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1. INTRODUCTION 

1.1 PURPOSE AND ORGANIZATION OF THE REPORT 

On behalf of the New Hampshire Department of Environmental Services (NHDES), 

Weston Solutions, Inc. (WESTON®) has prepared this Feasibility Study (FS) Report for the 

Savage Municipal Water Supply Well Superfund Site (Site), Operable Unit 1 (OU1), in 

Milford, New Hampshire (NH). This FS updates remedial objectives and remedial alternatives 

for the Site following the recent characterization of contamination in the deep bedrock at the 

Site. 

Remedial actions designed to treat volatile organic compounds (VOCs) present in groundwater at 

the Site have been ongoing since 1998. These remedial actions have focused on the overburden 

and shallow bedrock groundwater at the Site, and have resulted in very significant reductions in 

overburden groundwater contaminant concentrations. Concentrations of VOCs in shallow 

bedrock wells have historically been significantly lower than the concentrations detected in 

overburden groundwater. However, as concentrations in the overburden decreased in response to 

cleanup efforts, a corresponding reduction in contaminant concentrations in the shallow bedrock 

was not generally observed. In fact VOC concentrations in some shallow bedrock monitoring 

wells in OU1 (MW-02R, MW-16R, and PW-2R) have increased over time, even after 

implementation of the overburden groundwater remedy at the Site. 

Expanded residential development has occurred over the last 10 to 15 years to the north and 

northwest of the Site, and there is the potential for further development of that area in the future. 

As with other residences and commercial operations in the vicinity of the Site, the homes north 

and northwest of the Site rely on private bedrock wells for potable water. The observed increase 

in VOC concentrations in shallow bedrock, and the lack of an adequate deep bedrock monitoring 

well network, raised concerns that contamination at the Site could migrate through bedrock 

fractures to nearby residential wells. This concern prompted the implementation of an extensive 

investigation of deep bedrock groundwater at the Site from 2010 to 2013.  
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The results of that investigation were documented in the Remedial Investigation Report Savage 

Municipal Water Supply Superfund Site OU31  (RI Report) dated March 2014 (WESTON, 

2014a). Results of the bedrock investigation indicate that significant VOC contamination extends 

deep into the bedrock aquifer in portions of the Site. The risk assessment in the RI Report 

concludes that future risks associated with direct contact with groundwater continue to exist 

above the acceptable risk criteria stated in the National Oil and Hazardous Substance Pollution 

Contingency Plan (NCP). The risks are present primarily in bedrock groundwater that is closest 

to the locations where contaminants were released, and to a lesser extent at individual wells in 

the bedrock plume downgradient of contaminant release locations. As a result, evaluation of 

remedial alternatives to mitigate the remaining risk was needed. This FS evaluates such remedial 

alternatives.  

The purpose of this FS Report is as follows: 

 Summarize the site history and major findings from Site investigation activities. 

 Present a conceptual model for the Site. 

 Summarize the results of the human health risk assessment. 

 Present the remedial action objectives (RAOs) 

 Present the remediation goals (RGs) from the Record of Decision (ROD) that pertain 
to areas of OU1 where cleanup requirements apply.  

 Present the performance standards (PSs) that would apply in areas of OU1 where 
cleanup requirements may be waived because it is technically impracticable, from an 
engineering perspective, to achieve groundwater cleanup standards. 

 Document the development and screening of remedial action alternatives for OU1. 

 Present a detailed evaluation of several remedial alternatives relative to the evaluation 
criteria established in the NCP, 40 Code of Federal Regulations (C.F.R.) Part 300, 
and United States Environmental Protection Agency’s (EPA) Guidance for 

1 At the time the RI Report was issued the creation of a third operable unit (OU3) was considered to address Site-
wide bedrock groundwater contamination. However it was later determined not to create a separate OU3 and to 
instead evaluate remedial alternatives to address deep bedrock groundwater contamination underlying the existing 
OU1 and OU2 areas, respectively. 
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Conducting Remedial Investigations and Feasibility Studies Under CERCLA2 

(EPA, 1988). 

 Provide information required in order for EPA to select an appropriate preferred OU1 
remedial alternative. 

Once the preferred remedial alternative has been selected, a Proposed Plan will be prepared and 

offered for public review and comment. An Amended ROD will be prepared after the public 

review period that will list the RGs/PSs and describe the final remedial alternative. 

Section 1 of this document establishes the purpose and objectives of the report and presents a 

brief Site description and history. Section 2 summarizes the development of RAOs for two 

separate subareas of OU1, including the identification of applicable or relevant and appropriate 

requirements (ARARs) that will govern remediation and potential site-specific RGs/PSs. The 

development of RGs/PSs is also discussed in Section 2. Section 3 contains a summary of the 

identification and preliminary screening of technologies potentially applicable for groundwater 

contamination within OU1. Section 4 describes the remedial alternatives for portions of OU1 

assembled from the technologies screened in Section 3, and selects a limited number of 

alternatives for detailed evaluation in Sections 5 and 6. Section 5 includes a summary of the 

components for evaluating proposed alternatives for a portion of OU1 (referred to as the 

‘Technical Impracticability Waiver Zone’ or TI Zone) against the evaluation criteria established 

in the NCP, and a cost sensitivity analysis. Section 6 includes a brief discussion of the 

alternatives evaluated for the portion of OU1 outside the TI Zone (referred to as the 

‘Groundwater Cleanup Area’ or GC Area). Section 7 includes a comparative analysis of the 

alternatives in relation to the evaluation criteria established in the NCP. Section 8 contains a list 

of references used in Sections 1 through 7. All tables and figures referenced in Sections 1 

through 7 are provided at the end of the document.  

2 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 42 U.S.C. §§ 9601 et seq. 
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1.2 SITE BACKGROUND INFORMATION 

1.2.1 Site Description and Overview 

The Site is located in Milford, NH approximately 2 miles west of the center of town as shown on 

Figure 1-1. The Site extends beyond the Souhegan River on the north and east and is roughly 

bounded on the south by Old Wilton Road and Tucker Brook (EPA, 1991b). Site geology 

consists of an approximately 50- to 110-foot (ft)-thick, highly-transmissive sand and gravel 

glacial outwash above a relatively thin discontinuous till layer that overlies fractured crystalline 

bedrock. The static water table at the Site ranges from approximately 5 to 15 feet (ft) below 

ground surface (bgs). Much of the Site lies within the floodplain of the Souhegan River and the 

dominant overburden groundwater flow direction at the Site is to the east, in the general direction 

of the Savage Municipal Water Supply Well (Savage Municipal Well). 

First developed in 1960, the Savage Municipal Well provided potable drinking water to 

approximately 10,000 residents in the Town of Milford, NH. In February 1983, as part of the 

first routine sampling of water supplies for organic compounds mandated by the Safe Drinking 

Water Act (42 U.S.C. §300f et seq.), the New Hampshire Water Supply and Pollution Control 

Commission (WSPCC) discovered VOCs above drinking water standards in samples collected 

from the Savage Municipal Well. Chemicals identified in the water supply included 

1,1,1-trichloroethane (1,1,1-TCA), trichloroethene (TCE), trans-1,2-dichloroethene (tDCE), 

tetrachloroethene (PCE), and 1,1-dichloroethane (1,1-DCA). Chemicals PCE, TCE, 1,1,1-TCA, 

and tDCE were also detected in water samples collected from a separate water supply well for a 

nearby mobile home park. Use of both water supply wells was discontinued and a replacement 

well for the Town of Milford was constructed outside the impacted area. In 1983, EPA 

conducted a CERCLA emergency removal action to connect the mobile home park to the 

municipal water supply system. The Site was added to the EPA National Priorities List on 

1 September 1984. 

1.2.2 Site History 

Following discovery of the VOC contamination in the Savage Municipal Well, the NH WSPCC, 

in conjunction with the Division of Public Health Services, undertook regulatory inspection of 

industrial facilities located upgradient of the Savage Municipal Well in an effort to identify the 
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source of the contamination. In 1985, WSPCC issued a report of its hydrogeologic study of the 

area, and EPA identified a group of local industries as potentially responsible parties (PRPs) 

including OK Tool Company (OK Tool), Hitchiner Manufacturing Company, Hendrix Wire and 

Cable (Hendrix), and New England Steel Fabricators, Inc. The PRP Group agreed to conduct a 

Remedial Investigation/Feasibility Study (RI/FS) for the Site under a 10 August 1987 

Administrative Order on Consent with EPA (EPA, 1987). That study was performed by HMM 

Associates, Inc. (HMM) and completed in June 1991 (1991 RI/FS) (HMM, 1991a; HMM 

1991b). The 1991 RI/FS focused largely on identifying and defining source-area soil 

contamination and groundwater contamination within the unconsolidated overburden aquifer. 

Based on the results of the 1991 RI/FS, a Proposed Plan for cleanup of the Site was released in 

July 1991 (EPA, 1991a). Following a public comment period, EPA then issued a ROD 

describing EPA’s selected remedy for the Site in September 1991 (EPA, 1991b).  

The 1991 RI/FS conducted for the Site divided the plume into two zones: the Concentrated 

Plume and the Extended Plume. On 27 June 1994, a Consent Decree (CD) between the Settling 

Defendants3 (SDs), the United States, and the State of New Hampshire governing the cleanup of 

the Site was entered in federal court in NH as United States of America and State of 

New Hampshire v. Conductron Corporation d/b/a Hendrix Wire and Cable et al., Civil Action 

No. 94-174L, 27 June 1994 [Federal District Court of New Hampshire (D.N.H.), 1994). The 

Concentrated Plume near the former OK Tool facility is defined in detail in the CD. The 

Extended Plume is also defined in the CD and includes the remaining area of the Site where 

lower VOC concentrations are typically found.  

Under the terms of the CD, the SDs agreed to perform the remedy selected in the ROD in the 

area of the Extended Plume, and EPA and the State of NH agreed to perform the selected remedy 

in the area of the Concentrated Plume. Table 1-1 presents the groundwater contaminants of 

concerns (COCs) identified in the ROD and the associated interim cleanup levels (ICLs) 

3 The Settling Defendants consisted Hitchiner Manufacturing Company and Hendrix Wire and Cable, which were 
previously identified as PRPs for the Site. 
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developed in the ROD. 4 The ROD ICLs were based on EPA’s Maximum Contaminant Levels 

(MCLs) (40 C.F.R Part 141 Subparts B and G) for drinking water at the time the ROD was 

signed. Those standards also met the NHDES Ambient Groundwater Quality Standards (AGQSs) 

(N.H. Env-Or 603.03, Table 600-1), because the state standards at the time were equal to the 

MCLs. 

The selected remedy included extraction and treatment of contaminated groundwater from the 

aquifer and the natural attenuation of contaminated groundwater in the furthest downgradient 

portion of the plume. More specifically, the ROD identified five components of the selected 

remedy: extraction and treatment of the Concentrated Plume; extraction and treatment of a 

portion of the Extended Plume; natural attenuation; environmental monitoring; and institutional 

controls (ICs). 

In 1996, EPA issued an Explanation of Significant Differences  (ESD) detailing changes to the 

selected remedy (EPA, 1996). The ESD divided the remedy into two operable units based upon 

the Concentrated Plume and the Extended Plume. The portion of the plume where the levels of 

groundwater contamination were the highest (i.e., the Concentrated Plume) was deemed OU1 

and included the OK Tool Source Area (as defined in detail in the CD) and a portion of the 

Extended Plume to the north. The remaining portion of the Extended Plume was deemed OU2. 

The ESD only included changes to the selected remedy for OU1. Figure 1-2 is a Site Plan 

showing the entire Site and includes the OU1/OU2 boundary (note that OU2 includes all areas 

outside OU1 where contamination has migrated).  

The remedy at OU1, as modified by the ESD, included a subsurface slurry wall (constructed of 

soil-bentonite slurry) to isolate the areas that exhibited the highest concentrations of COCs, 

groundwater extraction wells (two inside and two outside the slurry wall) to provide hydraulic 

containment and accelerate remediation of groundwater outside the wall, treatment of the 

extracted groundwater via air stripping and carbon adsorption, soil vapor extraction (SVE) with 

4 Going forward as part of the Amended ROD, consistent with current Region 1 practice, the term ICLs will be 
changed to Cleanup Levels (+s). None of the numeric groundwater cleanup values identified in the ROD as ICLs 
will be changed. 
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air sparging (AS) to remove near-surface sources within the slurry wall, reinjection of treated 

groundwater via two injection wells and a recharge gallery, groundwater monitoring, and ICs. 

The remedial system was designed to maintain hydraulic containment of the impacted 

groundwater inside the slurry wall and within the underlying shallow bedrock via groundwater 

extraction from two interior wells (IW-1 and IW-2) screened across the deep overburden aquifer. 

Treated groundwater was injected inside the area enclosed by the slurry wall to accelerate 

flushing of the contamination and to prevent the formation of stagnation zones within the barrier. 

Figure 1-3 shows site details within OU1. 

Construction of the slurry wall was completed in 1999, and operation of the groundwater 

extraction, treatment, and reinjection system began in April 1999. The AS/SVE system was 

operated only intermittently from 1999 through 2008 because of high groundwater elevation 

conditions that limited the thickness of the unsaturated zone and thereby the effectiveness of the 

SVE system. Use of the AS/SVE was permanently discontinued in 2008 in lieu of in situ 

chemical oxidation (ISCO) as described below. Use of the exterior groundwater extraction wells 

was discontinued in 2007 when contaminant concentrations in overburden monitoring wells 

outside the slurry wall approached the ROD ICLs. The interior extraction wells and exterior 

recharge gallery remain in use at OU1 (although in a different configuration, as described further 

below). 

Two additional treatment technologies were implemented within the area enclosed by the slurry 

wall to reduce contaminant mass and thereby enhance groundwater treatment in that area. One 

treatment occurred in 2008/2009 and included excavation and on-site treatment of soil from the 

former leach field for the former OK Tool facility and from the area in the proximity of a former 

OK Tool drainage pipe. Elevated concentrations of site contaminants in vadose zone soils 

associated with those two areas were thought to represent an ongoing source of shallow 

overburden groundwater contamination.  

The other supplemental treatment was an ISCO program implemented between 2003 and 2010. 

To date, the ISCO program has included the injection of approximately 32,000 pounds (lbs) of 

potassium permanganate (KMnO4) and approximately 307,000 lbs of 40 percent (%) sodium 

permanganate (NaMnO4) inside the slurry wall. The ISCO injections targeted deep overburden 
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areas with elevated concentrations of COCs and geologic lenses that exhibit lower hydraulic 

conductivities (which would therefore receive less treatment via the existing groundwater 

extraction system). The deep overburden was targeted for ISCO treatment in order to reduce 

contaminant mass and provide a passive treatment barrier between the overburden and bedrock 

aquifers within the area encompassed by the slurry wall. The overburden areas with lower 

hydraulic conductivity were targeted in order to reduce the potential for recurrent reverse matrix 

diffusion of contaminants (EPA, 2011). 

During the ISCO program, pumping of groundwater from inside the slurry wall was continued in 

order to minimize the risk that contaminated groundwater from inside the slurry wall would 

migrate to areas outside the slurry wall. In order to minimize the risk that permanganate

containing groundwater inside the wall would be drawn into the deep groundwater extraction 

wells, two new shallow overburden extraction wells (IW-1A and IW-2A) were installed in 2008 

in the area enclosed by the slurry wall. The two new wells are screened above the zones where 

permanganate was injected and replaced deep overburden extraction wells IW-1 and IW-2, 

which were screened in the ISCO treatment zone. A third shallow extraction well (IW-3A) was 

installed in 2012 because of the repeated presence of permanganate in the treatment system 

influent during periods of low groundwater elevation. This additional well provided better 

hydraulic control within the area enclosed by the slurry wall while reducing the intake of 

permanganate, which was causing fouling of the treatment process equipment. Extraction wells 

IW-1A, IW-2A, and IW3A remain in service, extracting a total of approximately 25 gallons per 

minute (gpm) in order to maintain inward gradients across the slurry wall and upward gradients 

between the overburden and bedrock inside the area enclosed by the wall. Following treatment in 

the on-site facility, all extracted groundwater is recharged to the overburden via the recharge 

gallery located outside of the slurry wall. 

The remedy implemented at OU2 consists of groundwater extraction and treatment with 

re-injection of treated water combined with discharge to the Souhegan River, monitored natural 

attenuation (MNA) of the overburden, monitoring of the deep bedrock, and ICs. The OU2 

treatment system was constructed in 2004 and 2005. It includes extraction of approximately 

400 gpm from three extraction wells, recharge via three injection wells, and discharge to the 
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Souhegan River. The treatment system has operated continuously since January 2006, except for 

brief shutdowns for regular operation and maintenance (O&M) activities [Gradient Corporation 

(Gradient), 2013]. 

Volatile organic compound concentrations in shallow bedrock wells have historically been 

significantly lower than the concentrations detected in overburden wells. But as concentrations in 

the overburden decreased in response to the remedial efforts in both OU1 and OU2, a 

corresponding reduction in contaminant concentrations in bedrock, particularly in bedrock wells 

located outside the slurry wall, was not observed. In fact, VOC concentrations in some shallow 

bedrock monitoring wells have increased over time, even after implementation of the overburden 

groundwater remedy at the Site. The observed increase in VOC concentrations in shallow 

bedrock at the Site and the lack of an adequate deep bedrock monitoring well network, raised 

concerns that contamination from the Site could migrate through bedrock fractures to nearby 

residential wells. This concern prompted the bedrock investigations documented in the 

RI Report. 

The RI Report summarizes four significant phases of investigations conducted between 2010 and 

2013 to investigate and characterize the nature and extent of contamination in the bedrock 

aquifer. The additional bedrock investigations supplemented the existing shallow bedrock 

monitoring well network installed during the 1991 RI, evaluated data gaps identified during 

previous investigations conducted in both OU1 and OU2, and provided the necessary data to 

support this FS. The RI activities included: 

 Installation or deepening of 18 bedrock monitoring wells 
 Borehole geophysical logging 
 Discrete interval (packer) sampling 
 Analytical testing 
 Extensive bedrock water level monitoring 
 A 76-hour pumping test 
 A 228-hour pumping test 
 A tracer dye study to: 

 Evaluate the bedrock fabric, fracture geometry, and groundwater quality 
 Identify hydraulically-active fractures that intercept each monitoring well 
 Assess the anisotropy of the bedrock aquifer 
 Evaluate possible contaminant migration rates and pathways 
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Results of the bedrock investigations indicate that contamination extends deep into the bedrock 

aquifer in portions of the Site. A Conceptual Site Model (CSM) for the bedrock contamination 

developed based on data collected during the 2014 RI is provided in the following section. 

1.2.3 Hydrogeological Model 

The regional geological and hydrogeological setting has been described in detail in previous 

documents (HMM 1991a and WESTON 2014) and is only summarized in this FS Report for 

convenience. A complete discussion of the regional geology and hydrogeology is provided in the 

RI Reports (HMM, 1991c; WESTON, 2014a). 

The entire Site is underlain by a sequence of unsaturated and saturated alluvium, glacial drift, 

and other unconsolidated deposits overlying the bedrock surface in the Souhegan River Valley. 

The stratified glacial deposits consist primarily of highly-permeable fine to coarse sands and 

gravels that comprise the principal aquifer in the area, referred to as the Milford-Souhegan 

glacial drift (Harte, 1992). The aquifer ranges in thickness from approximately 50 ft to a 

maximum thickness of greater than 130 ft. The deepest portion of the aquifer is located in OU1 

between the eastern half of the slurry wall and the boundary between OU1 and OU2 where a 

bedrock trough is present. The Souhegan River partially penetrates the sand and gravel alluvium 

aquifer and passes through OU1 directly north of the former OK Tool Source Area encompassed 

by the slurry wall. The river is a major source of recharge to the OU1 portion of the Site. 

However, farther downstream within OU2, the relationship between the river and overburden 

aquifer changes, and the river becomes a discharge point for the unconsolidated aquifer.  

The general direction of groundwater flow within the unconsolidated aquifer is from west to east. 

Prior to the implementation of the groundwater extraction remedies in both OU1 and OU2, the 

hydraulic gradient was relatively uniform (WESTON, 2011 and Gradient, 2011). The 

construction of the slurry wall and operation of the groundwater extraction system had a 

particularly significant effect on both horizontal and vertical groundwater flow within the 

unconsolidated aquifer in OU1. Historical groundwater elevation data indicates that the slurry 

wall is effective in isolating groundwater within the area enclosed by the slurry wall from the rest 

of the unconsolidated aquifer. The groundwater elevation data also indicates that overburden 

groundwater in the area enclosed by the slurry wall is in hydraulic communication with the 
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underlying bedrock. The OU2 groundwater remediation system had more localized effects on 

groundwater flow in downgradient portions of the Site.  

Groundwater within the bedrock aquifer at the Site exists within joints and fractures. Borehole 

geophysical logging identified a moderate to steeply dipping fracture network with the majority 

of hydraulically active fractures dipping between 39 degrees (º) and 79º and striking to the 

northeast and north-northeast. A north to northeast trending fracture strike direction is typical of 

southern NH. Fractures were observed to be primarily dipping in a westerly direction with a 

lesser number of fractures dipping in an easterly direction. A review of borehole geophysical 

logs, including optical and acoustic televiewer results, indicates generally granitic and gneissic 

composition to the bedrock formation in the area. Foliation characteristic of the gneiss is easily 

visible in the logs for wells across the Site. Overall however, the bedrock is highly competent 

and fracture frequency generally decreases with depth. Most boreholes drilled deeper than 300 ft 

into the bedrock contained between two and four hydraulically-active fractures, most of which 

had very low yields (i.e., <1 gpm).  

Groundwater elevation data in bedrock monitoring wells across the Site indicate that 

groundwater flow is generally to the east, more or less parallel with flow in the unconsolidated 

aquifer, although there is an east-northeast component in areas north of the slurry wall. However, 

the primary fracture strike orientation trends to the north-northeast, which is consistent with the 

bedrock anisotropy depicted by the cone of depression during two pumping tests performed in 

support of the 2014 RI. Therefore, although the hydraulic head distribution suggests overall 

bedrock groundwater flow is generally to the east, the direction of fracture strike and bedrock 

anisotropy causes movement of groundwater (and therefore contaminant migration), in a north-

northeast direction as it migrates downgradient through the fracture network. 

Results from the installation of monitoring wells and packer interval sampling indicate a highly 

competent bedrock fabric at the Site. That explanation of the data is supported by low calculated 

transmissivity values for nearly all bedrock fractures and by the very low total well yield 

(<0.25 gpm) exhibited by many of the open-hole bedrock wells. Findings from the RI pumping 

tests indicate that when a stress is applied to the bedrock aquifer, the primary source of recharge 

is from the overburden aquifer through a network of shallow, steeply dipping fractures. Within 
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the bedrock aquifer, the stress accentuates a lateral connection through deeper fractures with 

approximately four times greater flow rates along strike versus perpendicular to strike. These 

results suggest a propensity for flow in the north-northeast direction within deeper zones of the 

bedrock aquifer, which substantiates the north-northeast trending anisotropy. 

