Management 2 717,200$        626,400$                 
Remedial Action Subtotal 4,364,100$              

Capital Expenditures - Subtotal 5,007,500$              
Contingency (Capital Expenditures) 30% 1,502,300$              
CAPITAL EXPENDITURES - TOTAL COST 6,510,000$              
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

General Operations 2-200 325,000$        4,339,100$              
Ion Exchange System 2-200 305,300$        4,076,100$              
Electricity Usage 2-200 30,000$          400,500$                 
General Operations 2-30 375,000$        4,302,900$              
Advanced Oxidation System 2-30 5,100$            58,500$                   
Electricity Usage 2-30 105,000$        1,204,800$              
O&M Subtotal 14,381,900$            

Long-Term Monitoring
Semi-Annual Monitoring Program 1-2 149,000$        269,400$                 
Annual Monitoring Program 3-30 98,100$          1,040,000$              
Five-Year Monitoring Program (Years 1-30) 1-30, Every 5 yrs 28,000$          60,400$                   
Five-Year Monitoring Program (Years 31-200) 31-200, Every 5 yrs 68,800$          22,500$                   
Long-Term Monitoring Subtotal 1,392,300$              

Five-Year Review (CERCLA)
Document Review, Interviews, Inspections, Report, 
Monitoring Well Maintenance 1-200, Every 5 yrs 181,300$        450,376$                 

Project Management
Project Management 2-30 100,000$        1,147,446$              
Project Management 31-200 75,000$          131,541$                 

Site Closeout
Closeout Report, Public Meeting, Notice of Completion 200 116,100$        0.15$                       
Well Decommissioning 1-30, Every 5 yrs 11,200$          24,200$                   

OMM&R Subtotal 17,503,600$            
Contingency (OMM&R) 30% 5,251,100$              
OMM&R - TOTAL COST 22,755,000$            

TOTAL COST - NET PRESENT VALUE (NPV) 7.0% 29,265,000$            
Notes:

A. Total costs are rounded to the nearest $100.
B. Future capital costs beyond Year 1 are subject to NPV calculation.

Assumptions:
1. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
2.

3.

4.

5.

Costs assume hydraulic containment will consist of one (1) overburden well with a depth of 75 ft and pumping 
rate of 15 gpm for DU in overburden, one (1) bedrock well with a depth of 175 ft and pumping rate of 
approximately 1 gpm for uranium in bedrock, one (1) overburden well with a depth of 100 ft and pumping rate of 2-
4 gpm for 1,4-dioxane, and two (2) bedrock wells with a depth of 120 ft and pumping rate of approximately 1 gpm 
each for 1,4-dioxane.

Drill cuttings will be disposed of on-site.

Feasibility Study 

Two ex-situ treatment facilities will be built: one will include ion exchange for the treatment of uranium and the 
other will include advanced oxidation system for the treatment of 1,4-dioxane. Treated water will discharge to 
surface water.
A total of six (6) overburden monitoring wells and nine (9) bedrock monitoring wells will be installed in the vicinity 
of the extraction wells to assess hydraulic capture.

Nuclear Metals, Inc. Superfund Site

Item Year Unit Cost  Total Cost 

REMEDIAL ALTERNATIVE

EX-SITU TREATMENT (DU, UROCK, 1,4-dioxane), INSTITUTINAL CONTROLS, and LONG-TERM MONITORING 

COST ESTIMATE SUMMARY
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6.
7.

8. Well decommissioning will occur every fifth year for Years 1-30, each for five (5) wells.
9. This alternative is illustrated on Figure 6.1.

10. Holding Basin Source Control is costed under the soils remedy section of the Feasibility Study Report.

Long-term monitoring will consist of semi-annual sampling for Years 1-2, annual sampling for Years 3-30 with an 
augmented program every fifth year and five-year sampling for Years 31-200. The five-year monitoring for Years 
1-30 is an incremental cost associated with the annual monitoring every fifth year.  Five year monitoring for DU 
and UROCK will continue from year 31 to 200.

Well development water will be stored on-site and treated by the ex-situ treatment system.



Geosyntec Consultants
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Item
No. Activity Description  Unit

Costs Units Quantity  Estimated Cost Source

CAPITAL EXPENDITURES - REMEDIAL DESIGN
1 Project Planning Remedial Design Work Plan, Public Meetings 121,176$       LS 1 121,200$                  RACER 11.0
2 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 110,644$       LS 1 110,600$                  RACER 11.0

3 Pre-Final (90%) Design Pre-Final Plans and Specifications, Construction Quality Assurance Plan 181,951$       LS 1 182,000$                  RACER 11.0

4 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 214,435$       LS 1 214,400$                  RACER 11.0
5 Bid Documents Preparation of Bid Documents, Bid Evaluation 15,237$         LS 1 15,200$                    RACER 11.0
6 Remedial Design Cost (lines 1 - 5) 643,400$                  

CAPITAL EXPENDITURES - REMEDIAL ACTION
Institutional Controls

7 Institutional Controls Deed Notifications, Regulatory Submittals, Access Control Signs 975,000$       LS 1 975,000$                  Prof. Judgment
Hydraulic Containment 
DU Containment - Overburden Extraction Well (1)

8 Mobilization/Demobilization Air Rotary Rig - Mobilization to Site 3,704$           LS 1 3,700$                      RACER 11.0
9 Well Construction 6" Overburden Well, Drilling, Well Materials, Oversight 540$              ft 75 40,500$                    RACER 11.0

10 Submersible Pump 4" Submersible Pump, 15-20
GPM, 3/4 hp,  Pitless Adapter 3,081$           each 1 3,100$                      RACER 11.0
11 Well Protection Hazardous Area, Pedestrian Load 7,428$           each 1 7,400$                      RACER 11.0
12 Overburden DU Extraction Well Subtotal (lines 8 - 11) 54,700$                    

UROCK Containment - Bedrock Extraction Well (1)
13 Mobilization Move Rig 681$              LS 1 700$                         RACER 11.0
14 Well Construction 6" Bedrock Well, Drilling, Well Materials, Oversight 463$              ft 175 81,000$                    RACER 11.0
15 Submersible Pump 4" Submersible Pump (0.3-7 gpm), Pitless Adapter 3,131$           each 1 3,100$                      RACER 11.0
16 Well Protection Hazardous Area, Pedestrian Load 7,428$           each 1 7,400$                      RACER 11.0
17 Bedrock UROCK Extraction Well Subtotal (lines 13 - 16) 92,200$                    

1,4-Dioxane Containment - Both Overburden and Bedrock Extraction Wells
Overburden Extraction Well (1)

18 Mobilization Move Rig 681$              LS 1 700$                         RACER 11.0
19 Well Construction 6" Overburden Well, Drilling, Well Materials, Oversight 519$              ft 100 51,900$                    RACER 11.0
20 Submersible Pump 4" Submersible Pump (0.3-7 gpm), Pitless Adapter 3,131$           each 1 3,100$                      RACER 11.0
21 Well Protection Restricted Area 3,419$           each 1 3,400$                      RACER 11.0
22 Overburden Extraction Well Subtotal (lines 18 - 21) 59,100$                    

Bedrock Extraction Wells (2)
23 Mobilization Move Rig 681$              LS 2 1,400$                      RACER 11.0
24 Well Construction 6" Bedrock Well, Drilling, Well Materials, Oversight 491$              ft 240 117,900$                  RACER 11.0
25 Submersible Pump 4" Submersible Pump (0.3-7 gpm), Pitless Adapter 3,131$           each 2 6,300$                      RACER 11.0
26 Well Protection Restricted Area 3,419$           each 2 6,800$                      RACER 11.0
27 Bedrock Extraction Well Subtotal (lines 23 - 26) 132,400$                  

Hydraulic Containment - Piping and Equalization Tank
28 Trenching/Piping 4" PVC, Schedule 80 31.83$           ft 6,500 206,900$                  RACER 11.0
29 Equalization Tank 2,000 Gallon, Single-wall Steel Aboveground Tank 9,714$           each 2 19,400$                    RACER 11.0

30 Hydraulic Containment - Piping and Equalization Tank 
Subtotal (lines 28 - 29) 226,300$                  

31 Hydraulic Containment Subtotal (lines 20 - 30) 564,700$                  

REMEDIAL ALTERNATIVE

GW-3 -Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long Term Monitoring 

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site
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Item
No. Activity Description  Unit

Costs Units Quantity  Estimated Cost Source

REMEDIAL ALTERNATIVE

GW-3 -Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long Term Monitoring 

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

Ex-Situ Treatment 
32 Ion Exchange System Uranium removal 60,000$         LS 1 60,000$                    Vendor Quote (2012)
33 Advanced Oxidation System Hydrogen Peroxide/Ultraviolet, Purifics "photo cat" or equivalent 275,000$       LS 1 275,000$                  Vendor Quote (2013)

Metals removal system Siemens micro-filtration or equivalent 1,020,000$    LS 1 1,020,000$               Vendor Quote (2013)
Electrical service / hook up new service / poles / transformer to building 100,000$       LS 2 200,000$                  Vendor Quote (2013)
PLC / wwell controls programmable logic controller to operate / monitor system 20,000$         LS 2 40,000$                    Vendor Quote (2013)
Misc. Equip. compressor, Eye wash/shower, Storage racks, etc 50,000$         LS 2 100,000$                  Vendor Quote (2013)

34 Structural Slab #1 6" Slab on Grade 12.88$           SF 400 5,200$                      RACER 11.0
35 Structural Slab #2 6" Slab on Grade 12.88$           SF 400 5,200$                      RACER 11.0
36 Transfer Pump 15 GPM, 1/2 HP 4,153$           each 4 16,600$                    RACER 11.0
37 Treatment Building #1 250,000$       LS 1 250,000$                  RACER 11.0
38 Treatment Building #2 250,000$       LS 1 250,000$                  RACER 11.0
39 Trenching/Piping for Effluent Discharge 4" PVC, Schedule 80 32$                ft 2,000 63,700$                    RACER 11.0
40 Discharge to Surface Water Discharge Permit 25,000$         LS 2 50,000$                    Prof. Judgment
41 Ex-Situ Treatment Subtotal - (lines 32-40) 2,335,700$               

Groundwater Monitoring Wells
Overburden Monitoring Well (3 wells for DU, 3 wells for VOC)

42 Mobilization/Demobilization Hollow Stem Auger Rig - Mobilization to Site 3,704$           LS 1 3,700$                      RACER 11.0
43 Mobilization Move Rig 681$              LS 5 3,400$                      RACER 11.0
44 Well Construction 2" Overburden Well, Drilling, Well Materials, Oversight 135$              ft 525 71,000$                    RACER 11.0
45 Well Completion Surface Pad, Concrete 114$              each 6 700$                         RACER 11.0
46 Well Protection 5' Guard Posts 1,180$           each 6 7,100$                      RACER 11.0
47 Overburden Monitoring Well Subtotal (lines 42 - 46) 85,900$                    

Bedrock Monitoring Well (3 wells for UROCK, 6 wells for VOC)
48 Mobilization/Demobilization Air Rotary Rig - Mobilization to Site 3,704$           LS 1 3,700$                      RACER 11.0
49 Mobilization Move Rig 681$              LS 8 5,400$                      RACER 11.0
50 Well Construction 2" Bedrock Well, Drilling, Well Materials, Oversight 125$              ft 1,245 156,000$                  RACER 11.0
51 Well Completion Surface Pad, Concrete 114$              each 9 1,000$                      RACER 11.0
52 Well Protection 5' Guard Posts 1,180$           each 9 10,600$                    RACER 11.0
53 Bedrock Monitoring Well Subtotal (lines 48 - 52) 176,700$                  
54 Groundwater Monitoring Wells Subtotal (lines 47, 53) 262,600$                  

Professional Labor and Management
55 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) 717,210$       LS 1 717,200$                  Prof. Judgment
56 Remedial Action Cost 4,855,200$               

Equipment Building, 10' Ceiling, Built-Up Roof, Concrete Block Exterior



Geosyntec Consultants

5 of 6

Item
No. Activity Description  Unit

Costs Units Quantity  Estimated Cost Source

REMEDIAL ALTERNATIVE

GW-3 -Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long Term Monitoring 

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

OPERATION, MAINTENANCE, MONITORING AND REPORTING (OMM&R) COSTS
General Operations

57 General Operations - Ion Exchange Facility Labor, Wastewater Sampling, spare parts 250,000$       LS 1 250,000$                  RACER 11.0
58 General Operations - Advanced Oxidation Facility Labor, Wastewater Sampling, parts 300,000$       LS 1 300,000$                  RACER 11.0
59 Extraction Well Redevelopment Annual Redevelopment of 3 wells 75,000$         LS 2 150,000$                  Prof. Judgment
60 General Operations Subtotal (lines 57 - 58) 700,000$                  

Ion Exchange System
61 Resin Replacement 12 Bags/Month; 12 Months 120$              bag 144 17,300$                    Prof. Judgment
62 Resin Disposal Disposal of Two (2) 30-Gal Drums/Month; 12 Months 8,000$           drum 24 192,000$                  Prof. Judgment
63 Monthly O&M Labor (Two Days/Week) 8,000$           mo 12 96,000$                    Prof. Judgment
64 Ion Exchange System Subtotal (lines 61 - 63) 305,300$                  

Advanced Oxidation System
65 Ultraviolet Source Replacement 7.5 kW Ultraviolet High Intensity Lamp 212$              each 2 400$                         RACER 11.0
66 Hydrogen Peroxide 500 lb Drum, 50% Solution 592$              each 8 4,700$                      RACER 11.0
67 Advanced Oxidation System Subtotal (lines 65 - 66) 5,100$                      

Electricity Usage
68 General - Ion Exchange Facility Extraction Pumps, Transfer Pumps, Heating 0.15$             kwh 200,000 30,000$                    Concord Rates
69 General - Advanced oxidation Facility Extraction Pumps, Heating 0.15$             kwh 300,000 45,000$                    Concord Rates
70 Advanced Oxidation System UV Light, Transfer Pump 0.15$             kwh 400,000 60,000$                    Concord Rates
71 Electricity Usage Subtotal (lines 68 - 70) 135,000$                  
72 Operation and Maintenance Subtotal (lines 57 - 70) 1,145,400$               

Long-Term Groundwater Monitoring
Semi-Annual Monitoring Program (Years 1-2)

73 DU (15 Wells Semi-Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 46,342$         yr 1 46,300$                    RACER 11.0
74 UROCK (10 Wells Semi-Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 34,586$         yr 1 34,600$                    RACER 11.0
75 VOC (25 Wells Semi-Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 68,064$         yr 1 68,100$                    RACER 11.0
76 Semi-Annual Monitoring Subtotal (lines 72-74) 149,000$                  

Annual Monitoring Program (Years 3-30)
77 DU (15 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 27,588$         yr 1 27,600$                    RACER 11.0
78 UROCK (10 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 23,905$         yr 1 23,900$                    RACER 11.0
79 VOC (25 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 46,519$         yr 1 46,600$                    RACER 11.0
80 Annual Monitoring Subtotal (lines 76-78) 98,100$                    

Five-Year Monitoring Program (Every 5 Years during Years 1-30) - Incremental Cost
81 DU (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 5,076$           yr 1 5,100$                      RACER 11.0
82 UROCK (20 Wells Every 5 Years) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 12,181$         yr 1 12,200$                    RACER 11.0
83 VOC (35 Wells Five-Year Every 5 Years) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 10,679$         yr 1 10,700$                    RACER 11.0
84 Five-Year Monitoring for Years 1-30 Subtotal (lines 80-82) 28,000$                    

Five-Year Monitoring Program (Every 5 Years during Years 31-200) 
85 DU (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 32,664$         yr 1 32,700$                    RACER 11.0
86 UROCK (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 36,086$         yr 1 36,100$                    RACER 11.0
87 Five-Year Monitoring for Years 31-200 Subtotal (lines 84-85) 68,800$                    
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Item
No. Activity Description  Unit

Costs Units Quantity  Estimated Cost Source

REMEDIAL ALTERNATIVE

GW-3 -Ex-Situ Treatment (DU, UROCK, 1,4-dioxane), Institutional Controls, and Long Term Monitoring 

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

Five-Year Review (CERCLA)
85 Document Review Document Review 17,594$         LS 1 17,600$                    RACER 11.0
86 Interviews Interviews 5,453$           LS 1 5,500$                      RACER 11.0
87 Site Inspection Site Inspection 21,282$         LS 1 21,300$                    RACER 11.0
88 Report Report 36,919$         LS 1 36,900$                    RACER 11.0
89 Monitoring Well Inspection / Redevelopment Monitoring Well Maintenance 100,000$       LS 1 100,000$                  Prof. Judgment
90 Five-Year Review (CERCLA) Subtotal (lines 85 - 88) 181,300$                  

Site Closeout
Well Decommissioning

91 Well Decommissioning (5 Wells) Well Abandonment 11,245$         LS 1 11,200$                    RACER 11.0
Site Closeout Documentation

92 Reports Site Closeout Report 36,749$         LS 1 36,700$                    RACER 11.0
93 Meetings Public Meetings 29,013$         LS 1 29,000$                    RACER 11.0
94 Documents Notice of Completion 50,357$         LS 1 50,400$                    RACER 11.0
95 Site Closeout Documentation Subtotal (lines 92 - 94) 116,100$                  

Notes:
1. Estimated costs are rounded to the nearest $100.
2. OMM&R costs are provided on an annual basis unless otherwise noted.
3. Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
4.

5.
6.
7. Drill cuttings will be disposed of on-site.
8. Well development is included in the extraction well construction costs.  Well development water will be stored on-site and treated by the ex-situ treatment system.
9.

10. Holding Basin Source Control is costed under the soils remedy section of the Feasibility Study Report.
11. Well decommissioning will occur every fifth year for Years 1-30, each for five (5) wells.
12. This alternative is illustrated on Figure 6.1.
13.

Abbreviations:
DU - depleted uranium kw - kilowatt PVC - polyvinyl chloride
ft - foot kwh - kilowatt-hour SF - square foot
gal - gallon lb - pound UROCK - uranium in bedrock
gpm - gallon per minute LS - lump sum VOC - volatile organic compound
HP - horsepower mo - month yr - year
hr - hour O&M - operation and maintenance

Long-term monitoring will consist of semi-annual sampling for Years 1-2, annual sampling for Years 3-30 with an augmented program every fifth year and five-year sampling for Years 31-200. The five-year monitoring for Years 1-30 is an incremental cost 
associated with the annual monitoring every fifth year.  Five year monitoring for DU and UROCK will continue from year 31 to 200.

Cost estimates were developed using the program Remedial Action Cost Engineering and Requirements (RACER), 2011,Version 11.0.98.0, Copyright: AECOM Technology Corporation, 1998-2011.

Costs assume hydraulic containment will consist of one (1) overburden well with a depth of 75 ft and pumping rate of 15 gpm for DU in overburden, one (1) bedrock well with a depth of 175 ft and pumping rate of approximately 1 gpm for uranium in bedrock, one 
(1) overburden well with a depth of 100 ft and pumping rate of 2-4 gpm for 1,4-dioxane, and two (2) bedrock wells with a depth of 120 ft and pumping rate of approximately 1 gpm each for 1,4-dioxane.
Two ex-situ treatment facilities will be built: one will include ion exchange for the treatment of uranium and the other will include advanced oxidation system for the treatment of 1,4-dioxane. Treated water will discharge to surface water.
A total of six (6) overburden monitoring wells and nine (9) bedrock monitoring wells will be installed in the vicinity of the extraction wells to assess hydraulic capture.
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CAPITAL EXPENDITURES
Pre-Design Investigation

   Pilot Test for DU In-Situ Injection Design 1 340,000$      340,000$                    
   Pump Test for 1,4-dioxane Containment System 1 350,000$      350,000$                    
   Investigation for In-Situ UROCK Treatment 1 460,700$      460,700$                    
Pre-design Investigation Subtotal   1,150,700$                 

Remedial Design
Remedial Design 1 646,700$      646,700$                    

Remedial Action
Institutional Controls 1 975,000$      975,000$                    
Hydraulic Containment 2 299,700$      261,800$                    
Ex-Situ Treatment 2 1,701,800$   1,486,400$                 
In-Situ Treatment - DU 2 1,760,000$   1,537,300$                 
In-Situ Treatment - U in Rock 2 313,600$      273,900$                    
Groundwater Monitoring Wells 2 207,900$      181,600$                    
Professional Labor and Management 2 1,058,300$   924,400$                    
Remedial Action Subtotal 5,640,400$                

Capital Expenditures - Subtotal 7,437,800$                
Contingency (Capital Expenditures) 30% 2,231,300$                 
CAPITAL EXPENDITURES - TOTAL COST 9,669,000$                 
OPERATION, MAINTENANCE, MONITORING & REPORTING (OMM&R) COSTS
Operation and Maintenance (O&M)

General Operations 2-30 250,000$      2,868,600$                 
Advanced Oxidation System 2-30 129,900$      1,490,500$                 
Electricity Usage 2-30 33,000$        378,700$                    
O&M Subtotal 4,737,800$                

Solid Phase Sampling (Proof of Attenuation) 
Semi-Annual Solid Phase Sampling 3 250,000$      204,100$                    
Annual Solid Phase Sampling 4-5 125,000$      184,500$                    
Solid Phase Sampling Subtotal 388,600$                   

Long-Term Monitoring
Quarterly Monitoring Program (Years 2-3) 2-3 299,400$      505,900$                    
Semi-Annual Monitoring Program (Years 4-8) 4-8 143,100$      479,000$                    
Annual Monitoring Program (Years 9-30) 9-30 86,400$        556,200$                    
Five-Year Monitoring Program (Years 1-30) 1-30, Every 5 yrs 25,400$        54,800$                      
Five-Year Monitoring Program (Years 31-200) 31-200, Every 5 yrs 52,900$        17,300$                      
Long-Term Monitoring Subtotal 1,613,200$                

Five-Year Review (CERCLA)
Document Review, Interviews, Inspection, Report 1-200, Every 5 yrs 81,300$        202,000$                    

Project Management
Project Management 2-30 100,000$      1,147,446$                 
Project Management 31-200 25,000$        43,847$                      

Site Closeout
Closeout Report, Public Meetings, Notice of Completion 200 116,100$      0.15$                          
Well Decomissioning 1-30, Every 5 yrs 11,200$        24,200$                      

OMM&R Subtotal 8,132,893$                
Contingency (OMM&R) 30% 2,439,900$                 
OMM&R - TOTAL COST 10,573,000$               

TOTAL PROJECT COST - NET PRESENT VALUE 7.0% 20,242,000$               

Item Year Unit Cost Total Cost

REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and 
Long-Term Monitoring

COST ESTIMATE SUMMARY
Feasibility Study 

Nuclear Metals, Inc. Superfund Site
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REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and 
Long-Term Monitoring

COST ESTIMATE SUMMARY
Feasibility Study 

Nuclear Metals, Inc. Superfund Site

Notes:
 A. Total costs are rounded to the nearest $100.
B. Future capital costs beyond Year 1 are subject to NPV calculation.

Assumptions:
1.
2.

3.

4.

5.

6.

7.

8. Drill cuttings will be disposed on-site.
9.

10.

11. Well decomissioning will occur evey fifth year for Years 1-30, each for five (5) wells.
12. This alternative is illustrated on Figure 6.2.
13. Holding Basin Source Control is costed under the soils remedy section of the Feasibility Study Report.

Costs assume deed restrictions prohibiting groundwater use will be executed for the Site.
Hydraulic containment for the 1,4-dioxane plumes will consist of one (1) overburden extraction well with a depth of 100 ft and 
pumping rate of 2 gpm and two (2) bedrock wells with depths of 120 ft and pumping rates of approximately 1 gpm each.

Ex-situ treatment will include advanced oxidation using ultra-violet light and hyrdogen peroxide or equivalent. Treated water will 
discharge to surface water.
Nine (9) monitoring wells will be installed in the vicinity of the extraction wells to demonstrate capture of the 1,4-dioxane 
plumes, three (3) in the overburden and six (6) in the bedrock. Thirteen (13) monitoring wells will be installed in the vicinity of 

        

Long-term monitoring is assumed for costing purposes to consist of quarterly sampling for Years 2-3, semi-annual sampling for 
Years 4-8, annual sampling for Years 9-30 with an augmented program every fifth year, and five-year sampling for Years 31-
200. The five-year monitoring for Years 1-30 is an incremental cost associated with the annual monitoring every fifth year. Solid 
phase sampling will be performed for Years 3-5.  Five year monitoring for DU and UROCK will continue from year 31 to 200.

Costs for DU in-situ treatment assume two (2) apatite and one (1) zero-valent iron (ZVI) in-situ reactive zones (ISRZs) installed 
by direct push injection. These ISRs installations will be repeated once.

Well development water will be stored on-site and the treatment is represented and costed under the soils section of the 
Feasibility Study Report.

The in-situ remedy for depleted uranium in overburden will include a pilot test to evaluate injection design, injection of apatite in 
two separate areas and nZVI in a downgradient location.  Additional monitoring wells will be installed to monitor effectiveness, and 
borings will be drilled to collect aquifer materials for remedy evaluation. 

The in-situ remedy for uranium in bedrock will include five (5) monitoring well locations with two (2) screened intervals in bedrock 
to delineate the depth of uranium >MCL.  The remedy will include injection and recirculation of nZVI, apatite or  bioremediation 
amendments via six (6) open bedrock boreholes.
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Item
No.

Activity Description  Unit
Costs 

Units Quantity Estimated Cost Source

CAPITAL COSTS -PRE-DESIGN INVESTIGATION (PDI)

   Pilot Test for DU In-Situ Injection Design 

1 Work Plan Pilot Test Work Plan 60,000$              LS 1 60,000$               Prof. Judgement

2 Implementation
Assumes up to (4) direct push injection tests, six post-injection soil borings, 
additional monitoring wells are included in the remedial action costs, Monitoring, 
Laboratory Testing, Reporting

280,000$            LS 1 280,000$             Prof. Judgement

3 DU Pilot Test Cost (lines 1-2) 340,000$             

   Pump Test for 1,4-dioxane Containment System
4 Work Plan Pilot Test Work Plan 50,000$              LS 1 50,000$               Prof. Judgement

5 Implementation
Overburden and Bedrock Pump Testing, Extraction wells and Additional Monitoring 
wells (included in Remedial Action costs), Water Level and Quality Monitoring, 
Laboratory Testing, Reporting, Water Treatment

300,000$            LS 1 300,000$             Prof. Judgement

6 DU Pilot Test Cost (lines 4-5) 350,000$             
   Investigation for In-Situ UROCK Treatment  

 Bedrock Monitoring Wells (Shallow and Deep,  5 locations, 10 wellscreens)
7 Work Plan Pilot Test Work Plan 40,000$              LS 1 40,000$               Prof. Judgement
8 Mobilization/Demobilization Air Rotary Rig - Mobilization to Site 3,704$                LS 1 3,700$                 RACER 11.0
9 Mobilization Move Rig 681$                   LS 4 2,700$                 RACER 11.0
10 Borehole Geophysics Borehole geophysics during drilling to select screened intervals 2,500$                each 5 12,500$               Prof. Judgement

11 Well Construction 2" Shallow Bedrock Well - Overburden Drilling Component, Well Materials, 
Oversight 148$                   ft 625 92,500$               RACER 11.0

12 Well Construction 2" Deep Bedrock Well, Bedrock Drilling, Well Materials, Oversight 87$                     ft 375 32,600$               RACER 11.0
13 Well Completion Surface Pad, Concrete 114$                   each 5 600$                    RACER 11.0
14 Bedrock Monitoring Well Subtotal (lines 7-13) 184,600$             
15 Groundwater Sampling (20 Wells) Sampling, Lab Analysis, Level 2 Data Validation, Report 36,100$              LS 1 36,100$               RACER 11.0

   Injection Pilot Test in Bedrock
16 Work Plan Pilot Test Work Plan 40,000$              LS 1 40,000$               Prof. Judgement

17 Implementation Injection Testing, Water Level and Quality Monitoring, Laboratory Testing, 
Reporting (well installation included in Remedial Action costs) 200,000$            LS 1 200,000$             Prof. Judgement

18 UROCK PDI Cost 460,700$             
19 Total PDI Cost (lines 3,6,18) 1,150,700$          

CAPITAL COSTS - REMEDIAL DESIGN
20 Project Planning Remedial Design Work Plan, Data Review, Public Meetings 163,512$            LS 1 163,500$             RACER 11.0
21 Preliminary (30%) Design Basis of Design Report, Preliminary Plans and Specifications 91,345$              LS 1 91,300$               RACER 11.0
22 Pre-Final (90%) Design Pre-Final Plans and Specifications, Construction Quality Assurance Plan 184,216$            LS 1 184,200$             RACER 11.0
23 Final (100%) Design Final Report, Final Plans and Specifications, Public Meetings 192,547$            LS 1 192,500$             RACER 11.0
24 Bid Documents Preparation of Bid Documents, Bid Evaluation 15,237$              LS 1 15,200$               RACER 11.0
25 Remedial Design Cost (lines 20-24) 646,700$             

REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and Long-Term Monitoring

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site
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Item
No.

Activity Description  Unit
Costs 

Units Quantity Estimated Cost Source

REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and Long-Term Monitoring

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

CAPITAL COSTS - REMEDIAL ACTION
Institutional Controls

26 Institutional Controls AULs on 7 properties and access rights for 1,4-dioxane treatment system 975,000$            LS 1 975,000$             Prof. Judgment
Hydraulic Containment (1,4-Dioxane)

Overburden Extraction Well (1)
27 Mobilization/Demobilization Air Rotary Rig - Mobilization to Site 3,704$                LS 1 3,700$                 RACER 11.0
28 Well Construction 6" Overburden Well, Drilling, Well Materials, Oversight 519$                   ft 100 51,900$               RACER 11.0
29 Submersible Pump 4" Submersible Pump (0.3-7 gpm), Pitless Adapter 3,131$                each 1 3,100$                 RACER 11.0
30 Well Protection Restricted Area 3,419$                each 1 3,400$                 RACER 11.0
31 Overburden Extraction Well Subtotal (lines 27-30) 62,100$               

Bedrock Extraction Wells (2)
32 Mobilization Move Rig 681$                   LS 2 1,400$                 RACER 11.0
33 Well Construction 6" Bedrock Well, Drilling, Well Materials, Oversight 491$                   ft 240 117,900$             RACER 11.0
34 Submersible Pump 4" Submersible Pump (0.3-7 gpm), Pitless Adapter 3,131$                each 2 6,300$                 RACER 11.0
35 Well Protection Restricted Area 3,419$                each 2 6,800$                 RACER 11.0
36 Bedrock Extraction Well Subtotal (lines 32-35) 132,400$             

   Hydraulic Containment - Piping and Equalization Tank
37 Trenching/Piping 4" PVC, Schedule 80 32$                     ft 3,000 95,500$               RACER 11.0
38 Equalization Tank 2,000 Gallon, Single-wall Steel Aboveground Tank 9,714$                each 1 9,700$                 RACER 11.0
39 Hydraulic Containment - Piping and Equalization Tank Subtotal (lines 33-34) 105,200$             
40 Hydraulic Containment Subtotal (lines 31,36,39) 299,700$             

Ex-Situ Treatment
41 Advanced Oxidation System Hydrogen Peroxide/Ultraviolet, Purifics "photo cat" or equivalent 275,000$            LS 1 275,000$             Prof. Judgment
42 Metals removal system Siemens micro-filtration or equivalent 1,020,000$         LS 1 1,020,000$          Prof. Judgment
43 Electrical service / hook up new service / poles / transformer to building 100,000$            LS 1 100,000$             Prof. Judgment
44 Treatment Building Equipment Building, 10' Ceiling, Built-Up Roof, Concrete Block Exterior 250,000$            LS 1 250,000$             Prof. Judgment
45 Trenching/Piping for Effluent Discharge 4" PVC, Schedule 80 31.83$                ft 1,000 31,800$               RACER 11.0
46 Discharge to Surface Water Discharge Permit 25,000$              LS 1 25,000$               Prof. Judgment
47 PLC / wwell controls programmable logic controller to operate / monitor system 20,000$              LS 1 20,000$               Prof. Judgment
48 Misc. Equip. compressor, Eye wash/shower, Storage racks, etc 50,000$              ls 1 50,000$               Prof. Judgment
49 Ex-Situ Treatment Subtotal (lines 41-46) 1,701,800$          

In-Situ Treatment (DU)
  Two (2) Apatite Reactive Zones, Two (2) Times

50 Apatite DPT Injection (30 points per zone, 12 zones) Mobilization, Equipment, Subcontractor, Oversight and Amendment 2,000$                each 720 1,440,000$          Vendor Quote
51 Mixing Equipment 10,000$              LS 2 20,000$               Vendor Quote

  One (1) ZVI Reactive Zone, Two (2) Times
52 ZVI DPT Injection (30 points per zone, 2 zones) Mobilization, Equipment, Subcontractor, Oversight and Amendment 2,500$                each 120 300,000$             Vendor Quote
53 In-Situ Treatment (DU) Subtotal (lines 48-51) 1,760,000$          
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Item
No.

Activity Description  Unit
Costs 

Units Quantity Estimated Cost Source

REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and Long-Term Monitoring

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

In-Situ Treatment (UROCK)
   Bedrock Injection and Extraction Wells (up to 6)

54 Mobilization/Demobilization Air Rotary Rig - Mobilization to Site 3,704$                LS 1 3,700$                 RACER 11.0
55 Mobilization Move Rig 681$                   LS 5 3,400$                 RACER 11.0
56 Well Construction 6" Bedrock Well, Drilling, Well Materials, Oversight 125$                   ft 1,200 150,000$             RACER 11.0
57 Submersible Pump, generator and plumbing 4" Submersible Pump (0.3-7 gpm) 4,500$                each 1 4,500$                 Prof. Judgment
58 UROCK Extraction Well Subtotal (lines 52-55) 161,600$             

    Apatite/ZVI Injection (8 Wells)

59 Apatite/ZVI Injection  & Recirculation 6 Injection Rounds (Mobilization, Equipment, Subcontractor, Oversight & 
Amendment at up to 6 Locations) 2,500$                each 36 90,000$               Prof. Judgment

60 Mixing Equipment 10,000$              LS 2 20,000$               Vendor Quote
61 Apatite/ZVI Injection Subtotal - (lines 57-58) 110,000$             

    Ex-Situ Treatment 
62 Ion Exchange System Uranium removal 30,000$              LS 1 30,000$               Prof. Judgment
63 Resin Disposal 12,000$              LS 1 12,000$               Prof. Judgment

64 In-Situ Treatment UROCK Subtotal (lines 56, 59, 61-
62)

313,600$             

Groundwater Monitoring Wells
Overburden Monitoring Well

65 Mobilization/Demobilization Hollow Stem Auger Rig - Mobilization to Site 3,704$                LS 1 3,700$                 RACER 11.0
66 Mobilization Move Rig 681$                   LS 15 10,200$               RACER 11.0
67 Well Construction 2" Overburden Well, Drilling, Well Materials, Oversight 135$                   ft 1,280 173,300$             RACER 11.0
68 Well Completion Surface Pad, Concrete 114$                   each 16 1,800$                 RACER 11.0
69 Well Protection 5' Guard Posts 1,180$                each 16 18,900$               RACER 11.0
70 Overburden Monitoring Well total (lines 63-67) 207,900$             

Professional Labor and Management
71 Professional Labor and Management Lump Sum Percentage of Capital Costs (15%) 1,058,310$         LS 1 1,058,300$          Prof. Judgment

72 Remedial Action Cost 8,113,700$          

OPERATION, MAINTENANCE, MONITORING AND REPORTING (OMM&R) COSTS
General Operations

73 Operation and Maintenance Labor, Wastewater Sampling 250,000$            LS 1 250,000$             Prof. Judgment
Advanced Oxidation System

74 Ultraviolet Source Replacement 7.5 kW Ultraviolet High Intensity Lamp 212$                   each 1 200$                    RACER 11.0
75 Misc parts and supplies H&S supplies, filter bags, dumpster, disposal, etc 60,000$              LS 1 60,000$               Prof. Judgment
76 Influent and Effluent Monitoring Analytical biweekly VOCs and metals, quarterly acute and chronic toxicity 15,000$              LS 1 15,000$               Prof. Judgment
77 Extraction well redevelopment 3 wells, twice per year 50,000$              LS 1 50,000$               Prof. Judgment
78 Hydrogen Peroxide 500 lb Drum, 50% Solution 592$                   each 8 4,700$                 RACER 11.0
79 Advanced Oxidation System Subtotal (lines 74 - 78) 129,900$             

Electricity Usage
80 General Operations Extraction Pumps, Heating 0.15$                  kwh 120,000 18,000$               Concord Rates
81 Advanced Oxidation System UV Light, Transfer Pump 0.15$                  kwh 100,000 15,000$               Concord Rates
82 Electricity Usage Subtotal (lines 80 - 81) 33,000$               
83 Operation and Maintenance Subtotal (lines 75,78,81) 412,900$             

Solid Phase Sampling in Overburden(Proof of Attenuation) 
84 Semi-Annual Monitoring (Year 3) Apatite Wall Monitoring 85,000$              event 2 170,000$             Prof. Judgment
85 Annual Monitoring (Years 4 and 5) Apatite Wall Monitoring 85,000$              event 1 85,000$               Prof. Judgment
86 Semi-Annual Monitoring (Year 3) ZVI Wall Monitoring 40,000$              event 2 80,000$               Prof. Judgment
87 Annual Monitoring (Years 4 and 5) ZVI Wall Monitoring 40,000$              event 1 40,000$               Prof. Judgment
88 Solid Phase Sampling Subtotal (lines 79-83) 375,000$             
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REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and Long-Term Monitoring

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

Long-Term Groundwater Monitoring
Quarterly Monitoring Program (Years 2-3)

89 DU (25 Wells Quarterly) Sampling, Lab Analysis, Data Validation, Reporting 133,775$            yr 1 133,800$             RACER 11.0

90 UROCK (20 Wells Quarterly) Sampling, Lab Analysis, Data Validation, Reporting 165,612$            yr 1 165,600$             RACER 11.0
91 Quarterly Monitoring Subtotal (line 84-85) 299,400$             

Semi-Annual Monitoring Program (Years 4-8)

92 DU (20 Wells Semi-Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 57,694$              yr 1 57,700$               RACER 11.0
93 UROCK (15 Wells Semi-Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 51,879$              yr 1 51,900$               RACER 11.0
94 VOC (10 Wells Semi-Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 33,521$              yr 1 33,500$               RACER 11.0
95 Semi-Annual Monitoring Subtotal (lines 87-89) 143,100$             

Annual Monitoring Program (Years 9-30)
96 DU (15 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 27,588$              yr 1 27,600$               RACER 11.0
97 UROCK 15 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 35,858$              yr 1 35,900$               RACER 11.0
98 VOC (10 Wells Annually) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 22,802$              yr 1 22,900$               RACER 11.0
99 Annual Monitoring Subtotal (lines 91-93) 86,400$               

Five-Year Monitoring Program (Every 5 Years during Years 1-30) - Incremental Cost
100 UROCK (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 11,953$              yr 1 12,000$               RACER 11.0
101 VOC (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 13,424$              yr 1 13,400$               RACER 11.0
102 Five-Year Monitoring for Years 1-30 Subtotal (lines 95-96) 25,400$               

Five-Year Monitoring Program (Every 5 Years during Years 31-200) 
103 DU (25 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 40,722$              yr 1 40,700$               RACER 11.0
104 UROCK (20 Wells Every 5 Years ) Sampling, Lab Analysis, Level 2 Data Validation, Annual Report 12,181$              yr 1 12,200$               RACER 11.0
105 Five-Year Monitoring for Years 31-200 Subtotal (lines 98-99) 52,900$               

Five-Year Review (CERCLA)
106 Document Review Document Review 17,594$              LS 1 17,600$               RACER 11.0
107 Interviews Interviews 5,453$                LS 1 5,500$                 RACER 11.0
108 Site Inspection Site Inspection 21,282$              LS 1 21,300$               RACER 11.0
109 Report Report 36,919$              LS 1 36,900$               RACER 11.0
110 Five-Year Review (CERCLA) Subtotal (lines 106 - 109) 81,300$               

Site Closeout
Well Decommissioning

111 Well Decommissioning (5 Wells) Well Abandonment 11,245$              LS 1 11,200$               RACER 11.0
Site Closeout Documentation

112 Reports Site Closeout Report 36,749$              LS 1 36,700$               RACER 11.0
113 Meetings Public Meetings 29,013$              LS 1 29,000$               RACER 11.0
114 Documents Notice of Completion 50,357$              LS 1 50,400$               RACER 11.0
115 Site Closeout Documentation Subtotal (lines 112 - 114) 116,100$             
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Item
No.

Activity Description  Unit
Costs 

Units Quantity Estimated Cost Source

REMEDIAL ALTERNATIVE GW-4

Ex-Situ Treatment (VOCs and 1,4-Dioxane), In-situ Treatment (DU/Natural Uranium), Institutional Controls, and Long-Term Monitoring

COST ESTIMATE DETAILS

Feasibility Study 
Nuclear Metals, Inc. Superfund Site

Notes:

1. Estimated costs are rounded to the nearest $100.
2. OMM&R costs are provided on an annual basis unless otherwise noted.
3. Deed restrictions prohibiting groundwater use will be executed for the Site.

4.

5.

6. For 1,4-dioxane, ex-situ treatment will include advanced oxidation using ultra-violet light and hydrogen peroxide or equivalent. Treated water will discharge to surface water.  Costs reflect similar recent project experience.
7. Costs assume in-situ treatment will consist of two (2) apatite and one (1) zero-valent iron (ZVI) in-situ reactive zones (ISRs) installed by direct push injection. These ISRs installations will be repeated once.

8.

9.

10. Drill cuttings will be disposed on-site.
11. Well development water will be stored on-site and the treatment is represented and costed under the soils section of the Feasibility Study Report.

12.

13. Holding Basin Source Control is costed under the soils remedy section of the Feasibility Study Report.
14. Well decommissioning will occur every fifth year for Years 1-30, each for five (5) wells.
15. This alternative is illustrated on Figure 6.4.1
16.

Abbreviations:
CY - cubic yard hr - hour O&M - operation and maintenance yr - year
DU - depleted uranium ISR - in-situ reactive zone PVC - polyvinyl chloride
ft - foot kw - kilowatt SF - square foot
gal - gallon kwh - kilowatt-hour UROCK - uranium in bedrock
gpm - gallon per minute lb - pound VOC - volatile organic compound
HP - horsepower LS - lump sum UV - ultraviolet
nZVI - nano-scale zero valent iron

Nine (9) monitoring wells will be installed in the vicinity of the extraction wells to demonstrate capture of the 1,4-dioxane plumes, three (3) in the overburden and six (6) in the bedrock. Thirteen (13) monitoring wells will be installed in the vicinity of the ISRs for hydraulic head 
and groundwater quality monitoring.

Long-term monitoring assumed, for costing purposes, to consist of quarterly sampling for Years 2-3, semi-annual sampling for Years 4-8, annual sampling for Years 9-30 with an augmented program every fifth year, and five-year sampling for Years 31-200. The five-year 
monitoring for Years 1-30 is an incremental cost associated with the annual monitoring every fifth year. Solid phase sampling will be performed for Years 3-5.  Five year monitoring for DU and UROCK will continue from year 31 to 200.

Hydraulic containment for the 1,4-dioxane plumes will consist of one (1) overburden extraction well with a depth of 100 ft and pumping rate of 2 gpm and two (2) bedrock wells with depths of 120 ft and pumping rates of approximately 1 gpm each.

Cost estimates were developed using the program Remedial Action Cost Engineering and Requirements (RACER), 2011,Version 11.0.98.0, Copyright: AECOM Technology Corporation, 1998-2011.

The in-situ remedy for uranium in bedrock will include five (5) monitoring well locations with two (2) screened intervals in bedrock to delineate the depth of uranium >MCL.  The remedy will include injection and recirculation of nZVI, apatite or bioaugmentation amendments via 
six (6) open bedrock boreholes.

The in-situ remedy for depleted uranium in overburden will include a pilot test to evaluate injection design, injection of apatite in two separate areas and nZVI in a downgradient location.  Additional monitoring wells will be installed to monitor effectiveness, and borings will be 
drilled to collect aquifer materials for remedy evaluation. 
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WELL TEST ANALYSIS

Data Set:  T:\...\MW-BS15-T1Rising.aqt
Date:  12/03/12 Time:  09:50:51

PROJECT INFORMATION

Company:  Geosyntec Consultants
Project:  BR0090A
Location:  Concord, MA
Test Well:  MW-BS15
Test Date:  11/16/2012

AQUIFER DATA

Saturated Thickness:  105.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-BS15)

Initial Displacement:  -0.6797 ft Static Water Column Height:  105.5 ft
Total Well Penetration Depth:  105.5 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.417 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.03048 ft/day y0 = -0.591 ft
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WELL TEST ANALYSIS

Data Set:  T:\...\MW-BS28-T1Rising.aqt
Date:  12/03/12 Time:  09:49:16

PROJECT INFORMATION

Company:  Geosyntec Consultants
Project:  BR0090A
Location:  Concord, MA
Test Well:  MW-BS28
Test Date:  11/16/2012

AQUIFER DATA

Saturated Thickness:  96.1 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-BS28)

Initial Displacement:  -1.376 ft Static Water Column Height:  96.1 ft
Total Well Penetration Depth:  96.1 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.5 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 4.751 ft/day y0 = -0.05528 ft
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WELL TEST ANALYSIS

Data Set:  T:\...\MW-BS31-T1Rising.aqt
Date:  12/03/12 Time:  09:51:43

PROJECT INFORMATION

Company:  Geosyntec Consultants
Project:  BR0090A
Location:  Concord, MA
Test Well:  MW-BS31
Test Date:  11/16/2012

AQUIFER DATA

Saturated Thickness:  115.8 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (New Well)

Initial Displacement:  -2.139 ft Static Water Column Height:  115.8 ft
Total Well Penetration Depth:  115.8 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.417 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.3952 ft/day y0 = -2.078 ft
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1. INTRODUCTION 

Geosyntec developed a three-dimensional numerical flow and transport model (the model) to 
assess the migration of depleted uranium in overburden groundwater downgradient of the 
Holding Basin at the Nuclear Metals, Inc. Superfund Site (NMI or the Site) in Concord, 
Massachusetts.  Site-specific hydrogeochemical background information is presented, followed 
by a description of the model limitations, objectives, code selection, construction, and results.   

1.1 

Comprehensive site-specific evaluations of uranium transport in the overburden at the NMI site 
have been conducted based on field and laboratory measurements and modeling.  Adsorption is 
the dominant process affecting the fate of uranium in groundwater downgradient of the Holding 
Basin.  The appropriate level of complexity for the model was determined through initial 
consideration of simpler models and evaluation of their ability to represent transport processes. 

Background 

In general, there are three simple empirical equations that can mathematically describe 
adsorption.  These equations represent the concentration of a species adsorbed on a solid to the 
concentration of the same species in solution and are referred to as an isotherm (or distribution 
coefficient).  The three common isotherms are Linear (𝐾𝑑), Freundlich (𝐾𝑓), and Langmuir 
(𝐾𝐿𝑎𝑛𝑔) (Drever, 1997). Although databases of 𝐾𝑑 values have been assembled for the sorption 
of radionuclides on a variety of single mineral phases, constant 𝐾𝑑 models for adsorption do not 
adequately account for the diversity and limited number of sorption sites on aquifer solids which 
typically cause the tendency for sorption to decrease with increasing concentration.  The 
Freundlich and Langmuir isotherms are non-linear and reflect the fact that the strength of 
sorption typically decreases as aqueous concentrations increase and high strength binding sites 
become more fully occupied.  Although the Freundlich and Langmuir isotherms account for 
concentration-dependant sorption, neither account for spatial variability in sorbent 
characteristics, the composition  of adsorbing phases or for variable chemical conditions. 

A screening level modeling analysis of uranium transport using historical monitoring data was 
undertaken to evaluate these simpler models.   First, site data were compiled to evaluate if a 
linear relationship exists between co-located measurements of uranium on soils and in 
groundwater, indicating that a 𝐾𝑑 approach might describe uranium distribution.  Second, a 
numerical simulator (advection-dispersion with sorption based on a Langmuir-type isotherm) 
was developed to simulate uranium transport from the Holding Basin.  These analyses indicated 
that neither the linear or non-linear isotherm approaches adequately described the transport of 
uranium in groundwater.  A detailed report of this evaluation is presented in Attachment A.    

To provide more accurate simulation of uranium transport, and to allow for simulation of varying 
groundwater geochemistry and hydraulic stresses in future simulations, a mechanistic three-
dimensional flow and transport model incorporating surface complexation was developed. This 
simulation approach can effectively describe adsorption in a system over a broad range of 
conditions (pH, solution composition, and mineralogy) (Drever, 1997).   This report presents 
such an approach. 

Additional site-specific uranium geochemical modeling and laboratory analysis of soils for 
evaluating sorption mechanisms were implemented to improve understanding of uranium 
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migration and sorption.  Geochemist Workbench® software (Rockware, Golden, Colorado) was 
utilized to predict the likely aqueous species under geochemical conditions present within the 
plume at the Site.  Uranium impacted soils within the plume were analyzed by sequential 
extraction procedures (SEP) and x-ray adsorption, and soil samples used to conduct bench scale 
sorption studies including mineralogical and elemental analysis and batch adsorption isotherm 
experiments.  These geochemical modeling and soil laboratory analyses are presented in 
Attachment A and further discussed in Section 4.4.3.     

1.2 

The purpose of the model is to develop a conservative evaluation of potential off-site migration 
of depleted uranium under current conditions.  The processes that are the focus of this evaluation 
are advective-dispersive transport of uranium leaving the Holding Basin source area and 
sorption-desorption reactions in the depleted uranium plume.  

Modeling Purpose and Objectives 

Within this context, the objectives of the model are to: 

• simulate groundwater flow within and downgradient of the Site; 
• simulate the transport of dissolved depleted uranium in groundwater and concurrent 

adsorption-desorption of depleted uranium to aquifer solids; 
• assess the extent of depleted uranium migration 100 and 300 years into the future; 
• assess the extent of depleted uranium migration 100 years into the future under an 

“increased recharge” scenario in which the NMI buildings and parking lots are removed, 
making additional land pervious; and  

• develop a tool to assess additional remedial scenarios during execution of the Feasibility 
Study (FS).   

 

1.3 

Limited historical records of depleted uranium, nitric acid and lime loading to the Holding Basin 
and a complex solid phase chemistry in the source zone make it difficult to accurately represent a 
transient source term in a contaminant transport model.  Likewise, hydraulic stresses in, near and 
downgradient of the Holding Basin have had a complex and poorly constrained history due to 
excavation, covering and uncovering of the Holding Basin, groundwater extraction from the 
overburden supply well (SW-1) and bedrock supply wells (SW-2, SW-2A) and discharge of non-
contact cooling water to the Cooling Water Pond.     

Model Limitations 

The current distribution of depleted uranium in groundwater is a function of all of these historic 
hydraulic stresses and complex source emplacement history.  To develop a simulation of current 
distribution of uranium in groundwater as a basis for predicting future migration, as is common 
in the development of such models, several approximations were required.  First, the 
groundwater flow field was assumed to be similar throughout the historic and future simulation 
periods.  Second, the highly complex dissolution/desorption processes within the source zone 
were not simulated.  Instead, the source was approximated as a constant concentration similar to 
what is observed today.   These assumptions produced a reasonable approximation of the current 
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uranium distribution in groundwater, and incorporated conservative assumptions relative to 
future transport.   

As a result of these simplifying assumptions and the uncertainty inherent in both site 
characterization and all model simulations, this model provides a conservative, semi-quantitative 
prediction of uranium transport, incorporating what we have determined to be the dominant 
aqueous phase speciation and solid phase complexation processes.  

1.4 

The groundwater flow model was calibrated to measured groundwater levels at the Site to 
generate a steady state simulation of the hydrogeologic regime (hydraulic gradient and flow 
velocity).   The measured distribution of depleted uranium in groundwater during the RI was 
used as a baseline condition for transport simulations. The results of each simulation are 
presented on figures illustrating modeled depleted uranium concentration contours, including a 
contour for 30 µg/L (the Maximum Contaminant Level (MCL) for depleted uranium).   The 
report describes the following modeling activities and results:  

Modeling Activities 

• modeling code selection; 
• flow model construction, including: 

o selection of model domain and boundary conditions; 
o selection of aquifer properties and recharge; and 
o calibration to measured water levels. 

• transport model construction, including: 
o determination of the transport model domain; 
o selection of initial geochemical conditions; 
o selection of transport boundary conditions; 
o selection of aquifer transport parameters; and 
o calibration to current  distribution of depleted uranium. 

• simulation of future depleted uranium migration,  including: 
o an evaluation of depleted uranium distribution 50, 100 and 300 years into the future; 

and 
o an evaluation of depleted uranium distribution 100 years into the future with 

increased recharge after site building and parking lot removal. 
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2. CODE SELECTION 

Several groundwater modeling codes were selected to perform particular phases of the flow and 
fate and transport modeling.  In addition, various pre- and post-processors were used to increase 
efficiency of model setup and analysis of results.   

2.1 

MODFLOW-2005 (Harbaugh, 2005; McDonald and Harbaugh, 1988) was selected to simulate 
groundwater flow.  This modeling code, which was developed by the United States Geological 
Survey (USGS), is widely used throughout the environmental industry and is considered to be 
well documented.   