1.2.4 Nature and Extent of Contamination 

The 1991 RI identified four major industrial facilities where process waters and wastes were 

released to the ground surface, subsurface, or to surface water. The release commenced in the 

1940s and extending into the 1980s. The primary source of the contamination within OU1 was 

identified as the former OK Tool where a 1983 inspection of the facility identified potential 

releases of contaminants to floor drains, the ground surface, and the Souhegan River. For OU2, a 

discharge of manufacturing process water by the other settling parties (SPs) to a discharge stream 

that flowed across Elm Street and into the Souhegan River north of the Savage Municipal Well 

was determined to be the primary source of contamination. The VOC compounds PCE, TCE, 

1,1,1-TCA, 1,1-DCA and 1,2-DCE are the primary contaminants for this Site. This section 

summarizes the extent of contamination predominantly within OU1. 

Processes used by OK Tool to produce the metal cutting tools and tool hardware included 

machining, grinding, oxidizing, and heat treating. Those processes required the use of cutting 

fluids, lubricants, and degreasing solvents. The primary cleaning solvent used by OK Tool was 

PCE. Waste from the manufacturing process included metal shavings, spent solvent, and sludge.  

In 1983, a NHDES inspection of the OK Tool plant discovered the following: 

 A vapor-degreasing tank was directly connected to a drain in the plant floor.  

 Oily wastes and other materials were disposed of on the ground north of the plant. 

 Cooling water used within the facility flowed into an open tank located near the vapor 
degreaser before it was ultimately discharged to the Souhegan River under a National 
Pollution Discharge Elimination System (NPDES) permit. 

NHDES ordered OK Tool to cease discharge of any waste and to begin an investigation to 

determine the extent of the soil and groundwater contamination. An unknown amount of 

contamination was released to the environment via the routes described above. 
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1.2.4.1 Soil 

Soil contamination consisting of VOCs was identified in the vicinity of the floor drain and in 

shallow soils north of the building. Concentrations of PCE as high as 1,150,000 micrograms per 

kilogram were measured in shallow soils. In 1985, soil remediation activities were completed 

inside the OK Tool building, including the removal and off-site disposal of approximately 

27 cubic yards (cy) of soil from the vicinity of the floor drain. The floor drain excavation was 

approximately 9 ft by 9 ft in area and extended down to the groundwater table (approximately 

10.5 ft below grade). The remaining shallow soil contamination associated with the northern 

surface spill area was treated via SVE between 1999 and 2008.  

Residual soil contamination was discovered in the vicinity of a former leach field and a drainage 

pipe for the former OK Tool facility. Elevated concentrations of site contaminants in vadose 

zone soils associated with these two areas were thought to represent an ongoing source of 

shallow overburden groundwater contamination. Approximately 3,000 cy of shallow unsaturated 

soils from the vicinity of the former leach field were excavated and stockpiled in late summer of 

2008. Approximately 59 cy of soil were removed from the vicinity of the drainage pipe. Those 

soils were treated on-site during July 2009 using a combination of chemical oxidation (ozone and 

peroxide) and SVE to achieve the cleanup goal of 2 milligrams per kilogram (mg/kg) PCE. The 

cleanup goal for PCE of 2 mg/kg was based on the NHDES Soil Remediation Standards as listed 

in Env-Or 606.19. Confirmation samples that verified attainment of the soil cleanup goal were 

collected from the treated soils before the treated soils were backfilled into the excavation area. 

(EPA, 2011) 

No significant vadose zone soil contamination is believed to remain within OU1. 

1.2.4.2 Overburden Groundwater 

Five principal VOC contaminants have been detected in groundwater within the unconsolidated 

overburden aquifer: PCE, 1,1,1-TCA, TCE, cDCE and tDCE. Of these, PCE is the most 

prevalent and is found at the highest concentrations. Figure 1-4 shows the extent of the PCE 

plume in overburden groundwater as mapped in 1990. Installation of the slurry wall and 

operation of the OU1 groundwater extraction system since 1999 has significantly reduced 

VOC concentrations in the OU1 overburden groundwater outside the slurry wall as shown in 
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Figure 1-5. The data through 2006 in Figure 1-5 indicated a 99% decrease in contaminant 

concentrations and were used to support shut down of the extraction wells outside the slurry wall 

in April 2007 (WESTON, 2011). Figure 1-6 shows the extent of PCE in shallow overburden 

groundwater within OU1 as mapped in 2013. It is evident from Figure 1-6 that the overburden 

plume has been effectively cut off from the contaminant source by the slurry wall and the OU1 

groundwater extraction system.  

The compound 1,4-dioxane is an emerging contaminant that was not identified as a COC at the 

time the original RI/FS was conducted. It was commonly used with 1,1,1-TCA as a stabilizer and 

corrosion inhibitor (EPA, 2009b). No ICL for 1,4-dioxane was included in the ROD, but the 

current NHDES AGQS for that compound is 3 micrograms per liter (µg/L). Because 1,1,1-TCA 

was included as a COC for the Site, groundwater in OU1 and OU2 has been periodically tested 

for 1,4-dioxane during selected monitoring rounds beginning in 2003. To date, 1,4-dioxane has 

not been found in groundwater samples collected from either overburden or bedrock monitoring 

wells located within OU1, although only two of four sampling rounds (May and October 2009) 

had detection levels that were below the AGQS of 3 µg/L. The other two OU1 sampling rounds 

conducted in 2003 and 2010 had elevated detection levels for 1,4-dioxane ranging from 50 to as 

high as 12,500 µg/L in well PW-06D. In contrast to the lack of 1,4-dioxane detections in OU-1, 

1,4-dioxane was detected in OU2 groundwater monitoring rounds conducted in 2003, 2009, and 

2010 at concentrations as high as 7.54 µg/L.  

In 2000, an assessment of the potential vapor intrusion pathway from overburden groundwater to 

indoor air was conducted by EPA (EPA, 2000). The study focused on the former Milford Police 

Station (which was active at the time) located approximately 500 ft east southeast of the former 

OK Tool release area and included laboratory analyses of soil gas and indoor air samples for 

VOCs. The site contaminants PCE, TCE, and 1,1,1-TCA were detected in both soil gas and 

indoor air at several locations. The TCE and 1,1,1-TCA concentrations were below NHDES 

Commercial Vapor Intrusion Screening Levels for both soil gas and indoor air. The PCE 

concentrations were substantially higher and exceeded the NHDES screening level. While it was 

noted that the police officers routinely dry cleaned their uniforms and stored them in the 

building, the elevated concentrations of PCE in the soil gas suggested that vapor intrusion may 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

1-14 




 
 

   
 
 

   

 

 

 

 

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Well Superfund Site 
Operable Unit 1 

also contribute to the measured concentrations in indoor air. The Milford Police Department was 

relocated in 2006 and the building has been unoccupied since that time. The OU1 Groundwater 

Treatment Plant (GWTP) operates autonomously and workers only enter the building 

occasionally to check the systems or perform limited routine maintenance. As a result, the vapor 

intrusion pathway within OU1 is considered incomplete under current conditions. 

1.2.4.3 Shallow Bedrock Groundwater 

As in the overburden aquifer, the primary contaminant in the shallow bedrock is PCE, although 

the other VOCs discussed above are also present at lower concentrations. However, in contrast to 

the overburden, VOC concentrations in the shallow bedrock, both within and beyond the 

confines of the slurry wall, have not decreased since implementation of the remedies at both 

OU1 and OU2. In fact, the PCE concentrations in several shallow bedrock monitoring wells 

located in OU1 (MW-16R, PW-2R, and MW-2R) have generally increased since the construction 

of the slurry wall, while others (MW-14R, PW-5R and PW-6R) have fluctuated significantly and 

exhibited no distinct trend. Figure 1-7 presents PCE concentration trends for selected shallow 

bedrock monitoring wells within OU1 that illustrate the trend variability. Figure 1-5 shows the 

PCE concentration trends in four bedrock monitor wells in comparison with nearby overburden 

monitor wells. It illustrates the generally stable or increasing PCE concentration trends in 

bedrock in comparison to the significant decreases that have occurred in the overburden since 

construction of the slurry wall and startup of the OU-1 groundwater extraction and treatment 

system. 

The extent of impacts to the shallow bedrock in OU2 largely mirrors that of the historical extent 

of the dissolved VOC plume in the overburden aquifer, extending from the OU1/OU2 boundary 

eastward toward the area of the former Savage Municipal Well and beyond. Shallow bedrock 

monitoring wells located within OU2 have exhibited a general decrease in PCE concentrations 

since 2005. This correlates with the approximate startup time of the OU2 groundwater treatment 

system, suggesting that its operation may have resulted in some contaminant reduction in the 

OU2 shallow bedrock aquifer. 

Similar to conditions in the overburden aquifer, 1,4-dioxane has not been detected in any 

bedrock monitoring wells in OU1. However, 1,4-dioxane has been detected in shallow bedrock 
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monitoring wells MW-14R and MW-19B in OU2 at concentrations exceeding the AGQS of 

3.0 µg/L. 

Table 1-2 provides a summary of all bedrock monitoring wells that have been installed at the 

Site, including those installed as part of the 2014 RI. Table 1-3 summarizes historical analytical 

data for OU1 and OU2 bedrock monitoring wells.  

1.2.4.4 Deep Bedrock Groundwater 

The recent investigations into the deep bedrock aquifer beneath OU1 identified higher 

concentrations of PCE than those currently present in the overburden or shallow bedrock 

aquifers. Deep bedrock well BR-6 was drilled immediately downgradient from known release 

areas within OU1. Fractures in that well that were determined to be hydraulically-active 

exhibited the highest concentrations of PCE and TCE observed in bedrock. The concentration of 

PCE in BR-6 ranges from 59,000 to 100,000 µg/L, and the concentration of TCE ranges from 

1,900 to 6,300 µg/L. The PCE and TCE concentrations were observed to increase with depth. 

Figure 1-8 shows the distribution of PCE in deep bedrock within OU1. Figure 1-9 shows the 

distribution of PCE in deep bedrock in all areas of the Site. Figure 1-10 is a geologic cross 

section illustrating the vertical distribution of PCE in bedrock.  

The increase in VOC concentration with depth observed at BR-6 suggests that there was a 

significant vertical component to PCE release at OK Tool and that the full vertical extent of 

impact to the bedrock aquifer may not yet be determined. Laterally, the concentrations of site 

COCs decreased by approximately one order of magnitude at wells BR-2 and BR-3 relative to 

BR-6. Wells BR-2 and BR-3 are located approximately 300 ft to the east and north-northeast of 

BR-6, respectively. They are inferred to be directly downgradient of BR-6 based on the eastern 

hydraulic gradients (BR-2) and along strike based on geophysical data and the observed aquifer 

anisotropy (BR-3). When compared to the vertical distribution at BR-6, the rapid lateral 

reduction in contaminant concentrations illustrates the dominant vertical component of 

contaminant migration at the Site.  

To the north-northeast of well BR-3, the concentrations of site contaminants decrease by two 

orders of magnitude within approximately 300 ft. The north-northeast direction from BR-3 is 
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cross-gradient based on the distribution of hydraulic head across the bedrock aquifer. However, 

monitoring wells BR-11, MW-2R, and MW-30, which are north-northeast from BR-3, appear to 

be hydraulically connected to the bedrock aquifer beneath the former OK Tool property via the 

primary fracture strike orientation, as identified during the 2010 and 2013 bedrock pumping 

tests. Because BR-11, MW-2R, and MW-30 are located in an area where the overburden aquifer 

is not impacted by site contamination, it is inferred that the contamination in these wells 

migrated laterally through bedrock fractures rather than downward from the overburden. 

The impact to these wells is inferred to be either the result of dissolved phase contamination 

being diverted along strike while attempting to follow the eastern hydraulic gradients within the 

aquifer, or the result of former hydraulic stresses that altered the historical direction of bedrock 

groundwater flow. 

No COCs were identified in monitoring wells located to the north of the former OK Tool area 

near several residential properties that obtain drinking water from individual bedrock supply 

wells. In addition, no COCs have been identified at any of the residential properties included in 

the drinking water monitoring program. The absence of impacts to the bedrock monitoring wells 

and the residential drinking water wells, the easterly hydraulic gradients, and the north-northeast 

fracture strike orientation and aquifer anisotropy, all suggest that the residential areas to the north 

and northwest are hydraulically upgradient. It is unlikely that those wells will become impacted 

with site-related contamination under the current hydrogeologic conditions. However, it is 

important to note that a change in the current hydrogeologic conditions, such as additional 

pumping from residential development on the property directly to the north of the former OK 

Tool area and Souhegan River, could alter the direction of hydraulic gradients to this area and 

thus result in the migration of impacted groundwater to areas located to the north and northwest. 

East of BR-2, concentrations of site COCs in the bedrock aquifer decrease by another order of 

magnitude in monitoring wells near the OU1/OU2 boundary. In addition, concentrations of PCE 

generally decrease with depth in the areas east of the former OK Tool area. That decrease is 

different than contaminant trends in the bedrock wells located closer to areas where releases are 

inferred to have occurred. Historically, elevated concentrations of PCE were present in the deep 

overburden throughout areas to the east of the former OK Tool area. The shallow bedrock 
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contamination in those areas is believed to have been at least partially the result of downward 

migration of dissolved phase contamination from the overburden aquifer. Although contaminant 

concentrations decrease with depth in each of the bedrock wells present in those areas, PCE was 

still observed at concentrations ranging between 190 and 300 µg/L in the deepest hydraulically 

active fractures encountered in the wells located near the OU1/OU2 boundary. Because of the 

fact that potentiometric head distribution indicates that those wells are positioned hydraulically 

downgradient from the former OK Tool property, it is possible that concentrations at depth in the 

wells located near the OU1/OU2 boundary are the result of both the vertical migration of 

dissolved phase contamination from the overburden and the lateral migration of contamination 

through a matrix of deep hydraulically active fractures. The reduction of concentrations by 

another order of magnitude with respect to those observed at BR-6 further corroborates the 

conclusion that the competent bedrock fabric has limited the lateral migration of impacted 

groundwater at the Site. 

Well BR-16 is located along the OU1/OU2 boundary immediately north of Elm Street. 

Groundwater quality data from that well provides an indication of the southern extent of impact 

to the deep bedrock aquifer with PCE concentrations ranging between 13 and 8.5 µg/L. Those 

values are more than an order of magnitude less than those observed in well MW-16R, which is 

located approximately 300 ft to the north. That data support the conclusion that the easterly 

hydraulic gradients and north-northeast anisotropy inhibited contaminant migration to the south. 

In conjunction with the data from well BR-9 located immediately to the south of the slurry wall, 

those results indicate that there is likely to be minimal, if any, impact to the bedrock aquifer 

south of Elm Street. 

The VOC concentrations in deep bedrock in OU2 are substantially less than those observed in 

OU1. Groundwater quality data collected in 2012 for the deep bedrock in OU2 showed 

concentrations of PCE ranging between 56 and 7.7 µg/L, or approximately one order of 

magnitude less than wells along the OU1/OU2 boundary. In contrast to OU1, the concentrations 

of VOCs in bedrock wells in OU2 decrease with depth. This incongruence suggests that the 

bedrock contamination in OU2 may be at least partially the result of downward migration of 
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dissolved contamination from the overburden aquifer, rather than solely from horizontal 

migration through fractures in the deep bedrock. This is particularly true for the shallow bedrock. 

The distribution of bedrock contamination across the entire Site can be directly attributed to the 

steeply dipping fracture network, the physical properties of the contaminants, and the two 

primary lateral migration pathways. The steeply dipping fracture network and the physical 

properties of the contaminants have facilitated the significant vertical migration of contamination 

from the areas where releases occurred to depths greater than 500 ft bgs, and also have facilitated 

the migration of impacted overburden groundwater into the bedrock aquifer in downgradient 

portions of the plume to the east. The north-northeast anisotropy of the bedrock aquifer and the 

overriding easterly hydraulic gradients are each clearly evident based on contaminant 

distribution; the contaminant plume extends in each direction away from the former OK Tool 

property. 

Although there are a limited number of hydraulically-active fractures in the bedrock, the 

combination of the expansive overburden plume, downward gradients between the overburden 

and the bedrock, and the physical properties of the COCs, has resulted in the distribution of low 

level concentrations of COCs throughout the bedrock aquifer beneath the Site. Higher 

concentrations are typically observed in the shallow bedrock fractures in the downgradient areas 

of the Site and are inferred to be the result of the downward migration of contamination from the 

overburden aquifer because of the fact that the overburden aquifer has historically exhibited 

higher concentrations of COCs.  

Although the extent of contamination in the deeper downgradient portions of the bedrock aquifer 

is limited as compared to the shallow bedrock and the overburden aquifers, it may be attributable 

to both lateral migration through the bedrock aquifer as well as downward migration from the 

overburden aquifer and shallow bedrock fractures that intercept the bedrock surface. The 

similarity of the areal extent of both the overburden and shallow bedrock plumes, and the 

minimal impact to the deep bedrock aquifer in the downgradient areas of OU2, is further 

evidence of the downward migration of impacted groundwater from the overburden into the 

bedrock. It is important to note that because of the competent bedrock, the actual number of 

hydraulically active fractures is limited; therefore, while the area of impact is large and 
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comparable to the overburden plume, the actual volume of impacted water and the mass of 

contaminant is relatively small when compared to that of the overburden aquifer. 

1.2.5 Contaminant Fate and Transport 

The 1991 and 2014 RIs evaluated the environmental fate and transport characteristics of the 

COCs at the Site. Fate and transport address the mobility, stability, volatility, and persistence of 

each substance. Mobility and persistence represent the potential for a chemical to migrate along a 

given pathway and how long a chemical will remain in the environment, and are of primary 

importance. 

Compounds identified in overburden and bedrock groundwater above the ROD ICLs or MCLs at 

the Site include PCE, TCE, cis-1,2-dichloroethene (cDCE), and 1,1-dichlocroethene (1,1-DCE). 

Tetrachloroethene and to a lesser extent TCE are the most widely detected compounds in 

groundwater. The other compounds are limited in extent and fall well within the boundary of the 

PCE plume. The physical properties of TCE, cDCE, and 1,1-DCE are similar in nature to PCE, 

and they would behave in a similar fashion with regard to their fate and transport 

within groundwater. Therefore, any remedial action implemented to address PCE-impacted 

groundwater is inferred to result in a concomitant reduction of TCE, cDCE, and 1,1-DCE 

concentrations. 

Based on observations during drilling and groundwater monitoring activities at the Site, no free-

phase solvent or non-aqueous phase liquid has been identified in soils or on bedrock fracture 

surfaces to date. The highest concentration of PCE in groundwater was identified in the bedrock 

monitoring well BR-6, at levels of 100 milligrams per liter (mg/L). This represents 

approximately 67% of the solubility of PCE in water, which is 150 mg/L at standard temperature 

and pressure (Montgomery and Welkom, 1990), and indicates the potential for free-phase 

(mobile) PCE to exist. Free-phase chlorinated ethenes such as PCE and TCE are often referred to 

as dense non-aqueous phase liquid (DNAPL), meaning that they will tend to sink within the 

saturated zone (because their specific gravity is greater than 1.0, the specific gravity of water) 

until they encounter a low-permeability layer in the formation at which point the DNAPL will 

flow laterally along the surface of the low-permeability formation and may diffuse into it.  
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The DNAPL constituents (which, if present, are likely primarily PCE at this Site) will slowly 

dissolve into groundwater and migrate as part of the groundwater flow system, thereby creating a 

dissolved contaminant plume. Once the dissolved-phase contaminants have entered the 

groundwater flow system, they will be carried in the direction of groundwater flow by advection. 

Mechanical dispersion will tend to spread the plume perpendicular to the groundwater flow 

direction in the unconsolidated aquifer but will play a lesser role in the downgradient migration 

of contaminants through the bedrock because of the limited mixing that occurs in flow through 

fractures. Some dilution of the contaminants will occur when clean water from precipitation 

enters the overburden aquifer from above and as the fractures containing contaminants receive 

water from fractures with clean water in bedrock. Diffusion will tend to move contaminants into 

low-permeability layers in the overburden aquifer and smaller fractures transverse to the primary 

direction of contaminant movement in bedrock, many of which may be dead-end fractures. 

This is important because reverse diffusion from low-permeability layers in the overburden and 

dead-end fractures in bedrock must be considered when evaluating potential remedial measures 

for the Site. In general, advection and dispersion are inferred to play the greatest roles in the 

transport of impacted groundwater at the Site. The distribution of the contaminant plume can be 

directly attributed to the effects from these two mechanisms.  

1.3 CONTAMINANT MIGRATION PATHWAYS 

Chlorinated VOCs are the principal concern at the Site in terms of potential for migration off-site 

and potential exposures that could affect human health and the environment. Although 

groundwater, surface water, soil, and air are all potential exposure pathways, groundwater is 

considered the only migration pathway for the bedrock aquifer. The other migration pathways 

were each evaluated in the 1991 RI for the Site, and addressed in the ROD (EPA, 1991b) where 

appropriate. The vapor intrusion pathway related to overburden groundwater within OU1 was 

assessed by EPA in 2000 (EPA, 2000) with regard to the former Milford Police Station and the 

initial screening suggested the pathway may be complete. However, the Milford Police 

Department was relocated in 2006 and the building has been unoccupied since that time. The 

OU1 GWTP operates autonomously and workers only enter the building occasionally to check 

the systems or perform limited routine maintenance. As a result, the vapor intrusion pathway 

within OU1 is considered incomplete under current conditions. 
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The configuration of the bedrock surface appears to have had a significant influence on the 

migration of contamination between the overburden and bedrock. The highest concentrations of 

PCE detected in the bedrock aquifer during the 2014 RI were in BR-6, a well installed 

downgradient from known overburden sources near the base of a slope in the bedrock surface 

within the OU1 slurry wall. It is likely that when DNAPL was released at the ground surface; it 

migrated down through the overburden under the force of gravity and hydraulic gradients, 

possibly encountering low-permeability layers in the overburden and traveling laterally along 

them until able to resume downward migration. This process would continue until the DNAPL 

eventually reached the till/bedrock surface. The DNAPL then flowed eastward down along the 

top of the sloped till/bedrock surface, collecting in low spots. The variable thickness and 

discontinuous nature of the till at the Site and the nature of the bedrock surface facilitated 

infiltration of DNAPL into shallow bedrock fractures.  

Upon infiltrating the bedrock surface through holes in the till and via fractures, DNAPL would 

have continued to flow vertically downward under gravity and hydraulic gradients through the 

steeply dipping, interconnected fracture network until ultimately dissolving in groundwater or 

collecting in small troughs in primary fractures or dead-end fractures. Dissolved phase 

contamination would have been carried via groundwater flow in a tortuous “zig-zag” pattern 

through the bedrock fracture network as it followed the hydraulic gradients and flow along the 

bedrock strike. The natural hydraulic flow of groundwater has resulted in the migration of 

dissolved phase PCE and TCE away from the former OK Tool property through bedrock 

fractures. However, concentrations of dissolved phase PCE and TCE in the bedrock decrease by 

2 to 3 orders of magnitude within approximately 500 ft of the OU1 slurry wall. That rapid 

decrease with distance suggests that lateral migration is curtailed in the competent bedrock, 

unlike in the unconsolidated aquifer above where expansive lateral migration was observed and 

the plume extends over 5,000 ft. 

Groundwater flow in bedrock at the Site is governed by two factors: 1) hydraulic gradients, 

which dictate bedrock groundwater flow must be to the east and east-northeast; and 2) the north-

northeast orientation of the fractures in the bedrock, which limit the direction groundwater can 

physically move. As a result of those two influences, as impacted groundwater attempts to follow 
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the easterly hydraulic gradient, the orientation of the bedrock fractures tends to push the 

groundwater off to the north-northeast. The north-northeast oriented fractures are one of the 

primary lateral contaminant migration pathways in the bedrock.  

The majority of fractures identified during the investigations conducted in support of the RI was 

moderate to steeply dipping and had a primary dip direction to the northwest with a lesser 

number of fractures dipping to the southeast. In general, the distribution of the heavily-

contaminated groundwater within OU1 at the Site is primarily the result of the vertical migration 

of DNAPL flowing vertically downward under the force of gravity. That is evidenced by the 

highest contaminant concentrations present almost directly beneath known release areas at the 

former OK Tool property.  

Current hydrogeologic conditions in the bedrock aquifer and historical contaminant levels in the 

overburden explain the migration of dissolved phase contamination to the east. The north-

northeast orientation of the bedrock anisotropy explains migration of contaminants from the 

former OK Tool property toward the north and northeast. However, the steeply dipping nature 

and low transmissivity of most hydraulically active fractures and the relatively low horizontal 

hydraulic gradient have limited the lateral migration of grossly-impacted groundwater in bedrock 

away from the area directly beneath the former OK Tool area, when compared to the expansive 

lateral migration of contamination to the east that has occurred in the overburden aquifer. 

1.4 CONCEPTUAL SITE MODEL 

A CSM was developed for the bedrock aquifer to form the basis for the evaluation of potential 

remedial measures. The conceptual model was developed to represent how the hydrological 

cycle interacts with the local geology, describing the presumed migration of water through the 

system, and its corresponding effects on the migration of contamination based on contaminant 

transport mechanisms, migration rates, and degradation pathways. The CSM explains the 

primary contaminant migration pathways and provides insight into the observed distribution of 

contaminants in site media. The CSM for the Site is depicted graphically on Figure 1-11.  

Groundwater at the Site originates as precipitation falling onto the ground surface and then either 

infiltrating into the subsurface or running off to surface waters such as the Souhegan River. 
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Extensive groundwater elevation and river stage monitoring indicate a highly coupled flow 

system between the Souhegan River, the overburden aquifer, and the bedrock aquifer, as 

evidenced by a rapid coordinated response to precipitation events (Harte, 2006). 

Groundwater flows from areas of higher hydraulic head to areas of lower hydraulic head. That 

results in flow to the east within the overburden aquifer and to the east-northeast within the 

bedrock aquifer. In addition to moving horizontally, groundwater will also move vertically based 

on hydraulic head differences between subsurface materials and between the overburden and 

bedrock aquifers. The construction of the slurry wall and the groundwater extraction and 

treatment system within OU1 has curtailed horizontal overburden flow within the slurry wall and 

has had a particularly significant effect on the interaction between the overburden and bedrock 

aquifers in the proximity of the wall. Unless removed from the system by pumping, surface 

recharge of precipitation will increase the hydraulic head inside the wall, resulting in downward 

hydraulic gradients that force overburden groundwater into the bedrock aquifer by way of 

shallow fractures that intercept the bedrock surface. Outside the slurry wall, vertical gradients are 

primarily static within the overburden aquifer suggesting near-horizontal flow (EPA, 2011).  

Groundwater movement in bedrock is restricted to open fractures. Therefore, groundwater 

follows those fractures as it moves downgradient in response to regional hydraulic head 

distributions. Groundwater movement in the bedrock aquifer at the Site is primarily controlled by 

two factors: 1) the east-northeast influence of hydraulic head differences and 2) the north-

northeast anisotropy of the bedrock. The dynamics of those two forces strongly manipulate the 

distribution of contamination that is observed throughout the Site.  

At the OU1 portion of the Site, contaminants were historically released to the ground surface, the 

former leach field, subsurface discharge features such as floor drains and drainage pipes, and to 

surface water between the 1940s and 1980s. Within OU2, historic releases consisted of the 

discharge of impacted process wastewater from the SP’s manufacturing and cooling operations 

to a discharge stream that flowed in an east to northeast direction across the river valley. 

Any process water that did not infiltrate into the ground as it flowed along the discharge stream 

ultimately discharged to the Souhegan River. The facility discharge that infiltrated into the 

subsurface spread to the north beneath Elm Street and in an easterly direction throughout the 
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river valley driven by the transmissivity and hydraulic head distributions within the overburden 

aquifer. 

In the case of the former OK Tool area, DNAPL migrated vertically downward under gravity 

until eventually reaching the till/bedrock surface. The DNAPL that reached the till/bedrock 

surface interface then likely flowed downward along the top of the sloped surface of these units 

and collected in low spots. The variable thickness of the till and the nature of the bedrock surface 

facilitated infiltration of DNAPL into shallow bedrock fractures. Upon infiltrating the fractures 

at the bedrock surface, DNAPL continued to flow downward under gravity through the steeply 

dipping, interconnected fracture network in the bedrock formation until ultimately dissolving 

into groundwater or collecting in small troughs and dead-end fractures. Residual DNAPL that 

may remain in the bedrock fractures continues to dissolve into groundwater flowing through the 

bedrock fractures. 

Dissolved-phase contamination is transported in groundwater as it flows through the bedrock 

fracture network. The direction of bedrock groundwater flow is impacted by the groundwater 

gradients and by the orientation of fracture strike. This combination of hydraulic gradient and 

physical characteristics of the bedrock has resulted in some dissolved-phase contamination 

migrating in an easterly, downgradient direction and some being directed to the north-northeast 

along the fracture strike. The fact that the hydraulic gradients and bedrock anisotropy are nearly 

perpendicular, combined with the very low fracture density and steep dip of the few fractures 

that do exist, has tended to severely restrict lateral migration of dissolved contamination in the 

deep bedrock. The steeply dipping fracture network combined with the higher density of DNAPL 

resulted in the significant downward migration of contamination within the bedrock near the 

source area. 

The local hydraulic head distributions in fractured bedrock systems can be significantly altered 

by the withdrawal of groundwater such as the operation of water supply wells. In addition to 

altering the local hydraulic head distributions within the bedrock, pumping of bedrock wells can 

increase the groundwater velocities through nearby fractures. A stress applied to the bedrock 

aquifer results in groundwater flowing from the overburden to the bedrock via the shallow 

steeply dipping fractures present at the Site. The stressed conditions also increase groundwater 
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flow velocities dramatically, specifically along the orientation of fracture strike. In general, the 

data collected in support of the 2014 RI indicate that when a stress is placed upon the bedrock 

aquifer, the flow component in the north-northeast direction is greatly accentuated, and 

depending on the magnitude of the stress, becomes a significant contaminant migration pathway.  

As groundwater flows to the east through the overburden, the vertical hydraulic gradient is 

impacted by precipitation. As a result, there is a propensity for downward contaminant migration 

of the overburden groundwater into deeper portions of the overburden aquifer and into the 

bedrock aquifer where shallow fractures intercept the bedrock surface. Downward migration of 

impacted groundwater from the overburden into the bedrock aquifer is believed to have played a 

significant role in influencing the distribution of contamination in the shallow bedrock 

downgradient of OU1. The configuration of the shallow bedrock PCE/TCE plume mimics the 

historical distribution of contamination in the deep overburden across both OU1 and OU2, and 

concentrations of these contaminants in the bedrock aquifer decrease with depth in areas east of 

OU1. Currently, operation of the OU2 groundwater extraction system intercepts the easterly 

migration of the overburden plume. 

1.5 RISK ASSESSMENT 

To supplement the risk assessment prepared as part of the 1991 RI, which did not consider the 

high concentrations recently discovered in the bedrock beneath OU1, the potential risks 

associated with bedrock groundwater quality were evaluated as part of the 2014 RI using data 

from samples collected from bedrock wells BR-1 through BR-16, MW-16R, and MW-30 at the 

Site (Figure 1-12). 

A human health screening level risk assessment (SLRA) was conducted as part of the 2014 RI to 

provide risk managers with a basis for evaluating whether action is warranted to mitigate 

potential health effects from exposure to contaminants in bedrock groundwater within this area. 

This evaluation was accomplished by characterizing potential cancer and adverse non-cancer 

health effects associated with contaminants in the environmental media. Because this SLRA 

focused on impacts related to bedrock groundwater, the vapor intrusion pathway was not 

considered. The thick layer of overburden groundwater present in all areas of the Site isolates 

bedrock groundwater from the unsaturated zone, and the bedrock groundwater to indoor air 
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pathway is incomplete. Previous studies determined that the vapor intrusion pathway related to 

overburden groundwater was incomplete (EPA, 2000).  

The SLRA was conducted using risk-based concentrations developed using the “Regional 

Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites” developed by the 

Department of Energy’s Oak Ridge National Laboratory under an Interagency Agreement as an 

update of the EPA Region 3 RSL Table, Region 6 RSL Table, and the Region 9 Preliminary 

Remediation Goal (PRG) Table. This table is updated semi-annually. The November 2013 

version of the RSL table was used for the SLRA, because it was the most recent version 

available at the time (EPA, 2013). Comparing the RSLs used for the risk assessment (November 

2013) with the most current version available on the EPA website (November 2014) shows that 

RSLs for all of the compounds assessed have been increased slightly (EPA, 2014). Recalculation 

of the overall site risk using the updated RSLs would not materially alter the conclusions 

presented in the 2014 RI and summarized below.  

Risks were calculated for three different areas of the bedrock aquifer at the Site as follows:  

1.	 The Concentrated Bedrock Plume where the highest contaminant concentrations 
are present. This represents a subarea of OU1 that includes the footprint of the slurry 
wall and was referred to as the “former OK Tool area” in the RI Report. It includes 
roughly the area of bedrock groundwater with PCE concentrations greater than 
1,500 µg/L PCE. 

2.	 The Dilute Bedrock Plume South of the Souhegan River. This includes all bedrock 
groundwater south of the river that is not included under the concentrated plume area 
described above. This area includes portions of OU1 and OU2. 

3.	 The Dilute Bedrock Plume North of the Souhegan River. This area includes portions 
of OU1 and OU2. 

The bedrock monitoring wells used for the risk calculations and the approximate boundaries for 

each of these areas are shown on Figure 1-12.  

The results of the SLRA are presented in Tables 1-4 through 1-6. The federal MCLs (NH AGQS 

values are the same as the MCLs), tap water RSLs, maximum detected concentrations, average 

detected concentrations, screening level cancer risks (SLCR), and screening level hazard 

quotients (SLHQ) associated with each concentration, are provided. The maximum detected 
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concentration based on SLCRs and SLHQs were presented as a “worst case” scenario. The 

following discussion of results is based on the SLCRs and SLHQs calculated from the average 

detected concentrations of the contaminants of potential concern (COPC). 

As presented in Table 1-5, the SLCRs at all Concentrated Bedrock Plume wells exceeded the 

EPA target cancer risk level of 1E-4 and the target hazard index (HI) of 1. The SLCRs range 

from 2E-03 at BR-5 to 2E-02 at BR-6. The screening level hazard indices (SLHIs) range from 

400 at BR-5 to 4,000 at BR-6. Based on the cumulative risk from all detected VOCs (with the 

majority of risk contribution from TCE and/or PCE), all wells in the Concentrated Bedrock 

Plume (BR-2, BR-3, BR-5, and BR-6) are unsuitable for residential use. Furthermore, 

concentrations of 1,1-DCE, cDCE, PCE, and TCE exceed their respective MCLs in the majority 

of the wells in the Concentrated Bedrock Plume. 

With the exception of MW-16R, all Dilute Bedrock Plume South of River wells, (BR-1, BR-9, 

BR-10, BR-12, BR-14 (in OU2), BR-15 (in OU2), and BR-16) had SLCRs within or below the 

target risk range of 1E-04 to 1E-06 (Table 1-6). Furthermore, the cumulative Dilute Bedrock 

Plume South of River SLCR was within EPA target risk range (8E-05). Well MW-16R had a 

SLCR of 1E-04 which is at the upper limit of EPA target risk range. The SLHIs for BR-9, 

BR-10, BR-14, and BR-16 were below the target point of departure (1.0). In wells BR-1, BR-12, 

BR-15, and MW-16R, the SLHIs were 20, 20, 2.0, and 30, respectively. The cumulative SLHI 

for the Dilute Bedrock Plume South of River was 20. In nearly all the Dilute Bedrock Plume 

South of River wells, PCE and TCE average detected concentrations were above their federal 

MCLs (TCE was below in BR-15), and the concentrations of toluene and cDCE were all below 

their respective MCL. 

Table 1-6 presents the risk assessment results for the Dilute Bedrock Plume North of River. 

No COPCs were detected in wells BR-4 and BR-7. The SLCRs for wells BR-8, BR-13 (in OU2), 

MW-30, and the cumulative SLCR for the Dilute Bedrock Plume North of River, were within or 

below the target risk range of 1E-04 to 1E-06. Well BR-11 was the only well in the Dilute 

Bedrock Plume North of River to have a SLCR equal to or greater than the upper end of the EPA 

target risk range (1E-04). 
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In the Dilute Bedrock Plume North of River, the SLHIs for all monitoring wells were greater 

than 1 except for BR-8 and the nondetect wells BR-4 and B-7. The SLHIs ranged from 2.0 in 

BR-13 to 20 in BR-11. The cumulative SLHI for the Dilute Bedrock Plume North of River 

was 10. In nearly all the Dilute Bedrock Plume North of River wells, the PCE and TCE average 

detected concentrations were above their federal MCLs (TCE was below in BR-13). All toluene 

and cDCE concentrations were below their respective MCL. But again, none of these 

contaminants have been detected in sampling conducted in residential wells along North River 

Road. 

In conclusion, risks associated with direct contact with groundwater exist above maximum risk 

criteria in both the Concentrated and Dilute Bedrock Plumes. The risks are present primarily in 

the Concentrated Bedrock Plume and to a lesser extent at individual wells in the Dilute Bedrock 

Plume both south and north of the Souhegan River. 
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2. 	 REMEDIAL ACTION OBJECTIVES AND CLEANUP 
GOALS/PERFORMANCE STANDARDS 

Remedial action objectives (RAOs) must be established prior to the development and evaluation 

of remedial alternatives. Remedial action objectives are developed to protect human health and 

the environment, and to provide the foundation upon which numerical RGs, and remediation 

alternatives can be developed. In addition to ensuring that human and ecological receptors are 

protected, remedial actions to cleanup a site must also take into account ARARs. The ARARs 

are derived from federal, state, and local legal requirements that may potentially govern remedial 

activities. The ARARs can also include guidance that contains “to be considered” (TBC) criteria. 

In certain instances, RAOs  are also based on waivers of ARARs that may be required because of 

site conditions. 

The ARARs and TBC criteria applicable to the Site are described in Subsection 2.1. Changes to 

ARARs since the ROD and ESD were issued are also discussed in Subsection 2.1 

(NH environmental regulations have been revised and federal regulations have been changed 

since the ESD was issued). A waiver of certain ARARs that is necessary because of conditions at 

the Site is discussed in Subsection 2.1.1 and presented in detail in Appendix B. 

The RAOs for the Site are presented in Subsection 2.2 and take into account protection of human 

health and the environment, ARARs, and the waiver of certain ARARs. The RGs and PSs are 

presented in Subsection 2.3. The RGs are specified in the ROD and are the numerical 

groundwater cleanup standards used for design and evaluation of remedial technologies and 

alternatives in this FS. The RGs apply to the portion of the Site where ARARs are not waived. 

The PSs are monitoring standards to assess potential contaminant migration and are applicable to 

areas of the Site where groundwater cleanup standards may not be attained and ARARs will be 

waived. 

2.1 	 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
AND TO BE CONSIDERED CRITERIA/GUIDELINES 

As required under Section 121 of the CERCLA, 42 U.S.C. § 9621, remedial actions carried out 

under CERCLA must be protective of human health and the environment and attain the levels or 

standards of control for hazardous substances, pollutants, or contaminants specified by the 
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ARARs unless waivers are obtained. According to EPA guidance, remedial actions also must 

take into account non-promulgated TBC criteria or guidelines if the ARARs do not address a 

particular situation. 

Section 121(d)(2) of CERCLA, 42 U.S.C. § 9621(d)(2), requires that ARARs be identified and 

complied with and remedial actions developed and implemented. Section 121(d)(2) requires that, 

for any hazardous substance remaining on-site, all federal and state environmental and facility 

siting standards, requirements, criteria, or limitations shall be met at the completion of the 

remedial action to the degree that those requirements are legally applicable or relevant and 

appropriate under the circumstances present at the site. 

The degree to which these environmental and facility siting requirements must be met varies 

depending on the applicability of the requirements. Applicable requirements must be met to the 

full extent required by law. CERCLA provides that permits are not required when a response 

action is taken “on-site.” The NCP defines the term “on-site” as “the areal extent of 

contamination and all suitable areas in very close proximity to the contamination necessary for 

the implementation of the response action” (40 C.F.R. § 300.5). Although permits are not 

required, the substantive requirements of the applicable permits must be met. For non-applicable 

requirements, only the relevant and appropriate portions of the requirements must be achieved, 

and only to the degree that they are substantive rather than administrative in nature. 

The ARARs are defined by CERCLA as follows: 

 Applicable requirements pertain to those cleanup standards, standards of control, and 
other substantive environmental protective requirements, criteria, or limitations 
promulgated under federal or state environmental or facility citing laws that 
specifically address a hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance found at a CERCLA site. Only those state standards 
that are identified by a state in a timely manner and that are more stringent than 
federal requirements may be applicable. Applicable requirements are defined in the 
NCP in 40 C.F.R. § 300.5. In order to be applicable, the standards have to be 
promulgated. 

 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 "applicable" to a 
hazardous substance, pollutant, contaminant, remedial action, location, or other 
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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. Only those state standards that are identified in a timely manner and are more 
stringent than federal requirements may be relevant and appropriate. Relevant and 
appropriate requirements are defined in the NCP at 40 C.F.R. § 300.5. 

The TBC requirements pertain to federal and state criteria, advisories, guidelines, or proposed 

standards that are not generally enforceable, but are advisory and that do not have the status of 

ARARs. Guidance documents or advisories may be used where no specific ARARs exist for a 

chemical or situation, or where such ARARs are not sufficient to be protective.  

The ARARs and TBCs may be divided into the following categories: 

 Chemical-specific requirements are health- or risk-based concentration limits or 
ranges in various environmental media for specific hazardous substances, pollutants, 
or contaminants. In most cases, these are applicable requirements and are set as 
cleanup levels. An example would be chemical-specific state or federal drinking 
water standards. 

 Location-specific requirements are restrictions on activities that are based on the 
characteristics of a site or its immediate environment. An example would be 
restrictions on work performed in wetlands or wetlands buffers. In this example, the 
location-specific requirements necessitate restoration of wetlands impacted by 
remedial activities. 

 Action-specific requirements are controls or restrictions on particular types of 
activities, such as hazardous waste management or wastewater treatment. An example 
would be state and federal air emissions standards and/or state allowable ambient 
limits as applied to an in situ SVE treatment unit.  

The chemical-, location-, and action-specific ARARs and TBCs for the remedial alternatives 

evaluated in this FS are summarized in the tables in Appendix A. The tables also provide a 

citation, a synopsis, and a determination of the applicability of the chemical-, location-, and 

action-specific ARARs and TBCs, and indicate how each remedial alternative will address each 

ARAR and TBC. 

2.1.1 Waiver of ARARs and TBCs based on Technical Impracticability 

The NCP at 40 C.F.R. 300.430(f)(1)(ii)(C)(3) permits EPA to waive certain ARARS based on 

technical impracticability from an engineering perspective. EPA may determine that 

groundwater restoration is technically impracticable when groundwater cannot be restored with 
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available remediation technologies within a reasonable timeframe. In the case of groundwater 

used for drinking water, "restoration" refers to attainment of federal or state standards for 

drinking water quality or risk-based levels for compounds where no potential ARARs exist. 

Factors that are used to determine whether it is technically impracticable to restore groundwater 

quality in compliance with ARARs are: 

 Hydrogeologic limitations such as complex sedimentary deposits, low permeability 
aquifers, and types of fractured bedrock;  

 Contaminant-related factors such as the presence of DNAPL.  

Most of the sites where EPA has determined that groundwater restoration is technically 

impracticable have DNAPL present (EPA, 2012).  

OU1 includes several of the hydrogeologic and contaminant-related limitations listed above. 

There is no certainty that any remedial technologies available will overcome those limitations 

and result in complete attainment of ARARs within the entire area of OU1, particularly in the 

deep bedrock. Accordingly, a Draft Final TI Evaluation Report (Appendix B of this FS) 

(WESTON, 2015) has been prepared for OU1 at the Site.  

The Draft Final TI Evaluation Report concludes, based on the evaluation presented in 2014 RI 

and this FS Report, that restoration of groundwater to ARARs and risk-based goals is technically 

impracticable from an engineering perspective within an area of OU1 defined as the TI Zone. 

Specifically, VOC concentrations in hydraulically-active fractures in deep bedrock in the TI 

Zone strongly suggest the presence of DNAPL in nearby fractures. Additionally, the Draft Final 

TI Evaluation Report concludes that the DNAPL present in the bedrock fractures cannot be 

practicably accessed or remediated. Therefore, under all remedial options, DNAPL will continue 

to represent a long-term source of groundwater contamination in deep bedrock in the TI Zone. 

As a result, it will not be possible to attain ARARs and TBCs in that area, and a TI Waiver is 

warranted. The area proposed for the TI Waiver and defined as the TI Zone and is depicted on 

Figure 2-1. The remainder of OU1 outside of the TI Zone is defined as the GC Area and is also 

depicted on Figure 2-1. 
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2.2 REMEDIAL ACTION OBJECTIVES 

The ROD identified the following Remedial Action Objectives (RAOs): 

 Prevent ingestion of contaminated groundwater that would pose an unacceptable risk 
to human health. 

 Restore groundwater quality to meet federal and state ARARs.  