Flow Model 

MODFLOW-2005 consists of a main program and a series of independent subroutines, or 
modules.  The modules are grouped into packages, each representing a specific feature of the 
hydraulic system being simulated (e.g., initial water levels, grid size, recharge, rivers, pumping 
wells).  Groundwater flow within an aquifer is simulated using a block-centered, finite-difference 
approach.  Model layers can be simulated as confined, unconfined, or a combination of both.  A 
key feature of MODFLOW-2005 is its ability to simulate a variety of stresses on the aquifer 
system and contaminant plumes, such as areal recharge, drains, evapotranspiration, streams, and 
wells.   

The USGS code, MODPATH (Pollack, 1994), was selected for computing forward and reverse 
particle tracks.  Like MODFLOW-2005, MODPATH is a well-documented public domain code 
that is widely used throughout the environmental industry.  MODPATH uses the groundwater 
flow output from MODFLOW-2005 to predict flow paths. Particle track analyses were used to 
calibrate and predict advective contaminant migration paths.  

WinPEST was used to adjust model parameters to calibrate the flow model to empirical data.  A 
further description of WinPEST is found in Section 3.5.2 

2.2 

The three-dimensional mass transport model PHT3D 2.0 (Prommer, 2002; Prommer et al., 2003) 
was used to simulate the fate and transport of depleted uranium from the Holding Basin.  PHT3D 
couples the modular three-dimensional multispecies transport model MT3DMS (Zheng and 
Wang, 1999) with PHREEQC-2, a geochemical model for the quantification of equilibrium 
reactive processes (Parkhurst & Appelo, 1999).  MT3DMS is designed for use with output from 
any block-centered, finite-difference groundwater flow model (e.g., MODFLOW-2005).  The 
program uses MODFLOW-2005 output, a three-dimensional field of groundwater pore 
velocities, to predict concentrations while considering advection, dispersion, diffusion, and 
aqueous and surface complexation (sorption) reactions.  Surface complexation model input data 
were obtained from results of the sorption study conducted on Nuclear Metals soils by 
Dartmouth University   (Nielsen and Bostick, 2008).  This study is found in Appendix F of the 
RI Report, further discussed in Section 5.2.4 of the RI Report and in Section 4.4.3 below.   
PHT3D has been widely used to evaluate the fate and transport of contaminants at a variety of 
sites.  Recently, it has been used to simulate depleted uranium transport at the 300 Area of the 
Hanford National Priorities List (NPL) Site in Hanford, Washington (Zheng et al., 2009). 

Fate and Transpor t Model 
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2.3 

A variety of pre- and post-processors were used to implement the modeling codes and visualize 
results.  Mining Visualization System (MVS), developed by CTech Development Corporation, 
was used to generate a three-dimensional model of site geology and hydrogeology for direct 
import into the modeling software.  The tops and bottoms of geologic layers were interpreted 
across the site from lithologic descriptions on site boring longs.  MVS was also used to 
interpolate property fields (e.g., hydraulic conductivity and grain size distribution).  Visual 
MODFLOW Version 4.3 (Visual MODFLOW), by Schlumberger Water Services (formerly 
Waterloo Hydrogeologic), was selected as the primary pre/post-processor platform.  This 
software has the ability to import or generate three-dimensional grids of geologic and 
hydrogeologic data which can be viewed graphically within the modeling environment.  The 
software also includes MODFLOW-2005, which can be run within the program to generate 
three-dimensional graphical output of results.  MT3DMS and PHT3D can be run in the Visual 
MODFLOW platform and graphical output can be viewed within Visual MODFLOW.   

Additional Codes and Pre/post Processors  
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3. STEADY-STATE FLOW MODEL CONSTRUCTION  

3.1 

A detailed description of the Conceptual Site Model for the NMI Site is provided in the 
Remedial Investigation Report (de maximis, TBD).   A summary of the CSM for depleted 
uranium transport in groundwater from the Holding Basin is provided below. 

Conceptual Site Model for  Depleted uranium Transpor t 

Source 

 The depleted uranium billets provided to NMI as a raw material were copper jacketed.  The 
copper jacketing on these billets was removed at the NMI facility using nitric acid.  The 
objective of the process was to completely remove the copper and remove as little depleted 
uranium as possible; however, the process resulted in dissolution of copper and some depleted 
uranium in acid, and oxidation of depleted uranium metal to a soluble hexavalent form.  The 
nitric acid solution containing copper and depleted uranium was then neutralized with lime.   

The neutralized nitric acid solution containing dissolved copper and depleted uranium was 
discharged to an unlined Holding Basin between 1958 and 1985.  Various facility floor and other 
drain lines from the buildings also appear to have discharged to the Holding Basin. The primary 
receiving medium for this release was vadose zone and saturated soil below, adjacent, and 
surrounding the Holding Basin, and groundwater approximately 35-40 feet below the current 
land surface surrounding the Holding Basin.    

Migration Pathways 

Based on hydrogeologic data, the primary migration pathway from the Holding Basin is north-
northwest, toward the Assabet River.  Historical data indicate that the co-disposed nitrate has 
migrated advectively from the HB to downgradient areas and ultimately the Assabet River 
(approximately 1100 feet downgradient) in approximately four years.  Nitrate is considered a 
non-reactive contaminant in the environment compared with depleted uranium.   

Depleted uranium released to groundwater beneath the Holding Basin has also migrated along 
the same groundwater flow path but this migration has been highly retarded relative to nitrate.  
As such, the depleted uranium plume in overburden groundwater has migrated a fraction of the 
distance to the Assabet River and is still wholly contained within the footprint of the NMI 
facility.  Transport and attenuation of depleted uranium is controlled by aqueous complexation, 
sorption, precipitation, and redox reactions.    

As discussed in Section 4.13.2.1 of the RI, groundwater at the site is relatively oxidizing, and all 
depleted uranium has been found in its hexavalent state.  Therefore, redox processes are not 
affecting depleted uranium transport in groundwater.    Geochemical modeling and bench scale 
testing, as summarized in sections 4.2 and 4.4.3 suggest that aqueous complexation and sorption 
have retarded the migration of depleted uranium from the Holding Basin; this model simulates 
these processes to predict depleted uranium transport from the Holding Basin.  Further 
discussion of the nature and extent of depleted uranium is presented in Section 4.13.2 of the RI 
Report; further discussion on the fate and transport of depleted uranium is presented in Section 
5.3.1 of the RI Report and Section 4.4.3 of this report.  

Receptors 
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As there has been no off-site migration of depleted uranium in groundwater, no receptors have 
been impacted.  Potential receptors include the Assabet River and groundwater supply wells.  
The nearest groundwater supply well is a shallow (30 ft) overburden well located at Valley 
Sports Ice Skating Rink north of Route 62, further to the west along Main Street, and cross-
gradient to Site-related groundwater.     Acton Municipal Supply Wells screened in overburden 
are located north of the Assabet River 

3.2 

The following sections present the size of the model domain, discretization, and boundary 
conditions. 

Model Domain and Boundary Conditions 

3.2.1 Domain and Hor izontal Discretization 

A 2,500-foot by 2,750-foot model domain was constructed that extends, relative to the Holding 
Basin, approximately 800 feet south (upgradient), 1,600 feet west, 1,000 feet east and 1,100 feet 
north (downgradient).  The model domain was set large enough so that boundary conditions 
would not affect simulation of hypothetical future remedial alternatives.  To estimate the 
required domain size, a the zone of influence of a hypothetical pump and treat system extracting 
200 gallons per minute (gpm) from the area downgradient of the Holding Basin was estimated 
based on measured hydraulic conductivity estimates, hydraulic gradients and saturated thickness.   
A pump rate of 200 gpm was conservatively selected as this is about 20 times the expected 
groundwater discharge beneath the downgradient end of the Holding Basin and approximately 2 
times the estimated groundwater discharge crossing the downgradient end of the Site at Route 
62.   The estimated zone of influence at 200 gpm was approximately 300 to 400 feet, well within 
the model domain presented above.    

The model grid is rotated 22° west of north; so that the average groundwaters flow direction 
from the Holding Basin was oriented with model column direction.  Model mass balance errors 
are minimized when flow occurs at right angles to the model grid.  The model was discretized 
into 10-foot by 10-foot cells across the entire model domain.    

The grid layout for the model is illustrated in Figure 1. 

3.2.2 Layer  Discretization 

The thickness of the saturated overburden ranges from 30 feet in the area upgradient of the 
Holding Basin to 100 feet at the Assabet River.  The saturated overburden was discretized into 
three layers, two layers to represent the stratified drift and one layer to represent the till (see 
Figure 2).  The model also includes a fourth layer to represent shallow bedrock. This layer was 
set to be inactive in the modeling domain, because the hydraulic conductivity of the bedrock is 
orders of magnitude lower than that in the overburden, there is no groundwater extraction from 
bedrock,  and all significant depleted uranium migration occurs in the overburden.  The 
elevations of the tops of model layers were determined using the surficial elevations and the 
thickness of geologic layers as interpreted in the three-dimensional geologic model (Section 
3.33.3).  The depth of the top of bedrock surface was specified based on numerous borings 
advanced to and into bedrock across the site.  A summary of model layer construction is 
presented below. 
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Layer Geologic Unit Aquifer 
Type 

Elevation Range at 
Layer Bottom   

(ft NGVD) 

Hydraulic Conductivity 
Range (ft/d) 

    Kh Kv 

Layer 1 Stratified Drift 
Overburden Unconfined 95 - 132 3.0 - 250 0.3 - 25 

Layer 2 Stratified Drift 
Overburden Unconfined 71 - 115 3.0 - 250 0.3 - 25 

Layer 3 Till    
Overburden Unconfined 48 - 99 0.02 – 111 0.002 - 11 

Layer 4 Bedrock Inactive 40 - 90 0.3 0.03 
   NGVD  = National Geodetic Vertical Datum 
   Kh = horizontal hydraulic conductivity 
   Kv =  vertical hydraulic conductivity 

 

Within the overburden at the Site, groundwater flow is mostly horizontal, and thus further 
vertical discretization to calibrate the ambient flow condition was not warranted1

3.2.3 Boundary Conditions 

.  The model 
domain can be further discretized in the future, if needed, to support simulations related to the 
Feasibility Study.  

Model cells along the upgradient boundary were specified as constant-head boundaries set at a 
head of 150 feet.  These model cells were arranged spatially to coincide with the 150-foot 
groundwater elevation contour upgradient of the Site estimated using potentiometric data 
collected in November 2005. The upgradient constant-head boundary extends throughout the full 
thickness of the overburden model.    

The downgradient boundary of the model, the Assabet River (which flows northeast), is 
simulated as constant-head nodes in model layer 1, the shallow layer of stratified drift.  The 
Assabet River stage is based on water level data collected on November 15, 2005.  Those data 
showed that Assabet River elevations varied from 129.16 feet at the upstream extent of the River 
in the model domain, to 119.63 feet in the vicinity of monitoring well P-1, to 119.47 feet at the 
downstream extent of the River in the model domain.   

The cross-gradient edges of the model domain are designated as no-flow boundaries because 
flow is assumed to be parallel to these edges.  The contact between till and bedrock was also 
prescribed as a no-flow boundary condition.  Numerical flow model construction is consistent 
with the CSM discussed in Section 3.1 of this report, Section 3.7 of the RI Report, as 
substantiated by water level measurements and stratigraphic data collected at the Site.    

The model domain and boundary conditions are illustrated in Figure 1.   

                                                 
1The model was further discretized into additional layers for subsequent contaminant fate and transport modeling 
(see Section 4.1). 



 
 

9  

3.3 

The hydraulic conductivity of the stratified drift overburden was discussed in detail in Section 
3.7.2.2 of the RI report.  Discrete measurements from single point tests conducted at 42 stratified 
drift wells and 3 till wells yielded values ranging from 0.084 to 304 ft/day.  This wide range of 
hydraulic conductivity results is representative of an array of fine and coarse grained stratified 
drift deposits as discussed in the RI Report.  These hydraulic conductivity values were used as a 
basis for an initial parameter distribution across the model domain for the flow model 
calibration.   

Aquifer  Proper ties  

These data were then interpolated, using indicator kriging, to develop a three-dimensional 
hydraulic conductivity field suitable for use within MODFLOW-2005.  To exert the greatest 
degree of control over the flow model, each hydraulic conductivity measurement was treated as 
its own indicator class in the kriging algorithm, which resulted in a three-dimensional field of 45 
discrete values.  These discrete values were then individually modified, as needed, during 
calibration (see Section 3.5).  The final hydraulic conductivity distribution for Layers 1 and 2 are 
presented on Figures 3 and 4.   

Stratified drift deposits such as those found at the NMI Site tend to exhibit some degree of 
anisotropy; the horizontal to vertical anisotropy ratio in the model was globally set to 10:1.   

The effective porosity used in the model was set at 0.13.  This was based on an assumed total 
porosity value of 0.25.  As a matter of reference, in coarse-grained, homogeneous and isotropic 
soils, the effective porosity approaches the total porosity value.  In stratified drift deposits which 
are less homogeneous and more anisotropic, the effective porosity will be a percentage of the 
total porosity.    

3.4 

Average precipitation in the Site area is documented to be 46.4 in/yr (DeSimone, 2004).  
Average recharge in the initial model run was assumed to be half the annual precipitation rate, 23 
in/yr.  During calibration, the site was subdivided into 15 recharge zones, in which the amount of 
recharge varied from no recharge under the lined Holding Basin to near 30 in/yr at the base of 
steeply-sided hills where more recharge occurs from direct runoff.  The recharge across most of 
the modeled domain was approximately 18 to 20 inches per year.  As a matter of reference, an 
estimate of annual recharge in the Assabet River for the period of 1997 to 2001 was 20.3 in/yr 
(DeSimone, 2004).  Recharge in the building areas and paved parking areas was set to a minimal 
rate of 7.4 in/yr as much of this water is diverted to stormwater drainages. 

Recharge 

The Cooling Water Pond was modeled with a higher recharge rate than the surrounding areas.  
As discussed in the introduction to this report, historic groundwater extraction was used for non-
contact cooling water which was subsequently discharged to the Cooling Water Pond.  Historic 
discharge rates could have been as high as 50 to 100 gpm (equivalent 1300 to 2600 in/yr over the 
approximately 33,000 ft2 pond).   During the 2005 groundwater elevation round, the estimated 
discharge to the cooling water pond was approximately 5 gpm (~125 in/yr).  As a conservative 
measure, the modeled recharge rate to the Cooling Pond was set at 1000 in/yr.  This value was 
considered conservative in that it lies within the range of historical rates which contributed to the 
current depleted uranium distribution, but also slightly increases the gradient in the area 
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downgradient of the Holding which slightly increases the rate of groundwater flow and depleted 
uranium migration into the future.   Recharge zonation is presented in Figure 5. 

3.5 

The groundwater flow model was calibrated by modifying the numerical values of model input 
parameters until the values for select groundwater heads (elevations) and flows predicted by the 
model, matched or approximated the measured values of heads and flows.  To provide greater 
level of confidence in the calibrated model, a model validation was conducted on the 1984 
pumping test of Pumping Well SW-1, which is located within the Site near Route 62. 

Flow Calibration 

3.5.1 Groundwater  Heads  

The target groundwater heads used to calibrate the flow model were chosen to be consistent with 
average water levels and, therefore, the average groundwater flow condition at the Site.  Six 
groundwater elevation monitoring rounds (December 2004, March 2005, July 2005, November 
2005, March 2006, and April 2008) completed during the Remedial Investigation were 
evaluated.  In order to determine the monitoring round that best represented the mean condition, 
the data from the six monitoring rounds were compared to continuous water level data collected 
from 1965 through 2008 at a nearby USGS  monitoring well, referred to as “Concord 165” 
(USGS Well ID# 422637071202701), located approximately 4 miles east of the Site.  Similar to 
many wells at NMI, this well is 60 feet deep, screened in glacially derived sands, and has an 
approximate depth to water of 40 feet. 

Figure 6 shows historical water level data from Concord 165 from February 1965 through April 
2008.  The mean groundwater elevation over this period of record was 158 feet, with a standard 
deviation of 2 feet.  Figure 7 shows a subset of these data, from December 2004 through April 
2008, when water levels were measured at NMI.  Water levels that were measured on the same 
day at Concord 165 and NMI are shown as circles in Figure 7.  These data in Figure 7 indicate 
that water levels collected in March and November 2005 were most representative of average 
conditions for the area.  Because the November 2005 data were slightly closer to the mean 
groundwater elevation, the data from November 2005 were used as the target heads to calibrate 
the flow model. 

3.5.2 Calibration Method 

The model was calibrated to steady-state average conditions by adjusting recharge and hydraulic 
conductivity values until the resulting groundwater elevation contours for individual layers 
approximated measured conditions.  This calibration process was automated using WinPEST, a 
parameter estimation software tool that comes bundled with the Visual MODFLOW package.  
WinPEST is an implementation of PEST, developed by Watermark Computing.  PEST employs 
the Levenberg-Marquardt algorithm to determine the combination of calibration parameters that 
most closely approximates the measured target heads.  This approach enables the model to 
efficiently and defensibly determine values for a relatively large parameter set.  The model was 
calibrated to match the November 2005 groundwater elevations in the overburden, as described 
above. 

Simulated groundwater elevation contours representing the November 2005 target elevations are 
presented in Figures 8 and 9 for model layers 1 (shallow overburden) and 2 (deep overburden), 
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respectively.  A line of equivalence plot of simulated versus observed groundwater elevations is 
presented in Figure 10.  The Mean Error (ME), Mean Absolute Error (MAE) and the Root Mean 
Squared Error (RMSE) are also presented in Figure 10.   The RMSE is the average of the square 
root of the squared differences between the model-predicted heads and measured heads and is 
used because it allows for an assessment of residuals that are higher and lower than the target 
heads.  For the Site, in which the change in head across the modeled domain is large, the RMSE 
is a good measure of the error in the model. The RMSE of the calibrated model was 0.92 feet 
compared to a change in head across the modeled domain of 30 feet from areas upgradient of the 
Holding Basin to the Assabet River.   

Model-predicted and measured water levels for each of the 56 monitoring wells used in this 
calibration are presented in Table 1. 

A flow model validation was conducted by utilizing data from a 1984 pump test performed by 
GZA on SW-1 (GZA, 1987).  Actual drawdown data are not available, but two figures show 
contours of pre-pumping GW elevations as well as GW elevations three days into the five-day 
pump test.  Based on these data, drawdown at P-4, located approximately 95 feet upgradient of 
SW-1 could be estimated.  Drawdowns in other areas of the site could also be estimated from the 
groundwater elevation contours, however, a significant precipitation event on day 1 of the pump 
test likely created interferences that render other measurements less reliable (in fact,  some water 
levels actually rose during pumping).  

A model simulation was performed extracting 240 gpm at SW-1 with discharge to the cooling 
water pond.  Drawdown at SW-1 in the simulation was compared to the drawdown observed 
during the 1984 pump test.  MODFLOW results indicated a drawdown of approximately 10 ft at 
the SW-1 model cell (10 ft x 10 ft), which compares favorably with the observed drawdown of 
15.2 feet at SW-1.  There is typically more actual drawdown in a pumping well due to well 
losses than that predicted by a groundwater model with node sizes of 10 ft x 10 ft.   Moreover, 
the observed and predicted drawdowns at P-4 were also very similar (2.1 ft observed vs. 2.2 ft 
predicted). 

Taken together, the results of the initial calibration and subsequent validation using pump test 
data from 1984 verify the ability of the groundwater flow model to adequately represent the 
groundwater regime at the Site. 
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4. TRANSPORT MODEL CONSTRUCTION 

In the following sections, the transport model construction is documented including the model 
domain, initial geochemical conditions, transport boundary conditions, and model parameters 
that govern dispersion, diffusion, aqueous phase reactions and adsorption.  As described in 
Section 3.1 and substantiated in Section 5.2.4 of the RI, redox transformations of depleted 
uranium are not important at the Site and are not simulated by the model.  

4.1 

The model domain for the depleted uranium fate and transport simulations was based on the 
domain used for the flow simulations.  Several modifications to the model discretization were 
made to increase numerical accuracy and computational efficiency.  To reduce numerical 
dispersion, the two stratified drift flow layers were further subdivided in half to create four 
horizontal transport layers.  As transport is assumed to be predominantly horizontal at the site, 
discretization into more than four layers was not deemed necessary, especially in view of 
extended model run times.  The addition of extra layers in the transport simulation will also 
allow more flexibility for simulating possible future remedial components such as partially 
penetrating extraction wells or vertical barriers.  Additionally, the horizontal extent of the 
transport domain was reduced by placing constant concentration cells in interior portions of the 
flow domain and deactivating nodes outside those constant concentration cells.  These boundary 
conditions are discussed further in section 4.3. 

Model Domain 

4.2 

The transport model is transient and requires that groundwater composition be specified at the 
beginning of the simulation (the “initial condition”).  For this model, the initial condition was 
chosen to represent site geochemical conditions prior to the start of manufacturing activities in 
1958.  For the sake of computational efficiency, it was assumed that a uniform initial 
geochemical condition existed across the site. 

Initial Geochemical Conditions 

To estimate the initial condition, all groundwater composition data collected from 1995 to 2006 
(GZA data from before the RI through de maximis data collected during the RI) were analyzed.  
Of the data reviewed, twenty-five parameters were selected for evaluation of geochemical 
conditions, including: 

• Alkalinity; 
• Anions: chloride, nitrate, phosphate, sulfate; 
• pH;   
• oxidation-reduction potential (ORP); 
• Metals (total and dissolved): aluminum, calcium, iron, magnesium, manganese, 

potassium, sodium, depleted uranium; and  
• Ferrous and ferric iron. 
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Not every historical sampling round addressed the same number of wells and/or analytes.  In all 
of the sampling rounds between 1995 and 2006, the largest number of the aforementioned 
analytes measured during any given event was 14, including:  

• Alkalinity; 
• Anions: nitrate, phosphate, sulfate; 
• pH;   
• Metals (total): aluminum, calcium, iron, magnesium, manganese, potassium, sodium, 

depleted uranium; and 
• Ferrous iron. 

 
Reducing conditions are not expected to occur at the Site.  In analyses performed on soil from 
the Site (see Section 5.2.4.3 of the RI Report) all depleted uranium existed in the hexavalent 
state, U(VI), which is the oxidized form of depleted uranium.  For this reason, oxidation-
reduction reactions were not simulated in the model. 

The entire dataset was narrowed to the 22 wells that had results for the 14 analytes.  The 22 wells 
are listed in Table 2.  All of the wells were sampled in October or November of 2005, with the 
exception of MW-S30, which was sampled in May 2006 (the well did not exist in 2002). 

Alkalinity, pH and calcium concentration are among the most important geochemical parameters 
affecting the adsorption of depleted uranium (Catalano et al., 2006; Curtis et al., 2006).  As 
discussed in Section 5.2.4.2 of the RI Report, nonlinear isotherms were experimentally 
developed based on soil borings taken from the Site; in these experiments, the alkalinity, pH and 
calcium concentration of a laboratory-synthesized groundwater was varied.  The results of the 
sorption experiments indicated that the following are the most important system variables 
controlling depleted uranium fate and transport (from most important to least important):  

• sediment specific surface area; 
• solution alkalinity; 
• solution pH; and  
• calcium concentration.   

 
The representation of sediment specific surface area in the model is presented in Section 4.4.  
The effects of pH are less significant than alkalinity because subsurface pH is relatively constant 
in the aquifer.  The solution alkalinity controls U(VI) speciation, producing dissolved uranyl 
carbonate complexes that effect depleted uranium adsorption and attenuation in the solid phase. 
Calcium concentration also affects depleted uranium speciation and adsorption (e.g 
Ca2UO2(CO3)3

0 is not charged and is therefore not as likely to sorb as anionic uranyl carbonate 
species), but its contribution is less significant when compared with that of alkalinity and surface 
area.    Further discussion on results of the sorption studies is presented in Section 5.2 of the RI 
Report.   
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Since alkalinity, pH and calcium appear to have the most significant impact on depleted uranium 
adsorption, a statistical analysis of these three parameters was conducted and subsequently used 
to estimate a representative initial condition for the model.  The standard deviation and median 
for alkalinity, pH and calcium were calculated from monitoring data collected from the 22 wells 
listed in Table 2.  The well with data that best satisfied the following three criteria was then 
selected as the well most representative of the initial geochemical condition for the simulations:  

• Groundwater that exhibits minimal temporal variation in alkalinity, pH and calcium (i.e., 
standard deviation of alkalinity, pH, and calcium concentration data closest to zero); 

• Groundwater whose alkalinity, pH, and calcium concentration data are closest to the 
median for all historically collected data (measured from year 1995 to year 2006); and 

• Groundwater located near the current location of the depleted uranium plume but having 
low aqueous concentrations of depleted uranium (i.e., depleted uranium concentrations at 
background levels and therefore unaffected by disposal practices at the Holding Basin 
and representative of pre-disposal groundwater). 

 
This analysis resulted in the selection of well MW-SD27, which was sampled on November 2, 
2005, as being most representative of the initial condition.   MW-SD27 is located approximately 
185 feet cross gradient of the toe of the depleted uranium plume (see Figure 4.2 of RI Report).  
The low concentration of depleted uranium, 0.26J2

Another important consideration in specifying the initial groundwater condition for the transport 
model is the charge balance of the groundwater.  Natural aqueous systems are electroneutral.  
This “charge balance” can be affected, for example, by how much depleted uranium is 
complexed as a cation (e.g., the uranyl cation (UO2

2+)) or an anion (e.g., the uranyl carbonate 
anion (UO2(CO3)2).  It is not feasible to analyze groundwater samples for all possible cations and 
anions but it is necessary for the initial condition groundwater composition to be electroneutral.  
A large number of cation and anion data were collected during the RI, and speciation 
calculations performed using these data indicate an excess of positively charged aqueous species.  
The bromide anion (Br-) was selected to balance the charge in this representative initial 
condition, and its concentration was artificially adjusted in the model to maintain 
electroneutrality.  To prevent unwanted side effects in the model from this artificial adjustment, 
bromide was prevented from reacting with any other species in solution (i.e., it was only allowed 
to exist as a monovalent anion in solution.   

 μg/L, measured in groundwater from this 
well is consistent with the depleted uranium concentration, 0.07 J μg/L, measured in 2005 at the 
two background wells, MW-S12 and MW-S21, which are upgradient of the Holding Basin.  In 
addition, data collected from MW-SD27 in November 2007 indicate that the depleted uranium 
likely has a natural isotopic signature and is, therefore, representative of background conditions.   

The initial geochemical composition, in units of moles per liter, is presented in Table 3.  
PHREEQC-2 speciates each component present in the initial geochemical condition into the 

                                                 
2 The value of 0.07µg/L was “J” qualified, meaning that uranium was detected above the method detection limit, but 
below the reporting limit and thus the concentration was based on “judgement” and could only be estimated. 
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equilibrium complexes.  These species, also presented in units of moles per liter, are detailed in 
Table 4. 

4.3 

Constant concentration boundary condition cells were prescribed along three sides of the domain 
(left, bottom, and right; or southwest, southeast, and northeast).  The composition of these cells 
was selected to be the same as the initial condition composition described in the previous section 
(refer to Tables 3 and 4).  The constant concentration cells are denoted in blue on Figure 11. The 
northwestern boundary, the Assabet River, was enforced as a no-dispersive-flux boundary 
condition (i.e., no concentration of depleted uranium is input into the model domain at this 
boundary).  

Transpor t Model Boundary Conditions 

Constant concentration boundary conditions were also established in the Holding Basin.  The 
geochemistry of the Holding Basin is complex, and it was not part of the scope of this modeling 
effort to attempt to simulate conditions within the Holding Basin.  Additionally, the strength of 
the Holding Basin source (i.e., the concentration of depleted uranium migrating from the Holding 
Basin) has varied over time and will continue to decrease in a non-linear fashion into the future.  
Sufficient data do not exist to recreate a detailed historical description of depleted uranium 
release from the Holding Basin or predict precisely how the strength of the Holding Basin source 
may diminish over time.  The model introduces depleted uranium into the domain using a 
constant concentration boundary condition in the Holding Basin Area.  This constant 
concentration area was a high concentration zone, having concentration values similar to those 
measured immediately downgradient of the Holding Basin.  Data from monitoring well MW-
S24, collected in Fall 2005, were used for this representative source condition and are 
summarized in Table 53

The method of simulating the source depleted uranium concentration reduces the accuracy of 
model predictions of plume strength in the immediate vicinity of the Holding Basin; however, 
accuracy improves with increasing distance from the Holding Basin due to integration of the 
variable source near the Holding Basin.  

.  These constant concentration source cells are denoted in green on 
Figure 11.  

In simulating depleted uranium concentrations at the Holding Basin, it was also assumed that the 
constant concentration conditions have existed since disposal practices began at the Holding 
Basin and will continue to exist until the mass disposed to the Holding Basin has been exhausted.  
The time necessary to remove all of the mass in the Holding Basin (t) can be estimated as: 

                                                 
3 Only three wells located immediately downgradient of the Holding Basin have had uranium concentrations above 
1,000 µg/L.  Data collected during the RI through September 2008 include HB-PZ-2R (1,160 to 2,490 µg/L), HB-12 
(696 to 2,390 µg/L) and MW-S24 (2,880 to 5,360 µg/L).  The mean concentration of uranium from these three wells 
is 1,860 µg/L.  For conservative purposes, the constant source concentration at the Holding Basin was input as 3,840 
µg/L, the concentration measured in Fall 2005 at MW-S24, which was temporally consistent with the Fall 2005 
groundwater elevation data.   
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𝑡 =
𝑀
𝑄𝐶

 

where M is the mass of depleted uranium disposed on-site (approximately 8000 kg as estimated 
from soil boring concentrations, see Section 5.1.1 of RI Report), Q is the flux through the 
saturated aquifer beneath the Holding Basin (approximately 1000 ft³/d or 28,500 liters/d), and C 
is the specified constant concentration source value for depleted uranium (3,840 µg/L).  This 
analysis suggests that the Holding Basin will no longer contribute depleted uranium to the 
saturated zone in approximately 200 years. 

In reality, the concentration of depleted uranium in groundwater is likely higher directly beneath 
the Holding Basin, and these concentrations will likely decrease slowly over time, leading to a 
source duration of longer than 200 years.  Modeling the source concentration as a constant 
strength is conservative in that it will serve to increase the rate of migration of depleted uranium 
from the Holding Basin during the future and increase the likelihood of a depleted uranium 
plume reaching a downgradient receptor at a concentration above a risk standard. 

4.4 

In the following sections transport parameters including dispersion, diffusion and adsorption are 
discussed. 

Transpor t Model Parameters 

4.4.1 Dispersion 

A constant site-wide longitudinal dispersivity value of 10 meters was selected based upon a 
review of field-scale dispersivity measurements (Gelhar et al., 1992).  Further, it was assumed 
that the ratio of latitudinal dispersivity to longitudinal dispersivity was 1:10, and the ratio of 
vertical dispersivity to longitudinal dispersivity was 1:100. 

4.4.2 Diffusion  

The diffusion of various uranyl complexes in solution has not been widely described in the 
literature. Yamaguchi and Nakayama (1998) measured an aqueous diffusion coefficient for the 
single uranyl carbonate species UO2(CO3)3

4- to be 7.2×10-6 cm²/s.  A constant site-wide 
molecular diffusion coefficient of 7.2×10-6 cm²/s was used for all simulations and all species of 
depleted uranium. 

4.4.3 Adsorption 

In addition to the hydrophysical processes described above, the transport of depleted uranium is 
often strongly influenced by reactive chemical processes, including sorption.  Utilization of the 
linear distribution coefficient approach (Kd) to describe the retardation of depleted uranium does 
reproduce the typically non-linear sorption behavior resulting from a combination of complex 
aqueous phase chemistry, complex and variable aquifer surface chemistry, and multiple surface 
complexation (adsorption) reactions.   Depleted uranium in particular can be strongly influenced 
by competitive effects of the formation of mobile aqueous complexes and immobile adsorbed 
species.  Although databases of Kd values have been assembled for the sorption of radionuclides 
on a variety of single mineral phases, constant Kd models for adsorption do not adequately 
account for spatial variability in the composition of adsorbing phases or for variable chemical 
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conditions, such as pH, ionic strength, alkalinity or concentrations of complexing ligands (such 
as carbonate ions) along the groundwater flow path (Davis, 2008).  

Surface complexation models (SCM) have the capability of describing changes in contaminant 
adsorption as chemical conditions and aqueous speciation vary.  However, the surface 
distribution of mineral assemblages is considered too complex to be quantified in terms of the 
contribution of individual phases to adsorption.  The challenge in applying the surface 
complexation concept at the field scale is to simplify the adsorption model, such that predicted 
adsorption is still calculated with mass laws that are coupled with aqueous speciation, while 
lumping parameters that are difficult to characterize in the environment with other parameters.  
This modeling approach can be achieved with the semi-empirical, site-binding (Generalized 
Composite (GC)) modeling approach.  In this approach, it is assumed that adsorption can be 
described by SCM equilibria written with “generic” surface functional groups (Davis, 2008). 

A SCM links two different processes that both must be parameterized:   1) aqueous phase 
transformations of various depleted uranium species, and 2) sorption/desorption reactions 
between these aqueous species and surface sites.  The parameters used for these two parts of the 
SCM are discussed below. 

4.4.3.1 Aqueous Phase Transformations 

As indicated in Section 2.2, PHREEQC-2, a well described equilibrium geochemical model, was 
used to simulate aqueous phase transformations of depleted uranium.  PHREEQC-2 contains an 
extensive database of measured and estimated equilibrium constants for various reactions 
involving depleted uranium as well as other constituents that, in turn, effect depleted uranium 
transformation (i.e., alkalinity consuming and producing reactions).   At circumneutral pH, such 
as at this Site, the most common depleted uranium-containing species are UO2

2+, UO2CO3
0, 

(UO2)2CO3(OH)3
-, CaUO2(CO3)3

2-,Ca2UO2(CO3)3
0 .  

PHREEQC-2 uses a database of equilibrium constants relative to the formation and 
transformation of these and other depleted uranium constituents that is updated through 2002 
(Ball and Nordstrom, 1991). The program is based on an ion-association aqueous model and 
utilizes thermodynamic data for aqueous species and mineral phases from the database to 
perform a wide variety of low-temperature aqueous geochemical calculations.  

4.4.3.2 Surface Complexation 

As described in detail in Nielsen and Bostick, 2008 (Appendix F of RI Report), and discussed in 
Section 5.2.4 of the RI, two important parameter types are specified as part of any surface 
complexation model used to simulate sorption to aquifer solids:   sorption site density and 
complexation constant.  In any SCM, multiple types of sorption sites can be identified; each will 
have a unique complexation constant for each depleted uranium specie that may be present in the 
aqueous phase.     These parameters were developed for this model based on a series 144 batch 
experiments using site groundwater and soils, and conducted by Dartmouth University under 
contract to Geosyntec (Nielson and Bostick, 2008).  The results of this study are described 
briefly below. 

Nielsen and Bostick, 2008 (Appendix F of the RI Report) concluded that the relative importance 
of system variables controlling depleted uranium sorption is as follows: 1) sediment specific 
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surface area, 2) solution alkalinity, 3) solution pH, and 4) calcium concentration. Despite the low 
silt and clay content of the site soils, there is still considerable variability in the surface area of 
the fine to coarse sands.  The results indicate surface area exerts strong controls on the 
magnitude of uranyl partitioning with high surface area minerals such as iron-oxides providing 
surface sorption sites.  The solution alkalinity controls U(VI) speciation, producing dissolved 
uranyl carbonate complexes that effect depleted uranium adsorption and attenuation in the solid 
phase. The effects of pH at NMI are less significant than alkalinity because subsurface pH is 
relatively constant in the aquifer. Calcium concentration also affects depleted uranium speciation 
and adsorption, but its contribution is less significant when compared with that of alkalinity and 
surface area (e.g Ca2UO2(CO3)3

0 is not charged and is therefore not as likely to sorb as the 
anionic uranyl carbonate species).  Nielsen and Bostick  accurately simulated measured sorption 
isotherms using both the empirical multi-site Langmuir and the mechanistic general composite 
surface complexation models (GC-SCM) (Appendix F of RI Report). 

The GC-SCM developed by Dartmouth identified six adsorption reactions that were grouped into 
three different types of surface sites: ≡SSOH, ≡SOH, and ≡WHO, or, to describe their binding 
energies, “super-strong”, “strong”, and “weak”, respectively.  Surface complexation equilibrium 
coefficients, expressed in terms of Log(K), for these six adsorption reactions are provided in 
Table 6. 

Neilsen and Bostick calibrated this SCM assuming that super-strong, strong, and weak binding 
sites occur as 1%, 10% and 89% of total sites.  Based on laboratory-measured specific surface 
areas and isotherm data, average adsorption site densities were determined, as follows:   0.0192, 
0.192, and 1.71 µmol/m² respectively.   Specific surface area measurements were then correlated 
to soil type based on grain-size distribution.     In this manner, specific surface area values for the 
various soil types in the model domain can serve as model parameters for the field scale model, 
as summarized below 

Specific Surface Area as a Function of Soil Texture 
Soil Type Specific Surface Area (m²/g) 

Gravel 0.425 
Sandy Gravel 0.539 

Sand 1.058 
Silty Sand 1.430 
Sandy Silt 1.817 

Silt 2.450 
 

A three-dimensional array of adsorption site concentration (site density × specific surface area) 
was generated using indicator kriging on soil type and imported into the flow and transport 
model.  The spatial distribution of soil texture, and by extension, specific surface area, is 
depicted for each of the four horizontal flow layers in Figures 12 to 15. 
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5. SIMULATION OF CURRENT CONDITIONS 

Depleted uranium transport from the Holding Basin was simulated for a 11,000 day period 
(approximately 30 years) and compared to current estimates of depleted uranium concentration.  
For this model we have assumed that conditions in 2008 represent approximately 30 years of 
Holding Basin storage of depleted uranium .  It is known that waste sludges were disposed in the 
Holding Basin from 1958 to 1985, and thus the total period of Holding Basin Storage of sludge 
ranges from 23 to 50 years.   Although the Holding Basin contained much less depleted uranium 
mass in the earlier years of use, the source function for depleted uranium in the Holding Basin 
over this period is uncertain and unknowable.   In addition, the Basin was first covered 22 years 
ago in 1986, which further complicates definition of a source function due to a significant change 
in infiltration.   

Key inputs to the model, including hydraulic data, geologic stratification, adsorption site 
densities and initial geochemical conditions were all created independent of any consideration of 
transport time simulation.  A transport time of 30 years resulted in a good match to the empirical 
depleted uranium distribution and seems reasonable given the knowledge of the depleted 
uranium source and the independent derivation of model inputs.   Considering the possible range 
of 23 to 50 years, 30 years is on the conservative end of this range (i.e,. it is conservative to 
assume that depleted uranium to 30 µg/L migrated to its current distance in only 30 years vs. 50 
years).  Figures 16 through 19 are contour maps of simulated depleted uranium concentrations in 
each of the four transport model layers.  Figure 16 demonstrates that, within the inherent 
uncertainty in the model, the predicted and observed regions where depleted uranium 
concentrations exceed the MCL of 30 µg/L are very closely aligned.  This gives confidence that 
the flow, transport, and reaction modules of the model accurately predict depleted uranium 
transport at NMI.  Additionally, the simulations predict that the lateral extent of depleted 
uranium migration decreases with increasing depth, which is consistent with data collected 
during the RI (refer to Figure 4.3 of RI Report). 
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6. SIMULATION OF FUTURE DEPLETED URANIUM MIGRATION  

Simulations were conducted to assess the potential for future migration of depleted uranium 
under two different scenarios: 1) 300 years of migration under current conditions; and 2) 100 
years of migration with increased recharge due to building removal. 

6.1 

 In Scenario 1 no remedial action is taken to remove (either through isolation or removal) 
depleted uranium in soils at the Holding Basin and depleted uranium continues to be released 
from the Holding Basin and migrate downgradient. 

Scenar io 1:  300 Years of Migration Under  Current Conditions 

For this scenario, the simulation described in Section 5 (a calibration to 30 years of migration) 
was extended for an additional 300 years after 2008.  Predicted depleted uranium concentration 
contours in shallow groundwater are presented in Figures 20 through 24 for 25, 50, 80, 100 and 
300 years, respectively, from 2008.  These results demonstrate the continued slow migration of 
depleted uranium from its current location towards the Site boundary and Rte 62 located 
approximately 920 feet downgradient from the Holding Basin.  As shown in Figure 23, a plume 
exceeding 30 µg/L is predicted to migrate to within 50 feet of Route 62 in approximately 100 
years.  The 3 µg/L contour is predicted to migrate to approximately 100 feet further than the 30 
µg/L contour, or 60 feet downgradient of Route 62.  This result indicates that although migration 
of depleted uranium is substantially retarded, natural attenuation processes may not be sufficient 
to prevent off-site migration of the depleted uranium plume over long periods of time with a 
steady source at the Holding Basin.  The simulation to 300 years was conducted to evaluate if 
depleted uranium, at concentrations of 30 µg/L or greater, would migrate to the Assabet River 
over a period longer than 100 years.   Results indicate that depleted uranium above 30 µg/L 
migrates to just upgradient of the Assabet River.  Contours of simulated depleted uranium 
concentration in shallow groundwater after 300 years of migration are presented in Figure 24.   

 

6.2 

This scenario includes increased recharge in the area of the current Site Buildings.  This scenario 
assumes that the existing on-site structures and paved parking areas are removed, leading to an 
increase in aquifer recharge in the area downgradient of the Holding Basin.  No remedial action 
is taken to isolate depleted uranium in soils at the Holding Basin. 

Scenar io 2:  100 Years of Migration With Increased Recharge Due To Building 
Removal  

In this scenario, recharge was increased from 7.4 in/yr to 20 in/yr over the area occupied by the 
existing structures and pavement to simulate removal of these buildings.   Figure 25 presents 
shallow simulated potentiometric contours under this new flow regime.  The increased recharge 
does not appear to substantially affect the potentiometric contours in the vicinity of the depleted 
uranium plume (Figure 8).  For example, groundwater flow velocities at the toe of the existing 
depleted uranium plume only increased by approximately 0.2%, when compared to the results 
from the model flow calibration (Figure 8).   Figure 26 presents depleted uranium concentration 
contours 100 years from 2008 under this increased recharge scenario.   Simulation results do not 
indicate a substantial difference in the location of the 30 µg/L contour. The increase in total 
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recharge over the area occupied by the existing structures represents only a de minimis impact on 
local groundwater gradients and flow patterns. 

A summary of depleted uranium migration results for the two scenarios is presented below.  

Summary of Model Simulation Results 

Scenario 

30 µg/L Depleted Uranium 
Migration from  
Holding Basin                          

    (ft) 

30 µg/L Depleted Uranium 
Migration Distance from 

Site Boundary         
(ft) 

1  
300 Years of Migration Under Current Conditions 

    25 Year Results 630 290 
    50 Year Results 770 150 
    80 Year Results 840 80 
    100 Year Results 870 50 
   300 Year Results 1300 travels beyond boundary    

(~320 ft) 
2  

100 Years of Migration With Increased Recharge Due To Building Removal  

    100 Year Results 870 50 
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7. CONCLUSIONS 

A three-dimensional groundwater flow and transport model was developed to simulate depleted 
uranium migration in overburden groundwater at the Nuclear Metals Superfund Site.  This model 
incorporates the extensive physical and chemical data set that was collected between 2005 and 
2008 during the Remedial Investigation, as well as earlier data. The transport model incorporates 
a state-of-the-science surface complexation model to account for the adsorption of depleted 
uranium to iron oxide- and oxyhydroxide-coated aquifer materials.   

Model results indicate that the overburden groundwater plume containing depleted uranium at 
concentrations exceeding the Maximum Concentration Limit (MCL) for depleted uranium, 30 
µg/L, could be expected to migrate to near Route 62, the Site boundary, in approximately 100 
years from 2008.  At time periods greater than 100 years, a plume containing depleted uranium 
concentrations above the MCL is predicted to migrate beyond the Site boundary.    
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Table 1 – Calibration Targets and Observed Heads 

  Potentiometric Head (ft)   

Well Observed Simulated 
Error 

(ft) 

GZW-10-1 127.36 128.73 1.37 

GZW-5 146.19 146.04 -0.15 

GZW-7-1 135.90 136.06 0.16 

GZW-7S 136.28 136.13 -0.15 

HA-10A 146.54 146.23 -0.31 

HB-10S 142.14 140.70 -1.44 

HB-11 140.57 139.23 -1.34 

HB-12 136.72 136.95 0.23 

HB-620 137.84 137.14 -0.70 

HBPZ-2R 136.10 137.54 1.44 

ML-1-1 130.52 130.49 -0.03 

ML-3-1 133.59 134.00 0.41 

MW-1 129.30 128.36 -0.94 

MW-11 138.31 138.19 -0.12 

MW-2 132.89 132.84 -0.05 

MW-8A 134.61 134.96 0.35 

MW-S01 127.57 129.46 1.89 

MW-S02 133.14 132.99 -0.15 

MW-S04 150.61 150.77 0.16 

MW-S05 134.98 135.44 0.46 

MW-S07 134.36 135.86 1.50 

MW-S08 150.89 149.01 -1.88 

MW-S09 146.43 145.41 -1.02 

MW-S11 150.69 151.18 0.49 

MW-S12 144.69 144.78 0.09 

MW-S14 128.17 128.62 0.45 

MW-S17 132.61 133.20 0.59 

MW-S18 142.89 142.11 -0.78 

MW-S19 143.13 143.00 -0.13 

MW-S20 143.41 142.62 -0.79 

MW-S21 145.55 145.78 0.23 

MW-S23 151.26 151.97 0.71 
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  Potentiometric Head (ft)   

Well Observed Simulated 
Error 

(ft) 

MW-S24 136.48 136.50 0.02 

MW-S27 133.46 132.23 -1.23 

MW-S28 128.29 128.64 0.35 

MW-S29 127.96 128.75 0.79 

MW-S30 133.23 132.43 -0.80 

MW-SD06 131.95 131.64 -0.31 

MW-SD10 140.29 140.38 0.09 

MW-SD13 130.93 132.93 2.00 

MW-SD17 134.11 133.50 -0.61 

OW-3 128.62 128.32 -0.30 

P-1 120.63 120.97 0.34 

P-1A 121.89 121.13 -0.76 

P-2 124.84 124.32 -0.52 

P-2A 125.03 123.91 -1.12 

P-3 125.31 127.11 1.80 

P-3A 125.35 127.02 1.67 

P-4 131.27 130.34 -0.93 

PZ-4 143.29 142.90 -0.39 

PZ-RI-S01 144.59 144.12 -0.47 

PZ-RI-S02 142.99 142.56 -0.43 

PZ-RI-S03 142.33 141.93 -0.40 

PZ-RI-S05 135.96 137.72 1.76 

PZ-RI-S06 135.15 136.17 1.02 

SW-1 130.81 129.09 -1.72 
 

Notes: 
1.  Observed data from November 2005.   
2.  Simulated data from calibrated numerical flow model. 
3.  Error represents the difference between the simulated value and the observed value. 
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Table 2 – Overburden Monitoring Wells Used to Perform Initial Geochemical Statistical Analyses 

GZW-7S 10/31/2005   MW-S07 11/1/2005 
HB-10 10/26/2005   MW-S09 10/24/2005 

HB-10S 10/28/2005   MW-S12 10/27/2005 
HB-11 10/27/2005   MW-S21 10/27/2005 
HB-12 11/1/2005   MW-S24 10/31/2005 

HBPZ-2R 11/2/2005   MW-S27 11/2/2005 
MW-8A 11/2/2005   MW-S29 11/3/2005 

MW-S02 10/31/2005   MW-S30 5/22/2006 
MW-S03 10/27/2005   MW-SD01 10/26/2005 
MW-S05 11/2/2005   MW-SD27 11/2/2005 

MW-S06 10/31/2005   MW-SD30 11/3/2005 
 
 
 

Table 3– Fate and Transport Model Initial Geochemical Condition Composition 

Parameter Abbreviation Value Units 
Temperature        10.21 °C 

pH         6.12 SU 

Alkalinity   2.12×10-4 mol/L 

Aluminum Al 5.19×10-8 mol/L 

Bromide Br 1.37×10-3 mol/L 

Calcium Ca 4.50×10-4 mol/L 

Iron Fe 1.21×10-6 mol/L 

Magnesium Mg 2.18×10-4 mol/L 

Manganese Mn 3.82×10-8 mol/L 

Nitrate N(V) 3.29×10-5 mol/L 

Phosphate P 0 mol/L 

Potassium K 6.14×10-5 mol/L 

Sodium Na 4.66×10-4 mol/L 

Sulfate S(VI) 1.24×10-4 mol/L 
Depleted 
uranium U 0 mol/L 

 
Bromide not measured but added to achieve charge-balance. 
oC = degrees centigrade 
SU = Standard Units 
mol/L = moles per liter 



 

  1 of 3 

Table 4 – Fate and Transport Model Initial Speciation Conditions 

Initial 
Condition 

  
  
  
  
  

Parameter Abbreviation Species Value Total Value Units 
Temperature            10.21 °C 
pH             6.12 SU 
Total Carbon C(IV)     6.52×10-4  
    CO2 4.40×10-4     
    HCO3

- 2.12×10-4     
    CaHCO3

+ 7.098×10-7     
    MgHCO3

+ 4.126×10-7     
    NaHCO3 4.968×10-8     
    FeHCO3

+ 2.014×10-8     
    CO3

2- 1.072×10-8     
    CaCO3 4.244×10-9     
    MgCO3 1.14×10-9     
    MnHCO3

+ 5.677×10-10     
    FeCO3 1.971×10-10     
    NaCO3

-  3.421×10-11     
    MnCO3   2.064×10-11     
Alkalinity       2.12×10-4 

m
ol

/L
  

Aluminum Al     5.19×10-8 
    Al(OH)2

+     2.895×10-8     

    AlOH2+        1.357×10-8     

    Al(OH)4
-     3.658×10-9     

    Al3+                 3.557×10-9     
    Al(OH)3             1.594×10-9     

    AlSO4
+           5.701×10-10     

    Al (SO4)2-     1.559×10-12     

    AlHSO4
2+      4.091×10-17     

Bromide Br     1.38×10-3   

    Br- (charge 
b l )         

1.38×10-3     

Calcium Ca     4.50×10-4   

    Ca2+   4.46×10-4     

    CaSO4  5.75×10-6     

    CaHCO3
+     7.098×10-7     

    CaCO3     4.244×10-9     

    CaOH+       8.299×10-11     

    CaHSO4
+     2.312×10-11     

Iron Fe     1.21×10-6   

    Fe2+ 1.18×10-6     
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Initial 
Condition 

  
  
  
  
  

Parameter Abbreviation Species Value Total Value Units 
    FeHCO3

+ 2.014×10-8     

    FeSO4 1.182×10-8     

    FeCO3 1.971×10-10     

    FeOH+ 1.31×10-10     

    FeHSO4
+ 6.124×10-14     

Potassium K     6.14×10-5   

    K+ 6.14×10-5     

    KSO4
- 3.054×10-8     

    KOH  2.652×10-13     

Magnesium Mg     2.18×10-4   

    Mg2+ 2.15×10-4     

    MgSO4 2.53×10-6     

    MgHCO3
+ 4.126×10-7     

    MgCO3 1.14×10-9     

    MgOH+   2.154×10-10     

Manganese Mn     3.82×10-8   

    Mn2+ 3.73×10-8     

    MnHCO3
+ 5.68×10-10     

    MnSO4 3.69×10-10     

    MnCO3 2.06×10-11     

    MnOH+ 3.03×10-13     

    Mn(NO3)2 1.20×10-16     
Sodium Na     4.66×10-4   
    Na+                    4.66×10-4     

    NaSO4
- 1.97×10-7     

    NaHCO3 4.97×10-8     

    NaCO3
- 3.42×10-11     

    NaOH 3.84×10-12     

Nitrate N(V)     3.29×10-5   

     NO3
- 3.29×10-5     

    Mn(NO3)2 1.20×10-16     

Phosphate P     0   

Sulfate S(VI)     1.24×10-4   

    SO4
2- 1.16×10-4     

    CaSO4 5.75×10-6     

    MgSO4 2.53×10-6     

    NaSO4
- 1.97×10-7     

    KSO4
- 3.05×10-8     
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Initial 
Condition 

  
  
  
  
  

Parameter Abbreviation Species Value Total Value Units 
    FeSO4 1.18×10-8     

    HSO4
- 5.36×10-9     

    AlSO4
+  5.70×10-10     

    MnSO4 3.69×10-10     

    CaHSO4
+ 2.31×10-11     

    Al(SO4)2- 1.56×10-12     

    FeHSO4
+ 6.12×10-14     

    AlHSO4
2+  4.09×10-17     

Depleted 
i  

U     0   
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Table 5 – Source Boundary Condition Composition 

Source Boundary Condition 

Parameter Abbreviation Value Units Notes 

Temperature       10.21 °C   
pH         5.50 SU   
Alkalinity   2.02×10-5 mol/L   
Aluminum Al 2.19×10-6 mol/L   
Bromide Br 1.77×10-3 mol/L charge balance 
Calcium Ca 3.97×10-4 mol/L   
Iron Fe 2.40×10-6 mol/L   

Magnesium Mg 3.28×10-4 mol/L   
Manganese Mn 5.86×10-7 mol/L   
Nitrate N(V) 1.10×10-5 mol/L   
Phosphate P 0 mol/L   

Potassium K 5.86×10-7 mol/L   
Sodium Na 5.79×10-4 mol/L   
Sulfate S(VI) 1.65×10-4 mol/L   
Depleted 
uranium U 1.61×10-5 mol/L   

 
 

Table 6 – Geochemical Composite Approach Surface Reactions 

Surface Complexation Reaction Log(K) 
≡SSOH + UO2

2+ + H2O ↔ ≡SSOUO2OH + 2H+ -4.051 
≡SSOH + UO2

2+ +CO3
2- + H2O ↔ ≡SSOUO2OHCO3

2- + 2H+ 3.385 
≡SOH + UO2

2+ + H2O ↔ ≡SOUO2OH + 2H+ -4.985 
≡SOH + UO2

2+ +CO3
2- + H2O ↔ ≡SOUO2OHCO3

2- + 2H+ 0.628 
≡WOH + UO2

2+ + H2O ↔ ≡WOUO2OH + 2H+ 0.956 
≡WOH + UO2

2+ +CO3
2- + H2O ↔ ≡WOUO2OHCO3

2- + 2H+ -6.125 
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Figure

2
ACTON, MASSACHUSETTS MAY 2009

Model Layer Configuration

Layer

 

Geologic Unit

 

Aquifer 
Type

 
Elevation Range 

Layer Bottom   

(ft NGVD) 

Hydraulic Conductivity 
Range (ft/d)

 

  Kh Kv 

Layer 1 Stratified Drift 
Overburden 

unconfined 95 - 132 3.0 - 250 0.3 - 25 

Layer 2 Stratified Drift 
Overburden 

Unconfined 71 - 115 3.0 - 250 0.3 - 25 

Layer 3 Till  
overburden 

Unconfined 48 - 99 .02 – 111 .002 - 11 

Layer 4 Bedrock Inactive 40 - 90 0.3 0.03 
 

Layer 1 (Saturated Overburden)

Layer 2 (Saturated Overburden)

Layer 3 (Till)

Layer 4 (Bedrock; Inactive)



Figure

Flow Model Layer 1
Hydraulic Conductivity (ft/day) Distribution

NMI Superfund Site, Concord, MA
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Notes:

1.   Hydraulic Conductivity array based
      on 42 sitewide single well tests in stratified drift.

2.   Well test data are presented in 
       Remedial Investigation Report.
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Figure

4

Flow Model Layer 2
Hydraulic Conductivity (ft/day) Distribution

NMI Superfund Site, Concord, MA
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      on 42 sitewide single well tests in stratified drift.