In this FS, the development of specific RAOs to address contaminated groundwater within the 

two defined subareas of OU1 (TI Zone and GC Area) involves identification of the affected 

media and contaminant characteristics; identification of future land and groundwater uses; 

evaluation of exposure pathways and contaminant migration; and determination of acceptable 

exposure limits to humans and aquatic and terrestrial receptors. The only medium of concern for 

OU1 is groundwater. The 1991 RI/FS evaluated overburden soil, overburden groundwater, 

shallow bedrock groundwater (typically less than 30 ft below the bedrock surface), surface 

water, and sediment, and concluded that Site groundwater (overburden and shallow bedrock) was 

the only medium that presented unacceptable risks to human health. No risks to ecological 

receptors in any medium at the Site, including the Souhegan River, were identified in the 1991 

RI. The 1991 RI concluded that no remedial actions were warranted with respect to media other 

than groundwater. The 1991 RI/FS did not distinguish between overburden and bedrock 

groundwater with respect to risk, and it was assumed that the groundwater remedy specified in 

the ROD would address contaminants that had migrated from the overburden into the bedrock 

aquifer. 

The remedy specified in the ROD (and subsequently modified in the ESD) and implemented in 

OU1 and OU2 at the Site has resulted in significant progress in remediating the overburden 

groundwater. However, the findings of the 2014 RI clearly show that the original remedy for 

OU1 has not been effective in remediating the bedrock groundwater. The SLRA conducted for 

bedrock groundwater as part of the 2014 RI indicates that bedrock groundwater in OU1 presents 

unacceptable potential future human health risks. As discussed in the 2014 RI, risks associated 

with bedrock groundwater in OU1 exceed the EPA target cancer risk level of 1E-4 and the target 

HI of 1. Furthermore, concentrations of several VOCs in bedrock groundwater exceed the 

applicable federal MCLs. Based on the calculations conducted as part of the SLRA, future 
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potential bedrock groundwater risks are greatest in the TI Zone (roughly corresponds to the 

Concentrated Bedrock Plume from the SLRA) and are less in the GC Area (corresponds to the 

Dilute Plume North of Souhegan River from the SLRA). 

Groundwater from the Site is currently not used for drinking water. Although there are several 

residential drinking water wells to the north and northwest of the Site, the results of 

investigations conducted in support of the 2014 RI suggest that those residential wells are not 

impacted by the Site nor are they at risk of becoming impacted by site-related contaminants 

under the current hydrogeological conditions. However, changes in the local hydrological 

regime, such as installation and pumping from new wells, or discontinuation of pumping from 

existing wells (for example the OU1 and OU2 groundwater extraction wells, or the Fish 

Hatchery well) could redistribute contamination in the bedrock. In addition, the contaminant 

plume in the bedrock aquifer extends beneath undeveloped properties to the north and east that 

do not currently have any ICs in place to prevent the installation or use of new overburden or 

bedrock water supply wells. 

Based on the above-stated findings, long-term groundwater response actions are necessary: 

 For protection of human health from contaminated groundwater at the Site. 
 To prevent potential future exposure to contaminated vapor at the Site. 
 To prevent further migration of the groundwater plume.  

The RAOs presented herein are based on presumed future residential use of the Site. In areas 

where a TI Waiver may be invoked, the RAOs have been developed to prevent use of 

groundwater within the TI Zone and to prevent migration of groundwater contamination beyond 

the compliance boundary for the TI Zone. 

The RAOs developed for the TI Zone are: 

 Prevent ingestion of groundwater that exceeds ARARs and/or exhibits a total HI 
greater than 1 and/or a total lifetime cancer risk (LCR) greater than EPA’s acceptable 
range of 10-6 to 10-4 . 

 Prevent migration of contaminants beyond the compliance boundary for the TI Zone, 
thereby preventing expansion of the area impacted by site-related contaminants at 
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concentrations that exceed ARARs and/or would result in HI >1 or LCR> EPA’s 
acceptable range of 10-6 to 10-4 . 

 Remove and/or contain DNAPL and other groundwater contaminants, to the extent 
practicable, as a source control measure to inhibit contaminant migration from the TI 
Zone. 

The RAOs developed for the GC Area are: 

 Restore groundwater quality to beneficial use. 

 Prevent ingestion of groundwater until groundwater cleanup standards are achieved. 

 Until groundwater cleanup standards are achieved, prevent the migration of 
groundwater with contaminant concentrations that exceed drinking water standards 
from the GC Area into areas outside of the OU1 boundary. 

2.3 MEDIA-SPECIFIC REMEDIAL GOALS AND PERFORMANCE STANDARDS 

In order to attain the RAOs specified in Subsection 2.2 and to comply with the ARARs, 

media-specific RGs/PSs were established from the groundwater cleanup standards5 identified in 

the ROD (refer to Table 2-1). The RGs specified in the ROD were based on federal MCLs, NH 

AGQS, and EPA risk-based standards for carcinogenic and non-carcinogenic health effects. The 

cancer and noncancer risk-based standards developed in the ROD were based on a residential use 

scenario and EPA’s acceptable range of lifetime cancer rise of 10-6 to 10-4 an HI >1. Promulgated 

regulatory values, specifically federal MCLs, were given preference over risk-based standards for 

selection as RGs/PSs. 

The selected RGs/PSs, the basis for each RG/PS, and the maximum and average concentrations for 

each detected contaminant in the TI Zone and GC Area are presented in Table 2-1.  

5 These standards were identified as remedial goals (RGs) in the ROD. 
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Of the eight VOCs detected in OU1 groundwater, only four were detected at concentrations that 

exceeded their respective RG/PS concentrations. The RGs/PSs identified for the four chemicals 

were based on the federal MCLs and NHDES AGQS (which are the same value for these 

compounds) and are as follows:  

Compound  Remediation Goal/Performance Standard 

1,1-DCE 7 µg/L 

cDCE 70 µg/L 

PCE 5 µg/L 

TCE 5 µg/L 

The general response actions, remedial technologies, and remedial alternatives presented in 

Sections 3, 4, 5, and 6 are evaluated with respect to their ability to meet the RGs/PSs listed 

above. 
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3. IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

The primary objective of this section is to identify and screen potential remedial technologies 

that will be combined into remedial alternatives that encompass a range of appropriate cleanup 

options that are designed to meet the RAOs, protect human health and the environment, and 

comply with ARARs unless a waiver is required. The technology identification and screening 

process presented in this section includes the following steps: 

 Development of general response actions. 

 Identification of remedial technologies within each general response action category 
and identification of process options related to each remedial technology. 

 Identification of volumes or areas of each medium to which the general response 
actions might be applied, considering RAOs and the chemical and physical 
characteristics of the Site. 

 Screening and evaluation of each process option to eliminate those that cannot be 
implemented technically at the Site, to assess the benefits and disadvantages of each 
option, and to select representative processes for each technology type that will be 
retained for further consideration in Section 4: Development and Screening of 
Alternatives. 

3.1 GENERAL RESPONSE ACTIONS 

This section identifies the general response actions that were considered to address the RAOs 

and attain the RGs for the GC Area and not exceed the PSs beyond the TI Zone compliance 

boundary. In many cases, the response actions evaluated for bedrock will also require actions in 

the overburden aquifer enclosed by the slurry wall (within the TI Zone) in order to maximize 

effectiveness of the bedrock remedial action. As noted above in Section 2, it is assumed that the 

remedial actions currently being implemented in OU2 will continue to meet the RGs in the 

Extended Plume. 

An initial consideration in the screening process is the TI of a process option, given the site-

specific conditions and the contaminant types. Those processes judged to be inappropriate for the 

site-specific conditions are eliminated from further consideration. As the screening process 

continues, the process options are generally evaluated on their own merit, although consideration 

may be given to synergism between options. Also, because several similar process options may 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx	 27 July 2015 

3-1
 



 
 

   
 
 

   

  

 

 

 

 

  

 
 

  

 

 
 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

be appropriate, the screening may result in the selection of one process option to represent a 

group of related process options. 

The general response actions for groundwater were developed to meet, throughout OU1, the 

RAOs for the TI Zone and the GC Area presented in Section 2. The general response actions, 

remedial technologies, and associated process options that may be available for the remediation 

of groundwater within the bedrock aquifer are presented in Table 3-1. A more detailed 

description of the technologies and process options listed in Table 3-1 is presented in 

Appendix C. 

3.2 ESTIMATED VOLUMES TO BE REMEDIATED 

To evaluate and compare potential remedial process options, estimates of the volumes of the 

media requiring remediation are needed. These estimates are summarized in Table 3-2 and 

facilitate evaluation of the implementability and costs of process options. Granting of a TI 

Waiver for the Site is a recognition that complete remediation of the full area that exceeds 

ARARs is not practicable and will not be required. Therefore, the estimated volumes to be 

treated will be established based on the remediation necessary to meet the RAOs.  

Selection of the areas of the site for implementation of remedial activities is based on the 

following: 

1. The portions of the site that exceed RGs. 

2.	 The waiving of certain ARARs in the portion of the Site (the TI Zone) where it is 
technically impractical to attain those ARARs. 

3.	 The RAO to remove and/or contain DNAPL and other groundwater contaminants, to 
the extent practicable, as a source control measure to inhibit contaminant migration 
from the TI Zone. 

4.	 The RAO to prevent migration of contamination to areas outside of the TI Zone 
compliance boundary. 

5.	 The area of the Site where DNAPL is most likely to be present, and the geological 
conditions in that area of the site. 

6.	 The presence of existing remedial facilities at the site including the Pump and Treat 
(P&T) system and the slurry wall. 
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3.2.1 Volume of Bedrock Zone to be Treated 

For the bedrock aquifer, the type of remedial technology implemented will impact the extent of 

the zone to be treated. Technologies that include active destruction of contaminant materials will 

focus on aggressive treatment of the zone where contaminant source material (DNAPL and 

highly-contaminated groundwater) is most likely present. For remedial technologies that involve 

containment and minimal destruction of contaminants, the treatment systems will impact a larger 

zone, and in the case of physical containment, incorporate the existing slurry wall at the Site. In 

all cases, the remedial alternatives for the TI Zone will include a component that prevents 

migration of contaminants away from the TI Zone. Because the extent of the bedrock zone to be 

treated will vary depending on the remedial technology implemented, the extent of the bedrock 

zone to be treated is specified separately for each remedial alternative. 

3.2.2 Volume of Overburden Zone to be Treated 

3.2.2.1 Overburden Zone Inside the Slurry Wall 

For the overburden aquifer, the boundary of the area requiring treatment is defined primarily by 

the existing slurry wall as shown on Figures 2-4 and 2-5. The total volume of the overburden 

soil matrix inside the slurry wall where groundwater concentrations exceed the RG/PS is 

6,000,000 cubic feet (ft3). The total volume of overburden groundwater within the slurry wall 

that exceeds the RG/PS was estimated to be 15,700,000 gallons, based on a porosity of 35%. 

3.2.2.2 Overburden Zone Outside the Slurry Wall 

In the overburden outside of slurry wall, there is still one area of groundwater that exceeds PSs 

(in this case PSs are contaminant concentrations that could migrate away from the TI Zone at 

levels that exceed the RGs). This area of exceedance is detached from the original overburden 

plume and is in the east portion of the TI Zone in the vicinity of the PW-13, PW-14, and MW-16 

clusters of wells, and B-95-13 (Figure 1-6). The maximum PCE concentrations detected in this 

lingering plume were 65 µg/L, 50 µg/L, and 47 µg/L in 2012, 2013, and 2014, respectively.  

Historical data (Figure 1-5) from the overburden outside the slurry wall show significant 

reductions (in the range of one to three orders of magnitude) of PCE concentrations since 

implementation of the ROD remedy in 1999. In three of those monitor wells (PW-13S, PW-13D, 

and PW-14S) the downward PCE concentration trend has continued after shutdown of the 
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extraction wells outside of the slurry wall in 2007. If those trends continue, it appears that the 

PCE concentration in those monitor wells will be less than the 5 µg/L RG for PCE by 

approximately 2025, which would be less than 20 years after shutdown of the overburden 

extraction wells outside of the slurry wall. In three other overburden monitor wells outside the 

slurry wall and within the TI Zone (PW-14M, PW-14D, and MW-16C), the concentration of 

PCE has leveled off after shutdown of the overburden extraction wells outside of the slurry wall. 

For those three wells, it is less clear whether the PCE concentration will attain the RG for PCE in 

less than 20 years after shutdown of the overburden extraction wells outside of the slurry wall. 

At this point, it is unclear whether continued exceedance of RGs in a limited area of the 

overburden outside of the slurry wall will cause exceedance of the PSs at the TI Zone boundary. 

Therefore, all of the remedial alternatives will include monitoring of overburden groundwater 

outside of the slurry wall to determine compliance with the PSs. If the results of that monitoring 

indicate that there is a long-term (greater than 20 years after shutdown of the overburden 

extraction wells outside of the slurry wall) risk of exceedances of the PSs in the overburden 

groundwater outside of the slurry wall then supplemental remedial action(s) will be implemented 

in that area. 

3.2.3 	 Sensitivity Analyses to Evaluate Cost of Treating Different Extents 
Bedrock and Overburden 

A sensitivity analysis is included with each remedial alternative to evaluate the costs of treating 

different extents of the bedrock and overburden zones, or operating the treatment systems for 

different periods of time. 

3.3 	 SCREENING AND COMPARATIVE EVALUATION OF  
REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS 

This subsection describes the results of a comparative analysis of each process option identified 

in Subsection 3.1. The process options were compared for effectiveness, implementability, and 

relative cost. The purpose of this screening and evaluation process is to eliminate technologies 

that are not feasible or have severe limitations that might prevent achievement of RAOs. Based 

on the results of the comparative analysis, a recommendation has been made for each process 

option to be retained or eliminated from further consideration. Those process options retained 
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have been used in the development of alternatives in Section 4. The factors used in the 

evaluation are the following: 

 Effectiveness – The effectiveness of the process option was assessed, taking into 
account the following: 

-	 Effectiveness of the process option in meeting RAOs. 

- Potential impacts to human health and the environment during the construction 
and implementation phases. 

-	 How proven and reliable the process is with respect to the contaminants and 
conditions at the Site. 

 Implementability – Process options were evaluated against the following 
implementability factors: 

-	 Ability to obtain administrative approvals and/or public acceptance. 

-	 Availability of support services and equipment necessary to perform the process 
option. 

 Cost – Process option cost factors were evaluated with respect to the following: 

- Relative capital and O&M costs of process options that provide similar results. 

Table 3-3 presents the results of the process option screening for bedrock contamination and 

overburden groundwater within OU1. The process options that have been retained are used in the 

development of remedial alternatives in Section 4. 
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4. SCREENING AND DEVELOPMENT OF ALTERNATIVES 

Remedial alternatives have been screened and developed for the bedrock aquifer within OU1 

using the process options retained in Section 3. These alternatives address two areas within OU1: 

the TI Zone and the GC Area as defined in Section 2. Although the primary focus of this FS is to 

evaluate remedial alternatives that will address groundwater contamination in the bedrock 

aquifer, there is a substantial interconnection between the overburden and bedrock aquifers, such 

that ongoing remedial activities in OU1 could impact the effectiveness of the remedies in the 

bedrock, or vice versa. For that reason, each remedial alternative for the TI Zone includes a 

component that addresses the overburden aquifer, including an alternative for continuation of the 

current ROD remedy for OU1 without future modifications.  

For the TI Zone, implementation of remedial technologies as detailed in the remedial alternatives 

is appropriate for source control remediation of the highly-contaminated media. The key 

objectives of the treatment of the contaminant source area will be to reduce contaminant mass in 

the TI zone and inhibit the migration of contaminated groundwater away from the TI Zone. Each 

of the TI Zone alternatives also includes a permanent IC component to prevent exposure to 

contaminated groundwater. For each of the TI Zone remedial alternatives, target treatment areas 

and volumes are defined by based on the extent of groundwater contamination present in the 

overburden and bedrock in the TI Zone. 

The long-term cleanup goals for the less contaminated bedrock groundwater in the GC Area are 

achieving the RGs presented in Section 2. In addition to the existing ROD remedy alternative 

(which includes natural attenuation of the overburden groundwater contamination, with limited 

monitoring of bedrock groundwater), a second alternative considered consists of MNA for all 

groundwater and temporary ICs (to be in place until groundwater cleanup standards are 

achieved). The alternatives assessed for the GC Area would be implemented concurrently with 

the source and migration control measures to be implemented in the TI Zone and the ongoing 

remediation in OU2. The TI Zone remedies will reduce or eliminate the flux of contamination 

into the GC Area, and thereby facilitate faster attenuation of the existing contamination. 
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4.1 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

4.1.1 TI Zone 

Six initial remedial alternatives were developed from the technologies and process options 

selected in Section 3 for the TI Zone, as summarized in Table 4-1. With the exception of 

Alternative TI-1 (ROD remedy) and Alternative TI-2 (Physical Containment), the primary focus 

of each alternative is reduction of contaminant mass in the TI Zone. Alternatives TI-3 through 

TI-6 employ active contaminant removal technologies, including various combinations P&T, 

ISCO, in situ chemical reduction (ISCR), and in situ thermal treatment (ISTT). Alternatives TI-2 

through TI-6 also include multiple options for addressing the contamination in the overburden, 

beyond those included in TI-1, resulting in a total of 14 unique initial remedial alternatives. 

A rough order of magnitude cost estimate, along with the major assumptions used to develop 

these cost estimates, is provided for each alternative. The rough order of magnitude cost 

estimates include both capital and up to 30 years of O&M costs, although all alternatives are 

expected to require O&M for longer than 30 years.  

4.1.2 Groundwater Cleanup Area (GC Area) 

Two remedial alternatives have been developed from the technologies and process options 

selected in Section 3 for the GC Area and are summarized in Table 4-2. Also provided for each 

alternative in Table 4-2 is a rough order of magnitude cost estimate, along with the major 

assumptions used to develop these cost estimates. Neither of the alternatives (ROD remedy and 

MNA) includes active treatment. The reason that only two alternatives were considered for the 

GC Area is due in large part to the limited contaminant levels present in the groundwater north 

of the Souhegan River (maximum observed concentration in the last 5 years is 102 µg/L of 

PCE), the large extent of that area (approximately 6.5 acres), and the inability to implement any 

active remedies without substantial impact to this heavily-wooded and privately-owned area. The 

large size of the GC Area combined with the low observed concentrations makes it highly 

inefficient to treat the contamination using active remedies such as ISCO, ISCR, or in situ 

enhanced bioremediation. The extensive network of injection points that such systems would 

require could not be installed without significant clearing of the existing wooded area. Previous 

interactions with the owner of the property north of the Souhegan River during the RI 
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have suggested that alteration of the landscape, including clearing of trees, would not be 

acceptable to that property owner. Further, because the GC Area is on the opposite side of the 

Souhegan River from the existing GWTP significant added cost would be incurred for burying 

groundwater transmission lines beneath the river for groundwater extraction. As a result, it was 

concluded that only two reasonable alternatives (ROD remedy and MNA) could be developed for 

the GC Area. 

The analysis of the ROD remedy and MNA alternatives is provided in Section 6. 

4.2 SELECTION OF ALTERNATIVES FOR DETAILED ANALYSIS 

The next step in the FS process is selection of alternatives to undergo detailed analysis. Because 

many of the alternatives include different combinations of similar components for treatment of 

the overburden and the bedrock, redundancy has been avoided and the detailed analysis has been 

simplified by splitting the alternatives into bedrock and overburden components for separate 

analysis. Table 4-3 summarizes the eight comprehensive alternatives evaluated as part of the 

detailed analysis. 

4.2.1 TI Zone 

The bedrock remedial action components proceeding to the detailed analysis included: 

 Monitoring (the ROD remedy)   
 Physical Containment 
 Hydraulic Containment 
 ISCR 
 ISCO 
 ISTT 

The overburden remedial action components proceeding to the detailed analysis included: 

 Physical Containment (the ROD remedy) 
 Hydraulic Containment (the ROD remedy) 
 Permeable Reactive Barrier (PRB) 
 Thermal Treatment 

This limits the detailed analysis to ten remedial action components that are combined into a total 

of six TI Zone remedial alternatives (TI-1 through TI-6) for detailed analysis in Section 5 of this 

FS. 
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4.2.2 Groundwater Cleanup Area 

The remedial action components for the bedrock groundwater proceeding to the detailed analysis 

will include: 

 Monitoring (the ROD remedy) 
 MNA 

The overburden remedial action components proceeding to the detailed analysis will be: 

 Natural Attenuation (the ROD remedy) 
 MNA 

This limits the detailed analysis to two GC Area remedial action components that are combined 

into two remedial alternatives (GC-1 and GC-2) for detailed analysis in Section 6 of this FS. 

4.3 OVERVIEW OF ALTERNATIVE EVALUATION APPROACH 

A detailed analysis of the six TI Zone remedial alternatives was conducted in accordance with 

the Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA 

(EPA, 1988) and the cost estimate for each alternative was performed in accordance with 

A Guide to Developing and Documenting Cost Estimates During the Feasibility Study 

(EPA, 2000). The results of the detailed analysis provide the basis for identifying a preferred 

alternative, preparing the proposed plan for public comment and ultimately selecting a remedial 

action. During the detailed analysis, each remedial alternative is assessed against the NCP 

evaluation criteria (40 C.F.R. Part 300.430(e)(9)(ii)). The results of the assessment compare the 

remedial alternatives and identify the key tradeoffs among alternatives.  

4.3.1 Evaluation Criteria for Alternatives 

Assessment against two of the nine criteria relate directly to statutory findings that must 

ultimately be made in a future Amended ROD. Therefore, these are categorized as threshold 

criteria (i.e., each remedial alternative must satisfy them in order to be selected). These two 

threshold criteria are as follows: 

 Overall Protection of Human Health and the Environment: The assessment against 
this criterion describes how the remedial alternative, as a whole, achieves and 
maintains protection of human health and the environment. 
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 Compliance with ARARs: The assessment against this criterion evaluates how each 
of the remedial alternatives complies with ARARs, or if an ARAR waiver is required 
and how the waiver is justified. 

The following five criteria are considered balancing criteria and are grouped together because 

they represent the criteria upon which the comparative analysis is based. The primary balancing 

criteria are as follows: 

 Long-Term Effectiveness and Permanence: The assessment against this criterion 
evaluates the long-term effectiveness and permanence of remedial alternatives, along 
with the degree of certainty that the alternative will prove successful, factoring in the 
magnitude of residual risk remaining from untreated waste or treatment residuals 
remaining at the conclusion of the remedial activities. The characteristics of the 
residuals should be considered to the degree that they remain hazardous, taking into 
account their volume, toxicity, mobility, and propensity to bioaccumulate. Also, the 
adequacy and reliability of controls such as containment systems and ICs that are 
necessary to manage treatment residuals and untreated waste. This factor addresses in 
particular the uncertainties associated with land disposal for providing long-term 
protection from residuals; the assessment of the potential need to replace technical 
components of the alternative, such as a cap, a slurry wall, or a treatment system; and 
the potential exposure pathways and risks posed should the remedial action need 
replacement. 

 Reduction of Toxicity, Mobility, and Volume (TMV) through Treatment: The 
assessment against this criterion evaluates the degree to which alternatives employ 
recycling or treatment that reduces TMV, including how treatment is used to address 
the principal threats posed by a site. 

 Short-Term Effectiveness: The assessment against this criterion evaluates the 
effectiveness of remedial alternatives in addressing short-term risks that might be 
posed to the community during implementation of an alternative; potential impacts on 
workers during remedial action and the effectiveness and reliability of protective 
measures; potential environmental impacts of the remedial action and the 
effectiveness and reliability of mitigative measures during implementation; and time 
until protection is achieved. 

 Implementability: The assessment against this criterion evaluates the technical and 
administrative feasibility of remedial alternatives and the availability of required 
resources, factoring in technical feasibility, including: technical difficulties and 
unknowns associated with the construction and operation of a technology, the 
reliability of the technology, ease of undertaking additional remedial actions, and the 
ability to monitor the effectiveness of the remedy; administrative feasibility, 
including activities needed to coordinate with other offices and agencies and the 
ability and time required to obtain any necessary approvals and permits from other 
agencies (for off-site actions); the availability of services and materials, including the 
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availability of adequate off-site treatment, storage capacity, and disposal capacity and 
services; the availability of necessary equipment and specialists and provisions to 
ensure any necessary additional resources; and the availability of prospective 
technologies. 

 Cost: The assessment against this criterion evaluates the capital, O&M, and net 
present value (NPV) costs of each remedial alternative. A discount rate of 7% is 
assumed to estimate the present values for this FS in accordance with A Guide to 
Developing and Documenting Cost Estimates During the Feasibility Study 
(EPA, 2000). 

The final two criteria are classified as the modifying criteria and include state or support agency 

acceptance, and community acceptance: 

 State Acceptance: This assessment reflects the state’s preferences among, or concerns 
about, remedial alternatives. 

 Community Acceptance: This assessment reflects the community’s preferences 
among, or concerns about, remedial alternatives. 

These modifying criteria are usually evaluated following receipt of public comments on the 

Proposed Plan and are addressed in the Responsiveness Summary included as an appendix to a 

future Amended ROD. Therefore, these criteria have not been addressed in this FS. A detailed 

analysis of each of the six remedial alternatives for the TI Zone against the two threshold criteria 

and five balancing criteria described above is presented in Section 5. The analysis of the two 

remedial alternatives for the GC Area against the two threshold criteria and five balancing 

criteria is presented in Section 6. 

4.3.2 Cost Sensitivity Analysis for TI Zone Remedial Alternatives 

The vertical extent of groundwater contamination in deep bedrock in the TI Zone has not been 

fully defined. The deepest monitoring well within the TI Zone is BR-6, which extends to over 

600 ft below grade and showed significant contamination (74,000 µg/L) in the deepest fracture. 

The modeled extents of contamination at the site are defined by a total of three deep bedrock 

monitoring wells (BR-3, BR-5, BR-6). As a result, there is some level of uncertainty with regard 

to the vertical and horizontal extent of contamination that would be targeted by the TI Zone 

remedial alternatives. This uncertainty could impact the cost of the alternatives.  
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In an effort to assess the variation in cost for the TI Zone alternatives related to the uncertainty in 

the vertical and horizontal extent of the treatment zone, cost sensitivity analyses were performed 

on each of the TI Zone alternatives. The sensitivity analyses are intended to evaluate the 

variation in cost associated with treating varying thicknesses and different lateral extents of the 

deep bedrock groundwater within the TI Zone. A range of deep bedrock thicknesses were 

evaluated, depending on the alternative, and included 100, 300, 500, 700 (for ISCR, ISCO, and 

ISTT), 900 and 1,100 ft. Thicknesses greater than 700 ft were evaluated only for the physical 

containment alternative (TI-2). For the ISCR, ISCO, and ISTT alternatives, three different lateral 

extents of contamination were evaluated as follows:  

 The >50 mg/L PCE Area (base case) 
 The >15 mg/L Area 
 The >1.5 mg/L Area 

The conceptual designs of the alternatives, including parameters such as treatment well spacing, 

amendment dosage, injection frequency, and pumping rates, were used to develop unit costs for 

the various technologies. For the sensitivity analysis, the unit costs were then extrapolated 

relative to the size of the various treatment areas. Changes to the unit costs resulting from 

technical challenges that increase with depth were not considered unless they were believed to be 

a significant factor, in which case they are specifically discussed in Section 5. The results of the 

cost sensitivity analysis are discussed further for each alternative in Section 5.  

4.4 COMMON COMPONENTS OF ALL REMEDIAL ALTERNATIVES 

There are some components that are included with all the alternatives evaluated in Sections 5 

and 6. Those common components are either required by CERCLA or are needed in order for the 

alternative to be protective of human health and the environment until the cleanup goals are 

achieved. Those common components are summarized here to avoid repeating them in the 

description of each remedial alternative in Sections 5 and 6.  

4.4.1 Five-Year Review 

In accordance with CERCLA Section 121(c), 42 U.S.C. §121(c), a performance evaluation must 

be conducted at least every 5 years when a remedial action results in any hazardous substances, 

pollutants, or contaminants remaining at the site. Because concentrations are expected to remain 
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above PSs in overburden and bedrock groundwater within the TI Zone for the foreseeable future, 

Five-Year Reviews will need to be conducted every 5 years for as long as contaminated 

groundwater exceeds the groundwater PSs. Five-Year Reviews will need to address the GC Area 

for as long as contaminated groundwater exceeds the RGs. 

The purpose of the Five-Year Review is to determine whether the remedy(ies) being 

implemented remain protective of human health and the environment. The methods, findings, 

and conclusions of these reviews are documented in Five-Year Review Reports issued by EPA 

for public review. The review will include the complete remedy implemented at the Site (both 

OU1 and OU2), including overburden and bedrock in both the TI Zone and GC Area in OU1, as 

required. As part of the Five-Year Review, data and information regarding remedial operations 

collected over the previous 5 years will be reviewed, and a determination of the protectiveness of 

the remedy will be made based upon remaining risks within OU1 (a similar analysis will be 

conducted for OU2). A review of operating remedial systems will be conducted as well as an 

assessment of contaminant trends to determine if contaminants are captured, have migrated or 

degraded, and if any new threats are evident. Any changes in regulations or standards that could 

impact the protectiveness of the remedy are also reviewed. The effectiveness of ICs that limit or 

prevent human exposure to contaminants and protect components of the remedies will be 

assessed (i.e., conditions of fences or soil covers, or status of legal restrictions on land use). 

For purposes of estimating costs in this FS, a period of 30 years has been assumed per EPA 

guidance (EPA, 1988). Therefore, it has been assumed that six Five-Year Reviews will be 

performed, at a minimum. However, the obligation will likely remain permanently for the TI 

Zone. 

4.4.2 Institutional Controls 

Institutional controls are important in maintaining the protectiveness of the remedy until the 

cleanup is completed by limiting exposure to contaminated materials. Because contamination 

will remain in overburden and bedrock groundwater, ICs will need to be implemented to prevent 

use of untreated contaminated groundwater. The TI Zone portion of OU1 is zoned for industrial 

use and the Town of Milford has indicated that long-range plans for the OU1 area south of the 

Souhegan River will remain industrial/commercial. 
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There is no municipal ordinance or deed restriction to prohibit or provide notice against drilling 

of water supply wells in OU1. The Town of Milford’s current zoning ordinance includes a 

groundwater protection district that encompasses OU1, but the ordinance does not specifically 

prohibit well development within the groundwater protection district. The ROD remedy required 

that deed notices should be recorded. To date, no ICs have been implemented within either OU1 

or OU2. 

The ICs to be imposed within the TI Zone will need to be maintained permanently because 

drinking water standards will not be attained in the TI Zone in the foreseeable future. These ICs 

will likely include, at a minimum, the following: 

 Prohibition of the use of groundwater from the TI Zone via establishment of 
municipal restrictions associated with the groundwater protection district (e.g., a 
Town Ordinance), and/or individual deed restrictions or notices (as permitted under 
the regulations). 

 Prevent any disturbance of remedial components, including the slurry wall and 
monitoring/treatment wells and also restricting the extraction of groundwater or 
discharging of water within OU1 in a manner that could negatively impact the 
remediation program. 

 An additional buffer zone around the TI Zone compliance boundary may be 
established during the remedial design phase of the cleanup or, if required, sometime 
after the remedy is implemented based on future monitoring data and five-year 
reviews. The objective of this additional buffer zone, if necessary, will be to prevent 
wells from being used or installed that have the potential to draw contaminated 
groundwater away from the TI Zone compliance boundary.6 

The ICs for the TI Zone would need to be maintained permanently, because site contaminant 

levels would not allow unlimited access and unrestricted use for any time in the foreseeable 

future. Annual inspections would be performed to verify the integrity of the ICs, including 

documenting evidence of unauthorized development or disturbance of remedy infrastructure, 

such as fencing, signs, monitoring/treatment wells, and the cap. 

6 For the properties bordering the TI Zone compliance boundary along the GC Area and OU2, this remedy 
component would not be needed until groundwater cleanup standards are achieved in these areas, since both of 
these areas are subject to their own temporary IC requirements. 
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The portion of the OU1 GC Area where groundwater contaminants are present at concentrations 

greater than the RGs is located north of the Souhegan River, is zoned residential, and is within a 

single parcel owned by a private party. The ICs to be imposed within that portion of the GC Area 

would be temporary, and needed only until the RGs are achieved. They will include the 

following: 

 Prohibition of the use of contaminated groundwater from the GC Area via 
establishment of municipal restrictions associated with the groundwater protection 
district (e.g., a Town Ordinance), and/or individual deed restrictions or notices (as 
permitted under the regulations). 

 Prevent any disturbance of remedial components, including monitoring wells and also 
restricting the extraction of groundwater or discharging of water within OU1 in a 
manner that could negatively impact the remediation program. 

 An additional temporary buffer zone around the GC Area may be established during 
the remedial design phase of the cleanup or, if required, sometime after the remedy is 
implemented based on future monitoring data and five-year reviews, to prevent wells 
from being used or installed that have the potential to draw contaminated 
groundwater away from the GC Area.  
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5. 	 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES  
FOR THE TI ZONE 

5.1 	COMPREHENSIVE REMEDIAL ALTERNATIVES FOR THE TI ZONE 

In this section the remedial action components for the TI Zone retained for further consideration 

in Section 4 are combined into six comprehensive remedial alternatives that represent a range of 

options and outcomes for remediation of the TI Zone. Each of the six remedial alternatives is 

further defined herein with respect to volumes or areas of contaminated media to be addressed, 

the technologies to be used, and any performance requirements associated with the remedial 

technologies. A conceptual cost estimate and a sensitivity analysis has been prepared for each 

alternative in order to evaluate the costs associated with treatment of different extents 

(horizontally and vertically) of the TI Zone, along with options for the management of migration 

(MOM) of groundwater beyond the TI Zone boundary. The costs for decommissioning of the 

existing P&T system are not included in any of the alternatives as P&T is considered as a 

contingent measure for MOM if the other approaches do not meet the MOM PS. The alternatives 

are each evaluated with respect to the established CERCLA evaluation criteria. Detailed analyses 

of the two alternatives for the GC Area are provided in Section 6. A comparative analysis of the 

alternatives to assess the relative performance of each alternative with respect to each of the 

evaluation criteria is provided in Section 7 of this FS. 

An overview of the comprehensive remedial alternatives that has been developed and evaluated 

for the TI Zone is provided in Table 4-3. 

5.2 	 ALTERNATIVE TI-1: ROD REMEDY 7 

Under the ROD remedy alternative, the existing remedy for OU1, including groundwater P&T, 

the slurry wall, natural attenuation, environmental monitoring, and ICs would continue in the 

overburden and shallow bedrock groundwater. No remedial actions would be implemented for 

the deep bedrock groundwater other than the existing monitoring program. This alternative relies 

7  A No Action alternative, as described by the NCP (40 C.F.R. 300.68(f)) as a baseline against which the other 
alternatives may be compared was not developed for this amended remedy evaluation since a No Action 
Alternative was assessed in the ROD and the purpose of this FS is to compare new proposed alternatives to the 
existing ROD remedy. 
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on natural processes to reduce the levels of contamination in deep bedrock groundwater (but 

does not meet EPA guidance standards to be considered MNA). As specified in Section 2 of this 

FS, the RAOs for the TI Zone have been changed from those specified in the ROD and now 

consist of RAOs that focus on: 

 Preventing exposure to contaminated groundwater in the TI Zone. 
 Preventing migration of contaminants away from the TI Zone.  
 Monitoring groundwater quality using the existing monitor well network. 

For this remedy, a TI Waiver of the federal and state chemical-specific groundwater cleanup 

standards (including federal MCLs and state AGQS) would be invoked for the groundwater 

within the TI Zone. The analyses of compliance with the NCP criteria presented in the ROD and 

ESD are reassessed herein based on the additional investigations as reported in the 2014 RI and 

the changes to the RAOs as detailed in Section 2 of this FS.  

5.2.1 Existing Remedy for the Overburden 

The current remedy for OU1 consists of a groundwater P&T system and slurry wall to contain 

contaminated groundwater in the most highly-contaminated portion of the overburden, in 

combination with natural attenuation throughout OU1. These elements are discussed briefly as 

they relate to evaluation against the NCP criteria in order to serve as the basis for comparison to 

the other remedial alternatives.  

5.2.1.1 Overburden Pump and Treat/Slurry Wall 

Overburden Zone Inside Slurry Wall 

The OU1 groundwater treatment facility is currently in use for the extraction and treatment of 

groundwater from the shallow overburden within the area enclosed by the slurry wall. The 

primary objective of the groundwater extraction from the wells inside the slurry wall is to 

maintain an inward and/or upward hydraulic gradient that should ensure hydraulic isolation of 

the contaminant mass within the area enclosed by the slurry wall. The inward and/or upward 

gradients minimize the risk that overburden contaminants will be released from the containment 

structure and impact areas outside the slurry wall, including the OU2 groundwater contaminant 

plume. In 2013 and 2014, the extraction rate from the shallow overburden within the area 

enclosed by the slurry wall was approximately 25 gpm, and the PCE concentration in extracted 
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groundwater was in the range of 200 to 370 µg/L, with an average concentration of 286 µg/L. 

The TCE concentration in extracted groundwater was in the range of 35 to 76 µg/L, with an 

average of 53 µg/L. The cDCE concentration was very similar to that of TCE. The compound 

1,1,1-TCA, which has previously been detected in the treatment system influent, was not 

detected in the treatment system influent during 2013 and 2014.  

Extracted groundwater is currently treated with air stripping to remove VOCs. The VOC 

concentrations in extracted overburden groundwater have been at the level where the daily and 

yearly mass discharge in the air stripper exhaust is less than the threshold for the air action-

specific ARARs. Therefore, no treatment of the air stripper exhaust has been required and, as a 

result, the air stripper exhaust has been discharged to the atmosphere without treatment. The 

groundwater effluent from the treatment system complies with groundwater discharge criteria 

and is injected into the overburden aquifer through a subsurface recharge gallery. The recharge 

gallery is located outside and to the east (downgradient) of the slurry wall.  

Overburden Zone Outside Slurry Wall 

The existing ROD remedy also includes groundwater extraction from wells located outside of the 

slurry wall. Two extraction wells were operated in the overburden outside the slurry wall until 

2007 in order to reduce groundwater contaminant concentrations in that area to RGs and levels 

that would prevent migration of contaminants to OU2 at levels greater than the RGs for the Site. 

The overburden extraction wells outside of the slurry wall were shut down in April 2007 when 

site data indicated that natural attenuation would be sufficient for eventual attainment of the RGs 

in the overburden groundwater outside of the slurry wall. 

As discussed in Subsection 3.2.2.2, when operation of the overburden extraction wells outside of 

the slurry wall was discontinued in 2007, there was still one area of overburden groundwater 

outside of the slurry wall that exceeded PSs (in this case PSs are contaminant concentrations that 

could migrate away from the TI Zone at levels that exceed the RGs). That zone of exceedance is 

detached from the original overburden plume and is in the east portion of the TI Zone in the 

vicinity of the PW-13, PW-14, and MW-16 clusters of wells, and B-95-13 (Figure 1-6). The 

maximum PCE concentrations detected in that lingering plume were 65 µg/L, 50 µg/L, and 

47 µg/L in 2012, 2013, and 2014, respectively. 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

5-3
 



 
 

   
 
 

   

  

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

Historical data (Figure 1-5) from the overburden outside of the slurry wall show significant 

reductions (in the range of one to three orders of magnitude) of PCE concentrations since 

implementation of the ROD remedy in 1999. In three of those monitor wells (PW-13S, PW-13D, 

and PW-14S), the downward PCE concentration trend has continued after shutdown of the 

extraction wells outside of the slurry wall in 2007. If those trends continue, it appears that the 

PCE concentration in those monitor wells will be less than the 5 µg/L RG for PCE by 

approximately 2025 which would be less than 20 years after shutdown of the overburden 

extraction wells outside of the slurry wall. In three other overburden monitor wells outside the 

slurry wall and inside the TI Zone (PW-14M, PW-14D, and MW-16C), the concentration of PCE 

has leveled off after shutdown of the overburden extraction wells outside of the slurry wall. For 

those three wells, it is less clear whether the PCE concentration in those wells will attain the RG 

for PCE in less than 20 years after shutdown of the overburden extraction wells outside of the 

slurry wall.  

The compliance monitoring portion of the ROD remedy will continue to be implemented in the 

overburden area outside of the slurry wall. This monitoring program will be used to determine 

whether or not there is migration of contaminated groundwater exceeding PSs beyond the TI 

Zone compliance boundary. If, as the remedial program at the Site progresses, it appears that 

natural attenuation will not, over the long-term, prevent exceedances of the PSs in the 

overburden at the TI Zone compliance boundary, then pumping from the extraction wells outside 

the slurry wall (a component of the ROD remedy) could be restarted. While some updates to the 

controls, pumps, etc. for those wells may be necessary in order to restart the wells, no 

modifications to the treatment system would be needed because the treatment system was 

originally sized to include treatment of water extracted from the wells outside of the slurry wall. 

If the two existing extraction wells outside of the slurry wall are determined to be improperly 

located for treatment of the remaining zone that exceeds PSs, then additional overburden 

extraction wells could be installed and connected to the groundwater treatment system. The 

installation and operation of additional extraction wells would be considered an optimization step 

under the existing ROD remedy. 
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5.2.1.2 Natural Attenuation 

Under this alternative there would be no changes to the existing natural attenuation component of 

the ROD remedy. Since operation of the extraction wells outside of the slurry wall was 

discontinued in April 2007, natural attenuation (monitoring only) is the remaining component of 

the ROD remedy for the overburden plume outside the slurry wall. Natural attenuation 

(monitoring only) is also the remedy for the bedrock within the TI Zone under the existing ROD 

and ESD. 

5.2.1.3 Performance and Compliance Monitoring 

Under the existing ROD remedy, Long-term monitoring (LTM) will be continued in order to 

monitor groundwater contaminant concentrations within and outside of the TI Zone. Long-term 

monitoring of the discharge from the overburden groundwater P&T system will be used to verify 

proper operation of the system and to also ensure that operation of the groundwater P&T system 

does not cause negative impacts to groundwater in the vicinity of the recharge gallery. 

Under this alternative, no additional monitoring wells will be installed within the TI Zone. The 

existing groundwater monitoring program will be continued and optimized as appropriate for 

performance and compliance monitoring using the existing monitoring well network. Sampling 

will be performed annually and the groundwater samples will be submitted to a qualified 

laboratory for analysis of VOCs.  

5.2.2 Evaluation of Alternative TI-1 

The following Subsections include an evaluation of Alternative TI-1 with respect to the EPA 

Evaluation Criteria listed in Section 4. 

5.2.2.1 Overall Protection of Human Health and the Environment 

The existing ROD includes an RAO that specifies attainment of drinking water standards 

throughout the Site. This alternative will not attain that RAO for the foreseeable future and, 

therefore, will not meet protectiveness standards without the implementation of ICs. This 

determination is based on groundwater quality data collected since the implementation of the 

ROD that have documented that deep bedrock groundwater contamination is not attenuating 

through natural processes fast enough to meet ROD requirements. It is unlikely that modification 
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of the RAOs as specified in Section 2 of this FS will be sufficient to make this alternative 

protective of human health even with ICs established within the TI Zone. Overburden 

groundwater source control measures implemented as part of the ROD remedy will continue to 

be ineffective in preventing deep bedrock contamination migration (particularly if bedrock wells 

are developed on adjacent off-site properties that could enhance migration of the bedrock 

groundwater contaminant plume). Monitoring of the deep bedrock as part of this alternative may 

identify that deep bedrock contamination migration is occurring, but will not prevent it from 

moving beyond the TI compliance boundary. 

The ongoing protectiveness of the remedy under this alternative will be assessed at a minimum 

every 5 years through the CERCLA five-year review process. 

5.2.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The chemical-, location-, and action-specific ARARs associated with Alternative T1 are listed in 

Appendix A Tables A-1, A-2, and A-3, respectively. The location- and action-specific ARARs 

associated with the existing ongoing remedial action in the overburden have been met or, in the 

case of ICs that permanently prevent exposure to groundwater throughout the TI Zone, can be 

readily implemented. The highly-contaminated groundwater and the likely presence of DNAPL 

in the source area in the TI Zone will prevent this alternative from achieving chemical-specific 

ARARs such as federal MCLs and state AGQSs. An amended remedy with an RAO that 

specifies preventing migration of contamination away from the TI Zone would require invoking 

a CERCLA TI Waiver. Such a waiver would remove the chemical-specific groundwater cleanup 

ARARs from the remedy. Instead, the drinking water standards would be cited as action-specific 

groundwater monitoring performance standards to confirm that the source control measures in 

the alternative are preventing migration of groundwater contamination beyond the TI Zone 

compliance boundary. However, because this alternative does not provide treatment or 

containment of groundwater contaminants in bedrock, it is highly unlikely that continued 

implementation of the ROD Remedy will prevent the migration of bedrock groundwater 

contaminants to areas beyond the TI Zone compliance boundary shown in Figure 2-1, unless that 

boundary is extended further to the north. 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

5-6
 



 
 

   
 
 

   

  

 

 

 

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

5.2.2.3 Long-Term Effectiveness and Permanence 

The RAOs as specified in Section 2 will likely not be achieved at the Site under this alternative 

because the source control measures in the ROD remedy are insufficient to prevent migration of 

bedrock groundwater contamination to areas beyond the TI Zone compliance boundary. The 

requirement to establish permanent ICs for the area within the TI Zone should effectively prevent 

exposure to contaminated groundwater in the TI Zone. As noted above, bedrock groundwater 

contaminants will likely continue to migrate to areas outside of the TI Zone for the foreseeable 

future. Therefore, ICs would also be necessary for property outside of the Site for the long-term 

protection of potential downgradient receptors of contaminated drinking water. Such off-site ICs 

are not a component of the ROD remedy. Table 5-1 provides an evaluation of Alternative TI-1 

with respect to the RAOs. 