2.   Well test data are presented in 
       Remedial Investigation Report.
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Note:

Recharge applied to model Layer 1
or the most active upper model layer. 5

Model Recharge Zonation (in/year)
NMI Superfund Site, Concord, MA
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Figure 6 - Historical Groundwater Levels
at Nearby USGS Monitoring Location

USGS 422637071202701 MA-CTW 165 Concord, Massachusetts
NMI Superfund Site

Concord, Massachusetts
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Figure 7 - Recent Historical Groundwater Levels
at Nearby USGS Monitoring Location

USGS 422637071202701 MA-CTW 165 Concord, Massachusetts
NMI Superfund Site

Concord, Massachusetts
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Circular symbols denote groundwater levels on days when a comprehensive 
groundwater gauging event was conducted at the NMI Site.  The head calibration 
target dataset was chosen based on two criteria: 1) representative of mean site 
behavior (as evidenced by the USGS monitoring well), and  2) having a large number 
of wells measured.  The November 2005 dataset satisfied both of these criteria.
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Notes:
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Notes:
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1. SCREENING LEVEL URANIUM TRANSPORT SIMULATION 

Because the geochemical reactions controlling uranium mobility can be complex, a screening-
level investigation was undertaken to evaluate the ability of a readily available transport 
simulator to accurately replicate observed uranium concentrations with distance from the 
Holding Basin.  

In the first step of this screening-level assessment, pre-RI data quantifying the adsorption of 
uranium to overburden soils were evaluated.  In 1999 and 2000, a uranium partitioning study was 
conducted (GZA, 2000) using soils collected from the unsaturated and saturated portions of the 
Holding Basin.  In the study, linear partitioning coefficients, commonly referred to as “kd, 
values”, were calculated for 26 soil samples1.  These data (presented below) do not follow a 
linear trend, suggesting that a linear isotherm (“kd”) approach may not accurately represent 
observed field behavior.  These non-linear adsorption data may be a reflection of variations in 
aqueous-phase chemistry (e.g., pH, ORP, alkalinity) among the various sample locations. 

Uranium adsorption partitioning coefficients based on GZA Study 

 

 
The validity of using the kd approach to model uranium transport can also be tested by how well 
the kd data can predict retardation factors, which are the ratios between the rate of groundwater 
movement and rate of contaminant movement.  Assuming that each data point lies on a linear 
isotherm representing a given set of geochemical conditions, it is possible to estimate the degree 
of retardation that might be expected in field-scale transport.  The figure below presents a 
histogram of linear retardation coefficients2 (Rf) calculated using pre-RI KD study (GZA, 2000).  

                                                 
1 Kd (L/kg) refers to the soil-water distribution coefficient and is a ratio of the concentration of 
contaminant on the soil (mg/kg) to the concentration in water at equilibrium (mg/L).     

2 
n
k

R db
f

ρ
+=1   ρb = bulk density, = partition coefficient, n  =porosity, Rf=retardation coefficient 
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This figure suggests that uranium migration is retarded by at least a factor of 1,000 relative to the 
bulk movement of groundwater at the Site.  If this were the case, it would take more than 100 
years for uranium to move the 30 feet from HB-PZ-2R to HB-12, based on an estimated 
groundwater flow rate of approximately 300 ft/yr.  This line of evidence suggests that uranium 
partitioning following a linear isotherm is not the operative adsorption mechanism at the Site. 

Retardation factors based on pre-RI data 

 

 
The possibility that a single non-linear adsorption isotherm could explain observed uranium 
transport behavior was explored using a numerical transport simulator.  This simulator, a tool 
developed by Geosyntec, solves the following one-dimensional advective-dispersive mass 
balance equation: 

t
Q

x
CnDqC

xt
Cn bh ∂

∂
−⎟

⎠
⎞

⎜
⎝
⎛

∂
∂

−
∂
∂

−=
∂
∂ ρ  

Where: 

n  is the porosity of overburden soils; 

C is the aqueous concentration of uranium [M/L³]; 

q is the Darcy flux [L/T]; 

Dh is the hydrodynamic dispersion coefficient [L²/T]; 

ρb is the bulk density of overburden soils [M/L³]; and  

Q is the soil concentration of uranium [M/M].   

 
In the simulator, the concentration of uranium in soil (Q) follows a Langmuir-type adsorption 
isotherm (RI- Section 5.4.1.1), as follows: 

kC
kCQ

Q
+

=
1

max  
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where Qmax is the maximum adsorptive capacity of uranium on the soil [M/M] and k is a constant 
[L³/M] which describes the rate at which the uranium surface sites are occupied with increasing 
aqueous phase uranium.  A generalized Langmuir isotherm is presented below. 

Generalized Langmuir Isotherm 

 
 
The numerical transport simulator was used iteratively to estimate the pair of Langmuir 
parameters (Qmax and k) that optimally fit the uranium breakthrough curve data observed at HB-
12, GZW-7-1, and MW-8A (three wells along the migration pathway from the HB to Building 
D).  To automate this procedure, the solute transport model was coupled with the non-linear 
parameter estimation software, LM-OPT (Clausnitzer and Hopmans, 1995), which employs the 
Levenberg-Marquardt algorithm to minimize the sum of squared residual error between the 
observed uranium data and the model prediction for a given value of Qmax and k. 

Initially, the temporal uranium concentration data at HB-12 was fit using the combination of the 
numerical transport simulator and LM-OPT.  For this simulation, the following parameters were 
used: 
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Screening level adsorption model input parameters 

Parameter Value Comment/Reference 
n   

(porosity) porosity 0.33 Assumed, based on somewhat homogeneous sandy 
overburden 

Q        (darcy 
flux) dx

dhKq −=  0.073 
ft/day Darcy’s Law 

K   
(Hydraulic 

conductivity) 
 21.1 ft/day Estimated from slug test performed at HB-12 

  i      
(hydraulic 
gradient) dx

dh
 -0.003 Estimated from regional gradient observed in Fall 2005 and 

Spring 2006 

Dh 

(Dispersion) 
mh D

n
qD += α

 

1.79×10-6 
m²/s 

Definition of hydrodynamic dispersion, where α is the 
dispersivity of the overburden material [L] and Dm is the 
molecular diffusion coefficient of uranium in water [L²/T] 

α 
(dispersivity) α 1 m Value suggested by Gelhar et al., 1992 

 Dm 0 cm²/s Assumed to be negligible 

 

The upstream boundary condition on this transport simulation was assumed to be the time-
varying uranium concentration observed at HB-PZ-2/2R, located at the immediate downgradient 
edge of the Holding Basin.  A no-dispersive-flux condition was enforced as a downstream 
boundary condition, coincident with the location of HB-12 (about 30 feet downgradient of HB-
PZ-2R).  The plot below shows the uranium breakthrough measured at HB-12 and the predicted 
breakthrough, based on the optimized model.  The optimal values for Qmax and k were 
determined in the simulation to be 0.13 mg/g and 8.1×10-3 L/mg, respectively. 

Simulated breakthrough curve at HB-12 
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This figure indicates that the Langmuir sorption model does not completely predict uranium 
transport behavior between the Holding Basin and HB-12, located just 30 feet downgradient.  
The optimal Langmuir adsorption isotherm under-predicts the height of the initial peak observed 
on January 31, 2000 and fails to capture the variability in aqueous uranium observed between 
March 31, 2000 and July 17, 2002.  The discrepancy between observed and simulated values at 
HB-12 could be due to various hydraulic, hydrogeologic, and geochemical factors.  These results 
led to the development of a more complex modeling approach that allows for a more rigorous 
treatment of uranium geochemistry as well as direct quantification of the adsorptive capacity of 
Site soils along the core of the uranium plume.   

 

2. URANYL SPECIES GEOCHEMICAL MODELING 

A combination of modeling and laboratory analyses were implemented to understand the 
geochemical complexities of uranium transport, develop a conceptual site model and to support 
the numerical fate and transport modeling effort.  The aqueous and solid phase geochemistry will 
control the transport and attenuation of uranium at the Site.  In particular, key variables such as 
alkalinity, pH, calcium, and particle surface area affect the speciation of uranyl species and their 
tendency to sorb to aquifer minerals.  

To determine the predominant uranyl species within the uranium plume, Geochemist 
Workbench® software (Rockware, Golden, Colorado) was utilized to predict the likely aqueous 
species under geochemical conditions present within the plume at the Site.  The ACT2 Module 
of the Geochemists Workbench® can simulate a wide variety of low temperature aqueous 
chemical reactions and create a uranium Eh – pH diagram that predicts the most stable aqueous 
and solid phase uranyl species for site specific chemical conditions (Garrels and Christ, 1990).  
The diagrams do not consider sorbed species. 

An Eh-pH diagram was prepared to show the predicted most stable dissolved (aqueous) uranium 
species present under site conditions.  A second diagram was prepared using identical input 
variables, but the system was allowed to form solid species and show the Eh and pH ranges 
where the most stable forms of uranium are immobile solid or mineral phases.  

Specific measurements of Eh and pH values at selected wells, combined with average uranium, 
major cation and major anion data were input into the geochemical model.  The inputs to the 
Geochemists Workbench® program included sampling data for six wells within the plume core 
(HB-12, HBPZ-2R,GZW-7S, MW-8A, MW-S16, and MW-S24) including: 

• Eh –The Oxidation Reduction Potential (ORP) was converted to the potential relative to 
the Standard Hydrogen Electrode (Eh) by adding 220 mV to the measured ORP value3. 

• pH – the field measured value for each well was used.  
• Uranium concentration – An activity of UO2

++ corresponding to 1 mg/L total dissolved 
uranium (10-5.377 [4.3 x 10--6] molar) was used.   

                                                 
3 220 mV represents an approximate average of the correction for different reference electrodes --  Calomel (241 
mV); Ag/AgCl /1 MKCl (236 mV); Ag/AgCl /4 MKCl (200 mV); Ag/AgCl /Sat.KCl (197 mV) 
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• Inputs describing the aqueous matrix were also used.  For calcium, iron, phosphate, silica, 
sulfate and nitrate, inputs were equal to the average of selected concentrations for each 
well (as mol/L).  For temperature, an average temperature of 10.6 degrees C was used. 

 
The inputs describing the aqueous matrix are presented in the Table below.   

Input parameters used for aqueous matrix in Eh-pH diagrams 

Average Average HB-12 HBPZ-2R MW-8A GZW-7S MW-S16 MW-S24
Molar ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Bicarbonate 8.69E-04 53000 86500 98000 56000 32000 18991 26498
Calcium 4.32E-04 17300 19190 14490 13945 16700 21125 18360
Iron 3.94E-06 220 129 35 53 120 812 141
Nitrate 6.61E-05 4100 11537 4139 2753 1570 1347 3080
Phosphate 3.14E-07 30 70 56 0 53 0 0
Silica 1.68E-04 10100 9750 5000 10750 6300 14500 14400
Sulfate 1.67E-04 16000 18275 14600 11988 11000 13050 26100

Temperature 10.7 10.7 10.8 10.3 10.5 10.9 10.7 10.7

Min pH (--)  -- -- 5.92 5.8 5.95 5 6.03 5.5
Max pH (--)  -- --  6.66 6.7 6.6 6.4 6.33 6.4

Min Eh (V)  -- --  0.322 0.409 0.288 0.358 0.413 0.409

Max Eh (V)  -- -- 0.906 0.511 0.499 0.466 0.474 0.624

Species

 

The Figure below shows the Eh-pH plot for aqueous uranyl species.  Each well is represented by 
two symbols of the same shape and color in the plot corresponding to the minimum and 
maximum pH and Eh values for each well.  The model predicts that uranium in the DU plume, 
based on measured ORP (Eh), pH, uranium concentration and other geochemical variables, 
should occur primarily as the aqueous phase uranyl carbonate (UO2CO3) or hydroxycarbonate 
((UO2) 2CO3(OH)3

-) species, with U in the +VI state.  Although maximum uranium 
concentrations within the DU plume core are as high as 5 mg/l and the model used an average 
uranium concentration of 1 mg/L, Eh - pH diagrams are based on the logarithm of activities, and 
thus small variations in concentration do not result in significant shift of specific well data on the 
Eh – pH diagram.  In fact, wells plot in essentially the same position on the Eh-pH diagrams 
when the input model is rerun with a uranium concentration of 5 mg/L versus 1 mg/L.  
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Eh –pH plot for aqueous uranyl species 

 
 
The Figure below (prepared using ACT2 with solids included)   shows the likely solid phase 
species that would be present in this system, along with symbols representing data for the six 
wells in the plume core.  At Eh values below approximately 400 mV over a broad pH range, 
Bassettite, a U-Fe-PO4 mineral, is the most stable mineral phase in this system.  At lower Eh of 
approximately 0-100 mV and broad pH range, U(VI) is reduced to U(IV) and Uraninite (UO2) is 
predicted as the most stable form of uranium.  At higher Eh values and pH values below 
approximately 6.9, the most stable form of uranium is uranyl phosphate ((UO2)3(PO4)2).  Based 
on the diagram, U(VI) solid phases Bassetite and/or uranyl phosphate would be stable based on 
the aqueous geochemistry at the Site.  The U(VI) solid phase species are typically more soluble 
than U(IV) minerals (Langmuir, 1978) and are therefore not as stable (e.g. more likely to be 
dissolved).   
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Eh –pH plot for solid uranium mineral phases 

 
 

3. SEQUENTIAL EXTRACTION PROCEDURES (SEP) 

Six soil samples (RI- Sections 2.13.6 and Figure 2.13.1)  were submitted to Edenspace for SEP 
analyses (results presented in table below) to evaluate the association of uranium within the 
following 5 soil fractions 1) exchangeable, 2) carbonate, 3) oxide, 4) organic, and 5) residual.  
Results suggest that more than 65 percent of the mass of uranium is associated with the 
carbonate extractable phase, and are presented in the table below.  The second extraction 
procedure, carbonate extraction, is targeted at extracting uranyl carbonates minerals, but this step 
which involves addition of weak acid, produces bicarbonate in solution, which may complex and 
mobilize adsorbed uranium species associated with other soil fractions, including oxide and 
silicate fractions targeted in later extractions.  Thus the carbonate extraction may overestimate 
the proportion of uranium which is bound within carbonate phases (Nielsen and Bostick, 2008)  
A smaller mass of uranium (8 to13 percent) was liberated from the oxide minerals fraction, 
which are readily dissolved via the addition of the acid hydroxylamine hydrochloride.  Because 
carbonate exerts such a strong influence on this operational procedure, it is important to support 
the potential association of uranium within the soil fractions using other experimental data 
(presented below).  Regardless, the SEP suggests that uranium can be readily mobilized from the 
aquifer matrix.  

 



Attachment A: Site Specific Uranium Transport Studies 
 

  9 

 

Results of Edenspace Sequential Extraction Procedure 

Fraction Extracted SBRI11016062 SBMWS16077 SBMWT24054 SBMWT24057 SBMWT24059 SBRIO1007048 

  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Exchangeable 0.3 1.1 6.7 3.9 5.4 3.9 

Carbonate 5.7 21.9 176.4 102.6 106.7 106.2 

Oxide 1.00 4.2 20.6 11.2 11.2 12.2 

Organic 0.39 1.94 10.00 4.6 5.3 5.5 

Residual 0.98 2.6 7.00 6.7 5.2 3.5 

Total Recovered 8.45 31.64 220.75 128.98 133.86 131.2 

Total U 12.6 20.80 203.00 97.8 68.3   

% Recovery 67.06 152.12 108.75 140.5 195.99   

Fraction Extracted SBRI11016062 SBMWS16077 SBMWT24054 SBMWT24057 SBMWT24059 SBRIO1007048 

  % % % % % % 

Exchangeable 4.00 3.4 3.00 3.00 4.00 3.00 

Carbonate 67.6 69.1 79.9 79.6 79.7 8.09 

Oxide 12.3 13.1 9.3 8.7 8.4 9.3 

Organic 4.6 6.1 4.5 3.5 3.9 4.2 

Residual 11.6 8.2 3.2 5.2 3.9 2.7 

Bioavailable  88.4 91.8 96.8 94.8 96.1 97.3 

Note: Bioavailable is the sum of the exchangeable, carbonate, oxide, and organic-bound fractions   
 

4. X-RAY ADSORPTION ANALYSIS  

X-ray adsorption analyses performed by Dr. Scott Fendorf of Stanford University demonstrated 
that adsorbed uranium in soil cores taken from the Site is in the oxidized, hexavalent state.  The 
analyses by Dr. Fendorf also revealed that uranium is complexed with various iron oxide and 
oxyhydroxide surface sites.  Because of equipment problems and other logistical issues, Dr. 
Fendorf provided verbal results to Geosyntec for the x-ray adsorption analyses but was unable to 
provide back-up data.  However, Dr. Bostick also performed x-ray adsorption spectroscopy on 
the soil cores collected for laboratory adsorption analysis, and confirmed the results identified by 
Dr. Fendorf; uranium is present in its oxidized (VI) valance state and is bound as ternary uranyl 
carbonate complexes on iron oxides and other minerals.  X-ray adsorption spectroscopy results, 
specifically x-ray adsorption near edge spectroscopy (XANES) absorbance spectra, are presented 
in Table 4 of Nielsen and Bostick, 20084.       

                                                 
4 Nielsen, L.C., and Bostick, B.C., 2008, Integrating Variable Aquifer Geochemistry and Sediment 

Properties into Models of Depleted uranium Retention at the Nuclear Metals Incorporated Superfund 
Site, Laura C. Nielson Senior Thesis, Dartmouth College, Department of Earth Sciences, Hanover 
New Hampshire. 
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5. BENCH SCALE SORPTION STUDIES 

The adsorption of uranium on aquifer sediments collected from within the uranium plume were 
evaluated in a study performed at Dartmouth College (Nielsen and Bostick, 2008) and utilized to 
construct a model that accurately describes U(VI) partitioning given the variation in groundwater 
composition and sediment at the Site.  The Nielsen and Bostick, 2008 study (Nielsen and 
Bostick) is found in Appendix F of the NMI Remedial Investigation Report.    In order to 
develop an accurate model, an understanding of soil characteristics, groundwater chemistry, and 
surface reactions was required.  The key findings relative to uranium transport at the site are 
summarized below. 

5.1 Core Characterization  

Bulk soil core analyses, including sediment mineralogical and elemental analyses on cores 1 – 4 
(with 1 closest to the Holding Basin, RI- Section 2.13.6) taken within the uranium plume 
demonstrate considerable variation in uranium concentrations among cores and with depth.  
Samples from core 1 and 2, as expected, contained higher levels of uranium (51 and 27 mg/kg, 
respectively) due to their proximity to the contaminant source.  Concentrations of uranium were 
greatest within the 55-90 ft interval in each core, consistent with the known plume geometry and 
migration at the site.  Cores 3 and 4 contained low uranium concentrations, with the result of 
most extraction steps below the uranium detection limit (<0.2 mg/kg).  However, data from the 
52.6 ft depth from Core 4 showed 1.1 mg/kg of uranium from the sequential extractions.  Results 
of grain size analyses indicated that  sediments from the four soil cores within the DU plume 
were comprised of fine to coarse sands (50 μm - 2 mm in diameter).  A few samples contained a 
higher clay and silt size fraction, however these fractions never composed more than 2 percent of 
the total volume.  The mineralogy was characterized by more than 58 percent quartz by volume, 
with lesser amounts of muscovite, biotite, potassium-feldspar, albite, and kaolinite (Nielson and 
Bostick).    

Similar to the results provided by Edenspace, SEPs completed at Dartmouth revealed that 
uranium was primarily contained within the carbonate and amorphous Fe oxide extractable 
sediment fractions.  These extraction results indicate that most uranium is associated with these 
sediment fractions and that high-surface area iron oxides are important in uranium retention 
(Nielsen and Bostick).   

Data derived from both the sequential extraction procedures as well as spectral analysis support 
the presence of amorphous Fe-oxide mineral grain coatings.  Iron spectral fits (derived from 
Extended X-Ray Adsorption Fine Structure (EXAFS) confirm the presence of ferrihydrite, 
goethite, and lesser amounts of hematite, which were present as visible surface coatings on larger 
sand and silt particles (Nielson and Bostick). The presence of high surface area Fe mineral 
phases may have a large effect on U retention (Bargar et al., 1999) and as discussed in Section 4, 
are spectrally confirmed as ternary surface binding sites for uranyl carbonate complexes.    

5.2 Uranium Adsorption Isotherms  

One-hundred and forty-four batch adsorption isotherm experiments were performed on eight 
representative sediment samples from the cores 1-4. As discussed in the experimental methods 
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for this work (RI Section 2.13.6.3), four sets of experiments included variable uranium, variable 
pH, variable alkalinity, and variable calcium concentrations.   

The figure presented below shows some selected measured Kd values as a function of sample pH 
for sediment samples reacted with 50 µM initial U and no added carbonate or Ca2+

.    Under 
acidic conditions the uranyl cation is the dominant species in solution and did not exhibit strong 
adsorption to the sediments due to: 1) the fixed ionic strength interfering with ion exchange 
mechanisms (e.g. binding of the uranyl cation to clay minerals) and 2) protonation of surface 
sites, which inhibits binding of the uranyl cation (Nielson and Bostick). As pH increases from 6 
to 7, aqueous speciation of the uranyl cation changes and all but one sample shows peak 
adsorption. As pH becomes more basic, adsorption decreases and is attributable to trace 
carbonate and/or other complexing ions in solution.   

Uranium adsorption as a function of pH 
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5.3 Effect of Variable Carbonate and Calcium Activity 

When uranium concentrations were in the low to intermediate range and pH was maintained at 
neutral levels, carbonate concentrations were found to exert a strong influence on uranium 
partitioning.  Aqueous speciation calculations (Visual MINTEQ) showed that (UO2) 2CO3(OH)3

-  
would be the dominant species in solution at the low end of bicarbonate concentrations used in 
the study.  These predictions match the modeling output from Geochemist Workbench® (Section 
2).  Adsorption was greatest when this species was most abundant, however, as bicarbonate 
concentrations  increased, Ca-uranyl species replaced the calcium-free species, thereby lowering 
adsorption affinity.  In addition, an increase in Ca2+ levels lowered the adsorption affinity as 
well, likely due to the formation of Ca2UO2(CO3)3

 species which are not surface reactive. For all 
of the sediments evaluated in this study, carbonate exerted a larger effect on the adsorption of 
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uranium relative to the activity of calcium.  In fact, Nielson and Bostick suggest that calcium 
activity may have a relatively minor effect on uranium retardation at this site. 

5.4 U(VI) adsorption modeling 

Two modeling methods were utilized to generate a best fit of the adsorption isotherm data 
collected from adsorption experiments where pH was fixed at 7.  One model was based upon the 
work of Davis et al., 1998 and is a mechanistic generalized composite (GC) surface 
complexation model (SCM) and the other is based on Langmuir isotherms and is an empirical 
multi-site adsorption model. The input parameters, reactions, and distinctions among these 
methods are summarized in Nielsen and Bostick.  

Models were calibrated based upon experimental data collected from sediment from location 4 
(intermediate surface area and average mineralogical composition) and were set up to account 
for carbonate complexation in bonding with Fe-oxides on the surface of minerals.  In addition, 
the models represent partitioning of uranium at the plume front where uranium concentrations 
are lower and attenuation is anticipated to be greater. The figures presented below illustrate the 
calculated and measured U(VI) adsorption isotherms for the Langmuir based model and the GC 
SCM.  The calculated values are plotted with the experimental adsorption isotherm data are from 
sample U-4-34 at 0.05 mM (low alk.) and 1.0 mM (high alk.) bicarbonate, 0.2 mM Ca and fixed 
pH 7.0.   

The GC SCM modeling approach was implemented in a manner similar to that of Davis et al., 
2004, including a set of three surface site types with two representative adsorption reactions 
possible at each site (Nielsen and Bostick).  Surface complexation models (SCM) have the 
capability of describing changes in contaminant adsorption as chemical conditions and aqueous 
speciation vary.  However, the surface of mineral assemblages is considered too complex to be 
quantified in terms of the contribution of individual phases to adsorption.  The challenge in 
applying the surface complexation concept in the environment is to simplify the adsorption 
model, such that predicted adsorption is still calculated with mass laws that are coupled with 
aqueous speciation, while lumping parameters that are difficult to characterize in the 
environment with other parameters.  This modeling approach can be achieved with the semi-
empirical, site-binding (Generalized Composite (GC)) modeling approach.  In this approach, it is 
assumed that adsorption can be described by SCM equilibria written with “generic” surface 
functional groups (Davis, 2008). 

The Langmuir isotherm based model is consistent with measured adsorption isotherm data.  The 
Davis based GC SCM model was consistent with the measured adsorption isotherm data for the 
higher alkalinity ranges and tended to overpredict U adsorption at low alkalinity (approximately 
0.05 to 0.2 mM HCO3-). 
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Empirical soil to water partition coefficients (Kd) can be determined from experimental and 
measured data. Moderate values of Kd were observed in all adsorption experiments (generally 
between 10 and 100 L/kg, even at low U concentrations) and given a fixed solution chemistry, 
the data indicate that specific surface area controlled the magnitude of empirical Kd .  Measured 
specific surface areas ranged between 0.67 and 2.89 m2/g for samples used in isotherm 
experiments and Kd values increased linearly with increasing surface area as shown below 
(Nielsen and Bostick).   

Kd as a function of sediment surface area 

 

With the exception of high surface area sediments, these measured Kd values for sediments in 
the uranium plume downgradient of the Holding Basin are significantly lower than those 
measured in the GZA study (100 to 8,000 L/Kg) for soils within the Holding Basin.  
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5.5 Relative Importance of System Variables. 

Nielsen and Bostick conclude that the relative importance of system variables controlling 
uranium fate and transport is as follows: 1) sediment specific surface area, 2) solution alkalinity, 
3) solution pH, and 4) calcium concentration.  The effects of pH are less significant than 
alkalinity because subsurface pH is relatively constant in the aquifer. Despite the low silt and 
clay content of the sediments, there was still considerable variability in the surface area of the 
fine to coarse sands.    The results indicate surface area exerts strong controls on the magnitude 
of uranyl partitioning with high surface area minerals such as iron-oxides providing surface 
sorption sites.  The solution alkalinity controls U(VI) speciation, producing dissolved uranyl 
carbonate complexes that effect uranium adsorption and attenuation in the solid phase. Calcium 
concentration also affects uranium speciation and adsorption (e.g Ca2UO2(CO3)3 is not charged 
and is therefore not as likely to sorb as anionic uranyl carbonate species), but its contribution is 
less significant when compared with that of alkalinity and surface area.  Isotherms were 
accurately modeled using both the empirical multi-site Langmuir and the mechanistic surface 
complexation models that were predictive of uranium adsorption over the range of geochemical 
conditions used in the isotherm experiments and present at the Site (Nielsen and Bostick). 
Results of the experimental and modeling work were utilized to support development of the 
three-dimensional numerical flow and transport model to describe uranium plume mobility at the 
Site.   The SCM model was selected as a means to simulate the uranium plume transport because 
neither the Kd, Langmuir or Freundlich isotherms adequately modeled site groundwater data, 
and results of the sorption studies indicated that the SCM model was consistent with measured 
adsorption data when modeled using the range of geochemical conditions observed in the 
uranium plume. 
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APPENDIX H 

TOTAL EFFECTIVE DOSE EQUIVALENT EVALUATION 

 
This appendix provides documentation that certain soil remedial alternatives detailed in 
the Feasibility Study (FS) will ensure compliance with Massachusetts Regulations for the 
Control of Radiation, Standards for Protection against Radiation, 105 CMR 120.291, 
which is an Applicable Relevant and Appropriate Requirement (ARAR) for this Site.   
These regulations require that the annual total effective dose equivalent (TEDE) to any 
individual after the Site is released for unrestricted use should not exceed ten millirem 
(mrem) above background.   

Specifically, the alternatives to which this analysis applies are:  1) the capping of the 
former Holding Basin, and 2) excavation of site-wide soils exceeding the 2.3 mg/kg 
Depleted Uranium (DU) Preliminary Remediation Goal (PRG).  This analysis further 
considers the potential backfill material of the Holding Basin, which could either be 
uncontaminated soils, or contaminated soils collected from other impacted areas of the 
Site. 

Areas Requiring Response Actions and Proposed Remedies 

As described in the FS, ARARs are applied to areas and media for which response 
actions were determined to be required.  Remedial actions at the Site are required for 
soil, sediment, and groundwater.  One potential remedial alternative identified in the FS 
would result in the following: 

• Reduce chemical of concern (COC) concentrations in surface soil, subsurface 
soil, and sediment such that residual (post remedial) exposure point 
concentrations at the areas requiring response actions do not exceed the PRGs 
selected in the FS. 

• For DU, PRGs would be met by excavating affected soils, verifying all soils over 
PRGs have been removed through verification sampling, and then backfilling the 
excavation.   One area of the site, the former Holding Basin, where DU impacts 
are present throughout the entire soil column down to the bedrock, will require 
backfilling to grade and installation of an impermeable cap.  Other components of 
this alternative include installing a vertical barrier wall around the DU 
contaminated soil column to prevent future migration of DU in groundwater.   

• Restrict use of groundwater until COC concentrations do not exceed Maximum 
Contaminant Levels (MCLs). 

After completion of these remedial alternatives, no complete exposure pathways to 
groundwater will exist until such time that groundwater COC concentrations are reduced 
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to MCLs .  The cap will prevent: 1) direct contact with impacted soils, 2) ingestion of 
home-grown produce from the capped area, and 3) dust inhalation exposures to soil 
that is within the beneath the cap.   All surface and subsurface soil located outside of 
the cap will be associated with acceptable risks (i.e., cancer risks within the NCP risk 
range and hazards below a hazard index of 1), either because the areas were shown to 
be associated with acceptable risk in the risk assessments, or because they will have 
been remediated to concentrations that are associated with acceptable risks. 

Therefore, upon completion of these remedies, the following exposure pathways are 
assumed to be potentially complete, and will be associated with acceptable risks: 

• Residential land use direct contact, inhalation of dust, consumption of home 
grown produce, and exposure to ground (external) radiation with soil at all areas 
outside of the capped area; 

• Recreational land use direct contact with sediment; 
• Residential land use exposure to ground (external) radiation in soil at the cap. 

The following sections of this appendix provide documentation that these exposure 
pathways will be associated with residual radiation doses that do not exceed the 
MassDPH dose-based ARAR.  DU is the only radionuclide COC for which these 
exposure pathways may be potentially complete.  Furthermore, DU was not a human 
health COC in sediment; therefore, this dose evaluation is based on DU in soil. 

Dose Evaluation Methodology 

Radiation dose is quantified using techniques that mirror those used to quantify 
radiation cancer risk.  Specifically, for both cancer risk and radiation dose assessments, 
a radionuclide intake is calculated by combining a radionuclide exposure point 
concentration (EPC) with quantitative intake parameters for the applicable exposure 
pathways and land use scenario.  However, in contrast to cancer risk assessments 
where the radionuclide intake is then combined with cancer slope factors to calculate 
lifetime cancer risk, radiation dose assessments combined the radionuclide intake with 
dose conversion factors (DCFs) to derive a peak annual radiation dose.   The same 
quantitative intake parameters may be used for both cancer risk and dose assessments, 
with the exception that the exposure duration term is not used in radiation dose 
assessments (or is simply set to a value of 1 year to reflect annual dose).  For this dose 
assessment, intake parameters are based on the same exposure assumptions that 
were used to evaluate cancer risks in the human health risk assessment (HHRA) and to 
derive preliminary remediation goals (PRGs) in the FS.  This ensures that the dose 
assessment, risk assessment, and PRGs are based on the same land use scenarios 
and exposure assumptions. 
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Two of the most commonly used computer software programs for calculating radiation 
dose are the Residual Radioactivity (ResRad) software, developed by Argonne National 
Laboratory, and the Dose Compliance Calculator (DCC), developed by USEPA.  
ResRad is a multi-media, multi-exposure pathway computer code that is widely 
accepted at Nuclear Regulatory Commission (NRC) and Department of Energy (DOE)-
regulated Sites for deriving dose-based cleanup goals and evaluating compliance with 
dose-based standards.  The DCC was developed by USEPA to evaluate dose-based 
ARAR compliance at sites where cleanup goals were derived based on cancer risk and 
non-cancer hazard, including CERCLA Sites such as NMI.   By comparison to ResRad, 
the DCC is a more simplistic model which is best suited to evaluating single exposure 
media.   

Both the DCC and ResRad models were used to evaluate radiation dose at this Site.  
Specifically, the DCC was used to evaluate radiation dose associated with soil direct 
contact, dust inhalation, home-grown produce ingestion, and external exposure to DU at 
the soil areas where DU concentrations will be reduced (e.g., by excavation and 
removal of contaminated soil) to residual concentrations that do not exceed the DU 
PRG for residential land use.  ResRad wass used to evaluate radiation dose associated 
with external exposure to DU at the cap.  ResRad is better suited to evaluation of the 
post-remedial conditions at the cap because it can account for the shielding effects of 
the cap and long-term radionuclide decay. 

DCC Documentation and Results 

The DCC, which is an on-line calculation tool (USEPA, 2012), was run using the same 
exposure parameters that were used to evaluate radiation cancer risk and derive DU 
PRGs for the future residential land use scenario, as documented in the Human Health 
Risk Assessment.  The exposure parameters are based on the assumption that children 
and adults live at homes constructed at the remediated areas, and are exposed to DU in 
the soil by direct contact, dust inhalation, external exposure, and consumption of home-
grown produce.  The exposure parameters used in the model are provided in Table 1.  
The DCC calculation is documented in Attachment A.   

The DCC output is provided as the activity of each isotope evaluated (i.e., U-234,U-235, 
U-238) that corresponds to a 1 mrem/year annual dose for the exposure scenario 
evaluated.  The DCC output is converted to total activity (or mass concentration) of DU 
that corresponds to a target annual dose limit of 10 mrem/year as shown in Table 2.  As 
indicated in Table 2, a DU concentration as high as 515 mg/kg could exist under 
unrestricted use post-remedial conditions and not exceed the MassDPH dose-based 
ARAR of 10 mrem/year TEDE.  At the selected PRG of 2.3 mg/kg DU, the associated 
radiation dose would be 0.04 mrem/year. 
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ResRad Documentation and Results 

ResRad (v. 6.5; ANL, 2009) was used to calculate radiation dose associated with future 
residential land use and the proposed design of the cap.   

The cap design, as detailed in the FS, consists of multiple layers of soil, aggregate, 
HDPE membrane, and asphalt.  These layers, and their associated thicknesses, are 
provided in Table 3.  In summary, the cap will be designed with a gas venting layer, 
overlain by geosynthetic membranes, cover soil, and 17.25 inches of asphalt aggregate, 
base, and topcoat (capable of holding the weight of a full-weight semi-tractor trailer).  
The total thickness of the cap will be 54 inches (1.37 meters).   The ResRad modeling 
was performed assuming that the DU source term (i.e., DU-contaminated soil) is located 
directly beneath the cap (i.e., 1.37 meters below the cap surface). 

Because the cap will be paved, and the remedy will require that the integrity of the cap 
(i.e., pavement) be maintained, the cap will not be subject to erosion and subsequent 
decrease in cap thickness over time.  Similarly, the presence of the cap, and 
requirement to maintain the cap, prevent direct contact, dust inhalation, and cultivation 
of home-grown produce within the cap area.  Consequently, the only exposure pathway 
that will remain with the cap in-place is external exposure. 

The scenario used to evaluate radiation dose under this post-remedial design is a 
residential scenario wherein it is assumed that residents (children and adults) live on top 
of the cap.  This scenario could not actually occur, as construction of permanent 
buildings on the cap will be prohibited.  Nonetheless, this scenario allows for evaluation 
of a maximum exposure to residential populations.  Exposure parameters used in the 
model are based on the same assumptions that are used to evaluate external exposure 
in the DCC model, and match those used in the HHRA and derivation of PRGs.  
ResRad calculations are documented in Attachment B. 

To help provide perspective on the sensitivity of dose estimates to cap design 
parameters, dose estimates were evaluated under three different assumptions.  

1) The cap is constructed as indicted in Table 3.  
2) The cap is constructed entirely out of soil.  This scenario assumes that a higher 

density material (asphalt) is not present, and therefore uses a default density of 
soil (with at total cap thickness of 1.37 meters). 

3) The cap is constructed entirely out of soil, but at a thickness one-half the design 
criteria shown in Table 3.  This scenario assumes that a higher density material 
(asphalt) is not present, and therefore uses a default density of soil (with at total 
cap thickness of 0.7 meters). 

4) The cap is not maintained and erodes away within 100 years, thereby exposing 
DU-contaminated soil underlying the cap. 
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Table 4 provides a summary dose estimates and DU source term (DU concentration) 
that could exist under these scenarios without exceeding the dose ARAR.   

As indicated in Table 4, under any of the simulations which assume that a cap will be 
placed over Site soils and the only potentially complete exposure pathway is external 
exposure to radiation, DU concentrations could be 100% (i.e., pure DU metal could be 
placed beneath the cap) without exceeding the MassDPH dose-based ARAR.  Under 
the unrealistic assumption that the cap is not maintained and is removed, the residual 
concentrations of DU that could exist beneath the cap without exceeding the dose-
based ARAR are the same as those evaluated using the DCC (i.e., 515 mg/kg for a 10 
mrem/year TEDE). 

References: 

Argonne National Laboratory, 2009.  Residual Radioactivity computer code. Version 
6.5.  Released October 30, 2009.  http://web.ead.anl.gov/resrad/home2/ 

USEPA, 2012.  Dose Compliance Concentrations for Radionuclides.  http://epa-
dccs.ornl.gov/ 
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Table 1
Dose Compliance Calculator (DCC) Input Parameters

Exposure 
Route

Receptor 
Population

Receptor Age Parameter Code Parameter Definition Value Units Rationale/ Reference

Ingestion Resident Adult IR-S Ingestion Rate of Soil 100 mg/day USEPA, 1994
FI Fraction Ingested 1 unitless Assumption
EF Exposure Frequency 161 day/yr Site-specific [1]
ED Exposure Duration 24 yr USEPA, 1994

Resident Child IR-S Ingestion Rate of Soil 200 mg/day USEPA, 1994
(ages 1 - 6) FI Fraction Ingested 1 unitless Assumption

EF Exposure Frequency 161 day/yr Site-specific [1]
ED Exposure Duration 6 yr USEPA, 1994

External Resident Adult EFi Exposure Frequency - indoor 350 day/yr USEPA, 2000
EFo Exposure Frequency - outdoor 186 day/yr Site-specific [1]
ED Exposure Duration 24 yr USEPA, 1994
ETo Exposure Time - outdoors 0.073 hr/hr USEPA, 2000 [4]
ETi Exposure Time - indoors 0.683 hr/hr USEPA, 2000 [5]
ACF Area Correction Factor Calculated unitless USEPA, 2012 [2]
SHFi Sheilding Factor - indoor 0.4 unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Resident Child EFi Exposure Frequency - indoor 350 day/yr USEPA, 2000
(ages 1 - 6) EFo Exposure Frequency - outdoor 186 day/yr Site-specific [1]

ED Exposure Duration 6 yr USEPA, 1994
ETo Exposure Time - outdoors 0.125 hr/hr USEPA, 2002b [6]
ETi Exposure Time - indoors 0.833 hr/hr USEPA, 2002b [7]
ACF Area Correction Factor Calculated unitless USEPA, 2012 [2]
SHFi Sheilding Factor - indoor 0.4 unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption

Resident Combined EF Exposure Frequency 161 day/yr USEPA, 2000
(Ages 1 - 30) ED Exposure Duration 30 yr USEPA, 1994

ETo Exposure Time - outdoors 0.096 hr/hr Calculated [3]
ETi Exposure Time - indoors 1.55 hr/hr Calculated [8]
ACF Area Correction Factor Calculated unitless USEPA, 2012 [2]
SHFi Sheilding Factor - indoor 0.4 unitless USEPA, 2000
SHFo Sheilding Factor - outdoor 1 unitless Assumption
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Table 1
Dose Compliance Calculator (DCC) Input Parameters

Exposure 
Route

Receptor 
Population

Receptor Age Parameter Code Parameter Definition Value Units Rationale/ Reference

Dust Resident Adult EFi Exposure Frequency - indoor 350 day/yr USEPA, 2000
Inhalation EFo Exposure Frequency - outdoor 161 day/yr Site-specific [1]

ED Exposure Duration 24 yr USEPA, 1994
IRi Inhalation Rate - Indoor 13.3 m3/day USEPA, 1997 [12]
IRo Inhalation Rate - outdoor 38.4 m3/day USEPA, 1997 [12]
IRt Inhalation Rate - total 22.5 m3/day Calculated [9]
ETo Exposure Time - outdoors 0.073 hr/hr USEPA, 2000 [4]
ETi Exposure Time - indoors 0.683 hr/hr USEPA, 2000 [5]
DF Indoor Dust Dilution Factor 0.4 unitless USEPA, 2000
PEF Particulate Emission Factor 1.07E+09 m3/kg per USEPA, 2012 [13]

Resident Child EFi Exposure Frequency - indoor 350 day/yr USEPA, 2000
(ages 1 - 6) EFo Exposure Frequency - outdoor 161 day/yr Site-specific [1]

ED Exposure Duration 6 yr USEPA, 1994
IRi Inhalation Rate - Indoor 8.3 m3/day USEPA, 1997 [12]
IRo Inhalation Rate - outdoor 28.8 m3/day USEPA, 1997 [12]
IRt Inhalation Rate - total 18.6 m3/day Calculated [10]
ETo Exposure Time - outdoors 0.125 hr/hr USEPA, 2002b [6]
ETi Exposure Time - indoors 0.833 hr/hr USEPA, 2002b [7]
DF Indoor Dust Dilution Factor 0.4 unitless USEPA, 2000
PEF Particulate Emission Factor 1.07E+09 m3/kg per USEPA, 2012 [13]

USEPA, 1994.  “Risk Updates No. 2”; USEPA Region I, Waste Management Division; August.  Values from "Attachment 2" to Risk Updates No. 2.
USEPA, 1997.  "Exposure Factors Handbook, Volume 1"; Office of Research and Development; EPA-600/P-95/002Fa; Washington, D.C.; August.
USEPA, 2000.  Soil Screening Guidance for Radionuclides: User's Guide.  Office of Radiation and Indoor Air.  EPA/540-R-00-007.  October.
USEPA, 2002a.  Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites.  OSWER 9355.4-24.  December.
USEPA, 2002b.  Child-Specific Exposure Factors Handbook.  NCEA.  EPA-600-P-00-002B.  September.
USEPA, 2004.  "Risk Assessment Guidance for Superfund.  Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
[1] - Per USEPA (1994), the exposure frequency is derived as a site-specific value that accounts for climactic conditions in Concord, MA.  Derivation of values is provided below.
[2] - Calculated by DCC for a 2000 square meter slab area.
[3] - Calculated as: (186 / 161) *((0.073*24 + 0.125*6)/30)
[4] - USEPA residential default; value corresponds to 1.75 hours per day outdoors at a place of residence.
[5] - USEPA residential default; value corresponds to 16.4 hours per day indoors at a place of residence.
[6] - Based on USEPA-recommended value of 3 hours per day outdoors at a place of residence.
[7] - Based on USEPA-recommended value of 20 hours per day indoors at a place of residence.
[8] - Calculated as: (350 / 161) *((0.683*24 + 0.833*6)/30)
[9] - Calculated as:  38.4*0.073 + ((350 / 161) *(13.3*0.683))
[10] - Calculated as:  28.8*0.125 + ((350 / 161) *(8.3*0833))
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Table 1
Dose Compliance Calculator (DCC) Input Parameters

Exposure 
Route

Receptor 
Population

Receptor Age Parameter Code Parameter Definition Value Units Rationale/ Reference

[12] - Indoor based on long-term exposures; outdoor based on short-term exposures, moderate activities.  Child value is based on value for children ages 3 through 5, and adult value is 
based on average of adult males and females (EPA, 1997, Table 5-23)
[13] - Emission models are provided in Appendix D3 and D4 of the HHRA.

NA - Not Applicable
kg - kilograms ug - micrograms
cm2 - square centimeters pCi - picocurie UCL - upper confidence limit
g - grams hr - hour

Derivation of residential exposure frequencies:
Direct contact & dust inhalation:

365 days/year
-15 days/year (EPA default assumption that people are away from home 15 days per year)
-90 Days when ground is frozen (Dec, Jan, Feb) and direct contact cannot occur
-99 Average number of days with more than 0.01 inches of preciptiation Mar - Nov (NOAA; Worcester, MA:  http://ols.nndc.noaa.gov/plolstore/plsql/olstore.prodspecific?prodnum=C00095-PUB-A0001)
161 Days per year that direct conact exposures could potentially occur

External Exposure to ionizing radation:
365 days/year
-15 days/year (EPA default assumption that people are away from home 15 days per year)
-30 Days per year when ground is snow-covered (conservatively estimated as 1/3 of the days Dec - Feb).
-35 Average number of days with more than 0.01 inches of preciptiation Dec - Feb (NOAA; Worcester, MA:  http://ols.nndc.noaa.gov/plolstore/plsql/olstore.prodspecific?prodnum=C00095-PUB-A0001)
-99 Average number of days with more than 0.01 inches of preciptiation Mar - Nov (NOAA; Worcester, MA:  http://ols.nndc.noaa.gov/plolstore/plsql/olstore.prodspecific?prodnum=C00095-PUB-A0001)
186 Days per year that external exposures to radiation could potentially occur

–              Vegetable intake:  9.7 kilograms per year (kg/yr) (adult), 2.1 kg/yr (child).  Derived as the 95th percentile per-capita vegetable intake ‘as eaten’ (10 grams/kilogram/day (g/kg/day); Table 9-29 of Exposure Factors 
Handbook8) multiplied by body weight (child = 15 kilograms (kg), adult = 70 kg), multiplied by the fraction of vegetable intake that is home-produced in the northeast U.S. (0.038; Table 13-71 of Exposure Factors Handbook8), 
multiplied by 365 days per year.

–              Fruit intake:  1.5 kg/yr (adult), 0.33 kg/yr (child).  Derived as the 95th percentile per-capita fruit intake ‘as eaten’ (12 g/kg/day; Table 9-29 of Exposure Factors Handbook8) multiplied by body weight (child = 15 kg, adult = 
70 kg), multiplied by the fraction of fruit intake that is home-produced in the northeast U.S. (0.005; Table 13-71 of Exposure Factors Handbook8), multiplied by 365 days per year.

–              Because the fraction of fruit and vegetables that are home-produced, and thus grown at the Site, is incorporated into the intake values, the contaminated plant fraction parameter is established at a value of 1.0.



Table 2
Dose Compliance Calculator (DCC) Results and Dose-Based DU Concentration

Isotope
Mass Isotope Abundance 

(DU @ 0.2% U-235)
Mass Isotope Associated with 

1 mrem/yr Dose [a]
Mass DU Associated with 

10 mrem/yr Dose
Dose Associated 
with Mass of DU

(%) (mg/kg) (mg/kg) (mrem/yr)
U-238 99.7982% 55.2 514 9.31
U-235 0.2009% 2.41 1.03 0.429
U-234 0.0009% 0.0179 0.00464 0.259

100.0000% 515 10.0

[a] - Calculated in Dose Compliance Calculator (DCC) - See Attachment A



Table 3
Holding Basin Cap Design

Cap Material Thickness Density
(inch) (g/cm3)

Asphalt 1.25 2.24
Asphalt Base 8 2.24
Aggregate 8 2.64
Cover Fill
Drainage Composite
60 Mill Membrane --
Geosynthetic clay liner --
Gas Venting Aggregate 6 1.5

Total Thickness 54 inches (1.37 meters)
Weighted density 1.84 g/cm3

30.75 1.5



Table 4
Rerad Results and Dose-Based DU Concentrations for Holding  Basin

DU Concentration (mg/kg)
Scenario Peak Dose [a] 10 mrem/yr 1 mrem/yr
Resident with permanent cap and weighted density [b] 1.04E-09 mrem/yr 9.62E+11 9.62E+10
Resident with permanent cap and default density [c] 4.37E-08 mrem/yr 2.29E+10 2.29E+09
Resident with permanent cap at half thickness and default density [d] 2.75E-04 mrem/yr 3.64E+06 3.64E+05
Resident - cap erodes, exposing soil [e] 5.15E+02 5.15E+01

[a] - Calculated in ResRad - See Attachment B.
[b] - Using cap design parameters shown in Table 3
[c] - Using cap thickness shown in Table 3 with a density for soil; this assumes that the cap cover material is soil, as opposed to asphalt
[d] - Using one-half the cap thickness shown in Table 3 with a density for soil; this assumes that the cap cover material is soil, as opposed to asphalt
[e] - Assumes direct contact, ingestion of home grown produce, and external exposure under residential use conditions,
     assuming that cap is no longer present and DU-contaminated soil is exposed.