5.2.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

Under this alternative, treatment of contamination in the overburden and shallow bedrock 

groundwater will continue to occur through operation of the P&T system. The existing P&T 

system will provide little or no reduction in the TMV of the groundwater contaminants, as the 

VOCs removed from the groundwater by air stripping are discharged to the atmosphere without 

treatment (although not at levels that exceed regulatory air discharge standards). No treatment 

will be implemented to address groundwater contamination in the deep bedrock. 

5.2.2.5 Short-Term Effectiveness 

There will be no risk to the community and only limited risk to site workers in the short term, 

because the current remedy has been operating successfully and there is little risk associated with 

running the P&T system. The ICs will prevent short-term risks from exposure to contaminated 

groundwater within the Site, but there is no provision in the ROD remedy to extend ICs off-site 

in the event groundwater contamination migrates from the Site to adjoining properties. 

5.2.2.6 Implementability 

There are no technical issues involved with implementation of this alternative in the overburden 

and shallow bedrock. The ROD remedy is currently being successfully implemented in the 

overburden, and there are no foreseeable technical or environmental changes that could impact 

performance or implementability of the P&T system or the groundwater monitoring program. 
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Reactivation of the extraction wells outside of the slurry wall could be easily implemented. 

Additional extraction wells could easily be installed and connected to the groundwater treatment 

system if necessary to capture the portion of the plume outside of the slurry wall that exceeds the 

PSs. There would be no active source control measures implemented in the deep bedrock under 

this alternative. It is unlikely that the overburden P&T and the overburden slurry wall can be 

optimized in a manner that will prevent the migration of contaminated bedrock groundwater to 

areas beyond the TI Zone compliance boundary.  

5.2.2.7 Cost 

Alternative TI-1 Cost Estimate Summary 

The estimated costs for Alternative TI-1 are summarized in Table 5-2. There are no capital costs 

associated with this alternative. Costs for this alternative consist of O&M costs (including 

performance monitoring) for the overburden P&T system, groundwater monitoring, and 

Five-Year Reviews. The total NPV for Alternative TI-1 is $2.7 million (M). The elements of the 

costs and details of the estimate are presented in Appendix D (see Table D-1).  

Cost Sensitivity Analysis 

A cost sensitivity analysis for deep bedrock groundwater remediation is not applicable to this 

alternative, because the ROD remedy does not involve any active remediation of the deep 

bedrock groundwater. 

5.3 ALTERNATIVE TI-2 – PHYSICAL CONTAINMENT/IN SITU CHEMICAL 
OXIDATION 

Alternative TI-2 relies on physical containment to prevent continued migration of groundwater 

contaminants away from the area enclosed by the existing overburden slurry wall and the 

bedrock zone beneath that area. The existing overburden slurry wall would be supplemented by 

construction of a grout curtain in bedrock beneath the footprint of the slurry wall and by 

construction of an impermeable cap over the area enclosed by the slurry wall. Outside of the 

containment area and within the TI Zone, a MOM ISCO program would be implemented near 

the TI Zone boundary. The objective of the MOM ISCO would be to supplement the physical 

containment to the extent that migration of contaminants to areas beyond the TI Zone 

containment boundary is eliminated. This alternative reduces the potential for contaminant 
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migration and human exposure to site contaminants through the use of capping, a grout curtain, 

ISCO, monitoring, and ICs.  

The major components of Alternative TI-2 are listed in Table 5-3 and are discussed in detail 

below. 

5.3.1 Remedial Approach for Alternative TI-2 

To prevent migration of contaminated groundwater from the area enclosed by the slurry wall and 

the bedrock zone beneath the slurry wall to downgradient locations and receptors, a grout curtain 

will be installed to a depth of 600 ft bgs (approximately 500 ft into bedrock). Following 

construction of the grout curtain, an impermeable multimedia cap will be constructed at the 

ground surface over the area enclosed by the slurry wall. The impermeable surface cap will 

prevent infiltration of precipitation into the overburden and bedrock zones enclosed by the 

overburden slurry wall and bedrock grout curtain. The combination of the surface cap, slurry 

wall, and grout curtain will minimize the volume of groundwater that flows through the 

overburden source area and the most highly-contaminated portion of the bedrock, and thereby 

minimize transport of groundwater contaminants to downgradient locations. Operation of the 

existing overburden P&T system will be discontinued under this alternative following 

construction of the grout curtain and impermeable surface cap.  

Alternative TI-2 includes the following additional components: 

 Treatment of the bedrock groundwater via ISCO along the TI Zone boundary in order 
to minimize the migration of contaminants that remain in bedrock groundwater 
outside the grout curtain to the GC Area. This treatment of bedrock groundwater near 
the TI Zone boundary is termed MOM.  

 Long-term groundwater monitoring to confirm that no contaminant migration is 
occurring beyond the TI Zone compliance boundary in either the overburden or 
bedrock and to assess the overall effectiveness of the containment component of the 
alternative. 

 As described for Alternative TI-1, treatment of overburden groundwater outside of 
the containment area is not expected to be necessary. Overburden groundwater 
contaminant concentrations in most of that area are already below the PSs or are 
trending downward and will not result in long-term migration of contaminants to 
areas downgradient of the TI Zone. 
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 Permanent ICs for the TI Zone that will prohibit exposure to the contaminated 
groundwater and protect the components of the remedy (including the impermeable 
cap, slurry wall/grout curtain, monitoring/treatment wells). 

 An additional buffer zone around the TI Zone compliance boundary may be 
established during the remedial design phase or, if required, sometime after the 
remedy is implemented based on future monitoring data and five-year reviews. The 
objective of this buffer zone would be to prevent wells from being used or installed 
that have the potential to draw contaminated groundwater away from the TI Zone 
compliance boundary.8 

 Five-Year Reviews. 

5.3.1.1 Grout Curtain 

Conceptual Design and Area Selected for Containment 

Grout curtains have been used for many decades in dam applications to prevent underflow in 

bedrock. The use of a grout curtain in Alternative TI-2 will be analogous to its application in 

dam construction. To effectively contain and restrict movement of groundwater through a zone 

of bedrock at the Site, it will be necessary to construct a vertical barrier from the ground surface 

through the overburden and bedrock to a depth in the bedrock that will intersect essentially all 

fractures that could convey contaminated groundwater to potential receptors. In addition, an 

impermeable cap will need to be constructed at the ground surface over the area enclosed by the 

vertical barrier in order to prevent infiltration into the containment area. Provided that it would 

contain most or all of the DNAPL and highly-contaminated groundwater, the most cost-effective 

approach to a containment system within the TI Zone is to integrate the existing overburden 

slurry wall into the containment system. Such an approach would involve constructing the 

bedrock grout curtain essentially directly beneath the existing overburden slurry wall, and, to the 

maximum extent possible, sealing the bottom of the overburden slurry wall into the top of the 

grout curtain. 

The area enclosed by the existing overburden slurry wall entirely encompasses the >50 mg/L 

PCE Area and almost entirely encompasses the >15 mg/L PCE Area (note that the extents of 

8 For the properties bordering the TI Zone compliance boundary along the GC Area and OU2, this remedy 
component would not be needed until groundwater cleanup standards are achieved in these areas, since both of 
these areas are subject to their own temporary IC requirements. 
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those areas were estimated using modeling). Therefore, if the existing overburden slurry wall is 

to be integrated into the containment system, and if the bedrock grout curtain is installed on 

essentially the same footprint as the slurry wall, then most of the zone where DNAPL is most 

likely to be present will be enclosed by the containment structure (Refer to Figure 5-1, which 

depicts the location of the existing slurry wall and the modeled extents of contaminant 

concentrations). The groundwater within the TI Zone and outside the grout curtain will be 

addressed through MOM using ISCO near the TI Zone boundary and monitoring to ensure that, 

over the long-term, there is no migration of groundwater contaminants to areas beyond the TI 

Zone compliance boundary. 

The existing slurry wall extends from the ground surface down to the glacial till (if present 

overlying bedrock) or the top of bedrock and forms a vertical barrier to prevent horizontal 

migration of contaminated groundwater in the overburden. The grout curtain would be installed 

beneath the footprint of the slurry wall into the bedrock an additional 500 ft in order to provide a 

barrier to horizontal migration of groundwater contamination in bedrock (refer to Figure 5-2, 

which schematically depicts the relationship of the existing slurry wall, the proposed bedrock 

grout curtain, and the general location of bedrock contamination). The 600-ft bgs total depth of 

the grout curtain has been selected based on the deepest fractures where PCE contamination has 

been detected in well BR-6. The 600-ft depth also approximates the maximum depth of nearby 

residential wells. Given the bedrock fracture structure and hydraulic gradient at the Site, 

installation of a grout curtain to 600 ft bgs should minimize the risk that groundwater 

contaminants could migrate from the containment area inside the grout curtain to local drinking 

water supply wells outside of the TI Zone compliance boundary. 

The grout curtain would be installed by high pressure injection of grout into water-bearing 

fractures, effectively sealing off the conductive fractures from groundwater flow. The water-

bearing fractures would be accessed by installing a series of boreholes around the perimeter of 

the containment area. This grout curtain would be extended from the bottom of the existing 

slurry wall in order to almost completely encircle the >15 mg/L PCE Area from approximately 

80 ft bgs to 600 ft bgs. 
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For purposes of this FS, it is assumed that boreholes would be advanced into the bedrock at an 

initial spacing of 20 ft on center. Boreholes would be 3 to 4 inches in diameter. Water injection 

tests (similar to packer testing) would be conducted in segments of each borehole. The results of 

the water injection tests will be used to provide an initial value for expected grout uptake by the 

fractures. The borings will then be grouted, in packered increments, by high pressure injection of 

grout into the fractures. For cost estimating purposes, it was assumed that upstage grouting and a 

balanced and stable cement-bentonite grout mix (plus other additives as necessary including 

whelam or Dutan gum, water reducer, silica fume, fly ash, or slag) would be used. Upstage 

grouting is the practice of advancing the boring to full depth before beginning grouting from the 

bottom up. The grouting would proceed in increments with a packer temporarily installed at the 

top of each increment in order to maximize the volume of grout injected into each fracture.  

The target pressure for grout injection is 1.0 to 1.5 times the pressure of the overlying soil and 

groundwater, or about 1 pound per square inch (psi) per foot of overlying materials. Given this 

approximation, the injection pressure in this case will be approximately 600 psi given the 100 ft 

of overburden soil plus an additional 500 ft of bedrock, at the deepest injection depths. This 

target injection pressure is measured at the ground surface and is monitored closely to ensure that 

the necessary amount of grout and radius of influence (ROI) is achieved between boreholes to 

establish the grout curtain. Injection pressures will be adjusted as necessary to limit the 

expansion of existing fractures or formation of new fractures in the bedrock, which would be 

undesirable during construction of a grout curtain. 

The distance the grout is expected to travel from the borehole into the fractures will be initially 

estimated based upon treatability studies as discussed below. This effective distance will depend 

on many factors including the characteristics of the fractures, viscosity of the grout, pressure of 

injection, dip angles of fractures, etc. Following completion of the initial borings at a 20-ft on 

center spacing around the entire 1,600-ft circumference (79 borings), a secondary set of borings 

will be drilled in between the initial borings and the procedure repeated until grout uptake 

(low uptake rate) indicates adequate sealing of the bedrock fractures has been achieved (refer to 

Figure 5-1). As each boring is completed, the volume of grout injected is monitored. If the 

volume exceeds a certain threshold, an additional boring is needed between prior borings to 
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ensure adequate grout placement. At locations where grout uptake is still high in secondary 

borings, tertiary borings will be installed as needed. Generally, these staged borings are installed 

all within the same row of initial borings. However, in some cases multiple rows of borings 

could be advantageous. Quality control is accomplished both through computerized monitoring 

and data logging of flows, pressure, time, depth, calculated lugeon and apparent lugeon values, 

and grout property tests. Grout property tests include the following: 

 Bleed - to avoid gaps in completed grout. 

 Flowcone/marsh funnel - to measure viscosity which is important relative to size of 
fracture, small fractures require less viscous grout and larger fractures require more 
viscous grout to control distance travelled. 

 Specific gravity – to verify constituents in the grout. 

 Pressure filtration – to ensure water does not get pushed out of the grout when 
injected, which dictates amounts and types of additives needed. 

 Downhole surveys – to verify depth/location of bottom of boring given that with 
some deviation from vertical, boring bottoms can be 10 to 15 ft off of true vertical. 

 Camera surveys – provide a visual to better map and understand fracture size and 
number which relates to required grout viscosity. 

Treatability Studies 

Bench-Scale Treatability Study 

Bench-scale treatability studies will be performed to determine how the grout design to be used 

at full scale will perform. Parameters to be tested as part of treatability testing include bleed, 

pressure filtration, and flow cone. 

Pilot-Scale Treatability Study 

A field pilot-scale study will be implemented to determine many of the factors necessary for 

design of the grout curtain system. A series of borings will be drilled to the preliminary design 

depth. The fractures in those boreholes would be logged with downhole geophysical methods to 

determine the depth, relative fluid conductivity, and orientation. Grout will then be injected into 

the significant water bearing fractures and the grout uptake monitored. Subsequent to injection, 

additional borings will be cored in between and radially outward from the borings where grout 

was injected in order to determine the effective radius and completeness of the grouting. The test 
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borings that are used to evaluate the effectiveness of the grouting will ultimately be grouted to 

avoid creating any preferential pathways for migration. Data from the pilot scale test will then be 

used to optimize the design of the bedrock grout curtain and to select the equipment to be used at 

the Site for full-scale implementation. The pilot-scale test is anticipated to require 4 to 

6 weeks to complete followed by 1 to 2 months to analyze the data and complete a remedial 

design and work plan. 

Performance Monitoring 

Performance monitoring during construction will be conducted as discussed above to ensure 

quality control objectives are met. Post-construction, performance monitoring will be conducted 

as part of the quarterly, semiannual, and annual site monitoring. Specifically, water levels and 

contaminant concentrations inside and outside of the grout curtain will be monitored over time to 

determine the effects of the grout curtain on groundwater flow and containment of the highly 

contaminated groundwater inside the containment structures. Additionally, pumping tests can be 

performed to determine if the fracture system has been adequately intercepted by the grout 

curtain. 

Expected Performance of Bedrock Grout Curtain 

As described above, grout curtain installation relies upon monitoring of grout uptake during 

installation to verify that sufficient grout has been placed. A final set of borings completed with 

water tests can verify adequate performance. The unit of measure for bedrock permeability in 

this application is a lugeon, which is 1 liter of water per meter of drill hole per minute at an 

injection pressure of 150 psi. Generally, 100 lugeons is considered high flow and 1 to 2 lugeon is 

considered low, but achievable. One lugeon is equivalent to hydraulic conductivity value of 

approximately 1x10-5 centimeters per second (cm/sec). The ability to achieve this low lugeon 

value will be dependent upon the initial condition of the bedrock and the grouting effort put 

forth. 

Upon completion of the bedrock grout curtain, migration of bedrock contaminants from inside 

the grout curtain area to outside the grout curtain is expected to be reduced significantly. It is 

possible that contaminated groundwater in fractures adjacent to and outside of the grout curtain 

could be pushed slightly outward during injection of the grout. The volume of grout to be 
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injected will be a relatively small portion of the overall volume of the bedrock fractures 

downgradient of the grout curtain and within the TI Zone. Therefore, it is unlikely that 

movement of groundwater caused by grout injection will cause significant additional migration 

of bedrock groundwater contaminants to areas outside of the TI Zone. The contaminated bedrock 

groundwater outside of the grout curtain and within the TI Zone will be treated by ISCO if it 

migrates to the MOM system along the TI Zone boundary. The grout curtain is considered a 

permanent solution for the containment area that will be effective for as long as groundwater 

contaminant concentrations remain above the PSs specified in Section 2. 

5.3.1.2 Capping 

Background 

Currently, migration of contaminated groundwater from the overburden zone enclosed by the 

slurry wall is controlled by the slurry wall and the overburden P&T system. Those components 

of the OU1 remediation system maintain upward and inward gradients in the zone enclosed by 

the slurry wall in order to minimize migration of contaminated overburden groundwater 

downward into bedrock and beneath the slurry wall to downgradient overburden and bedrock 

locations, including OU2. Approximately 8 gpm of the 25 gpm flow rate extracted by the P&T 

system can be attributed to infiltration inside the slurry wall area. The remainder of the 

groundwater extracted by the P&T system flows upward from the shallow bedrock into the 

overburden as a result of the gradients induced by the P&T system. The combination of the cap, 

slurry wall, and the grout curtain will prevent movement of groundwater through the 

containment area and thereby eliminate the need for the overburden P&T system. 

Conceptual Design 

Following installation of the grout curtain, the impermeable cap will be constructed over the area 

enclosed by the slurry wall. The objective of the cap will be to prevent infiltration of 

precipitation into overburden soil and to thereby fully isolate the containment area. Remedial 

work in the 500-year floodplain of the Souhegan River will require that this alternative be 

implemented in a manner that meets relevant and appropriate provisions of Federal Emergency 

Management Agency (FEMA) floodplain management regulations (44 C.F.R. Part 9). In 
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particular, the alternative must be designed, implemented, and maintained to protect floodplain 

resources in the event of a 500-year flood event. 

An impervious multimedia cap will be designed consistent with Resource Conservation and 

Recovery Act (RCRA), 42 U.S.C. §§ 6901, et seq., standards and EPA guidance constructed 

such that it will effectively prevent infiltration of precipitation, and thereby minimize any 

hydraulic gradients that could cause additional migration of groundwater contaminants to areas 

beyond the TI Zone compliance boundary. The cap, along with ICs to prevent its disturbance, 

will also reduce the risk of direct human contact and/or ingestion of contaminated groundwater. 

The cap will be constructed over the roughly circular area enclosed by the existing slurry wall 

with a diameter approximately 500 ft, and will cover approximately 5 acres (see Figure 5-3 

showing the areal extent of the proposed cap). Figure 5-4 depicts in cross-sectional view a 

schematic of the proposed cap, the slurry wall, the grout curtain, and the location of site 

contaminants in bedrock and overburden. The cap will be 4 ft thick and will include four layers 

of materials (from top to bottom): a vegetative layer (top soil, 12 inches), a drainage layer 

(drainage sand, 12 inches, K>= 10-2 cm/sec), a 20-mil synthetic impermeable liner, and a low 

permeability soil liner (24 inches clay, i.e., K<10-7 cm/sec or other impervious soil material). 

Figure 5-5 provides these details in cross sectional view of the cap itself. Alternatively, because 

of the scarcity of clay in the region, a 12-inch layer of a higher permeability soil (i.e., K<10-4 

cm/sec) with an overlying impermeable 60-mil geomembrane can be substituted for the low 

permeability (clay) soil layer and overlying 20-mil synthetic liner previously described. 

Additionally, a drainage geocomposite layer (typically < 1 inch thick) can be substituted for the 

drainage sand while increasing cover soil to keep total cap thickness at 4 ft or moreless. 

Gas vents will be installed as an element of the cap to eliminate the potential for gas or soil vapor 

pressure buildup. A potential scenario of pressure buildup under the cap may occur if the 

Souhegan River floods rapidly into the floodplain surrounding the proposed cap location. A rapid 

water level increase could cause vadose zone air to build up pressure without an adequate release 

mechanism, creating potential for liner rupture. Installation of gas vents during construction of 

the cap will significantly reduce that possibility. 
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As part of cap construction, the casings of existing monitoring wells, extraction wells, and 

injection points intended for future use (after the cap is installed, it is expected that monitoring 

will be the only use for these wells) will need to be extended above the cap elevation before fill 

placement to allow the continued use of these wells. Wells that are no longer needed will be 

decommissioned in accordance with applicable ARAR standards. Well materials include 

polyvinyl chloride and steel, and will be extended by removing all pumps and controls and 

associated vaults or enclosures at the existing surface, connecting an appropriate length of 

extension riser onto the existing well casing, and then proceeding with construction of the cap 

around the wells. Specialized geomembrane fittings will be needed around the well penetrations 

through the impermeable liner to ensure no infiltration at those points.  

In order for water to properly drain from the top of the cap, the final slope of the cap must be at 

least 3%. Based on the size of the area, roughly 500 ft in diameter, some fill will need to be 

imported (or relocated from an on-site location), placed, and graded within the slurry wall area to 

achieve the required elevations and grades. It is estimated that up to approximately 8 ft of fill 

will be needed at the center of the area to achieve final slopes of 3%. With the addition of the cap 

above the fill material, the final maximum height of the capped area would be approximately 

12 ft above the surrounding existing ground surface, based on the design standard.  

The cap will terminate just outside of the slurry wall. The slope of the terminus would be 

constructed at a steep slope (e.g., 1.5H:1V) and covered with rip rap. Drainage channels with 

proper erosion protection creating positive drainage away from the capped area towards the 

Souhegan River would need to be constructed. The channels would convey runoff from the cap 

generally towards the north. The top of the cap would be revegetated with native grassland 

plants. 

Inspection of the cap would be performed quarterly or other approved interval to check for 

settlement, erosion, intrusion by burrowing animals or deep rooted plants, seeps, proper slopes, 

ponding, and vegetative cover. Vegetation would be mowed in accordance with normal 

maintenance activities. As part of the overall monitoring program, groundwater elevations will 

be recorded to verify integrity of the cap. 
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Treatability Studies 

Bench- and pilot-scale treatability studies are not relevant to multimedia cap installation. The 

technology is well advanced and has been used at hundreds of RCRA and Superfund sites for a 

period of over 30 years. 

Performance Monitoring 

During construction of the multimedia cap, careful attention in the form of quality 

assurance/quality control procedures will need to be followed to ensure materials meet 

specifications, materials are placed to the required grades and slopes to within tolerances, and the 

impermeable liner is installed according to manufacturer and design specifications, including 

membrane material welding specifications. Annual inspections and maintenance will be 

performed to ensure continued performance. Any areas of settlement and erosion will be 

carefully monitored and, if necessary, inspections of the impermeable liner will be performed by 

removing overlying layers in areas of concern and making repairs as necessary. Similar to the 

grout curtain, a groundwater monitoring program will be implemented to understand 

groundwater quality and flow within the slurry wall and beneath the multimedia cap, as well as 

outside the slurry wall, in both bedrock and overburden groundwater. Results of this monitoring 

program will be used to help diagnose any concerns over the integrity or intended function of the 

cap. 

Expected Performance of the Multimedia Cap 

The design objective of a multimedia cap is to limit infiltration from precipitation into 

underlying overburden. With proper monitoring and maintenance, the cap will be able to achieve 

a 99.9976% reduction in infiltration (EPA Tech Memo, 2001b), which, over the area of the cap, 

will reduce infiltration by approximately 8 gpm. The alternative cap design, which substitutes 

12 inches of low permeability soil (≤10-4 cm/sec) and a 60-mil impermeable liner for 24 inches 

of low permeability soil (≤10-7 cm/sec) and a 20-mil impermeable liner, is expected to achieve a 

99.9996% reduction in annual percolation. This alternative design may be more practical because 

of the lack of availability of very low permeability soils such as clay in New England. 
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5.3.1.3 Mitigation Measures 

Alteration of protected floodplain and wetland resources will be minimized to the extent 

practicable. Floodplain mitigation will be carried out, as practicable, for any alteration of 

floodplain resources up to the 500-year flood elevation. This may include the creation of 

replacement floodplain along the Souhegan River. Any alteration of federal or state jurisdictional 

wetland by the alternative will also be mitigated within the river corridor, to the extent 

practicable. 

5.3.1.4 Discontinuation of Pump and Treat 

Upon completion of the grout curtain and cap installation, the operation of the existing OU1 

P&T system will be decommissioned. The shut-down of the groundwater treatment facility at the 

Site will require minor termination services, including draining the system, capping pipelines, 

system cleaning, and waste disposal. For this FS, costs for the removal of the treatment 

equipment and demolition or minor long-term maintenance of the facility building are not 

included. (The costs for decommissioning are not included in any of the alternatives as P&T is 

considered as a contingent measure for MOM if the other approaches do not meet the MOM PS.)  

5.3.1.5 In situ Chemical Oxidation Treatment for Management of Migration 

Under this alternative, ISCO will be performed in the bedrock near the downgradient TI Zone 

compliance boundary. The objective of the MOM ISCO program is to minimize the risk that 

groundwater contaminants will migrate from the contaminated portion of the TI zone outside of 

the containment area to the GC Area. The ISCO component of this alternative would be identical 

to the ISCO component of Alternative TI-5, including the spacing of the injection points, the 

dosage of oxidants, number and frequency of injections, and performance monitoring. Refer to 

Subsection 5.6 for the details of the MOM ISCO program.  

5.3.1.6 Natural Attenuation in Overburden Groundwater  
Outside of the Slurry Wall 

As described in Subsections 3.2.2.2 and 5.2.1.1, the groundwater plume in the TI Zone 

overburden outside of the slurry wall that exceeds PSs has been reduced to a detached area in the 

east portion of the TI Zone. (Figure 1-6). In addition, contaminant concentration trends indicate 

that PSs may be attained in that area within approximately 20 years after shutdown of the 
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extraction wells outside of the slurry wall in 2007. Under Alternative TI-2, monitoring will be 

implemented to determine whether additional actions are necessary for attainment of the PSs 

within approximately 20 years after the 2007 shutdown of the overburden extraction wells 

outside of the slurry wall. If, as the remedial program at the Site progresses, monitoring data 

indicate that exceedances of the PSs will occur in overburden groundwater outside of the slurry 

wall for more than 20 years after shutdown of the extraction wells outside of the slurry wall, then 

a supplemental remedial program in the overburden groundwater could be implemented. That 

program could consist of: 

 A focused ISCO program in the impacted overburden area.  

 Installation of extraction wells in the impacted area, connection of those wells to the 
mothballed P&T system, and operation of the extraction wells and P&T system in a 
manner that will prevent exceedances of the PSs and also reduce contaminant mass in 
the overburden groundwater. 

Because it is likely that overburden groundwater will comply with the PSs within 20 years after 

2007 shutdown of the extraction wells outside of the slurry wall, it is unlikely that either the two 

supplemental remedial actions listed above will be necessary. Therefore, costs for 

implementation of one of the two supplemental remedial actions listed above are not included in 

the cost estimate for this remedial alternative. 

5.3.1.7 Performance and Compliance Monitoring  

Under Alternative TI-2, contaminant concentrations inside the containment area will likely 

remain above drinking water standards permanently. Therefore, periodic performance 

monitoring of water levels and groundwater VOC concentrations will be a permanent component 

of the remedy for the portion of the TI Zone inside the containment area to verify the 

effectiveness of the remedy and to also, over the long-term, monitor changes in contaminant 

concentrations. Performance and compliance monitoring of the overburden will include annual 

sampling inside and outside the containment for VOCs. The existing overburden well network is 

shown on Figure 2-4. An additional five bedrock wells will be sampled annually from inside the 

grout curtain for the first 15 years. Bedrock performance monitoring of the MOM ISCO portion 

of the remedy will include sampling five bedrock wells upgradient of the ISCO area 

semiannually for the first 15 years after remedy implementation and semiannual compliance 
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monitoring from eight new bedrock TI Zone boundary wells to verify that no contamination 

exceeding PSs migrates beyond the TI Zone boundary. The bedrock well network is shown on 

Figure 5-1. The monitoring program will be adjusted as necessary based on the progress of 

remediation at the Site. 

5.3.2 Evaluation of Alternative TI-2 

5.3.2.1 Overall Protection of Human Health and the Environment 

The potential for contaminated groundwater to migrate to areas beyond the TI Zone compliance 

boundary will be significantly and permanently inhibited because of the installation of horizontal 

(cap) and vertical barriers (grout curtain) and the MOM ISCO program. The potential for 

ingestion of contaminated groundwater will be significantly reduced through the implementation 

of ICs that will prohibit the use of contaminated groundwater within the TI Zone and the 

potential establishment of a well restriction buffer zone beyond the compliance boundary.  

Alternative TI-2 will effectively reduce the potential for direct contact with contaminated 

groundwater within the capped area through installation and maintenance of the cap, and 

implementation of ICs. Treatment of bedrock groundwater in the area outside of the containment 

area by the MOM ISCO program will further reduce risks to human health by causing permanent 

destruction of groundwater contaminants. Monitoring of wells along the TI Zone compliance 

boundary will be used to determine compliance with the PSs and whether additional MOM or 

other remedial actions are necessary in the bedrock and/or overburden. 

Because of the potential presence of DNAPL in overburden soil and in the bedrock fractures in 

the contaminant source area, the TI Zone will need to be established and an RAO specified 

(as detailed in Section 2) to prevent the migration of contaminated groundwater away from the 

TI Zone. Permanent monitoring and ICs will be implemented in order to further protect human 

health and the environment. In addition, a well-restriction buffer zone may be established, if 

required, on properties surrounding the TI Zone to further prevent remaining groundwater 

contamination from being drawn out from the compliance boundary. 

The ongoing protectiveness of the remedy under this alternative will be assessed at a minimum 

every 5 years through the CERCLA five-year review process. 
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5.3.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The chemical-specific ARARs that will be waived because of TI are identified in Table A-4 in 

Appendix A. The location-, and action-specific ARARs associated with Alternative TI-2 are 

listed in Tables A-5, and A-6, respectively. Discussion of some of the most relevant ARARs is 

provided below. 

Location Specific Applicable or Relevant and Appropriate Requirements 

Wetlands and Floodplains 

The wetland and floodplain regulations cited in the ROD that incorporated Executive 

Orders 11988 (Floodplain Management) and 11990 (Protection of Wetlands) at 40 C.F.R. Part 6, 

Appendix A no longer exist. Therefore, in the Amended ROD, they will be replaced by 

requirements to meet the Executive Order standards incorporated in FEMA floodplain 

management and wetland protection regulations at 44 C.F.R. Part 9. The standards are relevant 

and appropriate to this alternative because of the significant potential for filling within the 

floodplain and the need to conduct remedial work, including installation the grout curtain and 

monitoring/treatment wells, within the 500-year floodplain of the Souhegan River. Capping will 

impact the useable flood storage capacity within the 500-year floodplain. According to 

floodplain elevations on the FEMA Flood Insurance Rate Map (FIRM) for Milford (Panel 454 

of 701, effective date 25 September 2009), existing ground surface elevations would be 

increased as much as 12 ft at the center of the capped area. Assuming an average of 1 ft of fill 

will need to be placed within the limits of the 500-year floodplain over the entire 5-acre capped 

area, approximately 8,100 cy of flood storage compensation will be required within the 270 to 

271 ft elevation zone. Efforts would need to be made during design to reduce these potential 

impacts as much as possible and to balance cut and fill volumes in order to maintain flood 

storage capacity and avoid impairing the flood carrying capacity of the Souhegan River. Based 

on a review of FEMA FIRM maps and aerial photos, it is possible some flood storage 

compensation could be obtained within the same property just to the north of the cap area. 

However, it is not likely the entire volume lost because of the cap can be regained in this area, 

and other areas such as immediately downstream and across the river should be evaluated as part 

of flood storage compliance. 
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Any dredging or filling of federal jurisdictional wetlands from any remedial activities under this 

alternative will be done in compliance with Section 404 of the Clean Water Act, 33 U.S.C. 

§ 1344, and the wetland provisions of 44 C.F.R. Part 9. A wetland delineation to determine if any 

federal jurisdictional wetland will be disturbed during implementation of the alternative will be 

performed prior to remedial design. Any altered federal jurisdictional wetland will be either 

restored or other mitigation taken, to the extent practicable.  

No survey of potential New Hampshire jurisdictional wetlands has been conducted to date, 

although the NH Granit database was reviewed, which did not identify any specific wetland 

resources on Site. As part of remedial design, a wetlands assessment and delineation will be 

performed to identify any potential wetlands that are regulated by the New Hampshire Wetlands 

Protection Act, R.S.A 482-A, and Wetland Rules, Env-Wt 100-900 . If wetlands are delineated, 

state wetlands protection standards will be applicable. Any altered state jurisdictional wetland 

will be either restored or other mitigation taken, to the extent practicable.  

State Shoreland Water Quality Protection, Rivers Management  
and Protection Program 

The Souhegan River is a “designated river” that is classified as a “rural-community river” under 

the New Hampshire Rivers Management and Protection Program (R.S.A. 483), which means that 

it is managed and protected for its outstanding natural and cultural resources. Specifically, rural-

community river protection standards at R.S.A. 483:9-aa require water quality to be restored or 

maintained at least at the Class B level. Significant adverse impacts on water quality or other 

instream public uses shall not be permitted. Shoreland along a designated river is protected by 

the Shoreland Water Quality Protection Act, R.S.A. 483-B, and Shoreland Protection Rules, 

Env-Wq-1400 . The capping alternative would impact areas within 50 ft of a surface water body 

(Souhegan River), will disturb a total contiguous area greater than 50,000 square feet, and will 

disturb land within 250 ft of a waterbody jurisdictional under the Shoreland Protection Act 

(Souhegan River, as mentioned above). The substantive requirements of these Acts will need to 

be met, including requirements for drainage and erosion control during construction. 
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State Alteration of Terrain 

NH Alteration of Terrain requirements, R.S.A. 485-A:17 and Env-Wq 1500, will be followed, 

i.e., instituting best management practices (BMPs) for erosion and sedimentation control.  

State Threatened and Endangered or Protected Species 

The NH Endangered Species Conservation Act, R.S.A. 212-A and the NH Native Plant 

Protection Act, R.S.A. 217-A, have been identified as applicable ARARs for Alternative TI-2 

because of the disturbances to potential habitat within OU1 for state-listed species. The area of 

the TI Zone is currently an open field, immediately adjacent to the Souhegan River. An initial 

review using the NH Division of Forest and Lands Natural Heritage Bureau mapping tool 

indicates that there may be threatened and endangered or protected plant or animal species 

(unspecified) within the area. Therefore, during the design phase, studies will be performed to 

determine if threatened and endangered or protected plant or animal species are present. If 

present, mitigation and/or avoidance measures would need to be implemented to reduce potential 

for impacts, to the extent practicable. 

Other Location-Specific Standards 

Other federal and state location-specific requirements applicable to this alternative are listed in 

Table A-5 in Appendix A. 

Chemical-Specific Applicable or Relevant and Appropriate Requirements 

Safe Drinking Water Act and NHDES Ambient Groundwater Quality Standards 

Through invoking a TI Waiver for the area within the TI Zone, all chemical-specific ARARs that 

would pertain to established groundwater cleanup standards for groundwater will be waived. The 

federal and state drinking water and groundwater standards instead become action-specific 

standards to monitor any potential contaminant migration and to establish the requirement for 

groundwater ICs to prevent ingestion/exposure to the contaminated groundwater within the TI 

Zone as shown in Table A-4 of Appendix A. 
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Action-Specific Applicable or Relevant and Appropriate Requirements 

Federal Resource Conservation and Recovery Act Requirements and State Hazardous 
Waste Laws 

No listed or characteristic hazardous wastes are expected to be generated from site remediation 

activities implemented under Alternative TI-2. However, all waste materials generated from site 

remediation activities (such as drilling wastes) would be tested for hazardous waste 

characteristics and if hazardous, handled, treated, and disposed properly in accordance with 

RCRA and state rules. 

The cap over the slurry wall/grout curtain will constructed to meet relevant and appropriate state 

hazardous waste landfill closure standards for impermeability found at Env-Hw 700. 

Safe Drinking Water Act and NHDES Ambient Groundwater Quality Standards 

As discussed above for Alternative TI-1, federal and state drinking and groundwater standards 

identified as chemical-specific ARARs in the ROD will instead be used as action-specific 

standards. As listed in Appendix A, Table A-4, these standards will require monitoring of the 

effectiveness of Alternative TI-2 in preventing contaminant migration past the TI Zone 

compliance boundary. Federal and state drinking and groundwater standards will also be used to 

establish the ICs that will prevent groundwater ingestion/exposure. 

Federal and State NPDES (National Pollutant Discharge Elimination System)  

Because more than 1 acre of land surface will be disturbed (Alternative TI-2 would alter 

approximately 6 acres) by the capping alternative, the requirements of the federal and state 

NPDES stormwater standards, 40 C.F.R. §§ 122, 125, 131, 136, & 450 and Env-Wq 1700 

respectively, will need to be followed. These requirements include certain effluent limitations 

and development of a Stormwater Pollution Prevention Plan. The Stormwater Pollution 

Prevention Plan includes BMPs for erosion and sedimentation control. The remedial design will 

include measures that will allow the runoff from the cap to infiltrate into the highly-permeable 

sand and gravel overburden formation at the Site and not impact the Souhegan River. Because 

the overburden formation is 80 to 100 ft thick, infiltration into the overburden will not materially 

impact contaminant migration in the bedrock. 
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State and National Air Quality Standards 

This alternative is expected to generate nuisance dust during the implementation of capping, 

drilling, and use of grout. Therefore, the remedial action would need to comply with the nuisance 

dust standards outlined in the Clean Air Act (CAA), 40 C.F.R. Part 61, and NH Ambient Air 

Quality standards, Env-A Part 1002. Dust will need to be monitored and dust control measures 

implemented as appropriate. Site activities as needed to meet a 24-hour average concentration of 

150 micrograms per cubic meter (µg/m3) for PM10, a 24-hour 98th percentile concentration of 

35 µg/m3 PM2.5, and an annual arithmetic mean concentration of 15 µg/m3 for PM2. 5. 

No hazardous air emissions exceeding state de minimis levels, Env-A 1450.01, are expected 

from this alternative.  

State Groundwater Discharge Standards 

The ISCO treatment, which involves injection of treatment chemicals into the groundwater, will 

be conducted in compliance with federal, 40 C.F.R. §§ 144, 146, 147 (Subpart EE) and 40 C.F.R. 

Part 265 Subpart Q, and state, Env-Wq 404, standards. 

State Contaminated Site Management Standards 

The remedial site management standards, Env-Or Parts 607, 608, & 610, will be implemented. 

These standards include requirements for establishing the ICs as well and for managing remedial 

infrastructure and contaminated media within the TI Zone. 

5.3.2.3 Long-Term Effectiveness and Permanence 

Table 5-4 summarizes the measures implemented under Alternative TI-2 to meet RAOs. In the 

absence of active remediation of the overburden and bedrock in the zone enclosed by the slurry 

wall and grout curtain, the magnitude of the residual risk is not expected to change significantly 

over the long term. The RAOs will be achieved by implementing containment and source control 

measures that will minimize the risk of contamination migration to areas beyond the TI Zone 

compliance boundary. After the containment and treatment components of the alternative are 

implemented, the rate of reduction of contaminant concentrations would be tracked over time by 

LTM. Permanent ICs will be implemented to prevent ingestion/exposure to contaminated 

groundwater. The ICs will include, as necessary, measures such as warnings and restrictive 

measures on site access and groundwater use. A well-restriction buffer zone may be established 
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surrounding the TI Zone compliance boundary. Long-term monitoring of the groundwater at the 

compliance boundary and nearby drinking water sources will be implemented and maintained to 

achieve long-term effectiveness in preventing exposure risk. 

Capping will provide effective reduction of infiltration through overburden soils into bedrock 

groundwater within the grout curtain. Provided that the cap is maintained with an appropriate 

annual maintenance program, the cap will function as a permanent component of the alternative. 

This reduction in infiltration is expected to reduce downward vertical gradients, once the existing 

P&T system is shut down. The amount of contamination transported down through the potential 

DNAPL areas in the overburden to the bedrock will be reduced significantly. 

Similarly, the grout curtain will effectively reduce horizontal flow in bedrock groundwater, 

reducing the likelihood of highly-contaminated groundwater migrating away from the TI Zone. 

Because the grout is injected into fractures, the pilot test is a key step in designing the 

appropriate spacing for the grout curtain borings. An understanding of the fracture system is 

needed to properly inject grout, and a robust quality assurance/quality control program is needed 

to accurately map fractures, determine their flow rate capacity, monitor grout uptake, and install 

test borings to check grout penetration. An appropriate design and implementation plan will be 

needed to ensure effectiveness. 

Both the cap and grout curtain are expected to be permanent features for control of site 

contamination, including proper maintenance of the capping system. No maintenance is 

anticipated for the grout curtain. However, LTM of water levels and contaminant concentrations 

in groundwater inside and outside of the grout curtain and along the TI Zone compliance 

boundary will verify the effectiveness of this remedy and compliance with PSs for the TI Zone. 

5.3.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

No treatment will be achieved under Alternative TI-2 for the zones enclosed by the slurry wall, 

cap, and grout curtain, because no treatment will be employed to remove or destroy site 

contaminants in those zones. The MOM ISCO treatment of bedrock groundwater near the TI 

Zone compliance boundary will result in some reduction of TMV of the contamination in that 
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area in addition to preventing the migration of contamination beyond the TI Zone compliance 

boundary. 

5.3.2.5 Short-Term Effectiveness 

There would be limited added risk to the community or to the workers in the short term. There 

are minimal construction activities associated with this alternative that could involve exposure to 

contaminants. Installing injection wells and conducting high-pressure grout injection will be 

performed by specially-trained personnel operating specialized equipment in accordance with all 

health and safety requirements. Workers installing monitoring wells and conducting sampling 

could have a slight risk of exposure to contaminants during intrusive activities. Workers also will 

potentially be exposed to chemicals used during the ISCO program.  

Because groundwater will not be cleaned up in the TI Zone, the potential risk to human health 

and the environment would not be anticipated to be reduced significantly over time. 

Groundwater monitoring, including monitoring of residential wells, would minimize the risk of 

human exposure to groundwater contaminants.  

Potential short-term human risks under hypothetical future use scenarios would remain. These 

potential risks would be mitigated via implementation of ICs. 

Capping will require shipments of materials to the Site, and cut and fill activities on-site. This 

will result in an increase in truck traffic for the duration of the cap construction, which is 

expected to be 3 to 5 months. In addition, large construction equipment will be on-site during 

this period and will create some additional noise and nuisance dust. Dust will need to be 

monitored in accordance air ARAR standards implemented through a project Health and Safety 

Plan (HASP) and dust control measures implemented as needed. 

Cap construction in the 500-year floodplain will be conducted and the cap maintained so as to 

not pose a flooding risk to downstream riparian resources. To accomplish this, some flood 

mitigation work may need to be done at off-site properties, where short-term impacts will need to 

be managed. 
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Similarly, the grout curtain will require the mobilization of various pieces of heavy equipment 

including drill rigs, grout injection equipment, and other support equipment. Materials (grout) 

will need to be delivered to the Site, which would cause a slight increase in local truck traffic. 

Noise levels will increase during drilling and grout injection, which is expected to take 

approximately 12 to 18 months to complete. Some nuisance dust may be generated through 

handling of grout. 

Workers will need to be protected from risks related to drilling and other construction activities 

through proper training and the use of an approved HASP. Handling of dry grout to be mixed 

may require respiratory protection. The ISCO injection and reagent handling will be performed 

in accordance with all appropriate health and safety requirements to mitigate risks associated 

with handling and injection of chemicals. 

5.3.2.6 Implementability 

The ICs can be readily implemented. There are no technical issues associated with 

implementation of the ICs. Developing a groundwater use ordinance for the area with 

groundwater impacted by contamination originating from this Site requires following legal and 

administrative procedures that can be readily implemented through the state and local 

administrative processes. If a well restriction buffer zone IC is determined to be required, the 

establishment of the restrictions will need to be coordinated with the relevant landowners. 

Groundwater monitoring is easily implemented because the only on-site tasks are installing 

additional monitoring wells and periodic groundwater sample collection and analysis. 

Capping is a well-established technology and can be easily implemented. It has been completed 

on hundreds of solid waste landfills, RCRA facilities, and Superfund sites. There are many 

construction contractors capable of performing this work. The standard RCRA cap design calls 

for low permeability soil, i.e., clay, which can be difficult to locate and/or extremely expensive 

to obtain in New England. As an alternative, per EPA guidance, a higher permeability soil 

coupled with a 60-mil impermeable liner can be used as a substitute for very low permeability 

soil and a 20-mil liner. 
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As described in the Compliance with ARARs section, this alternative would need to comply with 

the federal floodplain standards, because of the necessary filling within the 500-year floodplain 

of the Souhegan River. To compensate for this obstruction, fill could be removed to create an 

equal amount of flood storage capacity within the same floodplain area as the cap (see 

Subsection 5.4.6.2 above for a description of possible locations). Mitigation areas to replace lost 

flood storage capacity may be difficult to locate and may require using property outside of the 

Site boundaries. Any work outside of the Site may require acquiring easements or title to 

property and may also require federal, state, and local permits/approvals for any floodplain 

replacement activities.  

Grout curtain installation has been successfully implemented at other sites, primarily beneath 

dams, to control groundwater flow through bedrock at depths similar to the depths proposed for 

this Site. Drilling technologies to achieve depths of 600 ft (500 ft into bedrock) are well 

established and widely available. There are a number of key specialty geotechnical contractors 

who could perform the grout installation portion of this project. Specialized equipment is 

available on the market for drilling of grout borings (an example is the cubex QXQ 810 

geotechnical drill) and injection of grout (Hayward Baker “Grout Buggy” grout system). 

Materials for grouting are widely available. 

Implementability issues associated with the MOM ISCO program in the bedrock near the TI 

Zone compliance boundary are primarily the uncertainties concerning the quantity of ISCO 

reagents to be used, achieving effective contact with contaminants, and persistence of oxidants to 

provide long-term treatment, as described under Alternative TI-5 in Subsection 5.6.2.6. These 

concerns can be addressed through the phased implementation of the ISCO program. 