Attachment A 

Dose Compliance Concentration Calculator 

   



Site-Specific
Resident Equation Inputs for Soil
 
 

Variable Value
Slab size for ACF (area correction factor) m2 2000
DL (dose limit) mrem 1
tr (time - resident) yr 1
EDr (exposure duration - resident) yr 1
ETr-o (outdoor exposure time fraction - resident) hr/hr 0.096
ETr-i (indoor exposure time fraction - resident) hr/hr 1.55
EDr-c (exposure duration - child) yr 1
EFr (exposure frequency) day/yr 161
IRSr-a (soil intake rate - adult) mg/day 100
IRSr-c (soil intake rate - child) mg/day 200
IRFr-a (fruit consumption rate - adult) mg/day 4.1
IRFr-c (fruit consumption rate - child) mg/day 0.9
IRVr-a (vegetable consumption rate - adult) mg/day 26.5
IRVr-c (vegetable consumption rate - child) mg/day 5.7
IRAr-a (inhalation rate - adult) m3/day 22.5
IRAr-c (inhalation rate - child) m3/day 18.6
IFFr-adj (age-adjusted fruit ingestion factor) mg-yr/kg-day 17.48
IFVr-adj (age-adjusted vegetable ingestion factor) mg-yr/kg-day 9.08
IFSr-adj (age-adjusted soil ingestion factor) mg/day 120
IFAr-adj (age-adjusted soil inhalation factor) m3/day 18
GSFi (gamma shielding factor - indoor) 0.4
CPFr (contaminated plant fraction) 1

Output generated   17DEC2012:09:34:17



Site-Specific
Resident DCCs for Soil

Isotope

ICRP
Lung

Absorption
Type

Ingestion
DCF

(mrem/pCi)

Inhalation
DCF

(mrem/pCi)

External Exposure
DCF

(mrem/yr per pCi/g)

 Volatilization
  Factor
 (m3/kg)

 Particulate
  Emission Factor

 (m3/kg)
Lambda

(1/yr)
U-234 M 1.81E-04 1.30E-02 3.43E-04 - 1.07E+09 2.83E-06
U-235+D M - - 6.90E-01 - 1.07E+09 9.85E-10
U-238+D M 1.67E-04 1.07E-02 1.56E-01 - 1.07E+09 1.55E-10

Output generated   17DEC2012:09:34:17

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234�
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235�
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238�


Area
Correction

Factor

Wet Soil-to-plant
transfer factor

(unitless)

 Ingestion
 DCC

 (pCi/g)

Inhalation
 DCC

 (pCi/g)

 External 
Exposure

 DCC
 (pCi/g)

 Produce 
Ingestion

 DCC
 (pCi/g)

 Total
 DCC

 (pCi/g)

 Total
 DCC

 (mg/kg)
9.89E-01 2.50E-03 2.85E+02 2.86E+04 9.33E+03 1.88E+02 1.12E+02 1.79E-02
8.81E-01 2.50E-03 - - 5.21E+00 - 5.21E+00 2.41E+00
9.31E-01 2.50E-03 3.11E+02 3.45E+04 2.18E+01 2.05E+02 1.85E+01 5.52E+01



Attachment B 

ResRad Outputs 

   



Scenario 1: 

Resident – Cap as Designed 

   



Scenario 2: 

Resident – Cap / No Asphalt 

   



 

Scenario 3: 

Resident – Cap / No Asphalt / One‐half Design Thickness 
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                          Dose Conversion Factor (and Related) Parameter Summary

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

A-1  ³ DCF's for external ground radiation, (mrem/yr)/(pCi/g)      ³           ³           ³

A-1  ³ Ac-227   (Source: FGR 12)                                   ³ 4.951E-04 ³ 4.951E-04 ³ DCF1(  1)    

A-1  ³ At-218   (Source: FGR 12)                                   ³ 5.847E-03 ³ 5.847E-03 ³ DCF1(  2)    

A-1  ³ Bi-210   (Source: FGR 12)                                   ³ 3.606E-03 ³ 3.606E-03 ³ DCF1(  3)    

A-1  ³ Bi-211   (Source: FGR 12)                                   ³ 2.559E-01 ³ 2.559E-01 ³ DCF1(  4)    

A-1  ³ Bi-214   (Source: FGR 12)                                   ³ 9.808E+00 ³ 9.808E+00 ³ DCF1(  5)    

A-1  ³ Fr-223   (Source: FGR 12)                                   ³ 1.980E-01 ³ 1.980E-01 ³ DCF1(  6)    

A-1  ³ Pa-231   (Source: FGR 12)                                   ³ 1.906E-01 ³ 1.906E-01 ³ DCF1(  7)    

A-1  ³ Pa-234   (Source: FGR 12)                                   ³ 1.155E+01 ³ 1.155E+01 ³ DCF1(  8)    

A-1  ³ Pa-234m  (Source: FGR 12)                                   ³ 8.967E-02 ³ 8.967E-02 ³ DCF1(  9)    

A-1  ³ Pb-210   (Source: FGR 12)                                   ³ 2.447E-03 ³ 2.447E-03 ³ DCF1( 10)    

A-1  ³ Pb-211   (Source: FGR 12)                                   ³ 3.064E-01 ³ 3.064E-01 ³ DCF1( 11)    

A-1  ³ Pb-214   (Source: FGR 12)                                   ³ 1.341E+00 ³ 1.341E+00 ³ DCF1( 12)    

A-1  ³ Po-210   (Source: FGR 12)                                   ³ 5.231E-05 ³ 5.231E-05 ³ DCF1( 13)    

A-1  ³ Po-211   (Source: FGR 12)                                   ³ 4.764E-02 ³ 4.764E-02 ³ DCF1( 14)    

A-1  ³ Po-214   (Source: FGR 12)                                   ³ 5.138E-04 ³ 5.138E-04 ³ DCF1( 15)    

A-1  ³ Po-215   (Source: FGR 12)                                   ³ 1.016E-03 ³ 1.016E-03 ³ DCF1( 16)    

A-1  ³ Po-218   (Source: FGR 12)                                   ³ 5.642E-05 ³ 5.642E-05 ³ DCF1( 17)    

A-1  ³ Ra-223   (Source: FGR 12)                                   ³ 6.034E-01 ³ 6.034E-01 ³ DCF1( 18)    

A-1  ³ Ra-226   (Source: FGR 12)                                   ³ 3.176E-02 ³ 3.176E-02 ³ DCF1( 19)    

A-1  ³ Rn-219   (Source: FGR 12)                                   ³ 3.083E-01 ³ 3.083E-01 ³ DCF1( 20)    

A-1  ³ Rn-222   (Source: FGR 12)                                   ³ 2.354E-03 ³ 2.354E-03 ³ DCF1( 21)    

A-1  ³ Th-227   (Source: FGR 12)                                   ³ 5.212E-01 ³ 5.212E-01 ³ DCF1( 22)    

A-1  ³ Th-230   (Source: FGR 12)                                   ³ 1.209E-03 ³ 1.209E-03 ³ DCF1( 23)    

A-1  ³ Th-231   (Source: FGR 12)                                   ³ 3.643E-02 ³ 3.643E-02 ³ DCF1( 24)    

A-1  ³ Th-234   (Source: FGR 12)                                   ³ 2.410E-02 ³ 2.410E-02 ³ DCF1( 25)    

A-1  ³ Tl-207   (Source: FGR 12)                                   ³ 1.980E-02 ³ 1.980E-02 ³ DCF1( 26)    

A-1  ³ Tl-210   (Source: no data)                                  ³ 0.000E+00 ³-2.000E+00 ³ DCF1( 27)    

A-1  ³ U-234    (Source: FGR 12)                                   ³ 4.017E-04 ³ 4.017E-04 ³ DCF1( 28)    

A-1  ³ U-235    (Source: FGR 12)                                   ³ 7.211E-01 ³ 7.211E-01 ³ DCF1( 29)    

A-1  ³ U-238    (Source: FGR 12)                                   ³ 1.031E-04 ³ 1.031E-04 ³ DCF1( 30)    

     ³                                                             ³           ³           ³

B-1  ³ Dose conversion factors for inhalation, mrem/pCi:           ³           ³           ³

B-1  ³ Ac-227+D                                                    ³ 6.724E+00 ³ 6.700E+00 ³ DCF2(  1)    

B-1  ³ Pa-231                                                      ³ 1.280E+00 ³ 1.280E+00 ³ DCF2(  2)    

B-1  ³ Pb-210+D                                                    ³ 2.320E-02 ³ 1.360E-02 ³ DCF2(  3)    

B-1  ³ Ra-226+D                                                    ³ 8.594E-03 ³ 8.580E-03 ³ DCF2(  4)    

B-1  ³ Th-230                                                      ³ 3.260E-01 ³ 3.260E-01 ³ DCF2(  5)    

B-1  ³ U-234                                                       ³ 1.320E-01 ³ 1.320E-01 ³ DCF2(  6)    

B-1  ³ U-235+D                                                     ³ 1.230E-01 ³ 1.230E-01 ³ DCF2(  7)    

B-1  ³ U-238                                                       ³ 1.180E-01 ³ 1.180E-01 ³ DCF2(  8)    

B-1  ³ U-238+D                                                     ³ 1.180E-01 ³ 1.180E-01 ³ DCF2(  9)    

     ³                                                             ³           ³           ³

D-1  ³ Dose conversion factors for ingestion, mrem/pCi:            ³           ³           ³

D-1  ³ Ac-227+D                                                    ³ 1.480E-02 ³ 1.410E-02 ³ DCF3(  1)    

D-1  ³ Pa-231                                                      ³ 1.060E-02 ³ 1.060E-02 ³ DCF3(  2)    

D-1  ³ Pb-210+D                                                    ³ 7.276E-03 ³ 5.370E-03 ³ DCF3(  3)    

D-1  ³ Ra-226+D                                                    ³ 1.321E-03 ³ 1.320E-03 ³ DCF3(  4)    

D-1  ³ Th-230                                                      ³ 5.480E-04 ³ 5.480E-04 ³ DCF3(  5)    

D-1  ³ U-234                                                       ³ 2.830E-04 ³ 2.830E-04 ³ DCF3(  6)    
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                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter
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ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

D-1  ³ U-235+D                                                     ³ 2.673E-04 ³ 2.660E-04 ³ DCF3(  7)    

D-1  ³ U-238                                                       ³ 2.550E-04 ³ 2.550E-04 ³ DCF3(  8)    

D-1  ³ U-238+D                                                     ³ 2.687E-04 ³ 2.550E-04 ³ DCF3(  9)    

     ³                                                             ³           ³           ³

D-34 ³ Food transfer factors:                                      ³           ³           ³

D-34 ³ Ac-227+D  , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  1,1)   

D-34 ³ Ac-227+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 2.000E-05 ³ 2.000E-05 ³ RTF(  1,2)   

D-34 ³ Ac-227+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 2.000E-05 ³ 2.000E-05 ³ RTF(  1,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Pa-231    , plant/soil concentration ratio, dimensionless   ³ 1.000E-02 ³ 1.000E-02 ³ RTF(  2,1)   

D-34 ³ Pa-231    , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 5.000E-03 ³ 5.000E-03 ³ RTF(  2,2)   

D-34 ³ Pa-231    , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 5.000E-06 ³ 5.000E-06 ³ RTF(  2,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Pb-210+D  , plant/soil concentration ratio, dimensionless   ³ 1.000E-02 ³ 1.000E-02 ³ RTF(  3,1)   

D-34 ³ Pb-210+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 8.000E-04 ³ 8.000E-04 ³ RTF(  3,2)   

D-34 ³ Pb-210+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 3.000E-04 ³ 3.000E-04 ³ RTF(  3,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Ra-226+D  , plant/soil concentration ratio, dimensionless   ³ 4.000E-02 ³ 4.000E-02 ³ RTF(  4,1)   

D-34 ³ Ra-226+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  4,2)   

D-34 ³ Ra-226+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  4,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Th-230    , plant/soil concentration ratio, dimensionless   ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  5,1)   

D-34 ³ Th-230    , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 1.000E-04 ³ 1.000E-04 ³ RTF(  5,2)   

D-34 ³ Th-230    , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 5.000E-06 ³ 5.000E-06 ³ RTF(  5,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-234     , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  6,1)   

D-34 ³ U-234     , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  6,2)   

D-34 ³ U-234     , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  6,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-235+D   , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  7,1)   

D-34 ³ U-235+D   , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  7,2)   

D-34 ³ U-235+D   , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  7,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-238     , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  8,1)   

D-34 ³ U-238     , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  8,2)   

D-34 ³ U-238     , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  8,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-238+D   , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  9,1)   

D-34 ³ U-238+D   , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  9,2)   

D-34 ³ U-238+D   , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  9,3)   

     ³                                                             ³           ³           ³

D-5  ³ Bioaccumulation factors, fresh water, L/kg:                 ³           ³           ³

D-5  ³ Ac-227+D  , fish                                            ³ 1.500E+01 ³ 1.500E+01 ³ BIOFAC(  1,1)

D-5  ³ Ac-227+D  , crustacea and mollusks                          ³ 1.000E+03 ³ 1.000E+03 ³ BIOFAC(  1,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Pa-231    , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  2,1)

D-5  ³ Pa-231    , crustacea and mollusks                          ³ 1.100E+02 ³ 1.100E+02 ³ BIOFAC(  2,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Pb-210+D  , fish                                            ³ 3.000E+02 ³ 3.000E+02 ³ BIOFAC(  3,1)

D-5  ³ Pb-210+D  , crustacea and mollusks                          ³ 1.000E+02 ³ 1.000E+02 ³ BIOFAC(  3,2)
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D-5  ³ Ra-226+D  , fish                                            ³ 5.000E+01 ³ 5.000E+01 ³ BIOFAC(  4,1)

D-5  ³ Ra-226+D  , crustacea and mollusks                          ³ 2.500E+02 ³ 2.500E+02 ³ BIOFAC(  4,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Th-230    , fish                                            ³ 1.000E+02 ³ 1.000E+02 ³ BIOFAC(  5,1)

D-5  ³ Th-230    , crustacea and mollusks                          ³ 5.000E+02 ³ 5.000E+02 ³ BIOFAC(  5,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-234     , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  6,1)

D-5  ³ U-234     , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  6,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-235+D   , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  7,1)

D-5  ³ U-235+D   , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  7,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-238     , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  8,1)

D-5  ³ U-238     , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  8,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-238+D   , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  9,1)

D-5  ³ U-238+D   , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  9,2)

ÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

#For DCF1(xxx) only, factors are for infinite depth & area.  See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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R011 ³ Area of contaminated zone (m**2)                 ³ 2.416E+03 ³ 1.000E+04 ³              ---               ³ AREA         

R011 ³ Thickness of contaminated zone (m)               ³ 8.000E+01 ³ 2.000E+00 ³              ---               ³ THICK0       

R011 ³ Fraction of contamination that is submerged      ³ 5.000E-01 ³ 0.000E+00 ³              ---               ³ SUBMFRACT    

R011 ³ Length parallel to aquifer flow (m)              ³ not used  ³ 1.000E+02 ³              ---               ³ LCZPAQ       

R011 ³ Basic radiation dose limit (mrem/yr)             ³ 2.500E+01 ³ 3.000E+01 ³              ---               ³ BRDL         

R011 ³ Time since placement of material (yr)            ³ 0.000E+00 ³ 0.000E+00 ³              ---               ³ TI           

R011 ³ Times for calculations (yr)                      ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ T( 2)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+00 ³ 3.000E+00 ³              ---               ³ T( 3)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+01 ³ 1.000E+01 ³              ---               ³ T( 4)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+01 ³ 3.000E+01 ³              ---               ³ T( 5)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+02 ³ 1.000E+02 ³              ---               ³ T( 6)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+02 ³ 3.000E+02 ³              ---               ³ T( 7)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+03 ³ 1.000E+03 ³              ---               ³ T( 8)        

R011 ³ Times for calculations (yr)                      ³ not used  ³ 0.000E+00 ³              ---               ³ T( 9)        

R011 ³ Times for calculations (yr)                      ³ not used  ³ 0.000E+00 ³              ---               ³ T(10)        

     ³                                                  ³           ³           ³                                ³

R012 ³ Initial principal radionuclide (pCi/g):  U-234   ³ 5.680E+00 ³ 0.000E+00 ³              ---               ³ S1(6)        

R012 ³ Initial principal radionuclide (pCi/g):  U-235   ³ 4.310E-01 ³ 0.000E+00 ³              ---               ³ S1(7)        

R012 ³ Initial principal radionuclide (pCi/g):  U-238   ³ 3.330E+01 ³ 0.000E+00 ³              ---               ³ S1(8)        

R012 ³ Concentration in groundwater   (pCi/L):  U-234   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 6)       

R012 ³ Concentration in groundwater   (pCi/L):  U-235   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 7)       

R012 ³ Concentration in groundwater   (pCi/L):  U-238   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 8)       

     ³                                                  ³           ³           ³                                ³

R013 ³ Cover depth (m)                                  ³ 1.370E+00 ³ 0.000E+00 ³              ---               ³ COVER0       

R013 ³ Density of cover material (g/cm**3)              ³ 1.840E+00 ³ 1.500E+00 ³              ---               ³ DENSCV       

R013 ³ Cover depth erosion rate (m/yr)                  ³ 6.000E-05 ³ 1.000E-03 ³              ---               ³ VCV          

R013 ³ Density of contaminated zone (g/cm**3)           ³ 1.500E+00 ³ 1.500E+00 ³              ---               ³ DENSCZ       

R013 ³ Contaminated zone erosion rate (m/yr)            ³ 1.000E-03 ³ 1.000E-03 ³              ---               ³ VCZ          

R013 ³ Contaminated zone total porosity                 ³ 4.000E-01 ³ 4.000E-01 ³              ---               ³ TPCZ         

R013 ³ Contaminated zone field capacity                 ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ FCCZ         

R013 ³ Contaminated zone hydraulic conductivity (m/yr)  ³ 1.000E+01 ³ 1.000E+01 ³              ---               ³ HCCZ         

R013 ³ Contaminated zone b parameter                    ³ 5.300E+00 ³ 5.300E+00 ³              ---               ³ BCZ          

R013 ³ Average annual wind speed (m/sec)                ³ 2.000E+00 ³ 2.000E+00 ³              ---               ³ WIND         

R013 ³ Humidity in air (g/m**3)                         ³ not used  ³ 8.000E+00 ³              ---               ³ HUMID        

R013 ³ Evapotranspiration coefficient                   ³ 5.000E-01 ³ 5.000E-01 ³              ---               ³ EVAPTR       

R013 ³ Precipitation (m/yr)                             ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ PRECIP       

R013 ³ Irrigation (m/yr)                                ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ RI           

R013 ³ Irrigation mode                                  ³ overhead  ³ overhead  ³              ---               ³ IDITCH       

R013 ³ Runoff coefficient                               ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ RUNOFF       

R013 ³ Watershed area for nearby stream or pond (m**2)  ³ not used  ³ 1.000E+06 ³              ---               ³ WAREA        

R013 ³ Accuracy for water/soil computations             ³ not used  ³ 1.000E-03 ³              ---               ³ EPS          

     ³                                                  ³           ³           ³                                ³

R014 ³ Density of saturated zone (g/cm**3)              ³ not used  ³ 1.500E+00 ³              ---               ³ DENSAQ       

R014 ³ Saturated zone total porosity                    ³ not used  ³ 4.000E-01 ³              ---               ³ TPSZ         

R014 ³ Saturated zone effective porosity                ³ not used  ³ 2.000E-01 ³              ---               ³ EPSZ         

R014 ³ Saturated zone field capacity                    ³ not used  ³ 2.000E-01 ³              ---               ³ FCSZ         

R014 ³ Saturated zone hydraulic conductivity (m/yr)     ³ not used  ³ 1.000E+02 ³              ---               ³ HCSZ         

R014 ³ Saturated zone hydraulic gradient                ³ not used  ³ 2.000E-02 ³              ---               ³ HGWT         

R014 ³ Saturated zone b parameter                       ³ not used  ³ 5.300E+00 ³              ---               ³ BSZ          

R014 ³ Water table drop rate (m/yr)                     ³ not used  ³ 1.000E-03 ³              ---               ³ VWT          
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R014 ³ Well pump intake depth (m below water table)     ³ not used  ³ 1.000E+01 ³              ---               ³ DWIBWT       

R014 ³ Model: Nondispersion (ND) or Mass-Balance (MB)   ³ not used  ³ ND        ³              ---               ³ MODEL        

R014 ³ Well pumping rate (m**3/yr)                      ³ not used  ³ 2.500E+02 ³              ---               ³ UW           

     ³                                                  ³           ³           ³                                ³

R015 ³ Number of unsaturated zone strata                ³ not used  ³ 1         ³              ---               ³ NS           

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-234              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 6)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 6)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 6)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 6)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-235              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 7)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 7)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 7)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 7)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-238              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 8)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 8)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 8)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 8)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Ac-227    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 2.000E+01 ³ 2.000E+01 ³              ---               ³ DCNUCC( 1)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 2.000E+01 ³              ---               ³ DCNUCS( 1)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           5.345E-04            ³ ALEACH( 1)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 1)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Pa-231    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 2)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 2)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 2)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 2)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Pb-210    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 1.000E+02 ³ 1.000E+02 ³              ---               ³ DCNUCC( 3)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 1.000E+02 ³              ---               ³ DCNUCS( 3)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.080E-04            ³ ALEACH( 3)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 3)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Ra-226    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 7.000E+01 ³ 7.000E+01 ³              ---               ³ DCNUCC( 4)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 7.000E+01 ³              ---               ³ DCNUCS( 4)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.542E-04            ³ ALEACH( 4)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 4)  
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R016 ³ Distribution coefficients for daughter Th-230    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 6.000E+04 ³ 6.000E+04 ³              ---               ³ DCNUCC( 5)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 6.000E+04 ³              ---               ³ DCNUCS( 5)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.806E-07            ³ ALEACH( 5)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 5)  

     ³                                                  ³           ³           ³                                ³

R017 ³ Inhalation rate (m**3/yr)                        ³ not used  ³ 8.400E+03 ³              ---               ³ INHALR       

R017 ³ Mass loading for inhalation (g/m**3)             ³ not used  ³ 1.000E-04 ³              ---               ³ MLINH        

R017 ³ Exposure duration                                ³ 3.000E+01 ³ 3.000E+01 ³              ---               ³ ED           

R017 ³ Shielding factor, inhalation                     ³ not used  ³ 4.000E-01 ³              ---               ³ SHF3         

R017 ³ Shielding factor, external gamma                 ³ 6.000E-01 ³ 7.000E-01 ³              ---               ³ SHF1         

R017 ³ Fraction of time spent indoors                   ³ 6.800E-01 ³ 5.000E-01 ³              ---               ³ FIND         

R017 ³ Fraction of time spent outdoors (on site)        ³ 4.200E-02 ³ 2.500E-01 ³              ---               ³ FOTD         

R017 ³ Shape factor flag, external gamma                ³ 1.000E+00 ³ 1.000E+00 ³    >0 shows circular AREA.     ³ FS          

R017 ³ Radii of shape factor array (used if FS = -1):   ³           ³           ³                                ³

R017 ³   Outer annular radius (m), ring  1:             ³ not used  ³ 5.000E+01 ³              ---               ³ RAD_SHAPE( 1)

R017 ³   Outer annular radius (m), ring  2:             ³ not used  ³ 7.071E+01 ³              ---               ³ RAD_SHAPE( 2)

R017 ³   Outer annular radius (m), ring  3:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 3)

R017 ³   Outer annular radius (m), ring  4:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 4)

R017 ³   Outer annular radius (m), ring  5:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 5)

R017 ³   Outer annular radius (m), ring  6:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 6)

R017 ³   Outer annular radius (m), ring  7:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 7)

R017 ³   Outer annular radius (m), ring  8:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 8)

R017 ³   Outer annular radius (m), ring  9:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 9)

R017 ³   Outer annular radius (m), ring 10:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(10)

R017 ³   Outer annular radius (m), ring 11:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(11)

R017 ³   Outer annular radius (m), ring 12:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(12)

     ³                                                  ³           ³           ³                                ³

R017 ³ Fractions of annular areas within AREA:          ³           ³           ³                                ³

R017 ³   Ring  1                                        ³ not used  ³ 1.000E+00 ³              ---               ³ FRACA( 1)    

R017 ³   Ring  2                                        ³ not used  ³ 2.732E-01 ³              ---               ³ FRACA( 2)    

R017 ³   Ring  3                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 3)    

R017 ³   Ring  4                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 4)    

R017 ³   Ring  5                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 5)    

R017 ³   Ring  6                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 6)    

R017 ³   Ring  7                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 7)    

R017 ³   Ring  8                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 8)    

R017 ³   Ring  9                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 9)    

R017 ³   Ring 10                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(10)    

R017 ³   Ring 11                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(11)    

R017 ³   Ring 12                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(12)    

     ³                                                  ³           ³           ³                                ³

R018 ³ Fruits, vegetables and grain consumption (kg/yr) ³ not used  ³ 1.600E+02 ³              ---               ³ DIET(1)      

R018 ³ Leafy vegetable consumption (kg/yr)              ³ not used  ³ 1.400E+01 ³              ---               ³ DIET(2)      

R018 ³ Milk consumption (L/yr)                          ³ not used  ³ 9.200E+01 ³              ---               ³ DIET(3)      

R018 ³ Meat and poultry consumption (kg/yr)             ³ not used  ³ 6.300E+01 ³              ---               ³ DIET(4)      

R018 ³ Fish consumption (kg/yr)                         ³ not used  ³ 5.400E+00 ³              ---               ³ DIET(5)      

R018 ³ Other seafood consumption (kg/yr)                ³ not used  ³ 9.000E-01 ³              ---               ³ DIET(6)      

R018 ³ Soil ingestion rate (g/yr)                       ³ not used  ³ 3.650E+01 ³              ---               ³ SOIL         

R018 ³ Drinking water intake (L/yr)                     ³ not used  ³ 5.100E+02 ³              ---               ³ DWI          
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R018 ³ Contamination fraction of drinking water         ³ not used  ³ 1.000E+00 ³              ---               ³ FDW          

R018 ³ Contamination fraction of household water        ³ not used  ³ 1.000E+00 ³              ---               ³ FHHW         

R018 ³ Contamination fraction of livestock water        ³ not used  ³ 1.000E+00 ³              ---               ³ FLW          

R018 ³ Contamination fraction of irrigation water       ³ not used  ³ 1.000E+00 ³              ---               ³ FIRW         

R018 ³ Contamination fraction of aquatic food           ³ not used  ³ 5.000E-01 ³              ---               ³ FR9          

R018 ³ Contamination fraction of plant food             ³ not used  ³-1         ³              ---               ³ FPLANT       

R018 ³ Contamination fraction of meat                   ³ not used  ³-1         ³              ---               ³ FMEAT        

R018 ³ Contamination fraction of milk                   ³ not used  ³-1         ³              ---               ³ FMILK        

     ³                                                  ³           ³           ³                                ³

R019 ³ Livestock fodder intake for meat (kg/day)        ³ not used  ³ 6.800E+01 ³              ---               ³ LFI5         

R019 ³ Livestock fodder intake for milk (kg/day)        ³ not used  ³ 5.500E+01 ³              ---               ³ LFI6         

R019 ³ Livestock water intake for meat (L/day)          ³ not used  ³ 5.000E+01 ³              ---               ³ LWI5         

R019 ³ Livestock water intake for milk (L/day)          ³ not used  ³ 1.600E+02 ³              ---               ³ LWI6         

R019 ³ Livestock soil intake (kg/day)                   ³ not used  ³ 5.000E-01 ³              ---               ³ LSI          

R019 ³ Mass loading for foliar deposition (g/m**3)      ³ not used  ³ 1.000E-04 ³              ---               ³ MLFD         

R019 ³ Depth of soil mixing layer (m)                   ³ not used  ³ 1.500E-01 ³              ---               ³ DM           

R019 ³ Depth of roots (m)                               ³ not used  ³ 9.000E-01 ³              ---               ³ DROOT        

R019 ³ Drinking water fraction from ground water        ³ not used  ³ 1.000E+00 ³              ---               ³ FGWDW        

R019 ³ Household water fraction from ground water       ³ not used  ³ 1.000E+00 ³              ---               ³ FGWHH        

R019 ³ Livestock water fraction from ground water       ³ not used  ³ 1.000E+00 ³              ---               ³ FGWLW        

R019 ³ Irrigation fraction from ground water            ³ not used  ³ 1.000E+00 ³              ---               ³ FGWIR        

     ³                                                  ³           ³           ³                                ³

R19B ³ Wet weight crop yield for Non-Leafy (kg/m**2)    ³ not used  ³ 7.000E-01 ³              ---               ³ YV(1)        

R19B ³ Wet weight crop yield for Leafy     (kg/m**2)    ³ not used  ³ 1.500E+00 ³              ---               ³ YV(2)        

R19B ³ Wet weight crop yield for Fodder    (kg/m**2)    ³ not used  ³ 1.100E+00 ³              ---               ³ YV(3)        

R19B ³ Growing Season for  Non-Leafy (years)            ³ not used  ³ 1.700E-01 ³              ---               ³ TE(1)        

R19B ³ Growing Season for  Leafy     (years)            ³ not used  ³ 2.500E-01 ³              ---               ³ TE(2)        

R19B ³ Growing Season for  Fodder    (years)            ³ not used  ³ 8.000E-02 ³              ---               ³ TE(3)        

R19B ³ Translocation Factor for  Non-Leafy              ³ not used  ³ 1.000E-01 ³              ---               ³ TIV(1)       

R19B ³ Translocation Factor for  Leafy                  ³ not used  ³ 1.000E+00 ³              ---               ³ TIV(2)       

R19B ³ Translocation Factor for  Fodder                 ³ not used  ³ 1.000E+00 ³              ---               ³ TIV(3)       

R19B ³ Dry Foliar Interception Fraction for  Non-Leafy  ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(1)      

R19B ³ Dry Foliar Interception Fraction for  Leafy      ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(2)      

R19B ³ Dry Foliar Interception Fraction for  Fodder     ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(3)      

R19B ³ Wet Foliar Interception Fraction for  Non-Leafy  ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(1)      

R19B ³ Wet Foliar Interception Fraction for  Leafy      ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(2)      

R19B ³ Wet Foliar Interception Fraction for  Fodder     ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(3)      

R19B ³ Weathering Removal Constant for Vegetation       ³ not used  ³ 2.000E+01 ³              ---               ³ WLAM         

     ³                                                  ³           ³           ³                                ³

C14  ³ C-12 concentration in water (g/cm**3)            ³ not used  ³ 2.000E-05 ³              ---               ³ C12WTR       

C14  ³ C-12 concentration in contaminated soil (g/g)    ³ not used  ³ 3.000E-02 ³              ---               ³ C12CZ        

C14  ³ Fraction of vegetation carbon from soil          ³ not used  ³ 2.000E-02 ³              ---               ³ CSOIL        

C14  ³ Fraction of vegetation carbon from air           ³ not used  ³ 9.800E-01 ³              ---               ³ CAIR         

C14  ³ C-14 evasion layer thickness in soil (m)         ³ not used  ³ 3.000E-01 ³              ---               ³ DMC          

C14  ³ C-14 evasion flux rate from soil (1/sec)         ³ not used  ³ 7.000E-07 ³              ---               ³ EVSN         

C14  ³ C-12 evasion flux rate from soil (1/sec)         ³ not used  ³ 1.000E-10 ³              ---               ³ REVSN        

C14  ³ Fraction of grain in beef cattle feed            ³ not used  ³ 8.000E-01 ³              ---               ³ AVFG4        

C14  ³ Fraction of grain in milk cow feed               ³ not used  ³ 2.000E-01 ³              ---               ³ AVFG5        

     ³                                                  ³           ³           ³                                ³

STOR ³ Storage times of contaminated foodstuffs (days): ³           ³           ³                                ³
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

STOR ³   Fruits, non-leafy vegetables, and grain        ³ 1.400E+01 ³ 1.400E+01 ³              ---               ³ STOR_T(1)    

STOR ³   Leafy vegetables                               ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(2)    

STOR ³   Milk                                           ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(3)    

STOR ³   Meat and poultry                               ³ 2.000E+01 ³ 2.000E+01 ³              ---               ³ STOR_T(4)    

STOR ³   Fish                                           ³ 7.000E+00 ³ 7.000E+00 ³              ---               ³ STOR_T(5)    

STOR ³   Crustacea and mollusks                         ³ 7.000E+00 ³ 7.000E+00 ³              ---               ³ STOR_T(6)    

STOR ³   Well water                                     ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(7)    

STOR ³   Surface water                                  ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(8)    

STOR ³   Livestock fodder                               ³ 4.500E+01 ³ 4.500E+01 ³              ---               ³ STOR_T(9)    

     ³                                                  ³           ³           ³                                ³

R021 ³ Thickness of building foundation (m)             ³ not used  ³ 1.500E-01 ³              ---               ³ FLOOR1       

R021 ³ Bulk density of building foundation (g/cm**3)    ³ not used  ³ 2.400E+00 ³              ---               ³ DENSFL       

R021 ³ Total porosity of the cover material             ³ not used  ³ 4.000E-01 ³              ---               ³ TPCV         

R021 ³ Total porosity of the building foundation        ³ not used  ³ 1.000E-01 ³              ---               ³ TPFL         

R021 ³ Volumetric water content of the cover material   ³ not used  ³ 5.000E-02 ³              ---               ³ PH2OCV       

R021 ³ Volumetric water content of the foundation       ³ not used  ³ 3.000E-02 ³              ---               ³ PH2OFL       

R021 ³ Diffusion coefficient for radon gas (m/sec):     ³           ³           ³                                ³

R021 ³   in cover material                              ³ not used  ³ 2.000E-06 ³              ---               ³ DIFCV        

R021 ³   in foundation material                         ³ not used  ³ 3.000E-07 ³              ---               ³ DIFFL        

R021 ³   in contaminated zone soil                      ³ not used  ³ 2.000E-06 ³              ---               ³ DIFCZ        

R021 ³ Radon vertical dimension of mixing (m)           ³ not used  ³ 2.000E+00 ³              ---               ³ HMIX         

R021 ³ Average building air exchange rate (1/hr)        ³ not used  ³ 5.000E-01 ³              ---               ³ REXG         

R021 ³ Height of the building (room) (m)                ³ not used  ³ 2.500E+00 ³              ---               ³ HRM          

R021 ³ Building interior area factor                    ³ not used  ³ 0.000E+00 ³              ---               ³ FAI          

R021 ³ Building depth below ground surface (m)          ³ not used  ³-1.000E+00 ³              ---               ³ DMFL         

R021 ³ Emanating power of Rn-222 gas                    ³ not used  ³ 2.500E-01 ³              ---               ³ EMANA(1)     

R021 ³ Emanating power of Rn-220 gas                    ³ not used  ³ 1.500E-01 ³              ---               ³ EMANA(2)     

     ³                                                  ³           ³           ³                                ³

TITL ³ Number of graphical time points                  ³     32    ³    ---    ³              ---               ³ NPTS         

TITL ³ Maximum number of integration points for dose    ³     17    ³    ---    ³              ---               ³ LYMAX        

TITL ³ Maximum number of integration points for risk    ³    257    ³    ---    ³              ---               ³ KYMAX        

ÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

                     Summary of Pathway Selections

                    Pathway             ³   User Selection

          ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

             1 -- external gamma        ³       active  

             2 -- inhalation (w/o radon)³     suppressed

             3 -- plant ingestion       ³     suppressed

             4 -- meat ingestion        ³     suppressed

             5 -- milk ingestion        ³     suppressed

             6 -- aquatic foods         ³     suppressed

             7 -- drinking water        ³     suppressed

             8 -- soil ingestion        ³     suppressed

             9 -- radon                 ³     suppressed

             Find peak pathway doses    ³     suppressed

          ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

     Contaminated Zone Dimensions            Initial Soil Concentrations, pCi/g

     ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ            ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

       Area:   2416.00 square meters                U-234      5.680E+00

  Thickness:     80.00 meters                       U-235      4.310E-01                                                            

Cover Depth:      1.37 meters                       U-238      3.330E+01                                                            

                                    Total Dose TDOSE(t), mrem/yr                                                                    

                              Basic Radiation Dose Limit = 2.500E+01 mrem/yr                                                        

             Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)                                             

             ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ                                             

   t (years):  0.000E+00  1.000E+00  3.000E+00  1.000E+01  3.000E+01  1.000E+02  3.000E+02  1.000E+03

    TDOSE(t):  2.553E-10  2.555E-10  2.559E-10  2.573E-10  2.616E-10  2.788E-10  3.514E-10  1.039E-09

        M(t):  1.021E-11  1.022E-11  1.024E-11  1.029E-11  1.046E-11  1.115E-11  1.406E-11  4.158E-11

Maximum TDOSE(t):  1.039E-09 mrem/yr   at t = 1.000E+03 years       
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   9.160E-17 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.021E-16 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.553E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.553E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  9.160E-17 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.021E-16 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.553E-10 1.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.553E-10 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   6.415E-16 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.037E-16 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.555E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.555E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.415E-16 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.037E-16 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.555E-10 1.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.555E-10 1.0000

*Sum of all water independent and dependent pathways.



RESRAD, Version 6.5      T« Limit = 180 days        12/17/2012  07:05  Page  13

Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   3.395E-15 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.102E-16 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.559E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.559E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.395E-15 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.102E-16 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.559E-10 1.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.559E-10 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   3.049E-14 0.0001  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.671E-16 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.573E-10 0.9999  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.573E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.049E-14 0.0001

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.671E-16 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.573E-10 0.9999

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.573E-10 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   2.599E-13 0.0010  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   5.516E-16 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.613E-10 0.9990  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.616E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.599E-13 0.0010

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  5.516E-16 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.613E-10 0.9990

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.616E-10 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   2.934E-12 0.0105  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   3.119E-15 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.759E-10 0.9895  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.788E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.934E-12 0.0105

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.119E-15 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.759E-10 0.9895

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.788E-10 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   2.934E-11 0.0835  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.369E-14 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   3.221E-10 0.9165  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   3.514E-10 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.934E-11 0.0835

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.369E-14 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.221E-10 0.9165

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.514E-10 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   4.832E-10 0.4649  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   8.820E-14 0.0001  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   5.561E-10 0.5350  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.039E-09 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  4.832E-10 0.4649

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  8.820E-14 0.0001

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  5.561E-10 0.5350

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.039E-09 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                                  Dose/Source Ratios Summed Over All Pathways                                                        

                       Parent and Progeny Principal Radionuclide Contributions Indicated                                             

  Parent    Product    Thread                    DSR(j,t) At Time in Years   (mrem/yr)/(pCi/g)                                       

   (i)        (j)     Fraction   0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234      U-234      1.000E+00  7.553E-26 7.568E-26 7.597E-26 7.700E-26 8.002E-26 9.155E-26 1.345E-25 5.170E-25

U-234      Th-230     1.000E+00  7.134E-30 2.144E-29 5.022E-29 1.527E-28 4.612E-28 1.742E-27 7.696E-27 1.006E-25

U-234      Ra-226+D   1.000E+00  1.613E-17 1.129E-16 5.977E-16 5.367E-15 4.576E-14 5.166E-13 5.165E-12 8.507E-11

U-234      Pb-210+D   1.000E+00  1.540E-26 2.296E-25 2.643E-24 6.688E-23 1.442E-21 3.617E-20 5.450E-19 1.170E-17

U-234      äDSR(j)               1.613E-17 1.129E-16 5.977E-16 5.367E-15 4.576E-14 5.166E-13 5.165E-12 8.507E-11

U-235+D    U-235+D    1.000E+00  2.363E-16 2.367E-16 2.373E-16 2.395E-16 2.458E-16 2.694E-16 3.499E-16 8.742E-16

U-235+D    Pa-231     1.000E+00  1.688E-19 5.067E-19 1.185E-18 3.581E-18 1.062E-17 3.768E-17 1.391E-16 9.692E-16

U-235+D    Ac-227+D   1.000E+00  4.795E-19 3.329E-18 1.727E-17 1.446E-16 1.023E-15 6.929E-15 3.127E-14 2.028E-13

U-235+D    äDSR(j)               2.370E-16 2.405E-16 2.557E-16 3.876E-16 1.280E-15 7.236E-15 3.176E-14 2.046E-13

U-238      U-238      5.400E-05  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

U-238+D    U-238+D    9.999E-01  7.668E-12 7.673E-12 7.685E-12 7.727E-12 7.848E-12 8.284E-12 9.670E-12 1.662E-11

U-238+D    U-234      9.999E-01  1.071E-31 3.218E-31 7.538E-31 2.292E-30 6.919E-30 2.609E-29 1.146E-28 1.468E-27

U-238+D    Th-230     9.999E-01  6.742E-36 4.727E-35 2.508E-34 2.274E-33 1.992E-32 2.473E-31 3.245E-30 1.378E-28

U-238+D    Ra-226+D   9.999E-01  1.143E-23 1.715E-22 2.003E-21 5.334E-20 1.320E-18 4.913E-17 1.473E-15 8.133E-14

U-238+D    Pb-210+D   9.999E-01  8.740E-33 2.697E-31 6.724E-30 5.067E-28 3.254E-26 2.885E-24 1.421E-22 1.084E-20

U-238+D    äDSR(j)               7.668E-12 7.673E-12 7.685E-12 7.727E-12 7.848E-12 8.284E-12 9.671E-12 1.670E-11

ÍÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

The DSR includes contributions from associated (half-life ó 180 days) daughters.                                                     

                           Single Radionuclide Soil Guidelines G(i,t) in pCi/g                                                      

                              Basic Radiation Dose Limit = 2.500E+01 mrem/yr                                                        

Nuclide

  (i)    t= 0.000E+00   1.000E+00   3.000E+00   1.000E+01   3.000E+01   1.000E+02   3.000E+02   1.000E+03

ÄÄÄÄÄÄÄ     ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ

U-234      *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09                           

U-235      *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06                           

U-238      *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05                           

ÍÍÍÍÍÍÍ     ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ

*At specific activity limit

            Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)

            and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

         at tmin = time of minimum single radionuclide soil guideline

     and at tmax = time of maximum total dose = 1.000E+03 years       

Nuclide  Initial         tmin       DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)

  (i)    (pCi/g)       (years)                   (pCi/g)               (pCi/g)

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ

U-234   5.680E+00     1.000E+03      8.507E-11 *6.247E+09  8.507E-11 *6.247E+09

U-235   4.310E-01     1.000E+03      2.046E-13 *2.161E+06  2.046E-13 *2.161E+06

U-238   3.330E+01     1.000E+03      1.670E-11 *3.361E+05  1.670E-11 *3.361E+05

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ

*At specific activity limit
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                              Individual Nuclide Dose Summed Over All Pathways

                                Parent Nuclide and Branch Fraction Indicated

Nuclide Parent   THF(i)                                    DOSE(j,t), mrem/yr

  (j)     (i)             t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ    ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234   U-234   1.000E+00    4.290E-25 4.299E-25 4.315E-25 4.374E-25 4.545E-25 5.200E-25 7.640E-25 2.936E-24

U-234   U-238   9.999E-01    0.000E+00 0.000E+00 0.000E+00 7.632E-29 2.304E-28 8.687E-28 3.817E-27 4.890E-26

U-234   äDOSE(j)             4.290E-25 4.299E-25 4.315E-25 4.374E-25 4.547E-25 5.209E-25 7.678E-25 2.985E-24

Th-230  U-234   1.000E+00    4.052E-29 1.218E-28 2.852E-28 8.674E-28 2.620E-27 9.896E-27 4.372E-26 5.712E-25

Th-230  U-238   9.999E-01    0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.080E-28 4.587E-27

Th-230  äDOSE(j)             4.052E-29 1.218E-28 2.852E-28 8.674E-28 2.620E-27 9.896E-27 4.382E-26 5.757E-25

Ra-226  U-234   1.000E+00    9.160E-17 6.415E-16 3.395E-15 3.049E-14 2.599E-13 2.934E-12 2.934E-11 4.832E-10

Ra-226  U-238   9.999E-01    3.806E-22 5.712E-21 6.671E-20 1.776E-18 4.395E-17 1.636E-15 4.903E-14 2.708E-12

Ra-226  äDOSE(j)             9.161E-17 6.415E-16 3.395E-15 3.049E-14 2.600E-13 2.936E-12 2.939E-11 4.859E-10

Pb-210  U-234   1.000E+00    8.745E-26 1.304E-24 1.501E-23 3.799E-22 8.190E-21 2.055E-19 3.096E-18 6.644E-17

Pb-210  U-238   9.999E-01    0.000E+00 0.000E+00 2.239E-28 1.687E-26 1.084E-24 9.608E-23 4.732E-21 3.611E-19

Pb-210  äDOSE(j)             8.745E-26 1.304E-24 1.501E-23 3.799E-22 8.191E-21 2.056E-19 3.100E-18 6.680E-17

U-235   U-235   1.000E+00    1.019E-16 1.020E-16 1.023E-16 1.032E-16 1.059E-16 1.161E-16 1.508E-16 3.768E-16

Pa-231  U-235   1.000E+00    7.273E-20 2.184E-19 5.107E-19 1.543E-18 4.578E-18 1.624E-17 5.997E-17 4.177E-16

Ac-227  U-235   1.000E+00    2.067E-19 1.435E-18 7.441E-18 6.232E-17 4.411E-16 2.987E-15 1.348E-14 8.741E-14

U-238   U-238   5.400E-05    0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

U-238   U-238   9.999E-01    2.553E-10 2.555E-10 2.559E-10 2.573E-10 2.613E-10 2.759E-10 3.220E-10 5.534E-10

U-238   äDOSE(j)             2.553E-10 2.555E-10 2.559E-10 2.573E-10 2.613E-10 2.759E-10 3.220E-10 5.534E-10

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ    ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

THF(i) is the thread fraction of the parent nuclide.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU SITE SPECIFIC.RAD

                                   Individual Nuclide Soil Concentration

                                Parent Nuclide and Branch Fraction Indicated

Nuclide Parent   THF(i)                                      S(j,t), pCi/g

  (j)     (i)             t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ    ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234   U-234   1.000E+00    5.680E+00 5.679E+00 5.676E+00 5.668E+00 5.643E+00 5.557E+00 5.320E+00 4.566E+00

U-234   U-238   9.999E-01    0.000E+00 9.438E-05 2.830E-04 9.419E-04 2.814E-03 9.237E-03 2.654E-02 7.599E-02

U-234   äS(j):               5.680E+00 5.679E+00 5.677E+00 5.669E+00 5.646E+00 5.567E+00 5.346E+00 4.642E+00

Th-230  U-234   1.000E+00    0.000E+00 5.113E-05 1.533E-04 5.107E-04 1.529E-03 5.055E-03 1.483E-02 4.572E-02

Th-230  U-238   9.999E-01    0.000E+00 4.248E-10 3.822E-09 4.243E-08 3.807E-07 4.187E-06 3.659E-05 3.670E-04

Th-230  äS(j):               0.000E+00 5.113E-05 1.533E-04 5.108E-04 1.529E-03 5.060E-03 1.486E-02 4.608E-02

Ra-226  U-234   1.000E+00    0.000E+00 1.107E-08 9.960E-08 1.105E-06 9.887E-06 1.078E-04 9.194E-04 8.501E-03

Ra-226  U-238   9.999E-01    0.000E+00 6.134E-14 1.655E-12 6.120E-11 1.644E-09 5.980E-08 1.534E-06 4.763E-05

Ra-226  äS(j):               0.000E+00 1.107E-08 9.960E-08 1.105E-06 9.889E-06 1.079E-04 9.209E-04 8.548E-03

Pb-210  U-234   1.000E+00    0.000E+00 1.138E-10 3.025E-09 1.061E-07 2.475E-06 5.991E-05 7.464E-04 8.007E-03

Pb-210  U-238   9.999E-01    0.000E+00 4.737E-16 3.788E-14 4.476E-12 3.218E-10 2.786E-08 1.139E-06 4.349E-05

Pb-210  äS(j):               0.000E+00 1.138E-10 3.025E-09 1.061E-07 2.475E-06 5.994E-05 7.475E-04 8.051E-03

U-235   U-235   1.000E+00    4.310E-01 4.309E-01 4.307E-01 4.301E-01 4.282E-01 4.218E-01 4.040E-01 3.474E-01

Pa-231  U-235   1.000E+00    0.000E+00 9.117E-06 2.734E-05 9.099E-05 2.717E-04 8.915E-04 2.556E-03 7.274E-03

Ac-227  U-235   1.000E+00    0.000E+00 1.436E-07 1.265E-06 1.305E-05 9.644E-05 6.193E-04 2.269E-03 6.980E-03

U-238   U-238   5.400E-05    1.798E-03 1.798E-03 1.797E-03 1.794E-03 1.787E-03 1.760E-03 1.686E-03 1.450E-03

U-238   U-238   9.999E-01    3.330E+01 3.329E+01 3.328E+01 3.323E+01 3.308E+01 3.259E+01 3.121E+01 2.684E+01

U-238   äS(j):               3.330E+01 3.329E+01 3.328E+01 3.323E+01 3.309E+01 3.259E+01 3.122E+01 2.684E+01

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ    ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

THF(i) is the thread fraction of the parent nuclide.

RESCALC.EXE execution time =   13.42 seconds



Scenario 2: 

Resident – Cap / No Asphalt 
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                          Dose Conversion Factor (and Related) Parameter Summary

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

A-1  ³ DCF's for external ground radiation, (mrem/yr)/(pCi/g)      ³           ³           ³

A-1  ³ Ac-227   (Source: FGR 12)                                   ³ 4.951E-04 ³ 4.951E-04 ³ DCF1(  1)    

A-1  ³ At-218   (Source: FGR 12)                                   ³ 5.847E-03 ³ 5.847E-03 ³ DCF1(  2)    

A-1  ³ Bi-210   (Source: FGR 12)                                   ³ 3.606E-03 ³ 3.606E-03 ³ DCF1(  3)    

A-1  ³ Bi-211   (Source: FGR 12)                                   ³ 2.559E-01 ³ 2.559E-01 ³ DCF1(  4)    

A-1  ³ Bi-214   (Source: FGR 12)                                   ³ 9.808E+00 ³ 9.808E+00 ³ DCF1(  5)    

A-1  ³ Fr-223   (Source: FGR 12)                                   ³ 1.980E-01 ³ 1.980E-01 ³ DCF1(  6)    

A-1  ³ Pa-231   (Source: FGR 12)                                   ³ 1.906E-01 ³ 1.906E-01 ³ DCF1(  7)    

A-1  ³ Pa-234   (Source: FGR 12)                                   ³ 1.155E+01 ³ 1.155E+01 ³ DCF1(  8)    

A-1  ³ Pa-234m  (Source: FGR 12)                                   ³ 8.967E-02 ³ 8.967E-02 ³ DCF1(  9)    

A-1  ³ Pb-210   (Source: FGR 12)                                   ³ 2.447E-03 ³ 2.447E-03 ³ DCF1( 10)    

A-1  ³ Pb-211   (Source: FGR 12)                                   ³ 3.064E-01 ³ 3.064E-01 ³ DCF1( 11)    

A-1  ³ Pb-214   (Source: FGR 12)                                   ³ 1.341E+00 ³ 1.341E+00 ³ DCF1( 12)    

A-1  ³ Po-210   (Source: FGR 12)                                   ³ 5.231E-05 ³ 5.231E-05 ³ DCF1( 13)    

A-1  ³ Po-211   (Source: FGR 12)                                   ³ 4.764E-02 ³ 4.764E-02 ³ DCF1( 14)    

A-1  ³ Po-214   (Source: FGR 12)                                   ³ 5.138E-04 ³ 5.138E-04 ³ DCF1( 15)    

A-1  ³ Po-215   (Source: FGR 12)                                   ³ 1.016E-03 ³ 1.016E-03 ³ DCF1( 16)    

A-1  ³ Po-218   (Source: FGR 12)                                   ³ 5.642E-05 ³ 5.642E-05 ³ DCF1( 17)    

A-1  ³ Ra-223   (Source: FGR 12)                                   ³ 6.034E-01 ³ 6.034E-01 ³ DCF1( 18)    

A-1  ³ Ra-226   (Source: FGR 12)                                   ³ 3.176E-02 ³ 3.176E-02 ³ DCF1( 19)    

A-1  ³ Rn-219   (Source: FGR 12)                                   ³ 3.083E-01 ³ 3.083E-01 ³ DCF1( 20)    

A-1  ³ Rn-222   (Source: FGR 12)                                   ³ 2.354E-03 ³ 2.354E-03 ³ DCF1( 21)    

A-1  ³ Th-227   (Source: FGR 12)                                   ³ 5.212E-01 ³ 5.212E-01 ³ DCF1( 22)    

A-1  ³ Th-230   (Source: FGR 12)                                   ³ 1.209E-03 ³ 1.209E-03 ³ DCF1( 23)    

A-1  ³ Th-231   (Source: FGR 12)                                   ³ 3.643E-02 ³ 3.643E-02 ³ DCF1( 24)    

A-1  ³ Th-234   (Source: FGR 12)                                   ³ 2.410E-02 ³ 2.410E-02 ³ DCF1( 25)    

A-1  ³ Tl-207   (Source: FGR 12)                                   ³ 1.980E-02 ³ 1.980E-02 ³ DCF1( 26)    

A-1  ³ Tl-210   (Source: no data)                                  ³ 0.000E+00 ³-2.000E+00 ³ DCF1( 27)    

A-1  ³ U-234    (Source: FGR 12)                                   ³ 4.017E-04 ³ 4.017E-04 ³ DCF1( 28)    

A-1  ³ U-235    (Source: FGR 12)                                   ³ 7.211E-01 ³ 7.211E-01 ³ DCF1( 29)    

A-1  ³ U-238    (Source: FGR 12)                                   ³ 1.031E-04 ³ 1.031E-04 ³ DCF1( 30)    

     ³                                                             ³           ³           ³

B-1  ³ Dose conversion factors for inhalation, mrem/pCi:           ³           ³           ³

B-1  ³ Ac-227+D                                                    ³ 6.724E+00 ³ 6.700E+00 ³ DCF2(  1)    

B-1  ³ Pa-231                                                      ³ 1.280E+00 ³ 1.280E+00 ³ DCF2(  2)    

B-1  ³ Pb-210+D                                                    ³ 2.320E-02 ³ 1.360E-02 ³ DCF2(  3)    

B-1  ³ Ra-226+D                                                    ³ 8.594E-03 ³ 8.580E-03 ³ DCF2(  4)    

B-1  ³ Th-230                                                      ³ 3.260E-01 ³ 3.260E-01 ³ DCF2(  5)    

B-1  ³ U-234                                                       ³ 1.320E-01 ³ 1.320E-01 ³ DCF2(  6)    

B-1  ³ U-235+D                                                     ³ 1.230E-01 ³ 1.230E-01 ³ DCF2(  7)    

B-1  ³ U-238                                                       ³ 1.180E-01 ³ 1.180E-01 ³ DCF2(  8)    

B-1  ³ U-238+D                                                     ³ 1.180E-01 ³ 1.180E-01 ³ DCF2(  9)    

     ³                                                             ³           ³           ³

D-1  ³ Dose conversion factors for ingestion, mrem/pCi:            ³           ³           ³

D-1  ³ Ac-227+D                                                    ³ 1.480E-02 ³ 1.410E-02 ³ DCF3(  1)    

D-1  ³ Pa-231                                                      ³ 1.060E-02 ³ 1.060E-02 ³ DCF3(  2)    

D-1  ³ Pb-210+D                                                    ³ 7.276E-03 ³ 5.370E-03 ³ DCF3(  3)    

D-1  ³ Ra-226+D                                                    ³ 1.321E-03 ³ 1.320E-03 ³ DCF3(  4)    

D-1  ³ Th-230                                                      ³ 5.480E-04 ³ 5.480E-04 ³ DCF3(  5)    

D-1  ³ U-234                                                       ³ 2.830E-04 ³ 2.830E-04 ³ DCF3(  6)    
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                    Dose Conversion Factor (and Related) Parameter Summary (continued)

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

D-1  ³ U-235+D                                                     ³ 2.673E-04 ³ 2.660E-04 ³ DCF3(  7)    

D-1  ³ U-238                                                       ³ 2.550E-04 ³ 2.550E-04 ³ DCF3(  8)    

D-1  ³ U-238+D                                                     ³ 2.687E-04 ³ 2.550E-04 ³ DCF3(  9)    

     ³                                                             ³           ³           ³

D-34 ³ Food transfer factors:                                      ³           ³           ³

D-34 ³ Ac-227+D  , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  1,1)   

D-34 ³ Ac-227+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 2.000E-05 ³ 2.000E-05 ³ RTF(  1,2)   

D-34 ³ Ac-227+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 2.000E-05 ³ 2.000E-05 ³ RTF(  1,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Pa-231    , plant/soil concentration ratio, dimensionless   ³ 1.000E-02 ³ 1.000E-02 ³ RTF(  2,1)   

D-34 ³ Pa-231    , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 5.000E-03 ³ 5.000E-03 ³ RTF(  2,2)   

D-34 ³ Pa-231    , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 5.000E-06 ³ 5.000E-06 ³ RTF(  2,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Pb-210+D  , plant/soil concentration ratio, dimensionless   ³ 1.000E-02 ³ 1.000E-02 ³ RTF(  3,1)   

D-34 ³ Pb-210+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 8.000E-04 ³ 8.000E-04 ³ RTF(  3,2)   

D-34 ³ Pb-210+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 3.000E-04 ³ 3.000E-04 ³ RTF(  3,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Ra-226+D  , plant/soil concentration ratio, dimensionless   ³ 4.000E-02 ³ 4.000E-02 ³ RTF(  4,1)   

D-34 ³ Ra-226+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  4,2)   

D-34 ³ Ra-226+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  4,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Th-230    , plant/soil concentration ratio, dimensionless   ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  5,1)   

D-34 ³ Th-230    , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 1.000E-04 ³ 1.000E-04 ³ RTF(  5,2)   

D-34 ³ Th-230    , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 5.000E-06 ³ 5.000E-06 ³ RTF(  5,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-234     , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  6,1)   

D-34 ³ U-234     , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  6,2)   

D-34 ³ U-234     , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  6,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-235+D   , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  7,1)   

D-34 ³ U-235+D   , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  7,2)   

D-34 ³ U-235+D   , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  7,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-238     , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  8,1)   

D-34 ³ U-238     , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  8,2)   

D-34 ³ U-238     , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  8,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-238+D   , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  9,1)   

D-34 ³ U-238+D   , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  9,2)   

D-34 ³ U-238+D   , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  9,3)   

     ³                                                             ³           ³           ³

D-5  ³ Bioaccumulation factors, fresh water, L/kg:                 ³           ³           ³

D-5  ³ Ac-227+D  , fish                                            ³ 1.500E+01 ³ 1.500E+01 ³ BIOFAC(  1,1)

D-5  ³ Ac-227+D  , crustacea and mollusks                          ³ 1.000E+03 ³ 1.000E+03 ³ BIOFAC(  1,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Pa-231    , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  2,1)

D-5  ³ Pa-231    , crustacea and mollusks                          ³ 1.100E+02 ³ 1.100E+02 ³ BIOFAC(  2,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Pb-210+D  , fish                                            ³ 3.000E+02 ³ 3.000E+02 ³ BIOFAC(  3,1)

D-5  ³ Pb-210+D  , crustacea and mollusks                          ³ 1.000E+02 ³ 1.000E+02 ³ BIOFAC(  3,2)
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                    Dose Conversion Factor (and Related) Parameter Summary (continued)

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

D-5  ³ Ra-226+D  , fish                                            ³ 5.000E+01 ³ 5.000E+01 ³ BIOFAC(  4,1)

D-5  ³ Ra-226+D  , crustacea and mollusks                          ³ 2.500E+02 ³ 2.500E+02 ³ BIOFAC(  4,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Th-230    , fish                                            ³ 1.000E+02 ³ 1.000E+02 ³ BIOFAC(  5,1)

D-5  ³ Th-230    , crustacea and mollusks                          ³ 5.000E+02 ³ 5.000E+02 ³ BIOFAC(  5,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-234     , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  6,1)

D-5  ³ U-234     , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  6,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-235+D   , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  7,1)

D-5  ³ U-235+D   , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  7,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-238     , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  8,1)

D-5  ³ U-238     , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  8,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-238+D   , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  9,1)

D-5  ³ U-238+D   , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  9,2)

ÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

#For DCF1(xxx) only, factors are for infinite depth & area.  See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                                Site-Specific Parameter Summary

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R011 ³ Area of contaminated zone (m**2)                 ³ 2.416E+03 ³ 1.000E+04 ³              ---               ³ AREA         

R011 ³ Thickness of contaminated zone (m)               ³ 8.000E+01 ³ 2.000E+00 ³              ---               ³ THICK0       

R011 ³ Fraction of contamination that is submerged      ³ 5.000E-01 ³ 0.000E+00 ³              ---               ³ SUBMFRACT    

R011 ³ Length parallel to aquifer flow (m)              ³ not used  ³ 1.000E+02 ³              ---               ³ LCZPAQ       

R011 ³ Basic radiation dose limit (mrem/yr)             ³ 2.500E+01 ³ 3.000E+01 ³              ---               ³ BRDL         

R011 ³ Time since placement of material (yr)            ³ 0.000E+00 ³ 0.000E+00 ³              ---               ³ TI           

R011 ³ Times for calculations (yr)                      ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ T( 2)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+00 ³ 3.000E+00 ³              ---               ³ T( 3)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+01 ³ 1.000E+01 ³              ---               ³ T( 4)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+01 ³ 3.000E+01 ³              ---               ³ T( 5)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+02 ³ 1.000E+02 ³              ---               ³ T( 6)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+02 ³ 3.000E+02 ³              ---               ³ T( 7)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+03 ³ 1.000E+03 ³              ---               ³ T( 8)        

R011 ³ Times for calculations (yr)                      ³ not used  ³ 0.000E+00 ³              ---               ³ T( 9)        

R011 ³ Times for calculations (yr)                      ³ not used  ³ 0.000E+00 ³              ---               ³ T(10)        

     ³                                                  ³           ³           ³                                ³

R012 ³ Initial principal radionuclide (pCi/g):  U-234   ³ 5.680E+00 ³ 0.000E+00 ³              ---               ³ S1(6)        

R012 ³ Initial principal radionuclide (pCi/g):  U-235   ³ 4.310E-01 ³ 0.000E+00 ³              ---               ³ S1(7)        

R012 ³ Initial principal radionuclide (pCi/g):  U-238   ³ 3.330E+01 ³ 0.000E+00 ³              ---               ³ S1(8)        

R012 ³ Concentration in groundwater   (pCi/L):  U-234   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 6)       

R012 ³ Concentration in groundwater   (pCi/L):  U-235   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 7)       

R012 ³ Concentration in groundwater   (pCi/L):  U-238   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 8)       

     ³                                                  ³           ³           ³                                ³

R013 ³ Cover depth (m)                                  ³ 1.370E+00 ³ 0.000E+00 ³              ---               ³ COVER0       

R013 ³ Density of cover material (g/cm**3)              ³ 1.500E+00 ³ 1.500E+00 ³              ---               ³ DENSCV       

R013 ³ Cover depth erosion rate (m/yr)                  ³ 6.000E-05 ³ 1.000E-03 ³              ---               ³ VCV          

R013 ³ Density of contaminated zone (g/cm**3)           ³ 1.500E+00 ³ 1.500E+00 ³              ---               ³ DENSCZ       

R013 ³ Contaminated zone erosion rate (m/yr)            ³ 1.000E-03 ³ 1.000E-03 ³              ---               ³ VCZ          

R013 ³ Contaminated zone total porosity                 ³ 4.000E-01 ³ 4.000E-01 ³              ---               ³ TPCZ         

R013 ³ Contaminated zone field capacity                 ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ FCCZ         

R013 ³ Contaminated zone hydraulic conductivity (m/yr)  ³ 1.000E+01 ³ 1.000E+01 ³              ---               ³ HCCZ         

R013 ³ Contaminated zone b parameter                    ³ 5.300E+00 ³ 5.300E+00 ³              ---               ³ BCZ          

R013 ³ Average annual wind speed (m/sec)                ³ 2.000E+00 ³ 2.000E+00 ³              ---               ³ WIND         

R013 ³ Humidity in air (g/m**3)                         ³ not used  ³ 8.000E+00 ³              ---               ³ HUMID        

R013 ³ Evapotranspiration coefficient                   ³ 5.000E-01 ³ 5.000E-01 ³              ---               ³ EVAPTR       

R013 ³ Precipitation (m/yr)                             ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ PRECIP       

R013 ³ Irrigation (m/yr)                                ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ RI           

R013 ³ Irrigation mode                                  ³ overhead  ³ overhead  ³              ---               ³ IDITCH       

R013 ³ Runoff coefficient                               ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ RUNOFF       

R013 ³ Watershed area for nearby stream or pond (m**2)  ³ not used  ³ 1.000E+06 ³              ---               ³ WAREA        

R013 ³ Accuracy for water/soil computations             ³ not used  ³ 1.000E-03 ³              ---               ³ EPS          

     ³                                                  ³           ³           ³                                ³

R014 ³ Density of saturated zone (g/cm**3)              ³ not used  ³ 1.500E+00 ³              ---               ³ DENSAQ       

R014 ³ Saturated zone total porosity                    ³ not used  ³ 4.000E-01 ³              ---               ³ TPSZ         

R014 ³ Saturated zone effective porosity                ³ not used  ³ 2.000E-01 ³              ---               ³ EPSZ         

R014 ³ Saturated zone field capacity                    ³ not used  ³ 2.000E-01 ³              ---               ³ FCSZ         

R014 ³ Saturated zone hydraulic conductivity (m/yr)     ³ not used  ³ 1.000E+02 ³              ---               ³ HCSZ         

R014 ³ Saturated zone hydraulic gradient                ³ not used  ³ 2.000E-02 ³              ---               ³ HGWT         

R014 ³ Saturated zone b parameter                       ³ not used  ³ 5.300E+00 ³              ---               ³ BSZ          

R014 ³ Water table drop rate (m/yr)                     ³ not used  ³ 1.000E-03 ³              ---               ³ VWT          
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R014 ³ Well pump intake depth (m below water table)     ³ not used  ³ 1.000E+01 ³              ---               ³ DWIBWT       

R014 ³ Model: Nondispersion (ND) or Mass-Balance (MB)   ³ not used  ³ ND        ³              ---               ³ MODEL        

R014 ³ Well pumping rate (m**3/yr)                      ³ not used  ³ 2.500E+02 ³              ---               ³ UW           

     ³                                                  ³           ³           ³                                ³

R015 ³ Number of unsaturated zone strata                ³ not used  ³ 1         ³              ---               ³ NS           

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-234              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 6)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 6)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 6)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 6)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-235              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 7)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 7)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 7)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 7)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-238              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 8)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 8)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 8)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 8)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Ac-227    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 2.000E+01 ³ 2.000E+01 ³              ---               ³ DCNUCC( 1)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 2.000E+01 ³              ---               ³ DCNUCS( 1)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           5.345E-04            ³ ALEACH( 1)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 1)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Pa-231    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 2)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 2)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 2)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 2)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Pb-210    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 1.000E+02 ³ 1.000E+02 ³              ---               ³ DCNUCC( 3)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 1.000E+02 ³              ---               ³ DCNUCS( 3)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.080E-04            ³ ALEACH( 3)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 3)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Ra-226    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 7.000E+01 ³ 7.000E+01 ³              ---               ³ DCNUCC( 4)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 7.000E+01 ³              ---               ³ DCNUCS( 4)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.542E-04            ³ ALEACH( 4)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 4)  
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R016 ³ Distribution coefficients for daughter Th-230    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 6.000E+04 ³ 6.000E+04 ³              ---               ³ DCNUCC( 5)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 6.000E+04 ³              ---               ³ DCNUCS( 5)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.806E-07            ³ ALEACH( 5)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 5)  

     ³                                                  ³           ³           ³                                ³

R017 ³ Inhalation rate (m**3/yr)                        ³ not used  ³ 8.400E+03 ³              ---               ³ INHALR       

R017 ³ Mass loading for inhalation (g/m**3)             ³ not used  ³ 1.000E-04 ³              ---               ³ MLINH        

R017 ³ Exposure duration                                ³ 3.000E+01 ³ 3.000E+01 ³              ---               ³ ED           

R017 ³ Shielding factor, inhalation                     ³ not used  ³ 4.000E-01 ³              ---               ³ SHF3         

R017 ³ Shielding factor, external gamma                 ³ 6.000E-01 ³ 7.000E-01 ³              ---               ³ SHF1         

R017 ³ Fraction of time spent indoors                   ³ 6.800E-01 ³ 5.000E-01 ³              ---               ³ FIND         

R017 ³ Fraction of time spent outdoors (on site)        ³ 4.200E-02 ³ 2.500E-01 ³              ---               ³ FOTD         

R017 ³ Shape factor flag, external gamma                ³ 1.000E+00 ³ 1.000E+00 ³    >0 shows circular AREA.     ³ FS          

R017 ³ Radii of shape factor array (used if FS = -1):   ³           ³           ³                                ³

R017 ³   Outer annular radius (m), ring  1:             ³ not used  ³ 5.000E+01 ³              ---               ³ RAD_SHAPE( 1)

R017 ³   Outer annular radius (m), ring  2:             ³ not used  ³ 7.071E+01 ³              ---               ³ RAD_SHAPE( 2)

R017 ³   Outer annular radius (m), ring  3:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 3)

R017 ³   Outer annular radius (m), ring  4:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 4)

R017 ³   Outer annular radius (m), ring  5:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 5)

R017 ³   Outer annular radius (m), ring  6:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 6)

R017 ³   Outer annular radius (m), ring  7:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 7)

R017 ³   Outer annular radius (m), ring  8:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 8)

R017 ³   Outer annular radius (m), ring  9:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 9)

R017 ³   Outer annular radius (m), ring 10:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(10)

R017 ³   Outer annular radius (m), ring 11:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(11)

R017 ³   Outer annular radius (m), ring 12:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(12)

     ³                                                  ³           ³           ³                                ³

R017 ³ Fractions of annular areas within AREA:          ³           ³           ³                                ³

R017 ³   Ring  1                                        ³ not used  ³ 1.000E+00 ³              ---               ³ FRACA( 1)    

R017 ³   Ring  2                                        ³ not used  ³ 2.732E-01 ³              ---               ³ FRACA( 2)    

R017 ³   Ring  3                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 3)    

R017 ³   Ring  4                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 4)    

R017 ³   Ring  5                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 5)    

R017 ³   Ring  6                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 6)    

R017 ³   Ring  7                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 7)    

R017 ³   Ring  8                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 8)    

R017 ³   Ring  9                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 9)    

R017 ³   Ring 10                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(10)    

R017 ³   Ring 11                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(11)    

R017 ³   Ring 12                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(12)    

     ³                                                  ³           ³           ³                                ³

R018 ³ Fruits, vegetables and grain consumption (kg/yr) ³ not used  ³ 1.600E+02 ³              ---               ³ DIET(1)      

R018 ³ Leafy vegetable consumption (kg/yr)              ³ not used  ³ 1.400E+01 ³              ---               ³ DIET(2)      

R018 ³ Milk consumption (L/yr)                          ³ not used  ³ 9.200E+01 ³              ---               ³ DIET(3)      

R018 ³ Meat and poultry consumption (kg/yr)             ³ not used  ³ 6.300E+01 ³              ---               ³ DIET(4)      

R018 ³ Fish consumption (kg/yr)                         ³ not used  ³ 5.400E+00 ³              ---               ³ DIET(5)      

R018 ³ Other seafood consumption (kg/yr)                ³ not used  ³ 9.000E-01 ³              ---               ³ DIET(6)      

R018 ³ Soil ingestion rate (g/yr)                       ³ not used  ³ 3.650E+01 ³              ---               ³ SOIL         

R018 ³ Drinking water intake (L/yr)                     ³ not used  ³ 5.100E+02 ³              ---               ³ DWI          
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R018 ³ Contamination fraction of drinking water         ³ not used  ³ 1.000E+00 ³              ---               ³ FDW          

R018 ³ Contamination fraction of household water        ³ not used  ³ 1.000E+00 ³              ---               ³ FHHW         

R018 ³ Contamination fraction of livestock water        ³ not used  ³ 1.000E+00 ³              ---               ³ FLW          

R018 ³ Contamination fraction of irrigation water       ³ not used  ³ 1.000E+00 ³              ---               ³ FIRW         

R018 ³ Contamination fraction of aquatic food           ³ not used  ³ 5.000E-01 ³              ---               ³ FR9          

R018 ³ Contamination fraction of plant food             ³ not used  ³-1         ³              ---               ³ FPLANT       

R018 ³ Contamination fraction of meat                   ³ not used  ³-1         ³              ---               ³ FMEAT        

R018 ³ Contamination fraction of milk                   ³ not used  ³-1         ³              ---               ³ FMILK        

     ³                                                  ³           ³           ³                                ³

R019 ³ Livestock fodder intake for meat (kg/day)        ³ not used  ³ 6.800E+01 ³              ---               ³ LFI5         

R019 ³ Livestock fodder intake for milk (kg/day)        ³ not used  ³ 5.500E+01 ³              ---               ³ LFI6         

R019 ³ Livestock water intake for meat (L/day)          ³ not used  ³ 5.000E+01 ³              ---               ³ LWI5         

R019 ³ Livestock water intake for milk (L/day)          ³ not used  ³ 1.600E+02 ³              ---               ³ LWI6         

R019 ³ Livestock soil intake (kg/day)                   ³ not used  ³ 5.000E-01 ³              ---               ³ LSI          

R019 ³ Mass loading for foliar deposition (g/m**3)      ³ not used  ³ 1.000E-04 ³              ---               ³ MLFD         

R019 ³ Depth of soil mixing layer (m)                   ³ not used  ³ 1.500E-01 ³              ---               ³ DM           

R019 ³ Depth of roots (m)                               ³ not used  ³ 9.000E-01 ³              ---               ³ DROOT        

R019 ³ Drinking water fraction from ground water        ³ not used  ³ 1.000E+00 ³              ---               ³ FGWDW        

R019 ³ Household water fraction from ground water       ³ not used  ³ 1.000E+00 ³              ---               ³ FGWHH        

R019 ³ Livestock water fraction from ground water       ³ not used  ³ 1.000E+00 ³              ---               ³ FGWLW        

R019 ³ Irrigation fraction from ground water            ³ not used  ³ 1.000E+00 ³              ---               ³ FGWIR        

     ³                                                  ³           ³           ³                                ³

R19B ³ Wet weight crop yield for Non-Leafy (kg/m**2)    ³ not used  ³ 7.000E-01 ³              ---               ³ YV(1)        

R19B ³ Wet weight crop yield for Leafy     (kg/m**2)    ³ not used  ³ 1.500E+00 ³              ---               ³ YV(2)        

R19B ³ Wet weight crop yield for Fodder    (kg/m**2)    ³ not used  ³ 1.100E+00 ³              ---               ³ YV(3)        

R19B ³ Growing Season for  Non-Leafy (years)            ³ not used  ³ 1.700E-01 ³              ---               ³ TE(1)        

R19B ³ Growing Season for  Leafy     (years)            ³ not used  ³ 2.500E-01 ³              ---               ³ TE(2)        

R19B ³ Growing Season for  Fodder    (years)            ³ not used  ³ 8.000E-02 ³              ---               ³ TE(3)        

R19B ³ Translocation Factor for  Non-Leafy              ³ not used  ³ 1.000E-01 ³              ---               ³ TIV(1)       

R19B ³ Translocation Factor for  Leafy                  ³ not used  ³ 1.000E+00 ³              ---               ³ TIV(2)       

R19B ³ Translocation Factor for  Fodder                 ³ not used  ³ 1.000E+00 ³              ---               ³ TIV(3)       

R19B ³ Dry Foliar Interception Fraction for  Non-Leafy  ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(1)      

R19B ³ Dry Foliar Interception Fraction for  Leafy      ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(2)      

R19B ³ Dry Foliar Interception Fraction for  Fodder     ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(3)      

R19B ³ Wet Foliar Interception Fraction for  Non-Leafy  ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(1)      

R19B ³ Wet Foliar Interception Fraction for  Leafy      ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(2)      

R19B ³ Wet Foliar Interception Fraction for  Fodder     ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(3)      

R19B ³ Weathering Removal Constant for Vegetation       ³ not used  ³ 2.000E+01 ³              ---               ³ WLAM         

     ³                                                  ³           ³           ³                                ³

C14  ³ C-12 concentration in water (g/cm**3)            ³ not used  ³ 2.000E-05 ³              ---               ³ C12WTR       

C14  ³ C-12 concentration in contaminated soil (g/g)    ³ not used  ³ 3.000E-02 ³              ---               ³ C12CZ        

C14  ³ Fraction of vegetation carbon from soil          ³ not used  ³ 2.000E-02 ³              ---               ³ CSOIL        

C14  ³ Fraction of vegetation carbon from air           ³ not used  ³ 9.800E-01 ³              ---               ³ CAIR         

C14  ³ C-14 evasion layer thickness in soil (m)         ³ not used  ³ 3.000E-01 ³              ---               ³ DMC          

C14  ³ C-14 evasion flux rate from soil (1/sec)         ³ not used  ³ 7.000E-07 ³              ---               ³ EVSN         

C14  ³ C-12 evasion flux rate from soil (1/sec)         ³ not used  ³ 1.000E-10 ³              ---               ³ REVSN        

C14  ³ Fraction of grain in beef cattle feed            ³ not used  ³ 8.000E-01 ³              ---               ³ AVFG4        

C14  ³ Fraction of grain in milk cow feed               ³ not used  ³ 2.000E-01 ³              ---               ³ AVFG5        

     ³                                                  ³           ³           ³                                ³

STOR ³ Storage times of contaminated foodstuffs (days): ³           ³           ³                                ³



RESRAD, Version 6.5      T« Limit = 180 days        12/17/2012  07:15  Page   9

Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

STOR ³   Fruits, non-leafy vegetables, and grain        ³ 1.400E+01 ³ 1.400E+01 ³              ---               ³ STOR_T(1)    

STOR ³   Leafy vegetables                               ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(2)    

STOR ³   Milk                                           ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(3)    

STOR ³   Meat and poultry                               ³ 2.000E+01 ³ 2.000E+01 ³              ---               ³ STOR_T(4)    

STOR ³   Fish                                           ³ 7.000E+00 ³ 7.000E+00 ³              ---               ³ STOR_T(5)    

STOR ³   Crustacea and mollusks                         ³ 7.000E+00 ³ 7.000E+00 ³              ---               ³ STOR_T(6)    

STOR ³   Well water                                     ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(7)    

STOR ³   Surface water                                  ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(8)    

STOR ³   Livestock fodder                               ³ 4.500E+01 ³ 4.500E+01 ³              ---               ³ STOR_T(9)    

     ³                                                  ³           ³           ³                                ³

R021 ³ Thickness of building foundation (m)             ³ not used  ³ 1.500E-01 ³              ---               ³ FLOOR1       

R021 ³ Bulk density of building foundation (g/cm**3)    ³ not used  ³ 2.400E+00 ³              ---               ³ DENSFL       

R021 ³ Total porosity of the cover material             ³ not used  ³ 4.000E-01 ³              ---               ³ TPCV         

R021 ³ Total porosity of the building foundation        ³ not used  ³ 1.000E-01 ³              ---               ³ TPFL         

R021 ³ Volumetric water content of the cover material   ³ not used  ³ 5.000E-02 ³              ---               ³ PH2OCV       

R021 ³ Volumetric water content of the foundation       ³ not used  ³ 3.000E-02 ³              ---               ³ PH2OFL       

R021 ³ Diffusion coefficient for radon gas (m/sec):     ³           ³           ³                                ³

R021 ³   in cover material                              ³ not used  ³ 2.000E-06 ³              ---               ³ DIFCV        

R021 ³   in foundation material                         ³ not used  ³ 3.000E-07 ³              ---               ³ DIFFL        

R021 ³   in contaminated zone soil                      ³ not used  ³ 2.000E-06 ³              ---               ³ DIFCZ        

R021 ³ Radon vertical dimension of mixing (m)           ³ not used  ³ 2.000E+00 ³              ---               ³ HMIX         

R021 ³ Average building air exchange rate (1/hr)        ³ not used  ³ 5.000E-01 ³              ---               ³ REXG         

R021 ³ Height of the building (room) (m)                ³ not used  ³ 2.500E+00 ³              ---               ³ HRM          

R021 ³ Building interior area factor                    ³ not used  ³ 0.000E+00 ³              ---               ³ FAI          

R021 ³ Building depth below ground surface (m)          ³ not used  ³-1.000E+00 ³              ---               ³ DMFL         

R021 ³ Emanating power of Rn-222 gas                    ³ not used  ³ 2.500E-01 ³              ---               ³ EMANA(1)     

R021 ³ Emanating power of Rn-220 gas                    ³ not used  ³ 1.500E-01 ³              ---               ³ EMANA(2)     

     ³                                                  ³           ³           ³                                ³

TITL ³ Number of graphical time points                  ³     32    ³    ---    ³              ---               ³ NPTS         

TITL ³ Maximum number of integration points for dose    ³     17    ³    ---    ³              ---               ³ LYMAX        

TITL ³ Maximum number of integration points for risk    ³    257    ³    ---    ³              ---               ³ KYMAX        

ÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

                     Summary of Pathway Selections

                    Pathway             ³   User Selection

          ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

             1 -- external gamma        ³       active  

             2 -- inhalation (w/o radon)³     suppressed

             3 -- plant ingestion       ³     suppressed

             4 -- meat ingestion        ³     suppressed

             5 -- milk ingestion        ³     suppressed

             6 -- aquatic foods         ³     suppressed

             7 -- drinking water        ³     suppressed

             8 -- soil ingestion        ³     suppressed

             9 -- radon                 ³     suppressed

             Find peak pathway doses    ³     suppressed

          ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

     Contaminated Zone Dimensions            Initial Soil Concentrations, pCi/g

     ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ            ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

       Area:   2416.00 square meters                U-234      5.680E+00

  Thickness:     80.00 meters                       U-235      4.310E-01                                                            

Cover Depth:      1.37 meters                       U-238      3.330E+01                                                            

                                    Total Dose TDOSE(t), mrem/yr                                                                    

                              Basic Radiation Dose Limit = 2.500E+01 mrem/yr                                                        

             Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)                                             

             ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ                                             

   t (years):  0.000E+00  1.000E+00  3.000E+00  1.000E+01  3.000E+01  1.000E+02  3.000E+02  1.000E+03

    TDOSE(t):  1.660E-08  1.661E-08  1.663E-08  1.670E-08  1.691E-08  1.771E-08  2.075E-08  4.373E-08

        M(t):  6.641E-10  6.645E-10  6.653E-10  6.681E-10  6.763E-10  7.084E-10  8.300E-10  1.749E-09

Maximum TDOSE(t):  4.373E-08 mrem/yr   at t = 1.000E+03 years       
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   3.014E-15 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.308E-14 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.660E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.660E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.014E-15 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.308E-14 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.660E-08 1.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.660E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   2.110E-14 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.329E-14 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.661E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.661E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.110E-14 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.329E-14 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.661E-08 1.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.661E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.116E-13 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.403E-14 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.663E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.663E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.116E-13 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.403E-14 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.663E-08 1.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.663E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.001E-12 0.0001  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.971E-14 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.670E-08 0.9999  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.670E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.001E-12 0.0001

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.971E-14 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.670E-08 0.9999

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.670E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   8.513E-12 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.061E-13 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.690E-08 0.9995  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.691E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  8.513E-12 0.0005

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.061E-13 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.690E-08 0.9995

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.691E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   9.508E-11 0.0054  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   3.409E-13 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.761E-08 0.9946  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.771E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  9.508E-11 0.0054

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.409E-13 0.0000

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.761E-08 0.9946

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.771E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   9.220E-10 0.0444  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.260E-12 0.0001  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.983E-08 0.9555  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.075E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  9.220E-10 0.0444

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.260E-12 0.0001

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.983E-08 0.9555

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.075E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.364E-08 0.3120  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.844E-12 0.0002  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   3.008E-08 0.6878  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   4.373E-08 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.364E-08 0.3120

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.844E-12 0.0002

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.008E-08 0.6878

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  4.373E-08 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                  Dose/Source Ratios Summed Over All Pathways                                                        

                       Parent and Progeny Principal Radionuclide Contributions Indicated                                             

  Parent    Product    Thread                    DSR(j,t) At Time in Years   (mrem/yr)/(pCi/g)                                       

   (i)        (j)     Fraction   0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234      U-234      1.000E+00  6.347E-22 6.357E-22 6.376E-22 6.445E-22 6.645E-22 7.395E-22 1.004E-21 2.924E-21

U-234      Th-230     1.000E+00  4.326E-26 1.300E-25 3.042E-25 9.227E-25 2.766E-24 1.017E-23 4.163E-23 4.164E-22

U-234      Ra-226+D   1.000E+00  5.306E-16 3.715E-15 1.965E-14 1.763E-13 1.499E-12 1.674E-11 1.623E-10 2.402E-09

U-234      Pb-210+D   1.000E+00  1.027E-24 1.531E-23 1.762E-22 4.453E-21 9.566E-20 2.370E-18 3.444E-17 6.517E-16

U-234      äDSR(j)               5.306E-16 3.715E-15 1.965E-14 1.763E-13 1.499E-12 1.674E-11 1.623E-10 2.402E-09

U-235+D    U-235+D    1.000E+00  1.463E-13 1.464E-13 1.467E-13 1.478E-13 1.508E-13 1.621E-13 1.990E-13 4.083E-13

U-235+D    Pa-231     1.000E+00  3.748E-17 1.125E-16 2.630E-16 7.934E-16 2.343E-15 8.174E-15 2.879E-14 1.699E-13

U-235+D    Ac-227+D   1.000E+00  4.378E-17 3.038E-16 1.575E-15 1.317E-14 9.289E-14 6.206E-13 2.696E-12 1.530E-11

U-235+D    äDSR(j)               1.464E-13 1.468E-13 1.486E-13 1.617E-13 2.461E-13 7.909E-13 2.924E-12 1.588E-11

U-238      U-238      5.400E-05  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

U-238+D    U-238+D    9.999E-01  4.986E-10 4.988E-10 4.994E-10 5.015E-10 5.075E-10 5.289E-10 5.954E-10 9.009E-10

U-238+D    U-234      9.999E-01  8.998E-28 2.703E-27 6.327E-27 1.918E-26 5.745E-26 2.107E-25 8.554E-25 8.306E-24

U-238+D    Th-230     9.999E-01  4.089E-32 2.866E-31 1.519E-30 1.374E-29 1.194E-28 1.444E-27 1.755E-26 5.705E-25

U-238+D    Ra-226+D   9.999E-01  3.760E-22 5.643E-21 6.588E-20 1.752E-18 4.322E-17 1.592E-15 4.627E-14 2.296E-12

U-238+D    Pb-210+D   9.999E-01  5.829E-31 1.798E-29 4.482E-28 3.374E-26 2.159E-24 1.890E-22 8.979E-21 6.041E-19

U-238+D    äDSR(j)               4.986E-10 4.988E-10 4.994E-10 5.015E-10 5.075E-10 5.289E-10 5.954E-10 9.032E-10

ÍÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

The DSR includes contributions from associated (half-life ó 180 days) daughters.                                                     

                           Single Radionuclide Soil Guidelines G(i,t) in pCi/g                                                      

                              Basic Radiation Dose Limit = 2.500E+01 mrem/yr                                                        

Nuclide

  (i)    t= 0.000E+00   1.000E+00   3.000E+00   1.000E+01   3.000E+01   1.000E+02   3.000E+02   1.000E+03

ÄÄÄÄÄÄÄ     ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ

U-234      *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09                           

U-235      *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06                           

U-238      *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05                           

ÍÍÍÍÍÍÍ     ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ

*At specific activity limit

            Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)

            and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

         at tmin = time of minimum single radionuclide soil guideline

     and at tmax = time of maximum total dose = 1.000E+03 years       

Nuclide  Initial         tmin       DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)

  (i)    (pCi/g)       (years)                   (pCi/g)               (pCi/g)

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ

U-234   5.680E+00     1.000E+03      2.402E-09 *6.247E+09  2.402E-09 *6.247E+09

U-235   4.310E-01     1.000E+03      1.588E-11 *2.161E+06  1.588E-11 *2.161E+06

U-238   3.330E+01     1.000E+03      9.032E-10 *3.361E+05  9.032E-10 *3.361E+05

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ

*At specific activity limit
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                              Individual Nuclide Dose Summed Over All Pathways

                                Parent Nuclide and Branch Fraction Indicated

Nuclide Parent   THF(i)                                    DOSE(j,t), mrem/yr

  (j)     (i)             t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ    ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234   U-234   1.000E+00    3.605E-21 3.611E-21 3.622E-21 3.661E-21 3.774E-21 4.200E-21 5.701E-21 1.661E-20

U-234   U-238   9.999E-01    2.996E-26 9.002E-26 2.107E-25 6.388E-25 1.913E-24 7.016E-24 2.848E-23 2.766E-22

U-234   äDOSE(j)             3.605E-21 3.611E-21 3.622E-21 3.661E-21 3.776E-21 4.207E-21 5.729E-21 1.689E-20

Th-230  U-234   1.000E+00    2.457E-25 7.382E-25 1.728E-24 5.241E-24 1.571E-23 5.777E-23 2.365E-22 2.365E-21

Th-230  U-238   9.999E-01    0.000E+00 0.000E+00 5.059E-29 4.575E-28 3.978E-27 4.808E-26 5.844E-25 1.900E-23

Th-230  äDOSE(j)             2.457E-25 7.382E-25 1.728E-24 5.241E-24 1.571E-23 5.782E-23 2.370E-22 2.384E-21

Ra-226  U-234   1.000E+00    3.014E-15 2.110E-14 1.116E-13 1.001E-12 8.513E-12 9.508E-11 9.220E-10 1.364E-08

Ra-226  U-238   9.999E-01    1.252E-20 1.879E-19 2.194E-18 5.835E-17 1.439E-15 5.301E-14 1.541E-12 7.647E-11

Ra-226  äDOSE(j)             3.014E-15 2.110E-14 1.116E-13 1.002E-12 8.514E-12 9.513E-11 9.235E-10 1.372E-08

Pb-210  U-234   1.000E+00    5.833E-24 8.696E-23 1.001E-21 2.529E-20 5.433E-19 1.346E-17 1.956E-16 3.702E-15

Pb-210  U-238   9.999E-01    0.000E+00 5.988E-28 1.493E-26 1.123E-24 7.189E-23 6.294E-21 2.990E-19 2.012E-17

Pb-210  äDOSE(j)             5.833E-24 8.696E-23 1.001E-21 2.529E-20 5.434E-19 1.347E-17 1.959E-16 3.722E-15

U-235   U-235   1.000E+00    6.304E-14 6.311E-14 6.324E-14 6.369E-14 6.501E-14 6.986E-14 8.578E-14 1.760E-13

Pa-231  U-235   1.000E+00    1.615E-17 4.850E-17 1.133E-16 3.420E-16 1.010E-15 3.523E-15 1.241E-14 7.323E-14

Ac-227  U-235   1.000E+00    1.887E-17 1.309E-16 6.789E-16 5.678E-15 4.004E-14 2.675E-13 1.162E-12 6.595E-12

U-238   U-238   5.400E-05    0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

U-238   U-238   9.999E-01    1.660E-08 1.661E-08 1.663E-08 1.670E-08 1.690E-08 1.761E-08 1.983E-08 3.000E-08

U-238   äDOSE(j)             1.660E-08 1.661E-08 1.663E-08 1.670E-08 1.690E-08 1.761E-08 1.983E-08 3.000E-08

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ    ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

THF(i) is the thread fraction of the parent nuclide.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT DU DEFAULT DENSITY.RAD

                                   Individual Nuclide Soil Concentration

                                Parent Nuclide and Branch Fraction Indicated

Nuclide Parent   THF(i)                                      S(j,t), pCi/g

  (j)     (i)             t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ    ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234   U-234   1.000E+00    5.680E+00 5.679E+00 5.676E+00 5.668E+00 5.643E+00 5.557E+00 5.320E+00 4.566E+00

U-234   U-238   9.999E-01    0.000E+00 9.438E-05 2.830E-04 9.419E-04 2.814E-03 9.237E-03 2.654E-02 7.599E-02

U-234   äS(j):               5.680E+00 5.679E+00 5.677E+00 5.669E+00 5.646E+00 5.567E+00 5.346E+00 4.642E+00

Th-230  U-234   1.000E+00    0.000E+00 5.113E-05 1.533E-04 5.107E-04 1.529E-03 5.055E-03 1.483E-02 4.572E-02

Th-230  U-238   9.999E-01    0.000E+00 4.248E-10 3.822E-09 4.243E-08 3.807E-07 4.187E-06 3.659E-05 3.670E-04

Th-230  äS(j):               0.000E+00 5.113E-05 1.533E-04 5.108E-04 1.529E-03 5.060E-03 1.486E-02 4.608E-02

Ra-226  U-234   1.000E+00    0.000E+00 1.107E-08 9.960E-08 1.105E-06 9.887E-06 1.078E-04 9.194E-04 8.501E-03

Ra-226  U-238   9.999E-01    0.000E+00 6.134E-14 1.655E-12 6.120E-11 1.644E-09 5.980E-08 1.534E-06 4.763E-05

Ra-226  äS(j):               0.000E+00 1.107E-08 9.960E-08 1.105E-06 9.889E-06 1.079E-04 9.209E-04 8.548E-03

Pb-210  U-234   1.000E+00    0.000E+00 1.138E-10 3.025E-09 1.061E-07 2.475E-06 5.991E-05 7.464E-04 8.007E-03

Pb-210  U-238   9.999E-01    0.000E+00 4.737E-16 3.788E-14 4.476E-12 3.218E-10 2.786E-08 1.139E-06 4.349E-05

Pb-210  äS(j):               0.000E+00 1.138E-10 3.025E-09 1.061E-07 2.475E-06 5.994E-05 7.475E-04 8.051E-03

U-235   U-235   1.000E+00    4.310E-01 4.309E-01 4.307E-01 4.301E-01 4.282E-01 4.218E-01 4.040E-01 3.474E-01

Pa-231  U-235   1.000E+00    0.000E+00 9.117E-06 2.734E-05 9.099E-05 2.717E-04 8.915E-04 2.556E-03 7.274E-03

Ac-227  U-235   1.000E+00    0.000E+00 1.436E-07 1.265E-06 1.305E-05 9.644E-05 6.193E-04 2.269E-03 6.980E-03

U-238   U-238   5.400E-05    1.798E-03 1.798E-03 1.797E-03 1.794E-03 1.787E-03 1.760E-03 1.686E-03 1.450E-03

U-238   U-238   9.999E-01    3.330E+01 3.329E+01 3.328E+01 3.323E+01 3.308E+01 3.259E+01 3.121E+01 2.684E+01

U-238   äS(j):               3.330E+01 3.329E+01 3.328E+01 3.323E+01 3.309E+01 3.259E+01 3.122E+01 2.684E+01

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ    ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

THF(i) is the thread fraction of the parent nuclide.

RESCALC.EXE execution time =   14.63 seconds



 

Scenario 3: 

Resident – Cap / No Asphalt / One‐half Design Thickness 
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                          Dose Conversion Factor (and Related) Parameter Summary

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

A-1  ³ DCF's for external ground radiation, (mrem/yr)/(pCi/g)      ³           ³           ³

A-1  ³ Ac-227   (Source: FGR 12)                                   ³ 4.951E-04 ³ 4.951E-04 ³ DCF1(  1)    

A-1  ³ At-218   (Source: FGR 12)                                   ³ 5.847E-03 ³ 5.847E-03 ³ DCF1(  2)    

A-1  ³ Bi-210   (Source: FGR 12)                                   ³ 3.606E-03 ³ 3.606E-03 ³ DCF1(  3)    

A-1  ³ Bi-211   (Source: FGR 12)                                   ³ 2.559E-01 ³ 2.559E-01 ³ DCF1(  4)    

A-1  ³ Bi-214   (Source: FGR 12)                                   ³ 9.808E+00 ³ 9.808E+00 ³ DCF1(  5)    

A-1  ³ Fr-223   (Source: FGR 12)                                   ³ 1.980E-01 ³ 1.980E-01 ³ DCF1(  6)    

A-1  ³ Pa-231   (Source: FGR 12)                                   ³ 1.906E-01 ³ 1.906E-01 ³ DCF1(  7)    

A-1  ³ Pa-234   (Source: FGR 12)                                   ³ 1.155E+01 ³ 1.155E+01 ³ DCF1(  8)    

A-1  ³ Pa-234m  (Source: FGR 12)                                   ³ 8.967E-02 ³ 8.967E-02 ³ DCF1(  9)    

A-1  ³ Pb-210   (Source: FGR 12)                                   ³ 2.447E-03 ³ 2.447E-03 ³ DCF1( 10)    

A-1  ³ Pb-211   (Source: FGR 12)                                   ³ 3.064E-01 ³ 3.064E-01 ³ DCF1( 11)    

A-1  ³ Pb-214   (Source: FGR 12)                                   ³ 1.341E+00 ³ 1.341E+00 ³ DCF1( 12)    

A-1  ³ Po-210   (Source: FGR 12)                                   ³ 5.231E-05 ³ 5.231E-05 ³ DCF1( 13)    

A-1  ³ Po-211   (Source: FGR 12)                                   ³ 4.764E-02 ³ 4.764E-02 ³ DCF1( 14)    

A-1  ³ Po-214   (Source: FGR 12)                                   ³ 5.138E-04 ³ 5.138E-04 ³ DCF1( 15)    

A-1  ³ Po-215   (Source: FGR 12)                                   ³ 1.016E-03 ³ 1.016E-03 ³ DCF1( 16)    

A-1  ³ Po-218   (Source: FGR 12)                                   ³ 5.642E-05 ³ 5.642E-05 ³ DCF1( 17)    

A-1  ³ Ra-223   (Source: FGR 12)                                   ³ 6.034E-01 ³ 6.034E-01 ³ DCF1( 18)    

A-1  ³ Ra-226   (Source: FGR 12)                                   ³ 3.176E-02 ³ 3.176E-02 ³ DCF1( 19)    

A-1  ³ Rn-219   (Source: FGR 12)                                   ³ 3.083E-01 ³ 3.083E-01 ³ DCF1( 20)    

A-1  ³ Rn-222   (Source: FGR 12)                                   ³ 2.354E-03 ³ 2.354E-03 ³ DCF1( 21)    

A-1  ³ Th-227   (Source: FGR 12)                                   ³ 5.212E-01 ³ 5.212E-01 ³ DCF1( 22)    

A-1  ³ Th-230   (Source: FGR 12)                                   ³ 1.209E-03 ³ 1.209E-03 ³ DCF1( 23)    

A-1  ³ Th-231   (Source: FGR 12)                                   ³ 3.643E-02 ³ 3.643E-02 ³ DCF1( 24)    

A-1  ³ Th-234   (Source: FGR 12)                                   ³ 2.410E-02 ³ 2.410E-02 ³ DCF1( 25)    

A-1  ³ Tl-207   (Source: FGR 12)                                   ³ 1.980E-02 ³ 1.980E-02 ³ DCF1( 26)    

A-1  ³ Tl-210   (Source: no data)                                  ³ 0.000E+00 ³-2.000E+00 ³ DCF1( 27)    

A-1  ³ U-234    (Source: FGR 12)                                   ³ 4.017E-04 ³ 4.017E-04 ³ DCF1( 28)    

A-1  ³ U-235    (Source: FGR 12)                                   ³ 7.211E-01 ³ 7.211E-01 ³ DCF1( 29)    

A-1  ³ U-238    (Source: FGR 12)                                   ³ 1.031E-04 ³ 1.031E-04 ³ DCF1( 30)    

     ³                                                             ³           ³           ³

B-1  ³ Dose conversion factors for inhalation, mrem/pCi:           ³           ³           ³

B-1  ³ Ac-227+D                                                    ³ 6.724E+00 ³ 6.700E+00 ³ DCF2(  1)    

B-1  ³ Pa-231                                                      ³ 1.280E+00 ³ 1.280E+00 ³ DCF2(  2)    

B-1  ³ Pb-210+D                                                    ³ 2.320E-02 ³ 1.360E-02 ³ DCF2(  3)    

B-1  ³ Ra-226+D                                                    ³ 8.594E-03 ³ 8.580E-03 ³ DCF2(  4)    

B-1  ³ Th-230                                                      ³ 3.260E-01 ³ 3.260E-01 ³ DCF2(  5)    

B-1  ³ U-234                                                       ³ 1.320E-01 ³ 1.320E-01 ³ DCF2(  6)    

B-1  ³ U-235+D                                                     ³ 1.230E-01 ³ 1.230E-01 ³ DCF2(  7)    

B-1  ³ U-238                                                       ³ 1.180E-01 ³ 1.180E-01 ³ DCF2(  8)    

B-1  ³ U-238+D                                                     ³ 1.180E-01 ³ 1.180E-01 ³ DCF2(  9)    

     ³                                                             ³           ³           ³

D-1  ³ Dose conversion factors for ingestion, mrem/pCi:            ³           ³           ³

D-1  ³ Ac-227+D                                                    ³ 1.480E-02 ³ 1.410E-02 ³ DCF3(  1)    

D-1  ³ Pa-231                                                      ³ 1.060E-02 ³ 1.060E-02 ³ DCF3(  2)    

D-1  ³ Pb-210+D                                                    ³ 7.276E-03 ³ 5.370E-03 ³ DCF3(  3)    

D-1  ³ Ra-226+D                                                    ³ 1.321E-03 ³ 1.320E-03 ³ DCF3(  4)    

D-1  ³ Th-230                                                      ³ 5.480E-04 ³ 5.480E-04 ³ DCF3(  5)    

D-1  ³ U-234                                                       ³ 2.830E-04 ³ 2.830E-04 ³ DCF3(  6)    
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                    Dose Conversion Factor (and Related) Parameter Summary (continued)

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

D-1  ³ U-235+D                                                     ³ 2.673E-04 ³ 2.660E-04 ³ DCF3(  7)    

D-1  ³ U-238                                                       ³ 2.550E-04 ³ 2.550E-04 ³ DCF3(  8)    

D-1  ³ U-238+D                                                     ³ 2.687E-04 ³ 2.550E-04 ³ DCF3(  9)    

     ³                                                             ³           ³           ³

D-34 ³ Food transfer factors:                                      ³           ³           ³

D-34 ³ Ac-227+D  , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  1,1)   

D-34 ³ Ac-227+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 2.000E-05 ³ 2.000E-05 ³ RTF(  1,2)   

D-34 ³ Ac-227+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 2.000E-05 ³ 2.000E-05 ³ RTF(  1,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Pa-231    , plant/soil concentration ratio, dimensionless   ³ 1.000E-02 ³ 1.000E-02 ³ RTF(  2,1)   

D-34 ³ Pa-231    , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 5.000E-03 ³ 5.000E-03 ³ RTF(  2,2)   

D-34 ³ Pa-231    , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 5.000E-06 ³ 5.000E-06 ³ RTF(  2,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Pb-210+D  , plant/soil concentration ratio, dimensionless   ³ 1.000E-02 ³ 1.000E-02 ³ RTF(  3,1)   

D-34 ³ Pb-210+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 8.000E-04 ³ 8.000E-04 ³ RTF(  3,2)   

D-34 ³ Pb-210+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 3.000E-04 ³ 3.000E-04 ³ RTF(  3,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Ra-226+D  , plant/soil concentration ratio, dimensionless   ³ 4.000E-02 ³ 4.000E-02 ³ RTF(  4,1)   

D-34 ³ Ra-226+D  , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  4,2)   

D-34 ³ Ra-226+D  , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  4,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ Th-230    , plant/soil concentration ratio, dimensionless   ³ 1.000E-03 ³ 1.000E-03 ³ RTF(  5,1)   

D-34 ³ Th-230    , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 1.000E-04 ³ 1.000E-04 ³ RTF(  5,2)   

D-34 ³ Th-230    , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 5.000E-06 ³ 5.000E-06 ³ RTF(  5,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-234     , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  6,1)   

D-34 ³ U-234     , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  6,2)   

D-34 ³ U-234     , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  6,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-235+D   , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  7,1)   

D-34 ³ U-235+D   , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  7,2)   

D-34 ³ U-235+D   , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  7,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-238     , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  8,1)   

D-34 ³ U-238     , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  8,2)   

D-34 ³ U-238     , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  8,3)   

D-34 ³                                                             ³           ³           ³

D-34 ³ U-238+D   , plant/soil concentration ratio, dimensionless   ³ 2.500E-03 ³ 2.500E-03 ³ RTF(  9,1)   

D-34 ³ U-238+D   , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)   ³ 3.400E-04 ³ 3.400E-04 ³ RTF(  9,2)   

D-34 ³ U-238+D   , milk/livestock-intake ratio, (pCi/L)/(pCi/d)    ³ 6.000E-04 ³ 6.000E-04 ³ RTF(  9,3)   

     ³                                                             ³           ³           ³

D-5  ³ Bioaccumulation factors, fresh water, L/kg:                 ³           ³           ³

D-5  ³ Ac-227+D  , fish                                            ³ 1.500E+01 ³ 1.500E+01 ³ BIOFAC(  1,1)

D-5  ³ Ac-227+D  , crustacea and mollusks                          ³ 1.000E+03 ³ 1.000E+03 ³ BIOFAC(  1,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Pa-231    , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  2,1)

D-5  ³ Pa-231    , crustacea and mollusks                          ³ 1.100E+02 ³ 1.100E+02 ³ BIOFAC(  2,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Pb-210+D  , fish                                            ³ 3.000E+02 ³ 3.000E+02 ³ BIOFAC(  3,1)

D-5  ³ Pb-210+D  , crustacea and mollusks                          ³ 1.000E+02 ³ 1.000E+02 ³ BIOFAC(  3,2)
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                    Dose Conversion Factor (and Related) Parameter Summary (continued)

                                      Dose Library: FGR 12 & FGR 11

     ³                                                             ³  Current  ³   Base    ³  Parameter

Menu ³                          Parameter                          ³   Value#  ³   Case*   ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

D-5  ³ Ra-226+D  , fish                                            ³ 5.000E+01 ³ 5.000E+01 ³ BIOFAC(  4,1)

D-5  ³ Ra-226+D  , crustacea and mollusks                          ³ 2.500E+02 ³ 2.500E+02 ³ BIOFAC(  4,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ Th-230    , fish                                            ³ 1.000E+02 ³ 1.000E+02 ³ BIOFAC(  5,1)

D-5  ³ Th-230    , crustacea and mollusks                          ³ 5.000E+02 ³ 5.000E+02 ³ BIOFAC(  5,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-234     , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  6,1)

D-5  ³ U-234     , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  6,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-235+D   , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  7,1)

D-5  ³ U-235+D   , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  7,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-238     , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  8,1)

D-5  ³ U-238     , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  8,2)

D-5  ³                                                             ³           ³           ³

D-5  ³ U-238+D   , fish                                            ³ 1.000E+01 ³ 1.000E+01 ³ BIOFAC(  9,1)

D-5  ³ U-238+D   , crustacea and mollusks                          ³ 6.000E+01 ³ 6.000E+01 ³ BIOFAC(  9,2)

ÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

#For DCF1(xxx) only, factors are for infinite depth & area.  See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                                                Site-Specific Parameter Summary

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R011 ³ Area of contaminated zone (m**2)                 ³ 2.416E+03 ³ 1.000E+04 ³              ---               ³ AREA         

R011 ³ Thickness of contaminated zone (m)               ³ 8.000E+01 ³ 2.000E+00 ³              ---               ³ THICK0       

R011 ³ Fraction of contamination that is submerged      ³ 5.000E-01 ³ 0.000E+00 ³              ---               ³ SUBMFRACT    

R011 ³ Length parallel to aquifer flow (m)              ³ not used  ³ 1.000E+02 ³              ---               ³ LCZPAQ       

R011 ³ Basic radiation dose limit (mrem/yr)             ³ 2.500E+01 ³ 3.000E+01 ³              ---               ³ BRDL         

R011 ³ Time since placement of material (yr)            ³ 0.000E+00 ³ 0.000E+00 ³              ---               ³ TI           

R011 ³ Times for calculations (yr)                      ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ T( 2)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+00 ³ 3.000E+00 ³              ---               ³ T( 3)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+01 ³ 1.000E+01 ³              ---               ³ T( 4)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+01 ³ 3.000E+01 ³              ---               ³ T( 5)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+02 ³ 1.000E+02 ³              ---               ³ T( 6)        

R011 ³ Times for calculations (yr)                      ³ 3.000E+02 ³ 3.000E+02 ³              ---               ³ T( 7)        

R011 ³ Times for calculations (yr)                      ³ 1.000E+03 ³ 1.000E+03 ³              ---               ³ T( 8)        

R011 ³ Times for calculations (yr)                      ³ not used  ³ 0.000E+00 ³              ---               ³ T( 9)        

R011 ³ Times for calculations (yr)                      ³ not used  ³ 0.000E+00 ³              ---               ³ T(10)        

     ³                                                  ³           ³           ³                                ³

R012 ³ Initial principal radionuclide (pCi/g):  U-234   ³ 5.680E+00 ³ 0.000E+00 ³              ---               ³ S1(6)        

R012 ³ Initial principal radionuclide (pCi/g):  U-235   ³ 4.310E-01 ³ 0.000E+00 ³              ---               ³ S1(7)        

R012 ³ Initial principal radionuclide (pCi/g):  U-238   ³ 3.330E+01 ³ 0.000E+00 ³              ---               ³ S1(8)        

R012 ³ Concentration in groundwater   (pCi/L):  U-234   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 6)       

R012 ³ Concentration in groundwater   (pCi/L):  U-235   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 7)       

R012 ³ Concentration in groundwater   (pCi/L):  U-238   ³ not used  ³ 0.000E+00 ³              ---               ³ W1( 8)       

     ³                                                  ³           ³           ³                                ³

R013 ³ Cover depth (m)                                  ³ 7.000E-01 ³ 0.000E+00 ³              ---               ³ COVER0       

R013 ³ Density of cover material (g/cm**3)              ³ 1.500E+00 ³ 1.500E+00 ³              ---               ³ DENSCV       

R013 ³ Cover depth erosion rate (m/yr)                  ³ 6.000E-05 ³ 1.000E-03 ³              ---               ³ VCV          

R013 ³ Density of contaminated zone (g/cm**3)           ³ 1.500E+00 ³ 1.500E+00 ³              ---               ³ DENSCZ       

R013 ³ Contaminated zone erosion rate (m/yr)            ³ 1.000E-03 ³ 1.000E-03 ³              ---               ³ VCZ          

R013 ³ Contaminated zone total porosity                 ³ 4.000E-01 ³ 4.000E-01 ³              ---               ³ TPCZ         

R013 ³ Contaminated zone field capacity                 ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ FCCZ         

R013 ³ Contaminated zone hydraulic conductivity (m/yr)  ³ 1.000E+01 ³ 1.000E+01 ³              ---               ³ HCCZ         

R013 ³ Contaminated zone b parameter                    ³ 5.300E+00 ³ 5.300E+00 ³              ---               ³ BCZ          

R013 ³ Average annual wind speed (m/sec)                ³ 2.000E+00 ³ 2.000E+00 ³              ---               ³ WIND         

R013 ³ Humidity in air (g/m**3)                         ³ not used  ³ 8.000E+00 ³              ---               ³ HUMID        

R013 ³ Evapotranspiration coefficient                   ³ 5.000E-01 ³ 5.000E-01 ³              ---               ³ EVAPTR       

R013 ³ Precipitation (m/yr)                             ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ PRECIP       

R013 ³ Irrigation (m/yr)                                ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ RI           

R013 ³ Irrigation mode                                  ³ overhead  ³ overhead  ³              ---               ³ IDITCH       

R013 ³ Runoff coefficient                               ³ 2.000E-01 ³ 2.000E-01 ³              ---               ³ RUNOFF       

R013 ³ Watershed area for nearby stream or pond (m**2)  ³ not used  ³ 1.000E+06 ³              ---               ³ WAREA        

R013 ³ Accuracy for water/soil computations             ³ not used  ³ 1.000E-03 ³              ---               ³ EPS          

     ³                                                  ³           ³           ³                                ³

R014 ³ Density of saturated zone (g/cm**3)              ³ not used  ³ 1.500E+00 ³              ---               ³ DENSAQ       

R014 ³ Saturated zone total porosity                    ³ not used  ³ 4.000E-01 ³              ---               ³ TPSZ         

R014 ³ Saturated zone effective porosity                ³ not used  ³ 2.000E-01 ³              ---               ³ EPSZ         

R014 ³ Saturated zone field capacity                    ³ not used  ³ 2.000E-01 ³              ---               ³ FCSZ         

R014 ³ Saturated zone hydraulic conductivity (m/yr)     ³ not used  ³ 1.000E+02 ³              ---               ³ HCSZ         

R014 ³ Saturated zone hydraulic gradient                ³ not used  ³ 2.000E-02 ³              ---               ³ HGWT         

R014 ³ Saturated zone b parameter                       ³ not used  ³ 5.300E+00 ³              ---               ³ BSZ          

R014 ³ Water table drop rate (m/yr)                     ³ not used  ³ 1.000E-03 ³              ---               ³ VWT          
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R014 ³ Well pump intake depth (m below water table)     ³ not used  ³ 1.000E+01 ³              ---               ³ DWIBWT       

R014 ³ Model: Nondispersion (ND) or Mass-Balance (MB)   ³ not used  ³ ND        ³              ---               ³ MODEL        

R014 ³ Well pumping rate (m**3/yr)                      ³ not used  ³ 2.500E+02 ³              ---               ³ UW           

     ³                                                  ³           ³           ³                                ³

R015 ³ Number of unsaturated zone strata                ³ not used  ³ 1         ³              ---               ³ NS           

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-234              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 6)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 6)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 6)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 6)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-235              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 7)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 7)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 7)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 7)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for U-238              ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 8)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 8)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 8)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 8)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Ac-227    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 2.000E+01 ³ 2.000E+01 ³              ---               ³ DCNUCC( 1)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 2.000E+01 ³              ---               ³ DCNUCS( 1)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           5.345E-04            ³ ALEACH( 1)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 1)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Pa-231    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 5.000E+01 ³ 5.000E+01 ³              ---               ³ DCNUCC( 2)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 5.000E+01 ³              ---               ³ DCNUCS( 2)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           2.155E-04            ³ ALEACH( 2)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 2)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Pb-210    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 1.000E+02 ³ 1.000E+02 ³              ---               ³ DCNUCC( 3)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 1.000E+02 ³              ---               ³ DCNUCS( 3)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.080E-04            ³ ALEACH( 3)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 3)  

     ³                                                  ³           ³           ³                                ³

R016 ³ Distribution coefficients for daughter Ra-226    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 7.000E+01 ³ 7.000E+01 ³              ---               ³ DCNUCC( 4)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 7.000E+01 ³              ---               ³ DCNUCS( 4)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.542E-04            ³ ALEACH( 4)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 4)  
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R016 ³ Distribution coefficients for daughter Th-230    ³           ³           ³                                ³

R016 ³   Contaminated zone (cm**3/g)                    ³ 6.000E+04 ³ 6.000E+04 ³              ---               ³ DCNUCC( 5)   

R016 ³   Saturated zone (cm**3/g)                       ³ not used  ³ 6.000E+04 ³              ---               ³ DCNUCS( 5)   

R016 ³   Leach rate (/yr)                               ³ 0.000E+00 ³ 0.000E+00 ³           1.806E-07            ³ ALEACH( 5)  

R016 ³   Solubility constant                            ³ 0.000E+00 ³ 0.000E+00 ³           not used             ³ SOLUBK( 5)  

     ³                                                  ³           ³           ³                                ³

R017 ³ Inhalation rate (m**3/yr)                        ³ not used  ³ 8.400E+03 ³              ---               ³ INHALR       

R017 ³ Mass loading for inhalation (g/m**3)             ³ not used  ³ 1.000E-04 ³              ---               ³ MLINH        

R017 ³ Exposure duration                                ³ 3.000E+01 ³ 3.000E+01 ³              ---               ³ ED           

R017 ³ Shielding factor, inhalation                     ³ not used  ³ 4.000E-01 ³              ---               ³ SHF3         

R017 ³ Shielding factor, external gamma                 ³ 6.000E-01 ³ 7.000E-01 ³              ---               ³ SHF1         

R017 ³ Fraction of time spent indoors                   ³ 6.800E-01 ³ 5.000E-01 ³              ---               ³ FIND         

R017 ³ Fraction of time spent outdoors (on site)        ³ 4.200E-02 ³ 2.500E-01 ³              ---               ³ FOTD         

R017 ³ Shape factor flag, external gamma                ³ 1.000E+00 ³ 1.000E+00 ³    >0 shows circular AREA.     ³ FS          

R017 ³ Radii of shape factor array (used if FS = -1):   ³           ³           ³                                ³

R017 ³   Outer annular radius (m), ring  1:             ³ not used  ³ 5.000E+01 ³              ---               ³ RAD_SHAPE( 1)

R017 ³   Outer annular radius (m), ring  2:             ³ not used  ³ 7.071E+01 ³              ---               ³ RAD_SHAPE( 2)

R017 ³   Outer annular radius (m), ring  3:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 3)

R017 ³   Outer annular radius (m), ring  4:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 4)

R017 ³   Outer annular radius (m), ring  5:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 5)

R017 ³   Outer annular radius (m), ring  6:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 6)

R017 ³   Outer annular radius (m), ring  7:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 7)

R017 ³   Outer annular radius (m), ring  8:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 8)

R017 ³   Outer annular radius (m), ring  9:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE( 9)

R017 ³   Outer annular radius (m), ring 10:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(10)

R017 ³   Outer annular radius (m), ring 11:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(11)

R017 ³   Outer annular radius (m), ring 12:             ³ not used  ³ 0.000E+00 ³              ---               ³ RAD_SHAPE(12)

     ³                                                  ³           ³           ³                                ³

R017 ³ Fractions of annular areas within AREA:          ³           ³           ³                                ³

R017 ³   Ring  1                                        ³ not used  ³ 1.000E+00 ³              ---               ³ FRACA( 1)    

R017 ³   Ring  2                                        ³ not used  ³ 2.732E-01 ³              ---               ³ FRACA( 2)    

R017 ³   Ring  3                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 3)    

R017 ³   Ring  4                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 4)    

R017 ³   Ring  5                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 5)    

R017 ³   Ring  6                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 6)    

R017 ³   Ring  7                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 7)    

R017 ³   Ring  8                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 8)    

R017 ³   Ring  9                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA( 9)    

R017 ³   Ring 10                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(10)    

R017 ³   Ring 11                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(11)    

R017 ³   Ring 12                                        ³ not used  ³ 0.000E+00 ³              ---               ³ FRACA(12)    

     ³                                                  ³           ³           ³                                ³

R018 ³ Fruits, vegetables and grain consumption (kg/yr) ³ not used  ³ 1.600E+02 ³              ---               ³ DIET(1)      

R018 ³ Leafy vegetable consumption (kg/yr)              ³ not used  ³ 1.400E+01 ³              ---               ³ DIET(2)      

R018 ³ Milk consumption (L/yr)                          ³ not used  ³ 9.200E+01 ³              ---               ³ DIET(3)      

R018 ³ Meat and poultry consumption (kg/yr)             ³ not used  ³ 6.300E+01 ³              ---               ³ DIET(4)      

R018 ³ Fish consumption (kg/yr)                         ³ not used  ³ 5.400E+00 ³              ---               ³ DIET(5)      

R018 ³ Other seafood consumption (kg/yr)                ³ not used  ³ 9.000E-01 ³              ---               ³ DIET(6)      

R018 ³ Soil ingestion rate (g/yr)                       ³ not used  ³ 3.650E+01 ³              ---               ³ SOIL         

R018 ³ Drinking water intake (L/yr)                     ³ not used  ³ 5.100E+02 ³              ---               ³ DWI          
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

R018 ³ Contamination fraction of drinking water         ³ not used  ³ 1.000E+00 ³              ---               ³ FDW          

R018 ³ Contamination fraction of household water        ³ not used  ³ 1.000E+00 ³              ---               ³ FHHW         

R018 ³ Contamination fraction of livestock water        ³ not used  ³ 1.000E+00 ³              ---               ³ FLW          

R018 ³ Contamination fraction of irrigation water       ³ not used  ³ 1.000E+00 ³              ---               ³ FIRW         

R018 ³ Contamination fraction of aquatic food           ³ not used  ³ 5.000E-01 ³              ---               ³ FR9          

R018 ³ Contamination fraction of plant food             ³ not used  ³-1         ³              ---               ³ FPLANT       

R018 ³ Contamination fraction of meat                   ³ not used  ³-1         ³              ---               ³ FMEAT        

R018 ³ Contamination fraction of milk                   ³ not used  ³-1         ³              ---               ³ FMILK        

     ³                                                  ³           ³           ³                                ³

R019 ³ Livestock fodder intake for meat (kg/day)        ³ not used  ³ 6.800E+01 ³              ---               ³ LFI5         

R019 ³ Livestock fodder intake for milk (kg/day)        ³ not used  ³ 5.500E+01 ³              ---               ³ LFI6         

R019 ³ Livestock water intake for meat (L/day)          ³ not used  ³ 5.000E+01 ³              ---               ³ LWI5         

R019 ³ Livestock water intake for milk (L/day)          ³ not used  ³ 1.600E+02 ³              ---               ³ LWI6         

R019 ³ Livestock soil intake (kg/day)                   ³ not used  ³ 5.000E-01 ³              ---               ³ LSI          

R019 ³ Mass loading for foliar deposition (g/m**3)      ³ not used  ³ 1.000E-04 ³              ---               ³ MLFD         

R019 ³ Depth of soil mixing layer (m)                   ³ not used  ³ 1.500E-01 ³              ---               ³ DM           

R019 ³ Depth of roots (m)                               ³ not used  ³ 9.000E-01 ³              ---               ³ DROOT        

R019 ³ Drinking water fraction from ground water        ³ not used  ³ 1.000E+00 ³              ---               ³ FGWDW        

R019 ³ Household water fraction from ground water       ³ not used  ³ 1.000E+00 ³              ---               ³ FGWHH        

R019 ³ Livestock water fraction from ground water       ³ not used  ³ 1.000E+00 ³              ---               ³ FGWLW        

R019 ³ Irrigation fraction from ground water            ³ not used  ³ 1.000E+00 ³              ---               ³ FGWIR        

     ³                                                  ³           ³           ³                                ³

R19B ³ Wet weight crop yield for Non-Leafy (kg/m**2)    ³ not used  ³ 7.000E-01 ³              ---               ³ YV(1)        

R19B ³ Wet weight crop yield for Leafy     (kg/m**2)    ³ not used  ³ 1.500E+00 ³              ---               ³ YV(2)        

R19B ³ Wet weight crop yield for Fodder    (kg/m**2)    ³ not used  ³ 1.100E+00 ³              ---               ³ YV(3)        

R19B ³ Growing Season for  Non-Leafy (years)            ³ not used  ³ 1.700E-01 ³              ---               ³ TE(1)        

R19B ³ Growing Season for  Leafy     (years)            ³ not used  ³ 2.500E-01 ³              ---               ³ TE(2)        

R19B ³ Growing Season for  Fodder    (years)            ³ not used  ³ 8.000E-02 ³              ---               ³ TE(3)        

R19B ³ Translocation Factor for  Non-Leafy              ³ not used  ³ 1.000E-01 ³              ---               ³ TIV(1)       

R19B ³ Translocation Factor for  Leafy                  ³ not used  ³ 1.000E+00 ³              ---               ³ TIV(2)       

R19B ³ Translocation Factor for  Fodder                 ³ not used  ³ 1.000E+00 ³              ---               ³ TIV(3)       

R19B ³ Dry Foliar Interception Fraction for  Non-Leafy  ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(1)      

R19B ³ Dry Foliar Interception Fraction for  Leafy      ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(2)      

R19B ³ Dry Foliar Interception Fraction for  Fodder     ³ not used  ³ 2.500E-01 ³              ---               ³ RDRY(3)      

R19B ³ Wet Foliar Interception Fraction for  Non-Leafy  ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(1)      

R19B ³ Wet Foliar Interception Fraction for  Leafy      ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(2)      

R19B ³ Wet Foliar Interception Fraction for  Fodder     ³ not used  ³ 2.500E-01 ³              ---               ³ RWET(3)      

R19B ³ Weathering Removal Constant for Vegetation       ³ not used  ³ 2.000E+01 ³              ---               ³ WLAM         

     ³                                                  ³           ³           ³                                ³

C14  ³ C-12 concentration in water (g/cm**3)            ³ not used  ³ 2.000E-05 ³              ---               ³ C12WTR       

C14  ³ C-12 concentration in contaminated soil (g/g)    ³ not used  ³ 3.000E-02 ³              ---               ³ C12CZ        

C14  ³ Fraction of vegetation carbon from soil          ³ not used  ³ 2.000E-02 ³              ---               ³ CSOIL        

C14  ³ Fraction of vegetation carbon from air           ³ not used  ³ 9.800E-01 ³              ---               ³ CAIR         

C14  ³ C-14 evasion layer thickness in soil (m)         ³ not used  ³ 3.000E-01 ³              ---               ³ DMC          

C14  ³ C-14 evasion flux rate from soil (1/sec)         ³ not used  ³ 7.000E-07 ³              ---               ³ EVSN         

C14  ³ C-12 evasion flux rate from soil (1/sec)         ³ not used  ³ 1.000E-10 ³              ---               ³ REVSN        

C14  ³ Fraction of grain in beef cattle feed            ³ not used  ³ 8.000E-01 ³              ---               ³ AVFG4        

C14  ³ Fraction of grain in milk cow feed               ³ not used  ³ 2.000E-01 ³              ---               ³ AVFG5        

     ³                                                  ³           ³           ³                                ³

STOR ³ Storage times of contaminated foodstuffs (days): ³           ³           ³                                ³
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                                          Site-Specific Parameter Summary (continued)

     ³                                                  ³   User    ³           ³         Used by RESRAD         ³  Parameter

Menu ³                     Parameter                    ³   Input   ³  Default  ³ (If different from user input) ³    Name

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

STOR ³   Fruits, non-leafy vegetables, and grain        ³ 1.400E+01 ³ 1.400E+01 ³              ---               ³ STOR_T(1)    

STOR ³   Leafy vegetables                               ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(2)    

STOR ³   Milk                                           ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(3)    

STOR ³   Meat and poultry                               ³ 2.000E+01 ³ 2.000E+01 ³              ---               ³ STOR_T(4)    

STOR ³   Fish                                           ³ 7.000E+00 ³ 7.000E+00 ³              ---               ³ STOR_T(5)    

STOR ³   Crustacea and mollusks                         ³ 7.000E+00 ³ 7.000E+00 ³              ---               ³ STOR_T(6)    

STOR ³   Well water                                     ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(7)    

STOR ³   Surface water                                  ³ 1.000E+00 ³ 1.000E+00 ³              ---               ³ STOR_T(8)    

STOR ³   Livestock fodder                               ³ 4.500E+01 ³ 4.500E+01 ³              ---               ³ STOR_T(9)    

     ³                                                  ³           ³           ³                                ³

R021 ³ Thickness of building foundation (m)             ³ not used  ³ 1.500E-01 ³              ---               ³ FLOOR1       

R021 ³ Bulk density of building foundation (g/cm**3)    ³ not used  ³ 2.400E+00 ³              ---               ³ DENSFL       

R021 ³ Total porosity of the cover material             ³ not used  ³ 4.000E-01 ³              ---               ³ TPCV         

R021 ³ Total porosity of the building foundation        ³ not used  ³ 1.000E-01 ³              ---               ³ TPFL         

R021 ³ Volumetric water content of the cover material   ³ not used  ³ 5.000E-02 ³              ---               ³ PH2OCV       

R021 ³ Volumetric water content of the foundation       ³ not used  ³ 3.000E-02 ³              ---               ³ PH2OFL       

R021 ³ Diffusion coefficient for radon gas (m/sec):     ³           ³           ³                                ³

R021 ³   in cover material                              ³ not used  ³ 2.000E-06 ³              ---               ³ DIFCV        

R021 ³   in foundation material                         ³ not used  ³ 3.000E-07 ³              ---               ³ DIFFL        

R021 ³   in contaminated zone soil                      ³ not used  ³ 2.000E-06 ³              ---               ³ DIFCZ        

R021 ³ Radon vertical dimension of mixing (m)           ³ not used  ³ 2.000E+00 ³              ---               ³ HMIX         

R021 ³ Average building air exchange rate (1/hr)        ³ not used  ³ 5.000E-01 ³              ---               ³ REXG         

R021 ³ Height of the building (room) (m)                ³ not used  ³ 2.500E+00 ³              ---               ³ HRM          

R021 ³ Building interior area factor                    ³ not used  ³ 0.000E+00 ³              ---               ³ FAI          

R021 ³ Building depth below ground surface (m)          ³ not used  ³-1.000E+00 ³              ---               ³ DMFL         

R021 ³ Emanating power of Rn-222 gas                    ³ not used  ³ 2.500E-01 ³              ---               ³ EMANA(1)     

R021 ³ Emanating power of Rn-220 gas                    ³ not used  ³ 1.500E-01 ³              ---               ³ EMANA(2)     

     ³                                                  ³           ³           ³                                ³

TITL ³ Number of graphical time points                  ³     32    ³    ---    ³              ---               ³ NPTS         

TITL ³ Maximum number of integration points for dose    ³     17    ³    ---    ³              ---               ³ LYMAX        

TITL ³ Maximum number of integration points for risk    ³    257    ³    ---    ³              ---               ³ KYMAX        

ÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

                     Summary of Pathway Selections

                    Pathway             ³   User Selection

          ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

             1 -- external gamma        ³       active  

             2 -- inhalation (w/o radon)³     suppressed

             3 -- plant ingestion       ³     suppressed

             4 -- meat ingestion        ³     suppressed

             5 -- milk ingestion        ³     suppressed

             6 -- aquatic foods         ³     suppressed

             7 -- drinking water        ³     suppressed

             8 -- soil ingestion        ³     suppressed

             9 -- radon                 ³     suppressed

             Find peak pathway doses    ³     suppressed

          ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

     Contaminated Zone Dimensions            Initial Soil Concentrations, pCi/g

     ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ            ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

       Area:   2416.00 square meters                U-234      5.680E+00

  Thickness:     80.00 meters                       U-235      4.310E-01                                                            

Cover Depth:      0.70 meters                       U-238      3.330E+01                                                            

                                    Total Dose TDOSE(t), mrem/yr                                                                    

                              Basic Radiation Dose Limit = 2.500E+01 mrem/yr                                                        

             Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)                                             

             ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ                                             

   t (years):  0.000E+00  1.000E+00  3.000E+00  1.000E+01  3.000E+01  1.000E+02  3.000E+02  1.000E+03

    TDOSE(t):  1.378E-04  1.379E-04  1.381E-04  1.386E-04  1.403E-04  1.464E-04  1.665E-04  2.756E-04

        M(t):  5.513E-06  5.516E-06  5.523E-06  5.546E-06  5.613E-06  5.857E-06  6.658E-06  1.102E-05

Maximum TDOSE(t):  2.756E-04 mrem/yr   at t = 1.000E+03 years       
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   6.732E-12 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.652E-08 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.378E-04 0.9995  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.378E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.732E-12 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.652E-08 0.0005

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.378E-04 0.9995

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.378E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   4.080E-11 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.659E-08 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.378E-04 0.9995  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.379E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  4.080E-11 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.659E-08 0.0005

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.378E-04 0.9995

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.379E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   2.113E-10 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.675E-08 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.380E-04 0.9995  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.381E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.113E-10 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.675E-08 0.0005

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.380E-04 0.9995

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.381E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.887E-09 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.736E-08 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.386E-04 0.9995  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.386E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.887E-09 0.0000

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.736E-08 0.0005

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.386E-04 0.9995

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.386E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.603E-08 0.0001  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   6.958E-08 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.402E-04 0.9994  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.403E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.603E-08 0.0001

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  6.958E-08 0.0005

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.402E-04 0.9994

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.403E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.790E-07 0.0012  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   7.991E-08 0.0005  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.462E-04 0.9982  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.464E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.790E-07 0.0012

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  7.991E-08 0.0005

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.462E-04 0.9982

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.464E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   1.737E-06 0.0104  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   1.174E-07 0.0007  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   1.646E-04 0.9889  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   1.665E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.737E-06 0.0104

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.174E-07 0.0007

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.646E-04 0.9889

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  1.665E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

                                       Water Independent Pathways (Inhalation excludes radon)

             Ground          Inhalation           Radon             Plant             Meat              Milk              Soil

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   2.572E-05 0.0933  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-235   3.437E-07 0.0012  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

U-238   2.496E-04 0.9054  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   2.756E-04 1.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000

                       Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)                      

                                    As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

                                                      Water Dependent Pathways

              Water             Fish              Radon             Plant             Meat              Milk          All Pathways*

Radio-  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Nuclide  mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.   mrem/yr  fract.

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄ

U-234   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.572E-05 0.0933

U-235   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  3.437E-07 0.0012

U-238   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.496E-04 0.9054

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍ

Total   0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  0.000E+00 0.0000  2.756E-04 1.0000

*Sum of all water independent and dependent pathways.
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                                  Dose/Source Ratios Summed Over All Pathways                                                        

                       Parent and Progeny Principal Radionuclide Contributions Indicated                                             

  Parent    Product    Thread                    DSR(j,t) At Time in Years   (mrem/yr)/(pCi/g)                                       

   (i)        (j)     Fraction   0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234      U-234      1.000E+00  1.862E-13 1.865E-13 1.871E-13 1.891E-13 1.949E-13 2.169E-13 2.945E-13 8.579E-13

U-234      Th-230     1.000E+00  6.281E-18 1.887E-17 4.417E-17 1.340E-16 4.015E-16 1.477E-15 6.044E-15 6.046E-14

U-234      Ra-226+D   1.000E+00  9.991E-13 6.996E-12 3.701E-11 3.320E-10 2.822E-09 3.152E-08 3.057E-07 4.528E-06

U-234      Pb-210+D   1.000E+00  1.472E-20 2.194E-19 2.526E-18 6.391E-17 1.377E-15 3.450E-14 5.180E-13 1.112E-11

U-234      äDSR(j)               1.185E-12 7.182E-12 3.719E-11 3.322E-10 2.822E-09 3.152E-08 3.057E-07 4.528E-06

U-235+D    U-235+D    1.000E+00  1.543E-07 1.545E-07 1.548E-07 1.559E-07 1.592E-07 1.710E-07 2.100E-07 4.308E-07

U-235+D    Pa-231     1.000E+00  4.333E-12 1.301E-11 3.040E-11 9.173E-11 2.708E-10 9.451E-10 3.328E-09 1.964E-08

U-235+D    Ac-227+D   1.000E+00  9.439E-13 6.551E-12 3.397E-11 2.842E-10 2.006E-09 1.345E-08 5.899E-08 3.471E-07

U-235+D    äDSR(j)               1.543E-07 1.545E-07 1.549E-07 1.563E-07 1.614E-07 1.854E-07 2.723E-07 7.975E-07

U-238      U-238      5.400E-05  2.455E-29 2.464E-29 2.482E-29 2.546E-29 2.739E-29 3.538E-29 7.348E-29 9.488E-28

U-238+D    U-238+D    9.999E-01  4.137E-06 4.139E-06 4.144E-06 4.161E-06 4.211E-06 4.390E-06 4.943E-06 7.490E-06

U-238+D    U-234      9.999E-01  2.640E-19 7.931E-19 1.856E-18 5.628E-18 1.686E-17 6.182E-17 2.510E-16 2.437E-15

U-238+D    Th-230     9.999E-01  5.936E-24 4.161E-23 2.206E-22 1.994E-21 1.734E-20 2.096E-19 2.548E-18 8.283E-17

U-238+D    Ra-226+D   9.999E-01  7.081E-19 1.062E-17 1.241E-16 3.300E-15 8.139E-14 2.998E-12 8.716E-11 4.329E-09

U-238+D    Pb-210+D   9.999E-01  8.353E-27 2.577E-25 6.426E-24 4.842E-22 3.108E-20 2.752E-18 1.351E-16 1.031E-14

U-238+D    äDSR(j)               4.137E-06 4.139E-06 4.144E-06 4.161E-06 4.211E-06 4.390E-06 4.943E-06 7.494E-06

ÍÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

The DSR includes contributions from associated (half-life ó 180 days) daughters.                                                     

                           Single Radionuclide Soil Guidelines G(i,t) in pCi/g                                                      

                              Basic Radiation Dose Limit = 2.500E+01 mrem/yr                                                        

Nuclide

  (i)    t= 0.000E+00   1.000E+00   3.000E+00   1.000E+01   3.000E+01   1.000E+02   3.000E+02   1.000E+03

ÄÄÄÄÄÄÄ     ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ   ÄÄÄÄÄÄÄÄÄ

U-234      *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09  *6.247E+09   7.931E+08   8.177E+07   5.521E+06                           

U-235      *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06  *2.161E+06                           

U-238      *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05  *3.361E+05                           

ÍÍÍÍÍÍÍ     ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ   ÍÍÍÍÍÍÍÍÍ

*At specific activity limit

            Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)

            and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

         at tmin = time of minimum single radionuclide soil guideline

     and at tmax = time of maximum total dose = 1.000E+03 years       

Nuclide  Initial         tmin       DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)

  (i)    (pCi/g)       (years)                   (pCi/g)               (pCi/g)

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ  ÄÄÄÄÄÄÄÄÄ

U-234   5.680E+00     1.000E+03      4.528E-06  5.521E+06  4.528E-06  5.521E+06

U-235   4.310E-01     1.000E+03      7.975E-07 *2.161E+06  7.975E-07 *2.161E+06

U-238   3.330E+01     1.000E+03      7.494E-06 *3.361E+05  7.494E-06 *3.361E+05

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ  ÍÍÍÍÍÍÍÍÍ

*At specific activity limit
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Summary : RESRAD Default Parameters

File    : C:\RESRAD_FAMILY\RESRAD\6.5\USERFILES\RESIDENT HALF CAP THICKNESS.RAD

                              Individual Nuclide Dose Summed Over All Pathways

                                Parent Nuclide and Branch Fraction Indicated

Nuclide Parent   THF(i)                                    DOSE(j,t), mrem/yr

  (j)     (i)             t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ    ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ ÄÄÄÄÄÄÄÄÄ

U-234   U-234   1.000E+00    1.058E-12 1.059E-12 1.063E-12 1.074E-12 1.107E-12 1.232E-12 1.673E-12 4.873E-12

U-234   U-238   9.999E-01    8.791E-18 2.641E-17 6.181E-17 1.874E-16 5.613E-16 2.058E-15 8.357E-15 8.114E-14

U-234   äDOSE(j)             1.058E-12 1.059E-12 1.063E-12 1.074E-12 1.108E-12 1.234E-12 1.681E-12 4.954E-12

Th-230  U-234   1.000E+00    3.568E-17 1.072E-16 2.509E-16 7.609E-16 2.281E-15 8.387E-15 3.433E-14 3.434E-13

Th-230  U-238   9.999E-01    1.977E-22 1.385E-21 7.345E-21 6.642E-20 5.775E-19 6.981E-18 8.485E-17 2.758E-15

Th-230  äDOSE(j)             3.568E-17 1.072E-16 2.509E-16 7.609E-16 2.281E-15 8.394E-15 3.441E-14 3.462E-13

Ra-226  U-234   1.000E+00    5.675E-12 3.974E-11 2.102E-10 1.886E-09 1.603E-08 1.790E-07 1.737E-06 2.572E-05

Ra-226  U-238   9.999E-01    2.358E-17 3.538E-16 4.131E-15 1.099E-13 2.710E-12 9.982E-11 2.902E-09 1.442E-07

Ra-226  äDOSE(j)             5.675E-12 3.974E-11 2.102E-10 1.886E-09 1.603E-08 1.791E-07 1.739E-06 2.586E-05

Pb-210  U-234   1.000E+00    8.359E-20 1.246E-18 1.435E-17 3.630E-16 7.823E-15 1.960E-13 2.942E-12 6.315E-11

Pb-210  U-238   9.999E-01    2.782E-25 8.582E-24 2.140E-22 1.612E-20 1.035E-18 9.163E-17 4.498E-15 3.432E-13

Pb-210  äDOSE(j)             8.359E-20 1.246E-18 1.435E-17 3.630E-16 7.824E-15 1.960E-13 2.947E-12 6.349E-11

U-235   U-235   1.000E+00    6.651E-08 6.658E-08 6.672E-08 6.720E-08 6.859E-08 7.370E-08 9.050E-08 1.857E-07

Pa-231  U-235   1.000E+00    1.868E-12 5.607E-12 1.310E-11 3.954E-11 1.167E-10 4.073E-10 1.434E-09 8.466E-09

Ac-227  U-235   1.000E+00    4.068E-13 2.823E-12 1.464E-11 1.225E-10 8.645E-10 5.795E-09 2.542E-08 1.496E-07

U-238   U-238   5.400E-05    8.175E-28 8.205E-28 8.265E-28 8.479E-28 9.122E-28 1.178E-27 2.447E-27 3.160E-26

U-238   U-238   9.999E-01    1.378E-04 1.378E-04 1.380E-04 1.386E-04 1.402E-04 1.462E-04 1.646E-04 2.494E-04

U-238   äDOSE(j)             1.378E-04 1.378E-04 1.380E-04 1.386E-04 1.402E-04 1.462E-04 1.646E-04 2.494E-04

ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ    ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ ÍÍÍÍÍÍÍÍÍ

THF(i) is the thread fraction of the parent nuclide.
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Ra-226  U-238   9.999E-01    0.000E+00 6.134E-14 1.655E-12 6.120E-11 1.644E-09 5.980E-08 1.534E-06 4.763E-05

Ra-226  äS(j):               0.000E+00 1.107E-08 9.960E-08 1.105E-06 9.889E-06 1.079E-04 9.209E-04 8.548E-03

Pb-210  U-234   1.000E+00    0.000E+00 1.138E-10 3.025E-09 1.061E-07 2.475E-06 5.991E-05 7.464E-04 8.007E-03
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Pb-210  äS(j):               0.000E+00 1.138E-10 3.025E-09 1.061E-07 2.475E-06 5.994E-05 7.475E-04 8.051E-03

U-235   U-235   1.000E+00    4.310E-01 4.309E-01 4.307E-01 4.301E-01 4.282E-01 4.218E-01 4.040E-01 3.474E-01
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Ac-227  U-235   1.000E+00    0.000E+00 1.436E-07 1.265E-06 1.305E-05 9.644E-05 6.193E-04 2.269E-03 6.980E-03

U-238   U-238   5.400E-05    1.798E-03 1.798E-03 1.797E-03 1.794E-03 1.787E-03 1.760E-03 1.686E-03 1.450E-03

U-238   U-238   9.999E-01    3.330E+01 3.329E+01 3.328E+01 3.323E+01 3.308E+01 3.259E+01 3.121E+01 2.684E+01

U-238   äS(j):               3.330E+01 3.329E+01 3.328E+01 3.323E+01 3.309E+01 3.259E+01 3.122E+01 2.684E+01
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THF(i) is the thread fraction of the parent nuclide.
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1 Institutional Controls 
This appendix describes the potential components of Institutional Controls (ICs) that are 
expected to be part of the selected remedy. 

1.1 Institutional Control Objectives 
ICs will be designed and implemented to: 

• Control risks from exposure to contaminated subsurface soils (> 10 ft bgs); 
• Control risks from exposure to contaminated sediment; 
• Control risks from exposures to contaminated groundwater; 
• Control risks from exposure to sub-surface vapors; and 
• Ensure the remedy remains protected and establishes permanent access. 

1.2 Areas for Institutional Controls 
ICs will need to be placed where the concentrations of contaminants of concern (COCs) 
in soil, vapor, and/or groundwater exceed the relevant Preliminary Remediation Goals 
(PRGs).  ICs will restrict access or exposure to the soil, soil vapor, groundwater, and/or 
sediment that could pose an unacceptable human health risk.  The following sections 
describe, by media, the areas that may require ICs.  A summary of the areas discussed 
in this analysis is shown on the attached Figure I-1.  The following table identifies the 
properties, types of ICs that might be required on each, and current assessed values. 

   Potential IC Types Needed  Property Value from Town GIS Records 

Address  Access  VI  GW  Cap  Improved 
Value  Land Value  Total Value 

2320 Main Street  X  X  X      $    265,400   $   543,000    $      808,400 

2320 Main Street  X  X  X      $ 2,000,800   $   643,600    $   2,644,400 

2284 Main Street  X     X      $    267,900   $   319,300    $      587,200 

2250 Main Street  X  X  X      $    766,200   $   328,100    $   1,094,300 

2228 Main Street  X     X         $     18,000    $        18,000 
35 Forest Ridge 

Road  X     X      $ 2,286,200   $   888,900    $   3,175,100 

2229 Main Street  X  X  X  X   $    504,700   $   319,900    $      824,600 

1.2.1 Soil 
Portions of the Site where soil greater than 10’ bgs exceeds performance standards 
may require ICs to prohibit excavation without an adequate Health and Safety Plan and 
Soil Management Plan.  The final extent of such soil will not be determined until 
completion of the Remedial Action.  For example, FS Figure 2.5.1 shows the portions of 
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the Industrial Courtyard Area where deep soils results exceeded PRGs, where this IC 
may be necessary. 

1.2.2 Soil Vapor 
Portions of the Site where soil vapor poses an unacceptable risk to indoor air will 
require some form of remediation to be protective.  Such remediation will likely need an 
IC to require continued operation of an active remedy (such as sub-slab vapor removal) 
or to ensure that a passive remedy (such as vapor barriers or passive vapor removal) 
remains in place.  FS Figure 1.4.5 shows the areas of the Site where soil vapor or 
groundwater exceeding vapor intrusion screening levels are located. 

1.2.3 Groundwater 
Portions of the Site where groundwater exceeds drinking water standards will require 
ICs to prohibit pumping and consumption until concentrations decrease to protective 
levels.  The FS identifies the extent of overburden and bedrock groundwater with 
concentrations above the PRGs.  FS Figure 2.4.3 shows the extent of groundwater 
exceeding PRGs for the various COCs. 

1.2.4 Sediment 
ICs may be required to restrict exposure to portions of the Sphagnum Bog that will not 
be remediated.  RI Figures 4.11.2 and 4.11.3 shows the sediment results for the various 
COCs.  There are several isolated, interior areas of the bog where concentrations of 
lead, mercury, and copper exceeded PRGs.  While access to these areas is infrequent, 
ICs may be appropriate to provide for a protective remedy. 

1.2.5 Cap 
ICs will be required to restrict access and exposure to the capped area over the former 
Holding Basin, if that form of remediation is selected in the ROD.  FS Figures SS-2 and 
SS-3 show the conceptual extent of the two alternatives that utilize caps that would 
require this form of IC. 

1.3 Types of Institutional Controls 
EPA’s publication titled “Institutional Controls:  A Site Manager’s Guide o Identifying, 
Evaluating and Selecting Institutional Controls at Superfund and RCRA Corrective 
Action Cleanups”, EPA 540-F-00-005, September 2000 (the “IC Guidance”) was 
consulted in this process.1 

                                                 

1 Other documents consulted included “Institutional Controls:  A  Guide to Implementing, Monitoring, and 
Enforcing Institutional Controls at Superfund, Brownfields, Federal Facility, UST and RCRA Corrective 
Action Cleanups,” (EPA, 2002), “Institutional Controls:  A Guide to Planning, Implementing, Maintaining 
and Enforcing Institutional Controls at Contaminated Sites,” (EPA, 2010) , and “Guidance on 
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The typical “first step” in the IC process is to use the IC Guidance and other sources to 
identify the type or types of ICs that may be needed to control exposures and otherwise 
meet the objectives listed above.  The IC Guidance identifies four basic categories of 
controls, which include:   

• governmental controls (zoning restrictions, ordinances, statutes, building permits, 
or other provisions that restrict land or resource use at a site) 

• proprietary controls (easements and covenants that have their basis in real 
property law, resulting in legal instruments placed in the chain of title to a 
property) 

• enforcement and permit tools with IC components (Unilateral and/or 
Administrative Orders that can be issued or negotiated to compel the land owner 
to limit certain activities at a site), and 

• informational devices (state registries of contaminated properties, deed notices,  
and advisories). 

Three of the categories of controls have been identified as potentially suitable for use at 
the Site.  ICs in the category of “Enforcement and Permit Tools with IC Components” 
were screened out as unsuitable.  Although such a category of controls can be effective 
in preventing contact with certain contaminated media (e.g., the IC Guidance identifies, 
as a possible Institutional Control, a consent decree-based prohibition of “no well drilling 
on the property”), the IC Guidance states that such prohibitions are not binding on non-
signatories to the agreement, including “subsequent owners and occupants.”  
Nevertheless, EPA retains the authority to impose ICs on landowners pursuant to 
CERCLA, RCRA, or other federal or state laws.  To the extent EPA were to impose ICs 
in this fashion, such controls could be used to minimize the extent to which Proprietary, 
Governmental, or Informational controls need to be implemented at the Site, or could be 
layered on top of such controls. 

The three categories of ICs expected to be applicable to the Site are: 

• Proprietary Controls; 
• Government Controls; and 
• Informational Devices. 

These types of ICs can be used either individually or in a “layered” fashion as necessary 
and/or feasible to enhance potential effectiveness. 

                                                                                                                                                          

Implementing Activity and Use Limitations,” Public Review Draft of Policy #WSC 11-300 (MassDEP, 
2010) (the “AUL Guidance”). 
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Candidate ICs have been screened according to the evaluation criteria prescribed in the 
IC Guidance, specifically:  long-term effectiveness and permanence; short-term 
effectiveness; implementability (i.e., the authority, willingness and capability for 
enforcement); cost; and state and local government acceptance.  One important source 
of information with respect to these criteria is experience gained through the IC process 
at other Massachusetts Superfund sites.   

Based on the screening and experience at other sites, it is recommended that 
Proprietary Control ICs, consisting primarily of Notices of Activity and Use Limitation 
(AULs) as established and prescribed in M.G.L. c. 21E and its implementing regulations 
in the Massachusetts Contingency Plan (310 C.M.R. 40.0000), should be used to the 
maximum extent possible. 

Primary reliance on Proprietary Controls at the Site, in the form of AULs, is 
advantageous in multiple respects.  As recognized in the IC Guidance, where the ICs 
need to be effective for a long period of time, the Proprietary Control is favored.  AULs 
are the most commonly accepted and familiar form of Proprietary Control in use at 
contaminated properties in Massachusetts.  The process for implementing and 
enforcing AULs is familiar to most land use and environmental professionals, as well as 
to most commercial and industrial landowners.  MassDEP has accumulated nearly 
twenty years of experience in administering the AUL program and in monitoring 
compliance with, and enforcing such restrictions at thousands of properties.  During that 
time, approximately 3,000 AULs have been implemented in Massachusetts. 

Government controls could be used in conjunction with the AULs, in “layered” fashion, 
particularly with respect to the control of groundwater withdrawals.  Government 
Controls may also be appropriate for use, either on a stand-alone or layered basis, in 
those areas that require ICs to protect the cap, if that remedial alternative is selected.. 

In addition, various Informational Devices may be deployed in appropriate portions of 
the Site and on a layered basis to further discourage exposure.  At this point, it is 
envisioned that such Informational Devices would include signage and perhaps some 
limited fencing.  Signage could be a key component of the IC framework in the 
Sphagnum Bog and capped areas. 

In summary, the IC program currently anticipated for areas of the Site requiring such 
controls should rely principally on Proprietary Controls in the form of AULs.  
Governmental Controls on the use and withdrawal of groundwater and on activities 
within the bog may also be used on a stand-alone or layered basis.  Informational 
Devices, primarily consisting of signage, may also be used in a layered fashion, but are 
not envisioned to be a prominent part of the IC program at the Site. 
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1. INTRODUCTION 

This document reports final results of field and laboratory based testing of Apatite IITM media for 
the sequestration of aqueous uranium in groundwater at the Nuclear Metals, Inc. (NMI) 
Superfund Site (Site) in Concord, Massachusetts.   The procedures for field and laboratory 
testing were presented in the Scope of Work, Field and Laboratory Media Testing for Uranium 
Sequestration in Groundwater (Geosyntec, 2013).   

1.1 Background 

Depleted uranium (DU) penetrators and bullets were manufactured at the NMI facility for the 
United States (US) Army.  Byproducts of the munitions manufacturing process including copper 
and DU dissolved in nitric acid were dispensed to a topographic depression on the Site referred 
to as the Holding Basin, which was actively used from 1958 to September 1985 for disposal of 
waste sludge.  Lime was used to neutralize acidified waste in the Basin.  Although the DU sludge 
in the Holding Basin has been excavated and transported off-site, residual elevated DU remains 
in stratified drift soils beneath the Holding Basin footprint.  An overburden groundwater DU 
plume has migrated approximately 450 feet downgradient of the Holding Basin (Figure 1), and 
investigation activities indicate that DU is sorbed to saturated overburden material immediately 
beneath and downgradient of the Holding Basin.  DU in these soils constitutes an ongoing source 
to the groundwater plume.  Detailed discussions of site geochemistry, DU distribution, and DU 
adsorption/desorption experiments on Site soils are included in the NMI Remedial Investigation 
Report (RI) (de maximis et al., 2012) and Depleted Uranium Fate and Transport Model Report 
(Geosyntec, 2011, Appendix to the RI). 

Pursuant to the ongoing Feasibility Study process and to support remedy selection in the Record 
of Decision (ROD), proof-of-concept testing was performed to evaluate the efficacy of in-situ 
DU sequestration from overburden groundwater by a commercially-available calcium phosphate 
medium, Apatite IITM.  The remedial options identified for the overburden DU plume include 
containment of the Holding Basin source; however, residual DU sorbed to aquifer solids outside 
of the Holding Basin boundaries is expected to be a persistent source to groundwater.  Field scale 
application of Apatite IITM media may be a viable approach to immobilize DU in-situ and reduce 
concentrations of overburden groundwater sufficiently to meet Remedial Action Objectives 
(RAOs) downgradient of the Holding Basin.  

1.2 Apatite IITM Technology Description 

Numerous aqueous metals and radionuclides can be immobilized through abiotic precipitation as 
sparingly insoluble phosphate minerals.  This approach has been applied at the bench and field 
scale for the sequestration of metals such as lead, cadmium, zinc, aluminum, copper, uranium 
and other actinide elements (Bostick et al., 2003; Fuller et al., 2002; Fuller et al., 2003; Krestou 
and Panias, 2004; Wellman et al., 2008; Simon et al., 2008).  As found in Simon et al, 2008, 
there are at least three possible reaction mechanisms responsible for the removal of uranium 
from solution using apatite:  (1) dissolution of apatite and subsequent precipitation of U(VI)-
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phosphates such as chernikovite or autunite; (2) sorption; and (3) ion exchange.  In addition 
uranium could be strongly complexed by organic matter.    These reactions can occur 
concomitantly, and will vary in extent depending on the groundwater geochemistry.  The 
solubility products for U(VI)-phosphates such as autunite are extremely low (e.g., Ksp = 10-49; 
Conca, 2000), so formation of these minerals could limit aqueous U concentrations to well below 
the Maximum Contaminant Level (MCL) over long timescales.  In fact, in oxidizing, apatite-rich 
environments, it has been suggested that the U(VI)-phosphates formed via dissolution-
precipitation reactions are stable for tens to hundreds of thousands of years (Jerden and Sinha, 
2003).   

Apatite is readily available via natural and synthetic sources.  A highly reactive and amorphous 
form of calcium phosphate, Apatite IITM, was selected for this proof-of-concept test for in-situ 
uranium immobilization.  Apatite IITM is produced by Phosphate Induced Metal Stabilization 
(PIMS) NW, Inc. of Richland, WA.  This medium was chosen because it is commercially 
available and has undergone more extensive testing than other media considered for U 
sequestration.  Apatite IITM is synthesized from fish bone, a waste product of commercial fish 
processing, making it highly cost-effective (Wright et al. 2004).  The efficacy of U 
immobilization by this medium has been attributed to its high internal porosity, poor 
crystallinity, and corresponding high reactivity.  Reaction of Apatite IITM with uranium-bearing 
groundwater can lead to the formation of stable and relatively insoluble crystalline apatite and 
uranyl phosphate minerals (Conca, 2000).   

1.3 Report Organization 

This report discusses the final results of field and bench tests performed in parallel.  All field 
activities were conducted by Geosyntec; laboratory bench-scale testing and solid-phase analyses 
were conducted at Southern Methodist University (SMU) in Dallas, Texas.  The field test 
approach and methods are discussed first, followed by bench-scale laboratory tests and solid-
phase analytical procedures. Final results from field and bench scale tests are then reported, and 
these results are incorporated into a discussion of remedial recommendations and design 
considerations. 

2. FIELD PILOT TREATABILITY STUDY APPROACH AND METHODS 

In this section, objectives of the field based treatability study are presented followed by the 
conceptual design and the materials and methods used for passive and active field testing. 

2.1 Treatability Test Objectives 

Given the desire to provide proof-of-concept prior to the potential selection of an in-situ remedy 
for DU in groundwater, the efficacy of the proposed approach was to be demonstrated in-situ 
under existing Site conditions.  Therefore, the specific objectives of the in-field treatability tests 
were: 

• to determine whether Apatite IITM effectively removes DU from site groundwater; 
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• to evaluate the maximum achievable DU loading on Apatite IITM media under site 
conditions; 

• to assess the stability of sequestered DU; and 
• to estimate the long-term effectiveness of the remedy to achieve RAOs for DU.  

 

2.2 Conceptual Design 

Because in-field test durations are typically short compared to the expected lifetime of an in-situ 
remedy, the design of the testing included two configurations to evaluate the efficacy and 
reactivity of Apatite IITM under 1) ambient (passive), and 2) accelerated groundwater flow 
conditions.  In the passive tests, the media was packed into permeable canisters and lowered into 
screened monitoring wells, simulating reaction with the overburden DU-impacted groundwater 
under ambient flow conditions.  In the active column tests, groundwater was pumped through ex-
situ media columns housed in sheds on-site, simulating accelerated groundwater flow conditions 
and exposing the media to a much larger mass flux of DU. 

2.3 Materials and Methods 

2.3.1 Passive System Equipment & Setup 

The Apatite II TM test media acquired from PIMS NW, Inc. consisted of medium to coarse sand-
sized particles of ground Apatite IITM, with roughly 10 percent fines. This particle size 
distribution is roughly similar to the stratified drift in which the DU impacted groundwater is 
located; however, it should be noted that the Apatite IITM is platier than the stratified drift at 
NMI.  A photograph of the raw media is provided in Appendix A-1.  Passive media canisters 
were constructed of 2’ long cylinders of 1.25” diameter 316 stainless steel wire mesh (60 × 60 
mesh with a 0.009” opening size, Figure 2).  Wire mesh was selected instead of slotted PVC well 
screen because it has significantly more open area and allows more flow-through under ambient 
conditions.  Prior to packing the canisters, the ground media was sieved through the same mesh 
used for canister construction to prevent media loss and limit occlusion.  The assembled systems 
consisted of two vertically stacked canisters, affixed to a threaded 0.25” 316 stainless steel rod 
for rigidity.   A photo of the passive assembly is presented in Figure 2. 

The passive equipment was assembled at Geosyntec in Acton, MA and deployed on December 6, 
2013 in two monitoring wells: MW-S16 and HBPZ-2R, located along the DU groundwater 
plume axis (see Figure 1).  These two wells were selected to evaluate ambient sequestration 
under high (HBPZ-2R, 1370 µg/L) and low (MW-S16, 120 µg/L) DU concentrations.   

Canisters were placed within the screened interval of each well.  The portions of wellscreen not 
intersected by the media canisters were isolated using blank sections of solid 1.5” (1.9” outer-
diameter) schedule 40 PVC pipe to encourage preferential flow through the media.  Installation 
depth details are presented below: 
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Passive Canister Deployment Depths 

Well ID Screened Interval 
Depth (ft bgs) 

Media Deployment 
Depth (ft bgs) 

Blank Section Depth 
(ft bgs) 

HBPZ-2R 36-51 40-44 36-40, 44-51 

MW-S16 69-79 75-79 69-75 

 
The entire assembly was suspended at the appropriate depth with polypropylene rope secured to 
a well cap at the surface.  Figure 2 shows the passive canister assembly deployment. These 
canisters were not disturbed until retrieval after 33 and 97 days. 

2.3.2 Active System Equipment and Setup 

Two active systems were deployed in which groundwater was pumped through Apatite II™-
filled columns housed in insulated sheds on Site.  The original Scope of Work (SOW) called for 
using a submersible pump and placing two 1.25” media canisters in parallel within the screened 
interval of a well to allow operation of the test under winter conditions where one canister would 
be for an approximately 30 day deployment and another for an approximately 90 day 
deployment.  However, prior to the proposed December 2013 deployment, de maximis, inc. (de 
maximis) provided heated sheds over the wells, which allowed mounting the media columns and 
associated hardware ex-situ, simplifying operation and maintenance (photographs in Appendix 
A-2).   

Similar to the passive tests, two wells with high and low DU concentrations were selected for 
active testing.  These included monitoring well MW-S24 (2,550 µg/L) and monitoring well MW-
8A (551 µg/L).  A temporary PVC riser was added to both wellheads, and all reported water 
levels were measured from the riser top. Test sheds were connected to nearby power outlets and 
heated with electric radiators.  Active system effluent water was pumped directly into a 300 
gallon poly tank housed within the heated sheds.  The effluent water was managed by de 
maximis by periodic pumping from the poly tanks into an on-Site 20,000 gallon fractionation 
tank.  This water will eventually be disposed off-site. 

Active system assemblies consisted of 1.25” and 6” inner-diameter (ID) Apatite II media-packed 
columns mounted to a 4’ by 6’ board.  The columns were constructed of solid PVC pipe with slip 
caps cemented to each end. Influent and effluent ports were drilled through each end-cap, and 60 
× 60 mesh 316 stainless steel wire screen was secured in each end of the column to prevent 
media loss.  Micro-Flow totalizers (Blue-White Industries, Ltd.) and 30 psi pressure gauges were 
placed upstream of each column to measure total groundwater flow through each column and 
monitor pressure buildup due to potential decreases in media permeability (Figure 3).  Sampling 
ports were placed upstream and downstream of each column to facilitate sampling of influent 
and effluent (Figure 3).  
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Groundwater was pumped from the middle of the wellscreen interval through the active systems 
at the surface using a 12V Poseidon 80 submersible pump (Proactive Environmental Products®).  
A check valve was placed in-line with the pump to prevent system draining during pump shut-
downs. Target flow rates from 50 to 150 mL/min were established for each column; total flow 
through each system typically did not exceed 150 mL/min.  At flow rates this low, pump life was 
limited and pump replacement was required several times during the test period.  Related 
shutdowns are not expected to impact the test results, because total groundwater flow through the 
columns was directly measured using flow totalizers for the duration of the tests. 

The MW-S24 active system included two 1.25” ID by 12” length (L) columns and one 6” ID by 
24” L column running in parallel.  Duplicate small-diameter columns were used so that one 
column could be retrieved after approximately 30 days and the other could remain in place for 
the duration of the test.  Media compaction and pressure buildup restricted flow through both 
small diameter columns in the first month of the test, therefore both were removed after 25 and 
49 days respectively. Flow through the 6” column was maintained through the duration of the 
experiment, so effluent samples were collected from the 6” column beginning on day 42.  One of 
the small-diameter columns was shipped to SMU for solid phase analysis. The remaining column 
is stored under refrigeration at the Site. 

The MW-8A active system was deployed three weeks after the initial deployment of the MW-
S24 system due to a back ordered submersible pump.  One 1.25” ID and one 6” ID column were 
included in the MW-8A setup.  As observed in MW-S24, media compaction led to pressure 
buildup and flow loss in the 1.25” column.  This column was removed after 30 days of operation 
after which effluent samples were collected from the 6” column.  

2.3.3 Sampling and Analysis  

Aqueous samples were obtained periodically throughout the duration of the pilot test; a detailed 
schedule of media deployment and retrieval and fluid sampling is provided in Table 1.  
Groundwater from passive test wells was sampled prior to canister deployment and again from 
HBPZ-2R during retrieval of the first canister 32 days after deployment. Additional sampling of 
groundwater at the passive well locations was not considered necessary, because the measured 
groundwater composition had been reasonably constant. Active column influent and effluent 
samples were collected regularly to monitor DU uptake by the Apatite IITM media.   

Media from passive canisters and active columns were collected and shipped to SMU for solid 
phase analysis.  Sampling methods for groundwater, system effluent and solid phase media are 
described in the following sections. 

2.3.3.1 Groundwater and Effluent Sampling and Analysis 

Groundwater samples from passive test wells MW-S16 and HBPZ-2R were collected in 
conformance with the EPA low-flow sampling guidance (USEPA, 2010) using a variable speed 
submersible pump.  This guidance was presented as Appendix A in the SOW.  Wells were 
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purged until at least three consecutive measurements of groundwater geochemical parameters 
taken at 5 minute intervals were within acceptable limits of variation. Continuous measurements 
of field parameters were obtained using a YSI 650XLTM multi-parameter probe connected to a 
flow cell.  Measured field parameters included temperature (T), pH, specific conductivity (SC), 
dissolved oxygen (D.O.), and oxidation-reduction potential (ORP). Turbidity measurements were 
made on grab samples collected at each time interval using a LaMotte 2050 turbidimeter.  Once 
final field parameters were obtained, the pump was disconnected from the flow cell and samples 
were collected into certified pre-cleaned, pre-preserved bottles.  

Groundwater was frequently sampled during the active column tests at MW-S24 and MW-8A, 
and a summary of sampling dates and analyses conducted is provided in Table 1.  Sampling port 
locations are labeled in Figure 3. A sampling valve installed upstream of Apatite II TM media 
columns was used to collect influent samples.  A second valve downstream of the influent 
sampling valve was simultaneously closed to prevent evacuation of water in the columns back 
through the influent sampling port. Because of the continuous operation of the pump, purging 
prior to sample collection was unnecessary. Samples of column effluent were collected by 
diverting flow through a sampling port located just downstream of the media column being 
sampled. Geochemical parameters were collected once for each grab sample by connecting the 
multi-parameter probe flow cell to the sampling port, after which the flow cell was disconnected 
and a sample collected.  

Dissolved samples were field-filtered using in-line 0.45 µm filters.  Once collected, samples 
were placed on ice and shipped with a Chain of Custody to GEL Laboratories in Charleston, SC 
for analysis.  

Each sample underwent at least one of several analyses: 

• Total and dissolved metals and cations (uranium, iron, calcium, potassium, sodium) by 
EPA Method 6020A and vanadium by EPA Method 6010; 

• Total phosphorous by EPA Method 365.4; and  
• Total organic carbon (TOC) and total inorganic carbon (TIC) by EPA Method 9060. 

 

2.3.3.2 Solid Phase Sampling and Analysis 

One canister from each passive test well was retrieved after approximately 30 days in-well. The 
removed canisters were replaced by blank sections of 1.9” OD PVC pipe. One remaining canister 
was left in each passive well for the duration of the test. Canisters retrieved after approximately 
30 days were packaged inside a 2” ID capped length of PVC pipe filled with groundwater freshly 
collected from the same well.  The sealed sections of pipe were packed with ice in cardboard 
shipping containers and mailed overnight to SMU for solid-phase analysis.  The remaining 
passive canisters were collected at the end of the field test after 97 days in-well. Sub-samples of 
media from these canisters were collected and dried on-Site prior to shipment to SMU. 
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One 1.25” column from the active setup at MW-S24 was collected after 49 days and shipped to 
SMU, where it was sub-sampled according to the schematic depiction in Figure 4.  A photograph 
of the various media aliquots from this column is provided in Appendix A-5. The remaining two 
1.25” active columns (one from MW-S24 and one from MW-8A) were stored under refrigeration 
on Site.  Once the 1.25” columns were removed, flow in the 6” columns was increased to 
approximately 150 mL/min to extend pump life.  These 6” columns were retrieved at the end of 
the test, which lasted 96 days for MW-S24 and 77 days for MW-8A.  Columns retrieved at the 
end of the experiment had high depleted uranium concentrations and high solid radioactivity, 
with measured activity levels for α radiation of up to 5,243 pCi/g and for β radiation of up to 
10,012 pCi/g (Table 2).  Due to the high activity levels, whole columns could not be directly 
shipped to SMU for media analysis, so they were cut open and sub-sampled under the 
supervision of Christopher Kovalovsky, Site Health Physics Supervisor, in a ventilated hood on 
Site. Column sub-samples were selected by visually identifying zones of varying media 
properties including color and texture.  Figure 5 illustrates color zonation in media from the 
MW-S24 96 day active column as well as the final breakdown of the sub-sampled media.  Media 
sub-samples were homogenized, dried under air and shipped to SMU in radiation safe packing 
material. 

Solid phase analyses were performed on the passive canister and active column media to 
determine the extent and form of DU sequestered by the media.  Analytical procedures are 
discussed in Section 3.1.3 and results are presented in Sections 4.1 and 4.2.2.  Following 
analysis, all media samples will be returned to the NMI Site for proper disposal. 

2.3.3.3 Geochemical Calculations 

Calculations were performed to assess the cause of changes in groundwater composition upon 
interaction with the media and to evaluate the saturation state with respect to various minerals.  
Groundwater compositions and mineral solubilities were modeled using Geochemist’s 
Workbench® and PhreeqC using the LLNL thermo.com.V8.R6 thermodynamic database. 
Several minerals were added to the database for these calculations that were not originally 
present, including Apatite II™, chernikovite, uranyl orthophosphate, and autunite. The solubility 
of Apatite II™ expressed as Ca5(PO4)3(OH) was recently evaluated by Oliva et al. (2012).  For 
the dissolution reaction,   

Ca5(PO4)3(OH)  5 Ca2+ + 3 PO4
3- + OH-, 

Oliva et al. (2012) reported a logKsp of -50.8 ± 0.82 at 25°C. The solubility of uranyl 
orthophosphate was obtained from Gorman-Lewis et al. (2008), and the solubility of autunite 
was obtained from Gorman-Lewis et al. (2009). There is a high degree of uncertainty of the 
solubility of chernikovite. This phase is of particular significance, because it is reported to form 
during reaction of HAP with U (Fuller et al., 2002, 2003). The reported thermodynamic stability 
constants of chernikovite alone vary by more than 10 orders of magnitude. Chernikovite 
solubility can be written in terms of orthophosphate, 
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 H2(UO2)2(PO4)2 ↔ 2 HPO4

2- + 2 UO2
2+, 

  
where the solubility constant Ksp can be expressed as, 
 

    𝐾𝑠𝑝 = 𝑎𝐻𝑃𝑂42−
2 ∙ 𝑎𝑈𝑂22+

2 , 
  

assuming a pure solid phase with unit activity.  The lowest solubility estimate was reported by 
Fuller et al. (2003) based on the results of batch U uptake experiments on HAP, with log Ksp = -
31.36. This solubility is very low compared to the value reported by Van Haverbeke et al. (1996) 
based on equilibration of synthesized crystalline chernikovite at various pH values, with a 
calculated logKsp = -20.81.  Modeling in Geochemists Workbench® was performed using the 
React module, which completes an initial speciation step to estimate the composition of the 
influent groundwater followed by reaction with a solid phase. Model input parameters are 
provided in Appendix B. Geochemical modeling results are presented in Section 4.1.2.3. 

2.3.4 Data Management and Quality Control 

Data Quality Assurance/Quality Control (QA/QC) was performed throughout the duration of the 
field test to ensure accurate and internally consistent results.  Quality controls on the analyses 
performed at SMU are discussed in the individual methods sections in Section 3.1 below. The 
quality of routinely-collected measurements including field parameters and aqueous analyses 
was established by using appropriate instrument calibration procedures, collecting duplicate 
samples and equipment blanks and completing a Laboratory Reporting checklist to verify the 
quality of reported laboratory results.  At the beginning of each sampling day, multi-parameter 
probes and turbidimeters were calibrated using fresh standard solutions supplied by U.S. 
Environmental Rental Company.  Calibration values were accepted if they were consistent with 
acceptance criteria defined in the EPA Standard Operating Procedure for calibration of field 
instruments (USEPA, 2010b).  A calibration check using the same standard solutions was 
repeated at the end of each sampling day, and field parameter data were excluded from 
consideration if the post-calibration check was unacceptable.  

The QAPP calls for duplicate groundwater samples at a rate of 1 per 20 for each analyte and an 
equipment blank at a rate of one per analyte per sampling round.  A total of 3 duplicate samples 
were collected for the total metals analysis, because 41 of these samples were collected during 
the field test.  Only 2 duplicates were required for all other analytes (Table 1).  Equipment blanks 
were not routinely collected, because samples were obtained from permanent in-line sampling Ts 
without introducing any new equipment such as tubing or bailers. Blank samples for total metals, 
total P and TIC-TOC consist of deionized water poured into fresh sample containers.  Dissolved 
metals blanks were collected through fresh 0.45 µm filters. One blank was collected at the 
beginning of the test during deployment of the columns, and a second was collected at week 
four.  
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All aqueous samples collected during the field test were analyzed by the project laboratory, GEL 
of Charleston, South Carolina.  Laboratory reports provided by GEL were reviewed by 
Geosyntec to confirm that reported values were consistent with the values listed in the Electronic 
Data Distribution (EDD). 

Field records, calibration forms and Chain of Custody records are found in Appendix C.  

3. BENCH TREATABILITY TEST APPROACH AND METHODS 

Bench-scale DU sequestration column tests using Apatite II™ media and groundwater collected 
from HBPZ-2R were performed at SMU in parallel with the field experiment, along with solid 
phase analyses of field media samples.  Batch laboratory testing of vanadate-modified apatite 
was also performed to determine whether DU removal efficiencies can be significantly improved 
in the presence of vanadium. Theoretically, uranyl vanadate minerals are expected to form in the 
presence of vanadium, and these minerals are even more insoluble than the sparingly-soluble 
uranyl phosphate minerals. Depleted uranium is referred to as uranium (U) in the following 
sections, because the latter term is more general and more appropriate for describing chemical 
processes. The chemical behavior of DU is essentially identical to that of isotopically natural 
uranium, and the analyses of uranium concentration detailed below do not resolve the isotopic 
composition of uranium. All uranium used in testing was derived from the overburden 
groundwater U plume, which has repeatedly been shown to have an isotopic composition 
consistent with DU (de maximis et al., 2013).  

3.1 Bench Column Setup 

Bench-scale column experiments were first performed using unamended Apatite II™ media. 
Columns were run in triplicate, along with a blank sand column, which was used as a control to 
measure U attenuation in the absence of reactive minerals.  The Kimble Chase FLEX-
COLUMNS® were 1 cm ID by 10 cm L clear borosilicate glass with polypropylene luer locking 
ends (Figure 1).  Each column was filled with Apatite II™ media, which was washed and dried 
prior to use.  A sand filter composed of about 1 g of clean sand was packed at the influent and 
effluent ends of the column, so that all media would be visible throughout the experiment.  The 
total mass of Apatite II™ was approximately 6 to 7 g in each column (6.62 g in Column 1).  
Columns were oriented so that flow (6 mL/h) was directed upwards by a multi-channel peristaltic 
pump.  At the beginning of the bench column tests, the media was conditioned using a 
bicarbonate-buffered solution (pH between 6.2 and 6.8 to imitate groundwater conditions) to 
remove any weakly sorbed ions or soluble minerals.  After the 12 hour flush, the conditioning 
solution was replaced by groundwater collected from HBPZ-2R as the influent solution.  The 
influent solution was stirred constantly throughout the experiment using a magnetic stir plate. 
Additional bench column leaching tests were conducted on field U-loaded media to evaluate the 
potential for U remobilization following sequestration.   
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3.2 Vanadate-Modified Apatite Synthesis 

Vanadate-amended Hydroxyapatite (VHAP) was synthesized by contacting hydroxyapatite 
(HAP) with vanadium-enriched solution.  The hydroxyapatite used was Apatite II™, the same 
media used in the field based experiments.  Adsorption isotherm experiments conducted at SMU 
have shown that 500 ppm vanadium solution is the optimum concentration for maximum 
vanadium uptake by HAP.  VHAP was synthesized by mixing apatite end-over-end with 500 
ppm vanadium solution in 50 mL centrifuge tubes at room temperature for 48 hours.  A total of 
25 g were synthesized in 8 separate samples each with 3.2 g of HAP mixed with 45 mL of 
vanadate solution.  

3.3 Batch Tests of Apatite Materials  

Batch tests were used to compare the efficacy of U sequestration by VHAP with that of the raw 
Apatite II™ media.  Photographs of the batch test are provided in Appendix A-3.  In these tests, 
0.1 g of media, either raw or synthesized, was suspended in 14 mL of solution spiked with 3 
mg/L aqueous uranium housed in 15 mL centrifuge tubes.  Batch samples were allowed to 
equilibrate for 48 hours under constant agitation.  Final aliquots of the aqueous supernatant were 
filtered through a 0.45 µm filter and analyzed for total elemental concentrations using 
inductively coupled plasma-mass spectrometry (ICP-MS).  

3.4 Inductively Coupled Plasma-Mass Spectrometry 

Concentrations of dissolved metals were determined using a Thermo X Series ICP-MS (Thermo 
Fisher Scientific, Waltham, MA) in collision cell mode with kinetic energy dispersion. Prior to 
analysis, an aliquot of each sample is diluted appropriately with 5% HNO3, dependent on initial 
analyte concentrations. Calibration standards generally ranged from 0.05 µg/L to 200 µg/L and 
were prepared in 5% HNO3 from certified single-element standards.  A 5% HNO3 blank was 
also analyzed every 10 samples for quality control. Trace metal grade HNO3 (Fisher Scientific, 
Pittsburgh, PA) was used to prepare the 5% HNO3 solution for dilutions, calibration standard 
preparation, and blanks. Elemental detection limits were determined by 3 standard deviations of 
the blank concentration for a given element, which amounts to 0.2 µg/L for U, 48 µg/L for Ca 
and 19 µg/L for P. 

3.5 Solid Phase Analytical Procedures 

Samples will be referred to by their days of deployment as indicated in Table 5, enabling a 
comparison of solid sample U loading based on the deployment duration.  

3.5.1 X-Ray Diffraction (XRD) 

X-Ray diffraction was performed to determine the crystalline phase composition of the samples.  
To prepare samples for XRD, a mechanical oscillating ball grinder was used to grind samples to 
a fine powder which was packed into sample holders for analysis.  The XRD was set to gather 
data from 2-70° for all samples using a theta/2-theta (2θ) method with a scan interval of 0.01° at 
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1° per minute.  Results were analyzed using JADE software (MDI; Material Data Incorporated), 
where peaks were identified and matched with corresponding phases in the software database.  
Peak fitting is considered qualitative and only phases making up greater than ~1 weight percent 
(wt %) of the total sample are detectable by XRD.  

3.5.2 X-Ray Fluorescence (XRF) 

X-Ray fluorescence was performed to measure the bulk elemental composition of the solid 
samples. For XRF preparation, samples were ground into a fine powder using a mechanical 
oscillating ball grinder. Samples were prepared by mixing 7 g of powder with 1 g of cellulose 
binder and pressing the mixture into 3 mm solid pellets. Pellets were then placed into a cup with 
an inner diameter of 24 mm and an outer diameter of 39 mm to run in the instrument. Data 
collection in vacuum mode was performed using OXSASTM software (Thermo Scientific), and 
UniQuant™ (Thermo Scientific) was used for data analysis. Elemental composition was reported 
by UniQuant™ as weight % (wt % mass of an element normalized to the total mass of the 
sample), which was then converted to “Atomic Weight %” (moles of an element normalized to 
the total moles of all atoms in the sample) with a reporting limit of approximately 1wt %. XRF is 
unable to detect lighter elements such as carbon, nitrogen, and oxygen so reported wt % is 
normalized by UniQuant™ to 100% without taking these elements into consideration, which 
could result in higher reported concentrations for XRF than may actually be present. 

3.5.3 Scanning Electron Microscopy (SEM) 

Scanning electron microscopy with energy-dispersive x-ray spectroscopy was used to image the 
solid phase media on the micro-scale and evaluate the distribution of elements present in the 
sample.  Samples from the MW-S24 1.25” 49-day active field column were analyzed at Southern 
Methodist University using a Leo (Zeiss) 1450VPSE SEM in backscatter mode in conjunction 
with an EDAX Genesis energy dispersive X-ray spectroscopy (EDS) system to permit elemental 
analysis. An FEI Nova 200 Nanolab dual beam high-resolution SEM in backscatter mode with 
an EDAX silicon drift detector at the University of North Texas’ Center for Advanced Research 
Technology was used to analyze samples from the MW-S24 6” 96-day and MW-8A 6” 77-day 
active field column media. 

The samples were placed on a thin, adhesive carbon film and placed into the SEM instrument for 
analysis.  Samples processed in the Leo (Zeiss) 1450VPSE SEM were run uncoated, while 
samples in the FEI Nova 200 Nanolab were sputter coated with platinum to reduce surface 
charging. The images produced by the SEMs could be analyzed for percent elemental 
composition at either a point, rectangular area, or the entire area within that image. Area analysis 
was useful for identifying the overall composition of phosphate, calcium, and uranium present 
for the inlet of the active field columns, while point analysis was used to identify localized points 
within a sample that had higher levels locally of uranium, phosphorus, or calcium, different from 
the points around it, to spatially pinpoint areas of interest.  The elements analyzed were the 
known elements of calcium, phosphorus, and uranium, while oxygen concentrations were 
calculated as oxides within the sample using atomic wt %. The Apatite II™ supplier has 
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indicated that up to 30 wt % of organic material may be present, however, this was not accounted 
for in the SEM weight percent calculations.  Elemental concentrations obtained using EDS are 
considered semi-quantitative.  

The MW-S24 6” 96-day 0-1” and MW-8A 6” 77-day 0-1” active samples were also analyzed 
using EDS in mapping mode, where the instrument scans across each image horizontally and 
then vertically, running 32 times over each area and quantifying the amount of each element 
present in each pixel of the image.  The results are expressed by different color hues for each 
element that were then overlaid with the SEM image to show spatial elemental composition 
within the viewing area. Software available from the National Institute of Health, Image J, was 
used to overlay the images.  The MW-8A 6” 77-day 0-1” sample was also analyzed in line mode 
generating scans over a chosen line of interest and corresponding composition graphs for each 
element. The elements chosen for analyzing in mapping and line modes were calcium, 
phosphorus, and uranium.  

3.5.4 Sequential Extraction Procedures (SEPs) 

A three-step sequential extraction procedure was adapted from Ruttenberg (1992) and performed 
at SMU. The extraction steps correspond to Steps 1, 3 and 5 from Ruttenburg et al. (1992) and 
are referred to here as Stages 1, 2, and 3. Stage 1 is designed to extract weakly sorbed or 
exchangeable analytes on the surface of phosphate solids using 1 molar (M) MgCl2 solution of 
pH 8 prepared with doubly-deionized (DDI) water. Approximately 0.5 g aliquots of each sample 
were initially placed into 50 mL centrifuge tubes and 50 mL of MgCl2 was added to each tube 
and stirred for 2 hours. After extracting the liquid supernatant, another 50 mL wash of MgCl2 
was added to the samples and rotated for 2 hours, followed by two 2-hour DDI water washes. 

Stage 2 is designed to extract analytes associated with highly sorbed and poorly-crystalline 
mineral phases.  Sodium acetate, adjusted to pH 4 with acetic acid, was added to the residue from 
the first stage and stirred for 6 hours, followed by two consecutive 2-hour washes of 1M MgCl2 
and a final 2-hour DDI water wash.  

Stage 3 is designed to extract species associated with well-crystalized mineral phases and other 
recalcitrant phases.  Ruttenberg’s dissertation (1990) discusses the errors associated with mass 
loss prior to the acid leaching step (corresponding to Step 5) through physical loss of solid 
material during removal and filtration of supernatants and during transfer of sediment residue 
between centrifuge tubes and crucibles. Due to errors of physical mass loss associated in the 
transferring of supernatants and samples within Stages 1 and 2, Stage 3 was performed on fresh, 
untreated aliquots of identical sample partitions. The samples were treated with 7M nitric acid 
for 16 hours to dissolve highly crystalline and other recalcitrant phases. Stage 3 is an aggressive 
heavy acid digestion (near total extraction) and results minus the results from Stages 1 and 2 
represent the highly crystalline/recalcitrant phases. Any residue unaffected by a heavy acid 
digestion was classified as very highly recalcitrant. 
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Following each wash, samples were centrifuged at 3900 rpm for 10 minutes.  After extracting the 
supernatant with a micropipette, all samples were filtered through 45 μm filters. The first 2 ml 
through the filter were disposed and the remainder collected for analysis. Stages 1 and 2 
supernatants were acidified to pH 1 using 5% nitric acid immediately following extraction. 

Sequential extraction analysis was performed on bench test samples of raw Apatite II™, as well 
as on field test samples of the MW-S24 1.25” 25 day, 1.25” 49 day, and 6” 96 day active 
columns, the MW-8A 6” 77 day active column, and media from the 97 day passive canisters 
from HPBZ-2R and MW-S16.  

The three sets of extractions were measured via ICP-MS for calcium, phosphorus, and uranium 
with specific methods of analysis reported in section 3.4.  Results are presented in Section 4.2.3.  

3.5.5 Leaching Columns 

Bench-scale leaching tests were performed using Apatite II™ media from the MW-8A 77day (0-
1”) active in-well test location.  As reported in Section 4.2.3, the media was found to have 4,960 
mg U/Kg media.  Columns were run in triplicate for 35 days.  The same Kimble Chase FLEX-
COLUMNS® and setup described in Section 3.1 were used.  Each column was filled with 
approximately 3 to 4 g of the MW-8A Apatite II™ media with a sand filter composed of about 1 
g of clean sand packed at the influent and effluent ends of the column.  Columns were oriented 
so that flow (6 mL/h) was directed upwards by a multi-channel peristaltic pump.  Pure 18 MΩ-
cm Nanopure™ water was used as the influent.  Samples were collected using a 
Spectra/Chrom® CF-2 fraction collector by Spectrum Labs.  

4. RESULTS & DISCUSSION 

4.1 Field Pilot Test  

In the following sections, we present the final aqueous and solid phase analytical results for the 
passive and active field media tests.  The analytical results include estimates of the degree of 
uranium loading on passive and active media and the efficiency of uranium removal from 
groundwater in the active columns.  We also present an assessment of the major element 
composition of the active column effluent.  Results of the active tests strongly indicate that DU is 
effectively sequestered by both adsorption and uranium mineral precipitation. 

4.1.1 Passive Canister Test 

4.1.1.1 Aqueous Results  

Metal, TIC-TOC and total P data are summarized for the monitoring well samples collected from 
HBPZ-2R and MW-S16 in Table 3a, and corresponding field geochemical parameters are 
provided in Table 4.  The groundwater total uranium concentration was 2,103 µg/L (average of 
four samples) at HBPZ-2R and 128 µg/L at MW-S16.  
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We estimated the flux of groundwater and uranium through the passive media canisters using 
hydraulic conductivity and hydraulic gradient data for HBPZ-2R and MW-S16 areas (available 
in Table 1 of the SOW).  Hydraulic conductivity is significantly higher in the HPBZ-2R area 
than in MW-S16.  An estimated total of ~35 L passed through each canister in HBPZ-2R after 
~30 days of deployment, while only an estimated 1.9 L passed through the MW-S16 canisters in 
the same time period.  The total estimated flow through the passive canisters deployed for 97 
days was therefore 103 L at HBPZ-2R and 5.5 L at MW-S16.  Assuming all groundwater 
uranium passing through the media canisters was immobilized, the total U loading on the HBPZ-
2R canisters could be as high as 64 mg after 33 days and 187 mg after 97 days, and the total U 
loading on the MW-S16 canisters could be as high as only 0.2 mg after 34 days and just 0.6 mg 
after 97 days (Table 5).  Estimated masses of uranium sequestered by the canisters are listed in 
Table 5.  These calculations suggest that the maximum solids concentration of uranium on 
passive canister media could be up to 870 mg/kg (HBPZ-2R 97 day passive). 

4.1.1.2 Solid Phase Results 

Samples of passive canisters from both HBPZ-2R and MW-S16 underwent solid phase analyses 
including XRF and XRD.  Media in each canister was divided into 10 identical aliquots, because 
there were no visible indicators of media alteration that could be used to differentiate zones 
(Appendix A-4). XRF results from the 34 and 97 day passive canisters retrieved from MW-S16 
indicate that total solid phase U concentrations do not exceed the XRF detection limit of 
approximately 10 mg/kg (Table 6).  This result is not surprising, given the total expected U 
loading calculated for the MW-S16 97 day column is only 2.71 mg/kg.  Bulk U was also 
measured by XRF on the 33 and 97 day passive media from HBPZ-2R.  The solid phase U 
concentration is below detection in the 33 day HBPZ-2R media. For the 97-day HBPZ-2R, XRF 
analysis detected 534 mg U/ kg media (Table 6).  

Results of XRD on media canister samples from MW-S16 and HBPZ-2R are shown in Figure 6a.  
The observed XRD patterns closely resemble the background Apatite II™ media, and there is no 
indication that uranyl phosphate mineral phases are present.  The maximum DU loading of 870 
mg/kg expected on any of the four passive canisters (Table 5) only amounts to approximately 
0.2% uranyl phosphate by volume, which is well below the XRD detection threshold.  The 
potential for uranyl phosphate mineral formation in the Apatite II™ media was be assessed 
instead using the active columns as proxies for extended media deployment under a passive 
groundwater gradient. 

4.1.2 Active Column Test 

The results of aqueous and solid phase analyses for the active systems are discussed in the 
following sections.  Changes in groundwater composition due to interaction with the media are 
addressed, along with shifts in the mineralogy of the solid phase with uranium loading.  The total 
amount of uranium uptake within a given column depends on the aqueous uranium concentration 
of the influent and total flow of groundwater through the column.  A summary of the duration, 
total flow, and estimated uranium loading on the active columns is detailed in Table 5.  

NMI Apatite Report-Final_15Sept'14.docx 14 September 2014 



 
 
 

4.1.2.1 Aqueous Results 

Analyses of influent and effluent chemistry indicate that uranium is removed very effectively by 
Apatite II™.  Uranium removal efficiency was determined by calculating the percent difference 
in uranium concentration between the column influent (i.e., raw groundwater) and the column 
effluent for both the 6” ID and 1.25” ID columns.  Influent and effluent compositions and 
calculations are presented in Tables 3b-c.  In both active systems, MW-S24 and MW-8A 
respectively, measurements of effluent composition were made on the 1.25” column for the first 
several weeks and on the 6” columns thereafter.  

Average uranium removal was 99.6% at MW-S24 and 98.8% at MW-8A.  Average uranium 
concentrations in the effluent of MW-S24 and MW-8A were 8.4 and 5.2 µg/L, compared with 
average influent concentrations of 2,740.0 and 335.9 µg/L respectively.  The maximum effluent 
uranium concentration from MW-S24 was 34 µg/L, and this was the only effluent sample with a 
uranium concentration exceeding the MCL (30 µg/L).  The minimum concentration of uranium 
in the effluent of MW-S24 was 0.848 µg/L, and this concentration was obtained on the final day 
of the active column experiment in MW-S24.  The effluent uranium concentration did not 
change consistently with time in either system, indicating the media columns were not 
approaching uranium breakthrough.  On average, over 99% of uranium introduced to the 
columns was sequestered.  These results are presented in Table 3 and illustrated in Figures 7 and 
8.  Low-flow geochemistry data (T, D.O., ORP, SC, pH and turbidity) are presented in Table 4.  

Concentrations of major elements (Ca, Na, K, Fe, P, TOC, and TIC) in column influent and 
effluent were measured to elucidate the major geochemical processes occurring during the 
reaction of Site groundwater with Apatite II™ media (Table 3b-c).  The most significant change 
to the groundwater major element composition was an increase in calcium and phosphorus.  
Total phosphorus concentrations in Site groundwater are relatively low, typically less than 0.1 
mg/L (Table 3a).  The concentrations of both calcium and phosphorus in the active column 
effluent were higher, indicating slight dissolution of the column media.  Effluent sodium and 
potassium concentrations were not consistently different from the influent.  

4.1.2.2 Solid Phase Results 

Solid phase analyses of active column media demonstrate that significant amounts of uranyl 
phosphate minerals formed close to the influent end of the columns, where aqueous uranium 
concentrations were highest.  Column-averaged uranium loadings were calculated based on the 
total flow through the column and average influent and effluent uranium concentrations (Table 
5).  The column with the greatest total accumulation of uranium is the MW-S24 6” 96-day active 
column with an estimated total uranium mass exceeding 21 g over 96 days, followed by the 
MW-S24 1.25” 49-day active column, which had the highest expected average uranium loading 
per mass of 2.8 wt % (Table 5).  
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4.1.2.2.1 XRF Results 

Results of XRF analyses of solid media uranium concentrations for the active and passive field 
columns found the highest concentration of uranium of 251,300 mg/kg (25.13 wt %) at the inlet 
of the MW-S24 1.25” 49-day active column (Table 6). The same column contained 1,790 mg/kg 
of uranium at the outlet, indicating that the vast majority of uranium is being sequestered near 
the inlet. The MW-S24 6” 96-day column had a loading of 146,500 mg/kg (14.65 wt %) at the 
inlet. MW-8A 6” 77-day had an inlet concentration of 19,800 mg/kg (1.98 wt %). These data 
indicate that almost all of the uranium is being sequestered in the inlets of the active columns, 
with very little U migration beyond the inlet. 

Calcium in the raw apatite and the passive columns was found to have an average of 74 wt % 
using XRF, while the levels were much lower in the highly loaded MW-S24 49-day 1.25” and 96 
day 6” active columns at 51 wt % and 60 wt %, respectively.  This signifies that where uranium 
concentrations are high, calcium content is lowered, reinforcing other data showing that uranyl 
phosphate minerals are forming when calcium is released from the hydroxyapatite. 

4.1.2.2.2 XRD Results 

XRD results from inlet samples of all four active columns (MW-S24 6” 96-day, MW-S24 1.25” 
49-day, MW-S24 1.25” 25-day, and MW-8A 6” 77-day) all show peaks that very closely match 
peaks associated with the uranyl phosphate mineral chernikovite (Figure 6b and 6c-f).  For media 
up to 4” from the influent ends of both the MW-S24 6” 96-day active column and the MW-S24 
1.25” 49-day active column XRD results indicate that chernikovite has formed (Figures 6c-d).  
Media near the outlet of the columns had significantly lower concentrations of uranium, as 
determined by XRF (Table 6), and uranyl phosphate minerals were not detected in XRD (Figures 
6c-d). Media up to 3” from the MW-S24 1.25’ 25-day active column inlet strongly matched 
peaks associated with the uranyl phosphate chernikovite in XRD, while the outlet closely 
matched hydroxyapatite (Figure 6e).     

4.1.2.2.3 SEM-EDS Results  

The distribution of uranium on the media at the micro-scale was investigated using SEM-EDS. 
Point analysis, area analysis, and mapping and line analysis were performed using EDS. As 
discussed in the methods, the elemental percentages reported are semi-quantitative and take into 
account the known elements of phosphorus, calcium, and uranium within the sample; oxygen 
levels were calculated based on atomic ratios of oxides.  Areas of analysis were chosen randomly 
within the sample, and areas of interest within the image were chosen based on changes in 
texture or differences in brightness. For MW-S24 1.25” 49-day column samples, both area and 
point analyses were used to gather average elemental percentage data representative of the 
imaged area of the sample.  Point analyses were also made on brighter spots to determine 
percentages of uranium at individual spots. In general, SEM images obtained near the influent 
end of the 49-day active column were much brighter, indicating higher concentrations of a heavy 
element, such as uranium (Figure 9a).  Results of SEM-EDS for the MW-S24 1.25” 49-day 
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active column media showed uranium at varying levels in all samples except sample 5 near the 
outlet.  Elevated uranium concentrations were observed near the column inlet, and only very 
small spots of uranium were visible towards the column outlet.  The highest level of uranium at 
72wt % was found in samples 1 and 2 near the column inlet (Figure 9a).  Area analysis of sample 
6-7A near the outlet showed 0 wt % uranium; however, EDS results from a small bright point 
within the image gave elevated levels of uranium at almost 45 wt % compared with phosphorus 
and calcium levels (Figure 9b).  These results indicate that uranium-rich mineral grains can also 
be found near the column outlet, albeit at low concentrations, suggesting that uranium is either 
precipitating where overall uranium loadings are low (< 1 wt %; Table 6) or being transported as 
small uranium-rich particles to the effluent end of the column.  In either case, the very low total 
uranium concentration in the effluent groundwater demonstrates that the vast majority of 
uranium is sequestered by the column media. 

Samples from the inlets of the 6” diameter active field columns MW-S24 96-day and MW-8A 
77-day were analyzed for elemental composition using point analysis, spatial maps, and line 
segment analysis.  At a point with a rough surface texture within the MW-S24 6” 96-day 0-1” 
inlet sample image, a heightened uranium content of 64 wt % was determined along with 
phosphorus levels of 9 wt %, calcium of 1 wt %, and oxygen of 25 wt %. This corresponds to an 
approximate one-to-one atomic ratio of 14 atomic percent (at. %) for phosphorus and 12 at. % 
for uranium.  This indicates that they could be together in a crystalline phase, while atomic 
calcium and oxygen levels were 1 at. % and 73 at.  %, respectively (Figure 9c).  The roughness 
of the surface could correspond to a crystalline phase involving uranium.   

A point of rough surface texture within the SEM image of the MW-8A 6” 77-day 0-1” sample 
contained a uranium content of 64 wt %, compared with calcium levels of 5 wt %, phosphorus 
levels of 7 wt %, and oxygen levels of 24 at.  %. This corresponds to 11 at. % of phosphorus and 
13 at.  % of uranium, which is also roughly a one to one ratio at that point (Figure 9d). The 
surface area beneath this point sample was also a rough cauliflower shape, indicating a similar 
surface roughness to the MW-S24 96-day sample associated with areas of high uranium content. 
Another point sample was also taken within the sample where the surface was smooth, which 
showed uranium levels of 1 wt %, phosphorus of 11 wt %, calcium of 30 wt %, and oxygen of 59 
wt % (Figure 9e). This most likely indicates that the smooth area of the sample is mostly 
hydroxyapatite with low uranium content, while the rough surface areas may signify micro-
crystalline aggregates of the uranyl phosphate mineral chernikovite.  

Mapping analysis was performed on the inlet samples from the MW-8A 6” 77-day and MW-S24 
6” 96-day active columns to show where elemental concentrations were spatially located within 
the image.  This is similar to taking point samples along the entire image, where the software 
obtains the number of hits on a certain element by creating a colored map of the area that can be 
overlain with the SEM image itself. The brightness of the color on each map corresponds to the 
relative amount of the element within the sample. The MW-8A map shows calcium in blue, 
phosphorus in red, and uranium in green (Figure 9f).  The uranium is mostly sequestered along 
the rough surface of the image, while calcium is present as the smooth areas and is absent where 
the uranium is most concentrated. A line segment analysis was also conducted across the length 
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of the image and the results are presented on a graph that shows the relative amounts of calcium, 
phosphorus, and uranium within the image (Figure 9h).  These results provide further evidence 
that the rough areas contain high uranium with corresponding low calcium content while the 
smooth areas show lower uranium with high calcium. 

Mapping analysis was also performed for the MW-S24 6” 96-day 0-1” sample, which also 
showed uranium sequestered within the rough, cauliflower-like surface that was present over the 
majority of the image (Figure 9g).  Calcium was found in the smoother areas wherever uranium 
was not highly concentrated, and phosphorus was shown roughly across the entire image, 
concurrent with the uranium. Both maps reinforce other data analysis results that crystalline 
meta-autunite uranyl phosphate phases are most likely forming, evidenced by the presence of a 
distinctly rough, crystalline surface texture and absence of calcium where uranium is most highly 
concentrated. 

Solid phase analysis on the active column field media all suggest that uranium and phosphorus 
are forming the crystalline meta-autunite uranyl phosphate phase chernikovite and releasing 
calcium, with very high uranium content concentrated at the inlets and decreasing further down 
the columns.  This agrees with other data on mass balance and shows that all uranium is 
sequestered within the media with most being retained in crystalline phases directly at the inlet. 

4.1.2.3 Geochemical Modeling of Aqueous Phase Results 

Results of a geochemical simulation of effluent composition are shown in Figure 10 (inputs 
listed in Appendix B1).  In this simulation, MW-S24 groundwater was allowed to react with 
Apatite II™ until the groundwater composition was equilibrated with the media.  This reaction 
led to slight dissolution of the solid phase, increasing aqueous phase Ca and P until equilibrium 
was reached.  Fast reaction kinetics of Apatite II™ (Oliva et al., 2012) led to rapid equilibration 
of the groundwater with the media.  Measured concentrations of Ca, P and Na are shown for 
MW-S24 (closed symbols) and MW-8A (open symbols), and modeled concentrations are 
displayed as solid lines.  This figure demonstrates that the observed increases in effluent total 
calcium and phosphorus concentrations can be largely explained by dissolution of the media 
until the groundwater is equilibrated with the Apatite II™ media.  The calcium concentrations in 
the effluent are slightly higher than the modeled concentrations based on equilibration with 
Apatite II™.  This difference could be due in part to exchange of UO2

2+ for Ca2+
 as uranium is 

sequestered by the media. 

Aqueous speciation calculations performed in PhreeqC indicate that the column effluent is 
supersaturated with hydroxyapatite (Ca5(OH)(PO4)3), which has the same chemical formula as 
Apatite II™ but a more stable structure.  Given longer groundwater residence times it is likely 
that the aqueous phosphorus concentration will decrease as stable calcium phosphate phases 
continue to precipitate. 

To evaluate the driving force for uranyl phosphate mineral formation in the active column media, 
we performed a series of thermodynamic calculations using PhreeqC (Appendix B2).  As 
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discussed above, groundwater equilibration with the Apatite II™ media increases the dissolved 
phosphorus and calcium concentrations, which in turn increases the fluid saturation with respect 
to uranyl phosphate minerals.  Figure 11a shows the calculated aqueous total uranium 
concentration as a function of pH for several uranyl phosphate mineral phases (chernikovite, 
uranyl orthophosphate, and autunite), assuming the calcium and phosphate concentrations are 
controlled by Apatite II™ solubility.  All of these phases have a solubility minimum around 
circumneutral pH.   

Chernikovite was observed to form in active column media from MW-S24 using XRD.  
However, geochemical calculations using a chernikovite solubility estimate reported in Gorman-
Lewis et al. (2009) suggested (1) that chernikovite was undersaturated in the column aqueous 
phase, and (2) that chernikovite formation in the presence of Apatite II™ would not reduce 
aqueous uranium concentrations below the USEPA MCL of 30 µg/L (Figure 11a). In contrast, 
results of the geochemical modeling using chernikovite solubility reported in Fuller et al. (2003; 
Figures 11a-b) suggests that chernikovite formation in MW-S24 media is thermodynamically 
favorable, consistent with XRD observations. At circumneutral pH in the presence of Apatite 
II™, chernikovite precipitation can reduce the aqueous U concentration to below the MCL.    

The saturation indices of chernikovite, uranyl orthophosphate and autunite are shown in Figure 
11b as a function of pH in equilibrium with Apatite II™ using an aqueous phase composition 
consistent with MW-S24.  Between pH 4 and pH 9, the aqueous phase is supersaturated with 
respect to both autunite and chernikovite (i.e., S.I. > 0), so precipitation of solid calcium uranyl 
phosphate minerals is expected. 

4.2 Laboratory Testing Results 

4.2.1 VHAP Batch Sorption Analysis 

Batch tests of U uptake were used to evaluate the performance of vanadate-modified Apatite II™ 
compared with raw Apatite II™ under steady-state (no flow) conditions.  These tests provide a 
baseline indication of whether the added vanadium will affect the partitioning of uranium to the 
media.  Analysis of the ICP-MS data shows that batch uranium loading on VHAP was ~10% 
more efficient than on unamended Apatite II™.  Uranium removal from aqueous solution was 
slightly enhanced by VHAP, with 75% removal of uranium compared to 70% removal by 
unamended HAP.  Media from the VHAP test was analyzed using XRD, and the diffraction 
pattern resembled background hydroxyapatite.  The uranium loading on these materials is too 
low for detection using XRD. 

4.2.2 Bench Scale Column Test Results 

The aqueous phase results of the bench-scale column tests are consistent with the results of the 
active field column tests described in Section 4.1.2.  The cumulative mass loading of U on 
Column 1 was 1.28 mg U per g Apatite II™ for the entire duration of flow (1.81 µg U per g 
Apatite II™ per hour).  No U breakthrough is seen in the Apatite II™-packed columns through 

NMI Apatite Report-Final_15Sept'14.docx 19 September 2014 



 
 
 

the entire 30 day duration of the test.  The influent uranium concentration (i.e., the average 
uranium concentration of HBPZ-2R) was 2103 µg/L (Table 3a), and all measurements of U in 
the effluent were below the ICP-MS reporting limit of 0.2 µg/L.  Based on the mass loading of U 
to the bench scale columns as well as the field columns, no U breakthrough is expected.  U 
breakthrough was observed in the blank sand column and is slightly retarded compared to fluid 
flow, potentially due to the negative surface charge of the sand (pH is above the point of zero 
charge for quartz).  Any positively-charged uranyl ions could thus adsorb to its surface.  At 
approximately day 25, however, yellow coloration (indicative of uranyl phosphate 
mineralization) was clearly visible on the influent ends of the Apatite II™-packed columns.  

4.2.3 Sequential Extraction Procedure (SEP) Results for Bench and Field Test Samples 

Results of the sequential extraction Stage 1 give the amount of uranium bound to exchangeable 
sites on the media surface (i.e., weakly adsorbed uranium).  Only a small fraction of the total 
uranium was held in the exchangeable fraction in any sample, ranging from 0 – 3.5 wt % for all 
field column samples. In addition, the calcium to phosphorus ratio was high for exchangeable or 
weakly sorbed phases extracted from stage 1 of the SEP procedure (Table 7).  This is expected, 
as some Ca2+ ions should desorb in the magnesium chloride solution.  Both the calcium and 
phosphorus release are less than 4 wt % for all samples, indicating that little dissolution of the 
media occurred during this step. 

Stage 2 analysis gives the concentration of strongly sorbed or poorly crystalline phases within 
the sample.  The 25 day MW-S24 column inlet contained 3,422 mg U/kg media associated with 
Stage 2 out of a total loading in all stages of 43,593 mg U/kg media (7.8 wt %). The 96 day MW-
S24 column had 3,955 mg U/kg media out of a total of 89,095 mg U/kg media (4.4 wt %) 
associated with the strongly sorbed stage.  Due to a shortage of material, the inlet of the 49 day 
MW-S24 column was not analyzed.  However, a sample from MW-S24 2.5”-4.1” from the inlet 
showed 4,095 mg U/kg media out of 17,224 mg U/kg media (19.1 wt %) of uranium associated 
with this stage, while the lower loading MW-8A column had 1,346 mg U/kg media out of 4,960 
mg U/kg media (27.1 wt %) associated with the poorly crystalline and strongly sorbed phase. 
The 97 day MW-S16 passive column showed 22.2 mg U/kg media out of 99 mg U/kg media 
(22.5%) associated with Stage 2, and the 97 day HBPZ-2R had 38.1 mg U/kg media out of 110 
mg U/kg media (34.6%). For comparison, the Apatite II™ blank showed 1mg U/kg media out of 
a total of 70 mg U/kg media in Stage 2.  

The highly crystalline phases associated with Stage 3 held the vast majority of uranium for 
material near the inlets of the active columns and the 97 day passive columns.  Insoluble residue 
left after the strong acid digestion (Stage 3) was estimated at nearly 10 wt % for the samples, 
indicating that the very highly recalcitrant and crystalline portions of the samples may be higher 
than reported. The 25 day MW-S24 active column was found to contain 40,112 out of 43,593 
total mg U/kg media (92.0 wt %) associated with the highly crystalline phase, and the 96 day 
MW-S24 column contained 84,870 out of 89,095 mg U/kg media (95.3 wt %) in Stage 3.  The 
data obtained for these two highly loaded columns shows that the vast majority of the uranium 
being sequestered is associated with a highly crystalline phase, which strongly supports the 
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evidence from other solids analyses that a well-crystallized phase such as chernikovite has very 
likely formed in these samples. Lower loaded columns such as the MW-8A 77 day active column 
shows 3,581 out of 4,960 mg U/kg media (72.2 wt %) in Stage 3. The passive columns (MW-
S16 and HBPZ-2) of course had a much lower total uranium loading rate than the active 
columns, but results indicate that 75 mg out of a total of 99 mg U/kg media (76.2 wt %) of 
uranium was sequestered at MW-16 and 68 mg out of 110 mg U/kg media (61.9 wt %) of 
uranium was sequestered at HB-PZ-2R in this stage.  Comparison of passive to active results 
indicates that with higher loading, even more of the uranium would likely be associated with 
highly crystalline phases. 

The percentage of uranium associated with each stage of analysis for the three MW-S24 active 
columns and the MW-8A active column is shown on Figure 12a.  This figure illustrates that the 
majority of all uranium was extracted from the highly crystalline/recalcitrant fractions in the 
active media.  Figure 12b depicts the concentration of extracted U for the MW-S24 25 day, 49 
day, and 96 day active columns and the MW-8A 77-day active column as well as the 97-day 
MW-S16 and HPBZ-2R passive columns.   Although there is a higher percentage in Stage 2 for 
the passive samples (MW-S16 and HBPZ-2R on Figure 12a), there was very little uranium 
loading to the passive media (Figure 12b). In summary, the SEP results indicate that the vast 
majority of sequestered U is associated with the highly crystalline and recalcitrant fractions, 
suggesting that that U bound to Apatite II™ is associated with very stable phases, strongly 
supporting other solid analysis data showing that a well-crystalized phase of the uranyl 
phosphate chernikovite has formed.  

Overall, the trends from the solid analyses show that with uranium loading, Apatite II™ retains 
uranium in highly crystalline uranyl phosphate phases consistent with meta-autunites such as 
chernikovite.  

4.2.4 Leaching Column Results 

After 35 days of water flow through the MW-8A 77 day active column media (4,960 mg U/kg 
media), no U was seen in the leaching test effluent (Figure 13a, Table 8), indicating strong 
sequestration of the groundwater-derived U. Values shown in Figure 13 are statistically zero as 
the method detection limit was higher than all reported results.  The Ca/P ratio was again not the 
stoichiometrically-expected ratio of 1.67 (Figure 13b). Experience and literature have shown that 
this is a common occurrence (Valsami-Jones, et al., 1998; Dorozhkin, 2002), especially resulting 
in a Ca deficiency as observed here. There is a lesser amount of Ca initially, followed by a 
“breakthrough” of the ratio characteristic of a flow system at a ratio of approximately 1.3. The 
Ca deficiency could be due to a number of factors, including the initial adsorption of excess Ca 
to the apatite surface. The pH is greater than its point of zero charge, indicating a negatively-
charged surface. Re-precipitation of Ca-rich mineral phases is also a possibility. The results are 
identical to those expected for pure hydroxyapatite dissolution, suggesting that Ca and P were 
only released from the Apatite II™, and not from the U-bearing solids. These results reinforce 
the highly recalcitrant nature of the groundwater-derived U sequestered by the Apatite II™ 
media. 
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5. CONCLUSIONS AND REMEDY SELECTION CONSIDERATIONS 

These test results indicate that Apatite II™ media can effectively sequester aqueous uranium 
from groundwater, leading to the formation of stable uranyl phosphate minerals.  Aggressive 
loading of uranium on the Apatite II™ media during active testing resulted in greater than 99% 
aqueous uranium removal.  Total uranium loading on media from the active column field test 
indicate that the Apatite II™ media can sequester greater than 30 wt% uranium through the 
formation of a separate uranyl phosphate mineral phase, and that the kinetics of uranium uptake 
are fast enough that no breakthrough was observed even under extreme uranium loading 
conditions for over 90 days.  The presence of the uranyl phosphate mineral chernikovite was 
clearly observed by XRD on the active column media, and ex-situ leaching tests indicate strong 
sequestration of aqueous U by Apatite IITM.  

Apatite II™ media deployed in Site groundwater wells under a passive (ambient) groundwater 
flow gradient were also shown to effectively sequester uranium.  Total uranium concentrations 
on the passive canister media were consistent with the amount expected assuming all 
groundwater U flowing through the media was sequestered.  No uranyl phosphate minerals were 
observed in the passive column media using XRD, because the total amount of U retained by the 
column was less than the amount necessary for detection by this method.  However, the SEP 
results clearly demonstrate that the uranium sequestered in the passive media is strongly bound 
to the highly-crystalline and recalcitrant fractions.  Uranium forms strong complexes at 
hydroxyapatite surfaces (Fuller et al., 2002) and partitions very strongly to Apatite II™ (Kd 
>104; Conca and Wright, 2000), suggesting that this media should effectively sequester DU by 
sorption even in very low concentration areas within the plume. In addition, uranium 
sequestration by formation of the uranyl phosphate mineral autunite is favorable at plume DU 
concentrations below 5 µg/L in the presence of Apatite II™.   

These results provide strong evidence that Apatite II™ would be an effective in-situ media to 
sequester uranium from overburden groundwater.  The media used in both the in-situ passive and 
ex-situ active tests was contacted with groundwater equilibrated with the saturated overburden 
soil. Thus, sub-surface injection of Apatite II™ in reactive zones will dilute the media by soil 
mixing but will not alter its chemical reactivity or its efficacy. Testing of VHAP also suggests 
that vanadate modified Apatite II™ may be slightly more efficient and effective at sequestering 
uranium in-situ, and could be further evaluated during Remedial Design, if this technology is 
selected in the ROD.  Use of Apatite II™ (or VHAP) in-situ, could result in meeting RAOs and 
provide a sustainable, long-term remedy for uranium in groundwater.   

Further remedial design and pilot study work will be needed to determine optimum apatite 
dosing, injection techniques, and injection well spacing in order to design the actual 
implementation approach, if this technology is selected in the ROD. 
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Table 1. Field Media Testing and Groundwater Monitoring Schedule
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 1 of 2 September 2014

Pressure (psi) Total Flow (mL) Pressure (psi) Total Flow (mL) Pressure (psi) Total Flow (mL)

collect groundwater HBPZ-2R-INITIAL x x

collect groundwater HBPZ-2R-FINAL x x

HBPZ-2R install passive column HBPZ2R_P0d x x x x

MW-S16 install passive column MWS16_P0d x x x x

Blank equipment blank Blank x x x x

sample influent MWS24_A1din x x x x

sample effluent MWS24_A1def x x x x

12/9/2013 MW-S24 sample influent MWS24_A3din x 48 9 192662 9.5 207347 10 186775

sample influent MWS24_A5din x

sample effluent MWS24_A5def x

sample influent - DUP MWS24_A7din x x x x

sample effluent MWS24_A7def x x x x

sample influent MW8A_A0din x x x x

sample effluent MW8A_A0deff x x x x

sample influent MW8A_A1din x x x x

sample effluent MW8A_A1deff x x x x

sample influent MW8A_A2din x

sample effluent MW8A_A2deff x

MW-S24 sample influent MWS24_A14din x 60 29 799975 29.5 447000 28.5 942787

sample influent MW8A_A7din x x x x

sample effluent MW8A_A7deff x x x x

12/30/2013 MW-S24 collect 1.25" 25 day active column - 50 20 808403 20 706703 20 1438319

1/6/2014 HBPZ-2R collect 33 day passive column HBPZ2R_P28d x x x x

sample influent MW8A_A16din x x x x

sample effluent MW8A_A16def x x x x

sample influent MWS24_A28din x x x x

sample effluent MWS24_A28def x x x x

MW-S16 collect passive column -

Blank equipment blank Blank x x x x

sample influent MW8A_A30din x

sample effluent MW8A_A30def x

collect 1.25" 30 day active column -

sample influent MWS24_A42din x

sample effluent MWS24_A42deff x

1/7/2014

MW-8A 59 19.5 220741

64 20.5 1102867 19.25 1895098

1.5 1455097

MW-8A

MW-S24

12/24/2013

7.25 98615

1/16/2014

58 15.5 595241 15.5 901366

22.75 254364

MW-S24 59 2 808451

MW-8A 59 > 30 119986

10.01 26576

>30 154643

12/19/2013
MW-8A 60 5 97147

12/18/2013 MW-8A 64 9.75 38254

12/13/2013 MW-S24 47 23.4 393492 24.9 361443 23.3 484313

12/11/2013 MW-S24 49 26.5 227209 9.5 248303 27.25 323860

12/6/2013 MW-S24 48 9.25 9450 9.8 9070 9.5 11721

11/25/2013 HBPZ-2R

1.25" 28 day Active Column 1.25" 84 day Active Column 6" 84 day Active Column

12/5/2013

Total P TIC-TOC Building T 
(°F)

Sample 
Date Well ID Fluid Sample IDTask Description Metals 

(Total)
Metals 
(Diss.)

12/17/2013 MW-8A



Table 1. Field Media Testing and Groundwater Monitoring Schedule
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 2 of 2 September 2014

Pressure (psi) Total Flow (mL) Pressure (psi) Total Flow (mL) Pressure (psi) Total Flow (mL)

1.25" 28 day Active Column 1.25" 84 day Active Column 6" 84 day Active Column
Total P TIC-TOC Building T 

(°F)
Sample 

Date Well ID Fluid Sample IDTask Description Metals 
(Total)

Metals 
(Diss.)

1/23/204 MW-S24 collect 1.25" 49 day active column - 40 17.8 1125183 17.8 1910607

sample influent MWS24_A56din x

sample effluent MWS24_A56def x

sample influent MW8A_A44din x

sample effluent - DUP MW8A_A44def x

sample influent - DUP MWS24_A70din x x x x

sample effluent MWS24_A70def x x x x

sample influent MW8A_A58din x x x x

sample effluent MW8A_A58din x x x x

HBPZ-2R collect 97 day passive column -

MW-S16 collect 97 day passive column -
sample influent MWS24_A84din x x x x
sample effluent MWS24_A84def x x x x

collect 6" 96 day active column -
MW-8A collect 6" 77 day active column - NR 5 6634200

Notes: 
NR = not recorded
TIC-TOC = Total Inorganic Carbon/Total Organic Carbon
P = Phosphorous
Methods:
Total Metals  EPA Method 6020A
Dissolved Metals  EPA Method 6020A
Vanadium EPA Method 6010
Total Phosphorous EPA Method 365.4
TIC-TOC EPA Method 9060

14.5 3032293

MW-S24

MW-8A

MW-8A

2/14/2014

3/11/2014

1/30/2014

MW-S24

NR

55

14.5

14

6981600

5980500

58

MW-S24 NR NR 8085800

58

17.25 4387596



Table 2. Media Activity Levels
Nuclear Metals Superfund Site

Concord, MA 

Geosyntec Consultants

Page 1 of 1 September 2014

Well ID Trial # α (dpm) β (dpm) Net Sample 
Weight (g)

α Conc 
(dpm/g)

β Conc 
(dpm/g) α Conc (pCi/g) β Conc (pCi/g)

1 5513.44 17706.24 0.94 5954.7 19258.2 2682.3 8674.9
2 4701.11 8913.38 0.41 11640.7 22226.7 5243.6 10012.0
3 5872.78 10132.02 0.64 9316.0 16185.7 4196.4 7290.9
1 315.57 610.31 0.85 376.9 734.1 169.8 330.7
2 239.65 486.69 0.56 434.5 888.5 195.7 400.2
3 275.08 653.46 1.16 240.7 575.9 108.4 259.4
1 9.36 8.57 0.86 11.0 10.2 5.0 4.6
2 1.77 16.73 0.62 2.9 27.6 1.3 12.4
3 4.3 19.06 0.71 6.1 27.4 2.8 12.4
1 6.83 12.07 0.17 40.8 72.6 18.4 32.7
2 -0.76 7.4 0.46 -1.7 16.4 -0.8 7.4
3 -0.76 8.57 0.72 -1.1 12.2 -0.5 5.5

Note:
Media samples were screened on-site by DDES, LLC of Wakefield, MA
Samples were collected 3/11/2014.
dpm = disintegrations per unit time
Conc = Concentration

MW-S24

MW-8A

HBPZ-2R

MW-S16



Table 3a. Groundwater Analytical Data from 
Passive Well Locations HBPZ-2R and MW-S16

Nuclear Metals Superfund Site
Concord, MA

Geosyntec Consultants

Page 1 of 3 September 2014

Well Date Fluid Sample ID Sample type TIC 
(mg/L)

TOC 
(mg/L)  V (µg/L) Ca (µg/L) Fe (µg/L) K (µg/L) Na (µg/L) U (µg/L)  P (mg/L)

11/25/2013 HBPZ-2R-INITIAL-11252012 total na na ND (1) 19000 78.6 J 3020 18600 1920 na
11/25/2013 HBPZ-2R-INITIAL-11252012_DISS dissolved na na ND (1) 18900 53.7 J 3100 19000 1840 na
11/25/2013 HBPZ-2R-FINAL-11252012 total na na ND (1) 19700 55.4 J 3120 18600 2350 na
11/25/2013 HBPZ-2R-FINAL-11252012_DISS dissolved na na ND (1) 19200 57.4 J 3070 18500 1970 na
12/5/2013 HBPZ-2RP0d total 11.9 0.748 J ND (1) 19400 64 J 2910 16700 2010 ND (0.085)
12/5/2013 HBPZ-2RP0d_DISS dissolved na na ND (1) 19400 242.0 2790 16700 1860 na
1/6/2014 HBPZ2R_P28d-01062014 total 11.3 0.791 J na 18900 33.9 J 2870 16400 2130 ND (0.017)
1/6/2014 HBPZ2R_P28d-01062014_DISS dissolved na na na 19300 68.6 J 2900 17100 2040 na

12/5/2013 MW-S16-P0d total 10 0.581 J ND (1) 19900 643.0 3250 21800 128.0 0.52
12/5/2013 MW-S16-P0d_DISS dissolved na na ND (1) 18900 108.0 3060 21200 87.3 na

Average HBPZ-2R Total 11.6 0.77 ND(1) 19250 58.0 2980 17575 2103 ND (0.017)
Average MW-S16 Total 10.0 0.58 ND(1) 19900 643 3250 21800 128.0 0.52
Notes:
TIC = Total Inorganic Carbon
TOC = Total Organic Carbon
V = Vanadium
Ca = Calcium
Fe = Iron
K = Potassium
Na = Sodium
U = Uranium 
P = Phosphorus
na = not analyzed
J = data qualifier indicating the value is estimated
ND(1) = data qualifier indicating analyte was not detected at a detection limit of 1 in the units appropriate to the analyte

HBPZ-2R

MW-S16



Table 3b. MW-S24 Influent and Effluent Analytical Data Summary
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 2 of 3 September 2014

Date Fluid Sample ID Elapsed 
Days Sample type TIC 

(mg/L)
TOC 

(mg/L)  V (µg/L) Ca (µg/L) Fe (µg/L) K (µg/L) Na (µg/L) U (µg/L)  P (mg/L) ΔU
 (µg/L)

ΔU
 (%)

12/5/2013 MWS24_A0din Total Influent nab 0.929 34.5 25900 19000 6500 17700 5900 0.09
12/5/2013 MWS24_A0din_DISS Dissolved Influent na na ND (1) 22800 72.7 2980 18100 2990 na
12/6/2013 MWS24_A1din Total Influent 12.8 0.982 ND (1) 24400 409 3080 17700 3200 0.09
12/6/2013 MWS24_A1din_DISS Dissolved Influent na na ND (1) 24400 51.7 3190 19700 3270 na
12/6/2013 MWS24_A1deff Total Effluent 12.2 4.59 ND (1) 37800 82.1 3400 22300 1.420 6.35
12/6/2013 MWS24_A1deff_DISS Dissolved Effluent na na ND (1) 37700 71.7 3290 18900 0.462 na
12/9/2013 MWS24_A3din 3 Total Influent na na ND (1) 22800 167.0 2950 19500 2950 na - -
12/11/2013 MWS24_A5din Total Influent na na 2.24 22200 1630.0 3360 20900 2920 na
12/11/2013 MWS24_A5deff Total Effluent na na ND (1) 32200 62.3 2790 19900 12.30 na
12/13/2013 MWS24_A7din Total Influent 9.56 1.16 ND (1) 23500 83.6 3040 20200 3120 0.14
12/13/2013 MWS24_A7din_DISS Dissolved Influent na na ND (1) 22800 102.0 3010 20600 2880 na
12/13/2013 MWS24_A7din_DUP Total Influent DUP 9.72 1.28 ND (1) 22800 76.6 2960 20000 3040 0.10
12/13/2013 MWS24_A7din_DUP DISS Dissolved Influent DUP na na ND (1) 23400 61.9 2970 20200 3120 na
12/13/2013 MWS24_A7deff Total Effluent 10.5 3.91 ND (1) 30200 54.5 2710 19900 34.20 4.33
12/13/2013 MWS24_A7deff_DISS Dissolved Effluent na na ND (1) 31200 51.2 2870 19600 24.30 na
12/19/2013 MWS24_A14din 13 Total Influent na na ND (1) 23300 78.1 2810 16500 2770 na - -
1/7/2014 MWS24_A28din_01072014 Total Influent 11.8 0.827 na 22400 76.2 3110 17300 2570 0.02
1/7/2014 MWS24_A28deff_01072014 Total Effluent 10.8 8.64 na 33700 73.5 3610 17600 11.20 3.90

1/16/2014 MWS24_A42din_01162014 Total Influent na na na 21900 157.0 2950 18300 2190 na
1/16/2014 MWS24_A42def_01162014 Total Effluent na na na 46100 102.0 2770 18900 3.110 na
1/30/2014 MWS24_A56din_01302014 Total Influent na na na 23900 115 3100 20000 3050 na
1/30/2014 MWS24_A56def_01302014 Total Effluent na na na 44800 77.7 3210 19300 1.380 3.90
2/14/2014 MWS24_A70din Total Influent 12.8 1.11 na 20500 831.0 2810 19000 2180 0.0219*J
2/14/2014 MWS24_A70din_DISS Dissolved Influent na na na 21100 43.2J 2780 19400 2060 na
2/14/2014 MWS24_A70din_DUP Total Influent DUP 11.9 1.06 na 20700 1390.0 2870 19300 2250 0.021*J
2/14/2014 MWS24_A70din_DUP DISS Dissolved Influent DUP na na na 21300 41.5J 2830 19700 2100 na
2/14/2014 MWS24_A70deff Total Effluent 19.3 18.8 na 42500 65.1 2840 20300 2.390 7.73*
2/14/2014 MWS24_A70deff_DISS Dissolved Effluent na na na 42800 64.5J 2950 20300 0.413 na
3/11/2014 MWS24_A84din_03112014 Total Influent 13.5 0.978 J na 23100 117 3060 18900 2450 0.15
3/11/2014 MWS24_A84din_03112014_DISS Dissolved Influent na na na 23600 76.3 J 3130 19000 2640 na
3/11/2014 MWS24_A84def_03112014 Total Effluent na na na 40100 100 3040 18500 0.848 7.45
3/11/2014 MWS24_A84def_03112014_DISS Dissolved Effluent na na na 39800 109 3040 18100 0.154 J na

Average Total Influent 12.1 1.0 ND(1) 22800 459.4 3027 18830 2740 0.083
Average Total Effluent 13.2 9.0 ND(1) 38425 77.2 3046 19588 8.356 5.610
Notes:
TIC = Total Inorganic Carbon
TOC = Total Organic Carbon
V = Vanadium
Ca = Calcium
Fe = Iron
K = Potassium
Na = Sodium
U = Uranium 
P = Phosphorus
na = not analyzed
J = data qualifier indicating the value is estimated
ND(1) = data qualifier indicating analyte was not detected at a detection limit of 1 in the units appropriate to the analyte

0 - -

0

28 -2558.8 -99.56

-3198.6 -99.96

7 -3085.8 -98.90

5 -2907.7 -99.58

56 -3048.6 -99.95

37 -2186.9 -99.58

-2177.6 -99.89

96 -2449.2 -99.97

71



Table 3c. MW-8A Influent and Effluent Analytical Data Summary
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 3 of 3 September 2014

Date Fluid Sample ID Time 
(days) Sample type TIC 

(mg/L)
TOC 

(mg/L)  V (µg/L) Ca (µg/L) Fe (µg/L) K (µg/L) Na (µg/L) U (µg/L)  P (mg/L) ΔU
 (µg/L)

ΔU
 (%)

12/17/2013 MW8A_A0din-12172013 Total Influent 8.78 2.95 ND (1) 16600 59.8 2690 17000 513.0 ND (0.017)
12/17/2013 MW8A_A0din-12172013-DISS Dissolved Influent nab na ND (1) 16400 48.4 2680 15900 472.0 na
12/17/2013 MW8A_A0deff-12172013 Total Effluent 8.75 5.36 ND (1) 24100 56.4 3320 19100 1.4 4.53
12/17/2013 MW8A_A0deff-12172013-DISS Dissolved Effluent na na ND (1) 24000 55.8 3190 19500 0.3 na
12/18/2013 MW8A_A1din-12182013 Total Influent 7.4 1.3 ND (1) 16600 340.0 2580 15500 511.0 0.04
12/18/2013 MW8A_A1din-12182013-DISS Dissolved Influent na na ND (1) 16600 60.7 2760 16000 383.0 na
12/18/2013 MW8A_A1deff-12182013 Total Effluent 8.7 3.91 ND (1) 23900 53.7 2550 16600 0.9 4.97
12/18/2013 MW8A_A1deff-12182013-DISS Dissolved Effluent na na ND (1) 24200 59.5 2700 16200 5.4 na
12/19/2013 MW8A_A2din-12192013 Total Influent na na ND (1) 17500 77.5 J 2850 17700 103.0 na
12/19/2013 MW8A_A2deff-12192013 Total Effluent na na ND (1) 31900 67.2 J 2850 17500 1.0 na
12/24/2013 MW8A_A7din_12242013 Total Influent 8.51 0.589 na 16100 33 2740 17200 278.0 ND (0.017)
12/24/2013 MW8A_A7din_12242013_DISS Dissolved Influent na na na 15700 35 2420 17000 255.0 na
12/24/2013 MW8A_A7deff_12242013 Total Effluent 9.55 4.82 na 26700 114 2400 18500 5.6 4.45
12/24/2013 MW8A_A7deff_12242013_DISS Dissolved Effluent na na na 26000 53 2480 16900 3.2 na
1/7/2014 MW8A_A16din_01072014 Total Influent 8.71 1.62 na 17100 34.7 J 2840 17700 266.0 ND (0.017)
1/7/2014 MW8A_A16din_01072014_DISS Total Influent na na na 16400 35.1 J 2620 16500 235.0 na
1/7/2014 MW8A_A16deff_01072014 Total Effluent 6.09 0.799 J na 28300 45.5 J 2770 18700 2.5 4.93
1/7/2014 MW8A_A16deff_01072014_DISS Total Effluent 10.5 0.647 J na 26600 46.1 J 2610 16400 1.9 -

1/15/2014 MW8A_A28din_01152014 Total Influent na na na 17200 53 2740 18300 266.0 na
1/15/2014 MW8A_A28def_01152014 Total Effluent 1.25" na na na 45700 119 3280 20600 20.1 na
1/15/2014 MW8A_A28def_01152014 Total Effluent 6" na na na 54700 132 3130 20700 3.9 na
1/30/2014 MW8A_A44din-01302014 Total Influent na na na 18100 33 2680 20500 247.0 na
1/30/2014 MW8A_A44def-01302014 Total Effluent na na na 42000 79 2930 21000 6.9 na
2/14/2014 MW8A_A58din_02142014 Total Influent 10 0.809 J na 17300 144 2630 18300 503.0 ND (0.017)
2/14/2014 MW8A_A58din_02142014 Dissolved Influent na na na 17500 128 2700 18600 472.0 na
2/14/2014 MW8A_A58din_02142014_DUP Total Influent Duplicate na na na 17600 ND(33) 2700 18500 384.0 na
2/14/2014 MW8A_A58deff_02142014 Total Effluent 16.2 6.47 na 33900 51.3J 2630 18300 4.8 6.86*
2/14/2014 MW8A_A58deff_02142014_DISS Dissolved Effluent na na na 39500 61J 2950 21400 1.3 na

Average Total Influent 8.7 1.6 ND(1) 17063 110.5 2719 17775 335.9 0.036
Average Total Effluent 9.9 5.1 ND(1) 34578 92.4 2873 18740 5.232 5.148
Notes:
TIC = Total Inorganic Carbon
TOC = Total Organic Carbon
V = Vanadium  
Ca = Calcium
Fe = Iron
K = Potassium
Na = Sodium
U = Uranium 
P = Phosphorus
na = not analyzed
J = data qualifier indicating the value is estimated
ND(1) = data qualifier indicating analyte was not detected at a detection limit of 1 in the units appropriate to the analyte

59 -498.25 -99.1

-99.7

21 -264.10 -99.3

1 -510.10 -99.8

0 -511.63

7 -272.36 -98.0

2 -101.97 -99.0

44 -240.10 -97.2

29 -262.15 -98.6



Table 4. Groundwater and Effluent Geochemical Parameters
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 1 of 1 September 2014

Well Sample Date Sample Type Depth to Water 
(ft btor)

Temperature 
(˚C) pH

Specific 
Conductance 

(μs/cm)
D.O. (mg/L) ORP (mV) Turbidity (NTU)

12/5/2013 groundwater influent 53.02 11.4 6.23 346 9.55 223.0 >5
12/6/2013 groundwater influent 53.06 15.7 6.20 318 7.10 162.4 7.73
12/9/2013 groundwater influent 52.99 15.5 6.28 319 6.33 170.1 2.14

12/11/2013 groundwater influent 53.11 13.3 6.54 349 8.26 188.8 11.20
12/11/2013 effluent 1.25" 49 day acive 53.11 13.1 6.61 379 3.68 123.2 1.68
12/13/2013 groundwater influent 53.12 14.8 6.32 333 6.97 119.9 -1.56
12/13/2013 effluent 1.25" 49 day acive 53.12 15.1 6.49 377 2.83 65.7 -0.04
12/19/2013 groundwater influent 53.18 14.9 6.15 331 6.67 173.9 0.35
1/7/2014 groundwater influent NM 13.5 6.18 294 7.95 174.3 -2.42
1/7/2014 effluent 1.25" 49 day acive NM 10.2 6.73 445 8.19 130.1 -2.44
1/16/2014 groundwater influent 52.42 16.3 6.16 300 8.52 192.0 0.38
1/16/2014 effluent 6" 96 day acive 52.42 15.5 6.61 469 0.66 -80.8 4.80
1/30/2014 groundwater influent 52.50 15.3 6.22 314 8.84 135.1 0.10
1/30/2014 effluent 6" 96 day acive 52.50 14.4 6.70 403 1.65 -60.7 1.80
2/14/2014 groundwater influent 52.65 13.6 6.13 292 8.63 204.1 8.21
2/14/2014 effluent 6" 96 day acive 52.65 14.2 6.75 437 1.16 -213.9 8.67
3/11/2014 groundwater influent NM 15.7 6.34 300 8.97 121.1 -0.45
3/11/2014 effluent 6" 96 day acive NM 15.8 6.92 391 1.16 -30.0 1.61

12/17/2013 groundwater influent 61.02 18.4 6.25 234 7.15 178.2 2.36
12/17/2013 effluent 1.25" 30 day active 61.02 18.1 7.08 315 6.04 152.0 0.93
12/18/2013 groundwater influent 61.02 10.1 6.14 244 10.24 78.9 7.88
12/18/2013 effluent 1.25" 30 day active 61.02 5.6 7.02 324 10.95 109.0 1.19
12/19/2013 groundwater influent 61.00 20.4 6.17 252 6.20 183.2 2.11
12/19/2013 effluent 1.25" 30 day active 61.00 16.3 7.01 325 5.50 199.6 0.64
12/24/2013 groundwater influent 60.81 24.4 6.11 285 5.96 154.4 0.86
12/24/2013 effluent 1.25" 30 day active 60.81 18.8 6.56 306 3.70 87.5 2.04
1/7/2014 groundwater influent NM 15.1 6.17 246 7.88 184.8 -2.59
1/7/2014 effluent 1.25" 30 day active NM 12.3 6.65 302 4.22 88.6 -1.96
1/16/2014 groundwater influent 60.21 17.9 6.19 260 8.54 116.2 0.38
1/16/2014 effluent 6" 77 day active 60.21 12.0 6.67 711 0.45 -78.9 6.27
1/30/2014 groundwater influent 60.29 17.0 6.24 256 9.17 141.6 0.11
1/30/2014 effluent 6" 77 day active 60.29 12.6 6.68 427 0.39 -113.2 5.78
2/14/2014 groundwater influent 60.45 15.8 6.15 250 8.43 74.0 0.33
2/14/2014 effluent 6" 77 day active 60.45 14.0 6.83 347 0.71 -272.0 1.07

11/25/2014 groundwater 41.82 11.0 6.43 257 9.33 192.4 0.56
12/5/2013 groundwater 41.96 11.4 6.19 257 9.81 267.3 0.49
1/6/2014 groundwater 41.30 11.1 6.21 249 8.78 206.7 <5

MW-S16 12/5/2013 groundwater 54.47 12.1 6.17 278 9.12 214.8 9.06
Note: Values not measured are indicated by "NM."
D.O. = Dissolved Oxygen
ORP = Oxidation-Reduction Potential
ft btor = feet below top of riser

MW-S24

MW-8A

HBPZ-2R



Table 5. Estimated Uranium Loading to Passive and Active Columns
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 1 of 1 September 2014

Well Column/Canister Proposed 
Duration

Actual 
Duration 

(days)

Cumulative 
Flow Volume 

(L) 

Average ∆U 
(µg/L)

Estimated 
Total U (g) Media Mass (g)

Average U 
loading 
(mg/kg)

Average % U 
by mass

1.25" 49 day active 28 49 1125 3.04 107.5 28279 2.83%
1.25" 25 day active 84 25 707 1.91 107.5 17758 1.78%
6" 96 day active 84 96 8086 21.8 3715 5880 0.59%

1.25" 30 day active 28 30 595 0.20 107.5 1842 0.18%
6" 77 day active 84 77 6634 2.21 3715 594 0.06%
33 day passive 30 33 35 0.064 215.0 296 0.03%
97 day passive 90 97 103 0.19 215.0 870 0.09%
34 day passive 30 34 1.9 0.00024 215.0 1.12 0.00%
97 day passive 90 97 5.5 0.00058 215.0 2.71 0.00%

Notes: 
"Actual Duration" indicates the total amount of time a given column or canister was actually deployed. 
"Proposed duration" is the amount of days a column was intended to be deployed. This may be longer or shorter than the actual duration.

Total flow through the passive canisters is calculated based on the measured hydraulic conductivity and hydraulic gradient. 
Media Mass assumes a uniform media density of 0.445 g/cm3.

U = uranium 

MW-S16

na

na

MW-S24

MW-8A

2701.6

332.6

HBPZ-2R



Table 6. Solid Media Major Element Composition XRF Results
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Ca P U Sr Na Mg S Cl Si Fe Mo Zn Mn As Cu

wt. % 72.83 19.56 nd 0.831 1.090 0.867 1.050 2.570 0.088 0.061 0.009 0.048 nd 0.031 nd
std. err. % 0.220 0.200 nd 0.041 0.050 0.043 0.050 0.080 0.004 0.003 0.003 0.002 nd 0.008 nd

wt. % 72.09 24.48 nd 0.656 0.516 0.649 0.751 0.177 0.261 0.091 0.010 0.038 0.004 0.017 0.002
std. err. % 0.220 0.210 nd 0.033 0.026 0.032 0.037 0.009 0.013 0.005 0.003 0.002 0.001 0.006 0.001

wt. % 76.34 20.82 0.053 0.836 0.316 0.383 0.636 0.131 0.078 0.088 0.017 0.055 0.011 0.038 nd
std. err. % 0.210 0.200 0.005 0.042 0.016 0.019 0.032 0.007 0.004 0.004 0.004 0.003 0.002 0.008 nd

wt. % 74.84 22.00 nd 0.783 0.372 0.508 0.646 0.232 0.170 0.182 0.009 0.047 0.005 0.024 0.003
std. err. % 0.220 0.210 nd 0.039 0.019 0.025 0.032 0.012 0.008 0.009 0.003 0.002 0.002 0.007 0.001

wt. % 72.22 25.53 nd 0.617 0.428 0.419 0.407 0.164 0.040 0.038 nd 0.035 0.005 0.015 nd
std. err. % 0.220 0.220 nd 0.031 0.021 0.021 0.020 0.008 0.004 0.002 nd 0.002 0.001 0.005 nd

wt. % 59.85 22.12 14.65 0.375 0.325 0.327 0.290 0.160 0.197 0.185 0.167 0.105 0.129 0.075 0.111
std. err. % 0.240 0.210 0.180 0.019 0.016 0.016 0.015 0.008 0.010 0.009 0.030 0.005 0.006 0.008 0.006

wt. % 50.57 19.63 25.13 0.433 0.357 0.281 0.250 0.200 0.859 0.466 0.152 0.172 0.082 0.112 0.162
std. err. % 0.250 0.200 0.220 0.022 0.018 0.014 0.012 0.010 0.043 0.023 0.051 0.009 0.004 0.011 0.008

wt. % 66.17 23.85 6.75 0.463 0.399 0.356 0.422 0.159 0.205 0.128 0.073 0.127 0.097 0.050 0.037
std. err. % 0.240 0.210 0.130 0.023 0.020 0.018 0.021 0.008 0.010 0.006 0.015 0.006 0.005 0.007 0.002

wt. % 70.78 24.93 1.55 0.496 0.440 0.377 0.414 0.174 0.048 0.038 0.062 0.074 0.087 0.026 0.016
std. err. % 0.230 0.220 0.080 0.025 0.022 0.019 0.021 0.009 0.004 0.002 0.005 0.004 0.004 0.006 0.001

wt. % 71.82 24.63 0.427 0.528 0.444 0.392 0.465 0.482 0.136 0.044 0.057 0.052 0.065 0.019 0.009
std. err. % 0.220 0.220 0.021 0.026 0.022 0.020 0.023 0.024 0.007 0.002 0.003 0.003 0.003 0.006 0.001

wt. % 72.48 24.92 0.179 0.535 0.425 0.388 0.396 0.302 0.020 0.024 0.058 0.043 0.054 nd 0.008
std. err. % 0.220 0.220 0.009 0.027 0.021 0.019 0.020 0.015 0.004 0.002 0.003 0.002 0.003 nd 0.001

wt. % 69.23 26.14 1.98 0.437 0.533 0.364 0.346 0.216 0.057 0.039 0.028 0.060 0.049 0.022 0.074
std. err. % 0.230 0.220 0.070 0.022 0.027 0.018 0.018 0.011 0.004 0.002 0.006 0.003 0.003 0.005 0.004

wt. % 69.94 26.92 0.875 0.444 0.579 0.407 0.300 0.211 0.028 0.021 0.023 0.047 0.033 0.016 0.022
std. err. % 0.230 0.220 0.044 0.022 0.029 0.020 0.015 0.011 0.003 0.001 0.003 0.002 0.002 0.005 0.001

wt. % 71.38 26.31 0.115 0.502 0.460 0.360 0.348 0.277 0.035 0.020 0.018 0.038 0.011 0.016 0.007
std. err. % 0.230 0.220 0.006 0.025 0.023 0.018 0.017 0.014 0.004 0.001 0.002 0.002 0.001 0.005 0.001

wt. % 72.29 25.48 nd 0.535 0.482 0.382 0.364 0.230 nr 0.014 0.013 0.039 0.006 0.016 0.003
std. err. % 0.220 0.220 nd 0.027 0.024 0.019 0.018 0.011 nr 0.001 0.002 0.002 0.001 0.005 0.001

Notes: 
MW-S24 1.25" 49-day 0-2.5" represents a mixture of samples 1-1A, 1-2A, and 2-3A.
nd = not detected by instrument
XRF = X-Ray Fluorescence
wt. % = weight percent
std. err. % = percent standard error on the measurement.

Sample
Distance 

from inlet
%

Element

 Raw Apatite II™ 
(wt. %)

HBPZ-2R 
 30 day passive canister

HBPZ-2R 
 90 day passive canister

MW-S16
 30 day passive canister

MW-S16
 90 day passive canister

MW-S24 6" 96-
day active column

0-1"

MW-S24 
1.25" 49 day  

active column

0-2.5" (1-1A, 
1-2A, 2-3A)

2.5-4.1"     
(3-4A)

4.1-5.7"      
(4-5A)

5.7-7.7"      
(5-6A)

7.7-10"      
(6-7A)

MW-8A 6" 77-day 
active column

0-1"

1-3"

3-7"

7-12"
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Table 7. Sequential Extraction Results for 
Raw and Field Column Media
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

mg P/ kg media mg Ca/ kg media mg U/ kg media Ca:P U:P

Raw Media 1095 6969 0.2 4.92 0.000

0.5" from inlet 1449 20003 59.6 10.66 0.005

3" from inlet 2015 19179 190 7.35 0.012

2.5"-4.1" from inlet 2243 20629 156 7.10 0.009

7.7" from inlet 1856 14713 6.6 6.12 0.000

0-1" from inlet 1455 16929 270 8.98 0.024

13-19" from inlet 1115 6064 0.8 4.20 0.000

0-1" from Inlet 3382 23823 33.1 5.44 0.001

15-19" from inlet 973 13080 0.5 10.38 0.000

1248 11456 1.3 7.09 0.000

1190 13016 3.8 8.45 0.000

Raw Media 72951 106923 1.0 1.13 0.000

0.5" from inlet 67130 89123 3422 1.03 0.007

3" from inlet 69482 103429 3591 1.15 0.007

2.5"-4.1" from inlet 61457 84322 4095 1.06 0.009

7.7" from inlet 85069 122599 265 1.11 0.000

0-1" from inlet 58077 83329 3955 1.11 0.009

13-19" from inlet 87281 136778 5.1 1.21 0.000

0-1" from Inlet 87202 130201 1346 1.15 0.002

15-19" from inlet 77805 117245 6.6 1.16 0.000

73475 116932 22.2 1.23 0.000

79880 143408 38.1 1.39 0.000

Raw Media 19919 51637 69 2.00 0.000

0.5" from inlet 29809 57201 40112 1.48 0.175

3" from inlet 38643 39028 26615 0.78 0.090

2.5"-4.1" from inlet 23381 53635 17224 1.77 0.096

7.7" from inlet 4564 29948 138 5.07 0.004

0-1" from inlet 39127 53622 84870 1.06 0.282

13-19" from inlet 17623 36967 214 1.62 0.002

0-1" from Inlet 22080 46331 3581 1.62 0.021

15-19" from inlet 26636 53017 70 1.54 0.000

29908 52649 75 1.36 0.000

11933 15469 68 1.00 0.001

Raw Media 93964 165530 70 1.36 0.000

0.5" from inlet 98388 166327 43593 1.31 0.058

3" from inlet 110140 161636 30397 1.13 0.036

2.5"-4.1" from inlet 87081 158587 21475 1.41 0.032

7.7" from inlet 91489 167260 409 1.41 0.001

0-1" from inlet 98660 153880 89095 1.20 0.118

13-19" from inlet 106019 179810 220 1.31 0.000

0-1" from Inlet 112664 200355 4960 1.37 0.006

15-19" from inlet 105414 183342 77 1.34 0.000

104631 181037 99 1.34 0.000

93003 171894 110 1.43 0.000

Notes:
HAP = Raw Apatite II™
Stage 1 = Extraction of MgCl2-exchangeable ions and soluble salts 

Stage 2 = Extraction of Na-acetate poorly crystalline phosphate minerals and strongly sorbed ions
Stage 3 = Extraction of highly-crystalline/recalcitrant phosphate minerals using 7 M HCL

Mass per mass concentration Molar Ratio
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Stage
Sample

Field Media

MW-S24 
Active (25d)

MW-S24 
Active (96d)

MW-8A 
Active (77d)

MW-S24 
Active (25d)

MW-S24 
Active (96d)

MW-8A 
Active (77d)

HAP

MW-S16 Passive (97d)

HBPZ-2R Passive (97d)
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Field Media

HBPZ-2R Passive (97d)

HAP

HAP

Field Media

MW-S24 
Active (25d)

MW-S24 
Active (96d)

MW-8A 
Active (77d)

MW-S16 Passive (97d)

HBPZ-2R Passive (97d)

MW-S24 
Active (49d)

Media Column

MW-S24 
Active (49d)

MW-S24 
Active (49d)

MW-S24 
Active (49d)

HAP

Field Media

MW-S24 
Active (25d)

MW-S24 
Active (96d)

MW-8A 
Active (77d)

MW-S16 Passive (97d)

HBPZ-2R Passive (97d)

MW-S16 Passive (97d)
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Table 8. Bench-Scale Leaching Data - MW-8A Column Media
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

0.5 1.137 20.08 1.075
1.5 1.929 19.75 0.797
2.5 3.755 19.74 0.751
3.5 2.292 19.50 0.818
4.5 1.528 19.30 0.835
5.5 1.158 19.74 0.950
6.5 0.830 19.80 1.028
7.5 0.852 19.75 1.064
8.5 0.720 19.56 1.148
9.5 0.658 19.49 1.166
10.5 0.667 19.53 1.250
11.5 0.726 19.46 1.263
12.5 0.799 19.77 1.312
13.5 0.852 19.64 1.395
14.5 0.802 19.47 1.378
15.5 0.815 19.80 1.402
16.5 0.902 19.86 1.228
17.5 3.602 20.07 1.282
18.5 1.004 19.91 1.210
19.5 1.096 19.98 1.316
20.5 1.097 19.83 1.222
21.5 1.025 19.93 1.346
22.5 1.069 19.85 1.189
23.5 1.004 19.99 1.335
24.5 1.139 19.98 1.187
25.5 1.083 20.21 1.315
26.5 1.029 19.96 1.328
27.5 1.178 20.20 1.196
28.5 1.326 19.91 1.364
29.5 1.228 19.81 1.277
30.5 1.397 19.81 1.165
31.5 1.549 19.88 1.135
32.5 5.051 19.88 1.196
33.5 1.343 19.78 1.137
34.5 1.542 19.74 1.134

Time (days) [U] (μg/L) Detection Limit 
(μg/L) Ca/P (mol/mol)

September 2014
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P-4

TW-4

PW-5

PZ-7

TW-2

PZ-4

PW-6

HB-9

HB-7

PZ-5

SG-4

SG-1

SG-3

SG-5

MW-10

HA-10

GZW

MW-8A

HB-12

HB-11

HB-10

PW 7A

MW-11

HA-10A

HB-620

MW-S27

MW-S30

MW-S06

MW-S24

MW-S01

MW-S03

MW-S08

MW-S09

MW-T02

MW-S17

MW-S21

MW-S23

MW-S07

MW-S02

MW-S05

MW-S18

MW-S20

MW-S19

MW-S16

GZW-6-1

MW-BM03

MW-BS17

MW-SM13

PZ-RI-S06

TPZ-RI-02

TPZ-RI-01
PZ-RI-S05

PZ-RI-S03

PZ-RI-S02

PW-4

SW-2A

GZW-7S

HB-10S

MW-S10
MW-T10

MW-T24
GZW-7-2
GZW-7-1

HBPZ-2R

MW-SD27

MW-SD30

MW-SD01

MW-SD06

MW-BS03

MW-BS21

MW-SD17

MW-BS13

MW-SD02

MW-SD13

MW-SD10

MW-BS01

MW-BS02

MW-BS10

PZ-RI-D02

PZ-RI-S01PZ-RI-D01

4/05 1.2
11/05 1/J

MW-S07 (0.30%)

3/05 0.71
10/05 0.41
9/08 3.41

MW-S01 (0.38%)

4/05 0.84
10/05 1.81
11/09 1.2

MW-SD06 (0.67%)
11/05 <0.048/UJ
5/06 <0.11/UJ
4/08 0.37
9/08 <0.087/UJ

MW-S30 (NA)

4/05 77.2
11/05 63.9/J

HB-07 (0.20%)

3/05 0.83
11/05 1.2

MW-S17 (0.33%)

4/05 2.82
10/05 4.52
5/06 3.2

MW-S18 (0.62%)
4/05 2.52
10/05 2.21

MW-S20 (0.59%)

10/04 91.9
GW-RI-16001 (NA)

4/05 122
10/05 117
8/07 122

GZW-7S (0.20%)

11/05 <0.03/UJ
5/06 <0.08/UJ

MW-SD30 (NA)

3/05 0.27
10/05 <0.11

MW-SD17 (NA)

11/05 0.17/J
5/06 0.1/UJ
9/08 0.17/UJ

MW-S27 (NA)

11/05 0.26/J
5/06 0.14/UJ

MW-SD27 (NA)

4/05 8.7/J
TW-4 (0.33%)

3/05 0.81
10/05 3.81
4/08 5.31
9/08 10.53
11/09 5.65
6/10 6.44
5/11 6.04
10/12 5.48
7/13 6.33/J

MW-SD01 (0.21%) 10/05 <0.07
5/06 0.48
8/07 0.64
9/08 4.51/J
5/09 <0.346/UJ
8/13 <0.067/U

MW-S06 (NA)

3/05 26.6
11/05 5.31/J
5/06 2.1
11/09 0.53
5/11 0.36
10/12 0.25
8/13 0.34/N

MW-S05 (NA)

3/05 30.9
10/05 26.4
8/07 9.32
4/08 2
9/08 28.7/J
5/09 1.46
11/09 31.6
6/10 <0.332
5/11 0.7
10/12 120/J
8/13 53

MW-S02 (0.21%)

3/05 <0.009
11/05 <0.03
8/13 0.56

MW-SD02 (NA)

4/05 2390
11/05 1800/J
5/06 1570
8/07 1670
4/08 1160
9/08 1350/J
5/09 931/J
11/09 1380
6/10 825/J
5/11 1180
10/12 1810/J
8/13 1370

HBPZ-2R (0.21%)

4/05 573
11/05 645/J
5/06 726
8/07 772
4/08 982
9/08 799/J
5/09 797/J
11/09 727
6/10 690/J
5/11 675
10/12 447
8/13 551/N

MW-8A (0.19%)

4/05 114
11/05 146/J
5/06 169
8/07 158
4/08 160
9/08 157/J
5/11 125
10/12 105
8/13 120

MW-S16 (0.22%)

4/05 3710
10/05 3840
5/06 2890
8/07 3940
4/08 5360
9/08 4160/J
5/09 5480/J
11/09 3420
6/10 3930/J
5/11 4200
10/12 2730
8/13 2550

MW-S24 (0.21%)

4/05 2490
11/05 1460
5/06 1160
8/07 1580
4/08 695
9/08 837/J
5/09 560/J
11/09 821
6/10 270/J
5/11 372
10/12 681
8/13 634/N

HB-12 (0.19%)

4/05 129/J
10/05 124
9/08 151
11/09 132
6/10 94.2/J
5/11 111/J
10/12 103
8/13 105

GZW-7-1 (0.23%)

4/05 75.4/J
10/05 120/J
5/09 26.3/J
11/09 87.4
6/10 65.1
5/11 65.4/J
10/12 37.3
8/13 47.9

MW-T24 (0.28%)

A

A'

Holding Basin

Q:\GISProjects\BR0090-NMISite\Projects\Updates_2014\MediaDeploymentLocations.mxd

³

Legend
@A Monitoring Well

!Ï Piezometer

"%A Staff Gauge

!C Groundwater Profiling location

Septic Fields

Wetlands

Surface Water

Uranium MCL Exceedance (>30 μg/L)

Cross Section A-A"

Holding Basin

Active In-Well Test Location

Passive In-Well Test Location

Notes: 
μg/L = micrograms per liter.
U = Not detected at or above the method detection limit shown.
J = Estimated value.
N = Indicates presumptive evidence of a compound. This flag is usually used for a tentatively 
identified compound, where the identification is based on a mass spectral library search.
NA = Not applicable.
MCL = Maximum Contaminant Level.
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!(
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!(

!(
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Passive Canister Assembly and Installation 
Nuclear Metals Superfund Site 

Concord, Massachusetts 

Acton, Massachusetts 
 

April 2014 
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Acton, Massachusetts  April 2014 

Active Media Testing Apparatus 
Nuclear Metals Superfund Site 

Concord, Massachusetts 
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Figure

1

Acton, Massachusetts April 2014

MW-S24 1.25” 49 Day Active Column Sub-Sampling 
Nuclear Metals Superfund Site

Concord, Massachusetts
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Figure

1

Acton, Massachusetts April 2014

MW-S24 Active 6” 96 Day Column Sub-Sampling
Nuclear Metals Superfund Site

Concord, Massachusetts
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Geosyntec Consultants 

September 2014 

Figure 6a. Passive Field Column XRD Results 
Nuclear Metals Superfund Site 

Concord, MA    
hydroxyapatite 
chernikovite 

Note:  X-Ray Diffraction (XRD) patterns were collected at SMU.  Colored lines represent intensity reflections for each mineral.  Uranyl phosphate minerals are not expected to be visible for these passive results because the highest expected U loading for passive media equates to ~0.2% uranyl phosphate by volume.  This method can only detect minerals down to a few volume %. 



Geosyntec Consultants 

September 2014 

 
Figure 6b. XRD Summary of Active Column Inlets 

Nuclear Metals Superfund Site 
Concord, MA       hydroxyapatite 

chernikovite 

Note:  X-Ray Diffraction (XRD) patterns were collected at SMU.  Colored lines represent intensity reflections for each mineral.  Reflections for the uranyl phosphate mineral Chernikovite are visible.  



Geosyntec Consultants 

September 2014 

Figure 6c. XRD Results of 96-day 6" MW-S24 Active Field Column 
Nuclear Metals Superfund Site 

Concord, MA     hydroxyapatite 
chernikovite 

Note:  X-Ray Diffraction (XRD) patterns were collected at SMU.  Colored lines represent intensity reflections for each mineral.  Reflections for the uranyl phosphate mineral Chernikovite are visible.  



Geosyntec Consultants 

September 2014 

Figure 6d. XRD Results of 49-day 1.25" MW-S24 Active Field Column 
Nuclear Metals Superfund Site 

Concord, MA     
hydroxyapatite 
chernikovite 

Note:  X-Ray Diffraction (XRD) patterns were collected at SMU.  Colored lines represent intensity reflections for each mineral.  Reflections for the uranyl phosphate mineral Chernikovite are visible.  



Geosyntec Consultants 

September 2014 

Figure 6e. XRD Results of 25-day 1.25" MW-S24 Active Field Column 
Nuclear Metals Superfund Site 

Concord, MA   
hydroxyapatite 
chernikovite 

Note:  X-Ray Diffraction (XRD) patterns were collected at SMU.  Colored lines represent intensity reflections for each mineral.  Reflections for the uranyl phosphate mineral Chernikovite are visible.  



Geosyntec Consultants 

September 2014 

Figure 6f. XRD Results of 77-day 6" MW-8A Active Field Column 
Nuclear Metals Superfund Site 

Concord, MA  

 

hydroxyapatite 
chernikovite 

Note:  X-Ray Diffraction (XRD) patterns were collected at SMU.  Colored lines represent intensity reflections for each mineral.  Reflections for the uranyl phosphate mineral Chernikovite are visible.  
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Figure

Acton, Massachusetts September 2014

SEM-EDS Images and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

Element wt. % at. %

Ca 3 4

P 4 7

U 72 17

O 21 72

MW-S24 1.25” 49 day Active Column
0-1” from inlet

Note: Percentages shown take into account the known elements of calcium, 
phosphorus, uranium, and oxygen only. On this image, bright spots indicate 
the presence of heavy elements such as uranium.
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Figure

Acton, Massachusetts September 2014

SEM-EDS Images and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

Element wt. % at. %

Ca 24 23

P 6 7

U 45 7

O 26 63

MW-S24 1.25” 49 day Active Column
Outlet (7.7-10” from inlet)

Note: Percentages shown take into account the known elements of calcium, 
phosphorus, uranium, and oxygen only. The elemental compositions take 
into account the area highlighted in red in the image.
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Figure

Acton, Massachusetts September 2014

SEM-EDS Images and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

Element wt. % at. %

Ca 1 1

P 9 14

U 64 12

O 25 73

MW-S24 1.25” 96 day Active Column
0-1” from inlet

Note: Percentages shown take into account the known elements of calcium, 
phosphorus, uranium, and oxygen only. The elemental compositions take into 
account the area highlighted in red in the image. 
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Figure

Acton, Massachusetts September 2014

SEM-EDS Images and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

Element wt. % at. %

Ca 5 6

P 7 11

U 64 13

O 24 71

MW-8A 6” 77 day Active Column
0-1” from inlet

Note: Percentages shown take into account the known elements of calcium, 
phosphorus, uranium, and oxygen only. The elemental compositions take 
into account the area highlighted in red in the image.

9d



in
te

rn
a

l i
nf

o:
 p

a
th

, d
a

te
 re

vi
se

d
, a

ut
ho

r

Figure

Acton, Massachusetts September 2014

SEM-EDS Images and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

Element wt. % at. %

Ca 48 30

P 14 11

U 1 0.1

O 37 59

MW-8A 6” 77 day Active Column
0-1” from inlet

Note: Percentages shown take into account the known elements of calcium, 
phosphorus, uranium, and oxygen only. The elemental compositions take 
into account the area highlighted in red in the image.
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Figure

Acton, Massachusetts September 2014

SEM-EDS Image and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

SEM images from MW-8A 6” 77-
day 0-1” sample shown in EDS 
mapping mode, in which each 
pixel is scanned 32 times to 
produce a spatial map of 
elements defined by colored 
pixels. Here red signifies 
phosphorus, blue is calcium, and 
green is uranium. The brightness 
of the color represents the relative 
amount of element present at 
that point in the sample.
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Figure

Acton, Massachusetts September 2014

SEM-EDS Image and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

SEM images from MW-S24 6” 96-
day 0-1” sample shown in EDS 
mapping mode, in which each 
pixel is scanned 32 times to 
produce a spatial map of 
elements defined by colored 
pixels. Here red signifies 
phosphorus, blue is calcium, and 
green is uranium. The brightness 
of the color represents the relative 
amount of element present at 
that point in the sample.
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Figure

Acton, Massachusetts September 2014

SEM-EDS Image and Results
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts

Line analysis of MW-8A 6” 77-day 
0-1” sample from SEM-EDS 
showing elemental composition 
across the selected white line 
shown in the image. The red, 
green, and blue lines indicate the 
amount of phosphorus, uranium, 
and calcium, respectively, 
detected in the sample at each 
point along the line.

Phosphorus

Uranium

Calcium

9h
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pH 

Conditions 
Carbonate Alkalinity = 53 mg/L 
Na = 18 mg/L 
Cl = varied to balance ionic charge 
T = 25°C 
Total Ca and P concentrations are fixed by allowing Apatite IITM to dissolve until it is equilibrated with the fluid. 
Note: The groundwater alkalinity reported in the RI (de maximis, 2013) was used instead of measured TIC, because the TIC  
sample collection procedure did not prevent CO2 degassing and likely underestimates the total carbonate alkalinity. 
 
 

MCL = 0.03 mg/L 

MW-S24 

MW-8A 

autunite 

chernikovite (F) 

uranyl orthophosphate 

chernikovite (G-L) 

Figure 11a. Uranyl Mineral Solubility in Equilibrium with Apatite IITM 

Nuclear Metals Superfund Site 
Concord, MA 

Geosyntec Consultants 
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Figure 11b. Uranyl Mineral Saturation States 
Nuclear Metals Superfund Site 

Concord, MA 

Geosyntec Consultants 

Conditions 
U = 2.7 mg/L 
Carbonate Alkalinity = 53 mg/L 
Na = 18 mg/L 
Cl = varied to balance ionic charge 
T = 25°C 
Total Ca and P concentrations are fixed by allowing Apatite IITM to dissolve until it is equilibrated with the fluid. 
Note: The groundwater alkalinity reported in the RI (de maximis, 2013) was used instead of measured TIC, because the TIC  
sample collection procedure did not prevent CO2 degassing and likely underestimates the total carbonate alkalinity. 
 
 



    Geosyntec Consultants 

September 2014 

Figure 12a. Sequential Extraction Results – Percent Uranium by Stage 
Nuclear Metals Superfund Site 

Concord, MA    



    Geosyntec Consultants 

September 2014 

Figure 12b. Sequential Extraction Results – Concentration of Uranium by Stage 
Nuclear Metals Superfund Site 

Concord, MA      
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Figure

1

Acton, Massachusetts September 2014

Bench-Scale Leaching Results - MW-8A Media
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts
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MCL = 30 μg/L

Avg DL* = 20 μg/L

*Note: The average detection limit is 3 standard deviations of the 
blank concentration multiplied by the average sample dilution. See 
Table 8 for exact values for each sample.
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Figure

1

Acton, Massachusetts September 2014

Molar Ca/P Ratio of MW-8A Bench-Scale Leaching
Nuclear Metals, Inc. Superfund Site

Concord, Massachusetts
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 Appendix A. Photographs of the Apatite IITM Media Test Geosyntec Consultants 

Nuclear Metals Superfund Site 
Concord, MA 

Appendix A-1. Photograph of raw Apatite II™ media. 

(a) 

 

Appendix A-2. Photographs of (a) the MW-S24 active column assembly (b) the heated sheds that housed 
the active systems, and (c) the poly tanks that were used to collect the media effluent. 

 (a) 

 

1 
April 2014 



 Appendix A. Photographs of the Apatite IITM Media Test Geosyntec Consultants 

Nuclear Metals Superfund Site 
Concord, MA 

(b) 

 

(c) 

 

2 
April 2014 



 Appendix A. Photographs of the Apatite IITM Media Test Geosyntec Consultants 

Nuclear Metals Superfund Site 
Concord, MA 

Appendix A-3. Photograph of the bench-scale batch vanadate-modified apatite test. The top photo shows 
initial measurement of pH, and the bottom photo shows the batch centrifuge tubes being agitated under 
constant rotation. 
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 Appendix A. Photographs of the Apatite IITM Media Test Geosyntec Consultants 

Nuclear Metals Superfund Site 
Concord, MA 

Appendix A-4. Photographs of opening and sub-sampling of 30 day passive canister HBPZ-2R.  One 
dark area is visible in (a), which was separated and analyzed and found to be similar to other areas of the 
column. Sample aliquots from the canister are shown in (b). All samples are the same color, similar to the 
coloring of the background material.   

 

 

(a) 

 

(b) 
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 Appendix A. Photographs of the Apatite IITM Media Test Geosyntec Consultants 

Nuclear Metals Superfund Site 
Concord, MA 

Appendix A-5. Sub-samples of the MW-S24 1.25” 28 d active column separated for analysis. A diagram 
of the sub-sampling procedure is shown in Figure 4. Zones of variable color were sampled individually to 
capture any mineralogical changes in the media.  
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APPENDIX B 

 

INPUT PARAMETERS FOR GEOCHEMICAL 
CALCULATIONS   

 
 

 



Appendix B1. Geochemists Workbench model input parameters
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 1 of 2 April 2014

Basis Species Value Unit
HCO3- 53 mg/kg
Ca++ 22.8 mg/kg
Na+ 18.83 mg/kg
UO2++ 2.74 mg/kg
Fe++ 0.366 mg/kg
Cl- 80 mg/kg charge balance
H+ 6.4 pH
O2(aq) 8 mg/kg
HPO4-- 0.083 mg/kg

Time & Temperature
Time start 0 days end 90 days
Temperature 25 °C

Config. - Modify LogK
logK Hydroxyapatite 0.1138 at 25 C Ca5(PO4)3(OH) + 4 H+ --> 5 Ca++ + 3 HPO4- + H2O

Reactants
Kinetic Hydroxyapatite 0.01 mol
surface area 19000 cm^2/g Bostick et al. (2003)
Rate constant 5.00E-15 mol/cm^2/sec

Database
thermo.com.v8.r6+



Appendix B2. PhreeqC Uranyl Mineral Solubility Input Parameters
Nuclear Metals Superfund Site

Concord, MA

Geosyntec Consultants

Page 2 of 2 April 2014

Basis Species Value Unit Equilibrium Phases
C 53 mg/kg
Ca 18 mg/kg apatite II
Na 18 mg/kg
U 2 mg/kg varied
Cl 10 mg/kg charge balance
pH 2 - 8.5
P 0.03 mg/kg apatite II

Temperature 25 °C

Phases
chernikovite
    H3O(UO2)PO4(H2O)3 = H+ + 4H2O + PO4-3 + UO2+2
    log_k     -22.73
apatite II
    Ca5(PO4)3(OH) = 5Ca+2 + OH- + 3PO4-3
    log_k     -50.8
uranyl orthophosphate
    (UO2)3(PO4)2(H2O)4 = 4H2O + 2PO4-3 + 3UO2+2
    log_k     -49.7
autunite
    Ca(UO2)2(PO4)2 = Ca+2 + 2 UO2+2 + 2 PO4-3
    log_k     -48.36

Database
thermo.com.v8.r6.230



 
 

APPENDIX C 

 

• Field Records 
• Equipment Calibration Forms 
• Sampling Forms 
• Chain of Custody Forms 
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