Increasingly complete site characterization will occur as the injection wells are installed. As a 

result, the CSM will be modified accordingly to guide selection of ISCO injection locations 

depths, dose, and injection frequency. 
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5.3.2.7 Cost 

Alternative TI-2 Cost Estimate Summary 

The estimated costs for Alternative TI-2 are summarized in Table 5-5. The elements of the costs 

and details of the estimate are presented in Appendix D in Table D-2. A preliminary schedule of 

the implementation of this alternative is presented in Figure 5-6.  

Cost Sensitivity Analysis 

A cost sensitivity analysis was performed to estimate the cost impacts associated with treating 

different thicknesses of the bedrock concentrated plume. Bedrock thicknesses evaluated include 

100, 300, 500, 700, 900, and 1,100 ft. The last two depths were added specific to this alternative 

in the consideration of the significant uncertainty of physical containment about potential 

migration of contaminant at greater depth that may fail the primary objective of the remedial 

approach. Areal extent has not been evaluated in this analysis because the grout curtain under 

this alternative will be constructed as an extension of the existing slurry wall into the bedrock, 

and its areal extent is not subject to change. The range of bedrock thickness for the grout curtain 

primarily impacts the installation cost for grout injection wells, material cost for grout, cost for 

the injection effort, and oversight cost. Changes to the unit costs as a function of the depth in the 

bedrock because of technical challenges that may increase with depth are not considered.  

The results of the sensitivity analysis are summarized in Table 5-6 and illustrated in Figure 5-7. 

The table and figure show the change of total cost (including capital and O&M costs) for 

Alternative TI-2 over the 100 ft to 1,100 ft range of bedrock thicknesses of the bedrock treatment 

area. 

As shown in Figure 5-7 (and Table 5-6), the maximum cost, $65.3M, is estimated for the 

scenario of 1,100 ft of grout curtain depth in bedrock, and the lowest cost, $17.8M, is estimated 

for the scenario of 100 ft of bedrock thickness. The results of the cost sensitivity analysis 

indicate that the total cost for bedrock remediation using grout curtain increases linearly with the 

increase of the bedrock thickness for treatment. The slope of the curves suggests that 

approximately $4.8M of cost increase will be incurred for constructing grout curtain physical 

containment of each additional 100 ft thickness of bedrock.  
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5.4 ALTERNATIVE TI-3 – HYDRAULIC CONTAINMENT 

Alternative TI-3 addresses groundwater contamination present in bedrock with an approach 

centered on hydraulic containment using P&T technologies. The major components of this 

alternative are presented in Table 5-7. As shown in Table 5-7, other than the P&T in the bedrock 

and overburden, Alternative TI-3 includes common components that are presented above as 

components of either Alternatives TI-1 and TI-2, or both. The proposed P&T program and other 

components of Alternative TI-3 are described in Subsection 5.4.1. The evaluation of Alternative 

TI-3 with respect to the nine CERCLA evaluation criteria is presented in Subsection 5.4.2. 

5.4.1 Remedial Approach under Alternative TI-3 

This alternative will add hydraulic containment of bedrock groundwater in the TI Zone to the 

existing ROD remedy, which focuses on containment and treatment of contaminated overburden 

groundwater. Preventing migration of contaminants beyond the TI Zone compliance boundary 

will be achieved by: 

 Continued extraction and treatment of overburden groundwater from inside the slurry 
wall. 

 Continued natural attenuation of the remaining overburden plume outside of the 
slurry wall with the option to restart groundwater extraction from outside the slurry 
wall if necessary.  

 Extraction and treatment of groundwater from the bedrock in order to prevent 
migration of bedrock groundwater contaminants to areas downgradient of the TI Zone 
compliance boundary. 

Institutional controls and a monitoring program will also be implemented to ensure that there is 

no exposure to unacceptable risks to human health posed by contaminants in the TI Zone 

groundwater under present and future use scenarios, and no contaminant migration above PSs 

beyond the TI Zone compliance boundary. 

5.4.1.1 Pump and Treat Approach for Source Control in the Bedrock 

Background 

According to the RI Report, groundwater movement in the bedrock aquifer at the Site is 

primarily controlled by two factors: the east-northeast influence of hydraulic head differences 

and the north-northeast anisotropy of the bedrock. The interaction of these two forces 
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manipulates the distribution of contamination in bedrock groundwater at the Site, particularly in 

the TI Zone. 

The results of the 10-day bedrock groundwater pumping test performed in April 2013 as part of 

the RI Report indicate that pumping at BR-6 can create an anisotropic capture zone that can 

contain a significant portion of the groundwater contaminant plume and prevent migration of 

contaminated groundwater that exceeds the PSs away from the TI Zone (refer to Figure 5-8, 

which depicts drawdown curves at an extraction rate of approximately 10 gpm).  

Hydraulic containment is a proven and effective technology for control of dissolved contaminant 

plumes. It is also used at some sites for contaminant mass removal. Hydraulic containment 

technology has been very effectively used at many contaminated sites in both bedrock and 

overburden formations. Establishment of an adequate capture zone is a critical component to 

meet the migration control objective for this technology. There are several technologies that are 

readily available for treatment of groundwater that is extracted for the purpose of hydraulic 

containment. Appropriate treatment technologies are generally selected in order to provide cost-

effective treatment and attainment of the discharge limits specific to a site. 

Conceptual Design 

Groundwater Extraction 

For this FS, it has been assumed that groundwater would be extracted from three bedrock wells. 

Those wells would be existing well BR-6, where the highest concentration of PCE in bedrock 

groundwater at the Site has been observed, and two new extraction wells that would be installed 

to complement the BR-6 capture zone and to thereby completely capture the bedrock plume area 

within the TI Zone. The bedrock groundwater extraction rates will likely need to be adjusted 

over time to optimize the performance of the hydraulic containment in the bedrock.  

Well BR-6 is a 6-inch open-hole bedrock well and is located slightly east of the center of the area 

enclosed by the slurry wall. At BR-6, competent bedrock is encountered at 100 ft bgs and the 

open hole portion of the well extends from 110 to 605 ft bgs. Based on the 10-day pumping test 

conducted in April 2013, pumping of approximately 10 gpm from BR-6 draws down the water 

level in BR-6 by approximately 260 ft and creates a cone of depression with a capture zone 
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radius that is greater than 200 ft to the west, south, and east, and more than 1,000 ft to the north 

(Figure 5-8). The differing distances of influence in the different directions from BR-6 are a 

result of the predominant north-northeast strike direction of the active fractures at the Site. The 

preliminary locations of the new extraction wells are shown in Figure 5-8. These locations are 

selected in order to supplement the BR-6 capture zone and thereby provide complete capture of 

the bedrock groundwater plume in the TI Zone. For this FS, the two new extraction wells are 

assumed to be constructed similarly to BR-6, including the same well diameter, overburden 

casing, open-hole construction, and total drilling depth.  

During construction of the new bedrock extraction wells precautions that minimize the risk of 

cross-contamination between bedrock and overburden will be implemented. These precautions 

have been used successfully at the Site in the past and include use of a telescoping casing and 

grouting the overburden casing into the top of bedrock.  

During the 10-day pumping test at BR-6 in April 2013, the PCE concentration in the 

groundwater extracted from BR-6 declined from 91.9 mg/L after 10 hours of pumping to 

48.9 mg/L after 228 hours (slightly less than 10 days) of pumping (Figure 5-9). The TCE 

concentration in the groundwater extracted from BR-6 declined from 4.5 mg/L to 2.1 mg/L over 

that same time period. Under long-term pumping conditions, contaminant concentrations in the 

extracted groundwater will gradually decrease and will likely approach a steady-state level that is 

governed by the dissolution rate of contaminants from DNAPL source and groundwater flow rate 

through the contaminant source area.  

The manganese concentration in the groundwater extracted during the BR-6 pumping test 

increased from 0.24 mg/L at the beginning of the test to 14.4 mg/L at the end of the test. Also, 

the characteristic purple color of permanganate was observed in the extracted groundwater 

within 24 hours of starting the pumping test (WESTON, 2014a). Because permanganate is 

present in the deep overburden inside the slurry wall at elevated concentrations, the manganese, 

and likely permanganate concentrations in the extracted bedrock groundwater, may continue to 

increase during pumping until the previously-injected permanganate dissipates. The 

permanganate in the extracted bedrock groundwater requires neutralization before entering the 

air stripping process in the GWTP. Iron was initially detected at 0.74 mg/L and with 
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concentrations dropping to less than 0.3 mg/L during the pumping test. Those relatively low iron 

concentrations would not impact operation of the existing overburden and shallow groundwater 

treatment system at the Site.  

As with the other bedrock wells at the Site, there are some uncertainties about the yields of 

fractures that will be intercepted by the two new bedrock extraction wells. It is expected that the 

pumping rate for the two additional extraction wells will be the same or less than the 10-gpm 

pumping rate for BR-6. That is because the two additional extraction wells will have target 

capture zones that are smaller than the BR-6 capture zone. For purposes of this FS, a combined 

groundwater extraction rate of 10 gpm from the two additional bedrock extraction wells is 

assumed, which would result in a total bedrock pumping rate of 20 gpm. After startup of the 

three extraction wells, the pumping of the wells would be adjusted, as necessary to provide the 

most efficient capture of the bedrock groundwater throughout the TI Zone. 

The near-term equilibrated PCE and TCE concentrations in the extracted bedrock groundwater 

are assumed to be 20 ppm and 0.8 ppm for costing purposes, respectively, assuming continuous 

groundwater extraction. The design pumping rate and concentration will be determined during 

the Remedial Design if this alternative is the selected remedy.  

Groundwater Treatment 

Under this hydraulic containment Alternative TI-3, groundwater pumped from the bedrock 

extraction wells would be treated using the existing GWTP facility. That facility is currently 

being used for treatment of approximately 25 gpm of overburden groundwater extracted from the 

area enclosed by the slurry wall. If this alternative is implemented, then the approximately 

20 gpm of bedrock groundwater will be mixed with the 25 gpm extracted from the overburden, 

treated by air stripping, and discharged to the overburden infiltration gallery that is located 

outside of the slurry wall in OU1. Hydraulically, the existing treatment system can process a 

flow rate of up to 120 gpm. It processed 60 gpm when first placed into operation in 1999. The 

flow rate through the system has gradually has been decreased on several occasions since 1999 

as cleanup of the overburden groundwater outside of the slurry wall has progressed and as the 

groundwater extraction system inside the slurry wall has been optimized. Therefore, it is unlikely 

that the pumps, piping, etc. in the existing system will need to be modified except as necessary to 
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incorporate the connections from the bedrock extraction wells. The existing treatment facility is 

described in greater detail under Alternative TI-1.  

The current PCE concentration in the extracted overburden groundwater is approximately 

300 µg/L. Based on the 10-day pumping test of Well BR-6 that was conducted in 2013, it is 

expected that the PCE concentration in the influent from the bedrock extraction wells will be in 

the 20,000 µg/L range or higher. Therefore, some modifications to the groundwater treatment 

system may be necessary to remove PCE from the process water in the treatment plant to levels 

that will comply with the discharge limits for the Site. These modifications could include 

operating the two air strippers present in the facility in parallel or series configuration, instead of 

the current configuration of one air stripper in service at a time.  

Other modifications to the existing groundwater treatment system that will likely be necessary 

for combined treatment of the overburden and bedrock groundwater at the Site include: 

 Treatment of The Air Stripper Exhaust with Activated Carbon. Treatment of the 
exhaust from the air strippers with vapor-phase granular activated carbon (GAC) 
prior to discharge to the atmosphere. Currently, the exhaust from the air strippers is 
not treated because the low levels of VOCs in the treatment system influent. Adding 
the more highly-contaminated bedrock groundwater to the treatment system influent 
will likely require treatment of the air stripper exhaust before it is discharged to the 
atmosphere. The GAC treatment would most likely be accomplished by placing the 
existing activated carbon vessels at the Site back into operation.  

It is assumed that the exhaust from the air-stripper will be treated using GAC for the 
first 10 years of bedrock groundwater extraction in order to meet the air-emission 
standards and criteria as documented in the Subsection 5.4.2.2 for ARARs. After 
10 years of pumping from the bedrock, the VOC concentrations in the treatment 
system influent are expected to decline to the level that treatment of the air stripper 
exhaust would no longer be necessary. Air monitoring would be performed as 
necessary to evaluate the performance of, and the need for, the GAC system. The 
spent GAC saturated with PCE and other VOCs is assumed to be a characteristic 
hazardous waste for purposes of selecting the proper regeneration process and cost 
evaluation. 

 Neutralization of Permanganate to treat residual permanganate, if present, in the 
groundwater extracted from the bedrock aquifer. An inline permanganate 
neutralization system would be installed to remove residual permanganate that would 
be present at elevated levels in the extracted bedrock or overburden groundwater from 
historic treatment efforts within the slurry wall. Sodium thiosulfate, which is 
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commonly used for this purpose, has been selected as the permanganate reducing 
agent. A sodium thiosulfate solution would be injected into the combined 
groundwater influent pipeline upstream of the equalization tank. Permanganate in the 
influent would react with the sodium thiosulfate and be reduced to produce insoluble 
manganese dioxide, which will be precipitated in the equalization tank. An automated 
detection and reducing reagent dosing system will be used. A total of approximately 
1,600 lbs of sodium thiosulfate is assumed to be used each year based on the 
extraction flow rate and the permanganate concentrations observed during the 
pumping test. It is assumed that the neutralization system will be in operation for 
5 years considering the persistence of permanganate in groundwater system. Because 
of the naturally low concentrations of iron and manganese in the bedrock 
groundwater at the Site, pretreatment for removal of iron or manganese is not 
expected to be necessary as part of the groundwater treatment process. 

 Replacing Equipment with Degraded Performance. Some of the equipment in the 
existing groundwater treatment system will have been in operation for greater than 
15 years and may require repairs or replacement. 

 Piping and Control Modifications. Piping, wiring, and controls would be modified 
as necessary to accommodate groundwater extracted from bedrock. 

Treated effluent from the groundwater treatment system will be re-injected to the downgradient 

overburden aquifer outside of the slurry wall through the existing recharge chamber. Discharge 

to this recharge chamber may slightly enhance the attenuation of the detached overburden plume 

by accelerating the groundwater flow through the east portion of OU1. The design capacity of 

the recharge chamber is sufficient to receive the combined flow of groundwater extracted from 

the overburden and bedrock. Periodic cleaning/redevelopment of the recharge chamber will 

continue to be necessary in order to prevent plugging that could limit the recharge capacity of the 

chamber. 

Treatability Study 

Bench-scale Treatability Study 

Groundwater treatment using the processes proposed for this alternative has been implemented at 

numerous sites and has been performed effectively at the Site for the OU1 overburden zone. No 

bench-scale treatability study is necessary.  

Field-scale Pilot Treatability Study 

After installation of the additional two bedrock extraction wells, a pumping test will be necessary 

to verify the capture zone of those wells, and to select the target pumping rates for the extraction 
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wells. Results of the pumping test will be used to verify the necessary equipment upgrades and 

permitting requirements for long-term operation of the GWTP.  

Performance and Compliance Monitoring 

Performance monitoring will be implemented to monitor and optimize capture of the bedrock 

groundwater contaminant plume. Approximately three additional deep bedrock monitoring wells 

would be installed to better delineate the bedrock plume horizontally as well as vertically in the 

north and east inside the TI Zone. Additional characterization of bedrock fractures and 

contamination distribution at the new monitoring well locations would be performed to update 

the CSM and to establish the depths of the two additional bedrock extraction wells.  

One baseline monitoring event would be conducted prior to the implementation of P&T. 

Semiannual performance monitoring (groundwater sampling for VOCs) from up to 20 bedrock 

wells would be performed for the first 3 years of operation of the bedrock groundwater 

extraction and treatment system. After 3 years, the groundwater would be monitored annually for 

VOCs. Water levels would be monitored as necessary to verify the capture zones of the bedrock 

groundwater extraction system and document that contaminated groundwater is not migrating 

beyond the TI Zone. 

Monthly sampling of the treatment system influent and effluent would be conducted in order to 

verify performance of the treatment system and compliance with the discharge limits. 

Expected Performance of Pump and Treat Application  
for Bedrock Target Treatment Zone 

Installation of additional extraction and monitoring wells, a pumping test, and upgrades to the 

existing GWTP are expected to be completed within 6 months.  

Once the hydraulic containment remedy is implemented, the system will be monitored and 

adjusted to maintain a capture zone that will effectively contain bedrock groundwater plume 

within the TI Zone. Further migration of groundwater contamination away from the TI Zone 

(across the compliance boundary) would be prevented, thereby accelerating the cleanup of the 

GC Area. 
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Residual DNAPL presence in the form of blobs and ganglia would not be directly addressed by 

extraction of bedrock groundwater. Moderately accelerated elimination of DNAPL in fractures 

where there is material groundwater flow can be expected because a higher volume of cleaner 

groundwater flowing past DNAPL under pumping conditions. This accelerated dilution would 

not occur where DNAPL is present in dead-end fractures or at depths below the capture zone of 

the extraction wells. Because P&T is expected to provide only very slow removal of the DNAPL 

contaminant source from the bedrock, it is expected that operation of the groundwater extraction 

and treatment system will be necessary for a period of time that extends significantly beyond 

30 years. 

5.4.1.2 Pump and Treat Approach for Source Control in the Overburden 

For this alternative, hydraulic containment and the existing slurry wall will continue to be used to 

control contaminant migration in the overburden.  

Background 

Pump and treat to maintain an inward gradient across the slurry wall is an essential component of 

the existing remedy at OU1. Under this alternative, the GWTP would remain in place for an 

extended period of time (no less than the 30 years evaluated in this FS) for treatment of extracted 

overburden and bedrock groundwater. As noted above, minor upgrades to the GWTP would be 

necessary in order to accommodate the piping, controls, etc. necessary to integrate extraction of 

groundwater from the bedrock extraction wells.  

Overburden Groundwater Extraction 

As P&T is currently ongoing in the overburden zone, no change would be necessary to the 

existing groundwater extraction system that includes extraction wells IW-01A, IW-02A, and 

IW-03A and the associated piping. It is expected that a lower overburden extraction rate will be 

required over the long-term because extraction of bedrock groundwater would induce 

groundwater flow from overburden to bedrock. For purposes of this FS Alternative TI-3, the 

overburden groundwater extraction rate would remain at approximately 25 gpm. During remedial 

design and long-term operation, the locations, depths, and pumping rates of the extraction wells 

would be evaluated and optimized as necessary in order to maximize dissolved contaminant 

removal from the overburden. 
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Groundwater Treatment 

Currently, the groundwater treatment facility at the Site is active in treating the groundwater 

extracted from the overburden zone to maintain inward and upward groundwater gradients inside 

the slurry wall. In 2013 and 2014, the extraction rate from the overburden was approximately 

25 gpm, and the influent PCE concentration was in the range of approximately 200 to 

370 µg/L, with an average of 286 µg/L. The influent TCE concentration was in the range of 

approximately 35 to 76 µg/L, with an average of 53 µg/L. The influent cDCE concentration was 

very similar to that of TCE while 1,1,1-TCA was not detected.  

Extracted groundwater is treated with air stripping to remove VOCs. The low VOC 

concentrations in the extracted overburden groundwater currently cause the exhaust from air 

stripper to be in compliance with de-minimis criteria under NH Regulated Toxic Air Pollutants 

(RTAP) regulations, Env-A 1450.01. As a result, the air stripper exhaust is discharged to the 

atmosphere without treatment. The water from the facility is re-injected through a recharge 

chamber to the downgradient overburden aquifer in the portion of TI Zone outside of the slurry 

wall. 

No change to the treatment process would be necessary except those described in the previous 

Subsection (5.4.1.1) for integration of the bedrock groundwater into the treatment system. No 

change to the overburden performance monitoring program would be necessary. That program 

currently entails sampling of up to 50 wells for laboratory analysis of VOCs annually and 

monthly influent and effluent sampling of the treatment system.  

5.4.1.3  Common Components of This Alternative 

As shown in Table 5-8, Alternative TI-3 contains additional components that are important 

elements of the entire remedy, and have been described above for other alternatives. The 

descriptions of those components are not repeated here, except for aspects specific to this 

alternative. 

Natural Attenuation in Overburden Groundwater Outside of the Slurry Wall 

As described in Subsections 3.2.2.2 and 5.2.1.1, the groundwater plume in the TI Zone 

overburden outside of the slurry wall that exceeds PSs has been reduced to a detached area in the 
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east portion of the TI Zone (Figure 1-6). In addition, contaminant concentration trends indicate 

that PSs may be attained in that area within approximately 20 years after shutdown of the 

extraction wells outside of the slurry wall in 2007. Under Alternative TI-3, monitoring will be 

implemented to determine whether additional actions are necessary for attainment of the PSs 

within approximately 20 years after the 2007 shutdown of the overburden extraction wells 

outside of the slurry wall. If, as the remedial program at the Site progresses, monitoring data 

indicate that exceedances of the PSs will occur in overburden groundwater outside of the slurry 

wall for more than 20 years after shutdown of the extraction wells outside of the slurry wall, then 

a supplemental remedial program in the overburden groundwater could be implemented. That 

program would likely consist of installation of extraction wells in the impacted area, connection 

of those wells to the mothballed P&T system, and operation of the extraction wells and P&T 

system. 

Because it is likely that overburden groundwater will comply with the PSs within 20 years after 

2007 shutdown of the extraction wells outside of the slurry wall, it is unlikely that future 

extraction of overburden groundwater outside of the slurry wall will be necessary. Therefore, 

costs for extraction of overburden groundwater outside of the slurry wall have not been included 

in the cost estimate for this alternative. 

If extraction of overburden groundwater outside of the slurry wall is implemented, some updates 

to the controls, pumps, etc. for those wells may be necessary in order to restart the existing wells. 

No modifications to the treatment system would be needed because the treatment system was 

originally sized to include treatment of water extracted from the wells outside of the slurry wall. 

If the two existing extraction wells outside of the slurry wall are improperly located for treatment 

of the remaining zone that exceeds PSs, then additional overburden extraction wells could be 

installed and connected to the groundwater treatment system. 

Performance and Compliance Monitoring 

As for Alternative TI-2, permanent groundwater monitoring will be necessary under Alternative 

TI-3 to determine the performance of the remedial systems and compliance with the PSs at the TI 

Zone boundary. Contaminant concentrations in overburden groundwater inside the area enclosed 
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by the slurry wall and in bedrock groundwater beneath the containment area will likely remain 

above drinking water standards for the foreseeable future. Therefore, periodic performance 

monitoring of water levels and groundwater VOC concentrations will be a permanent component 

of the remedy. Compliance monitoring for the detached overburden plume in the eastern portion 

of the TI Zone will likely be temporary until the PSs have been achieved through natural 

attenuation. Performance and compliance monitoring of the overburden and bedrock will initially 

include annual sampling of the existing 65 well network (inside and outside the containment) and  

10 bedrock wells for VOCs. The overburden well network is shown on Figure 2-4. The bedrock 

well network is shown on Figure 5-1. Semiannual compliance monitoring will also be conducted 

from eight new bedrock TI Zone boundary wells to verify that no contamination exceeding PSs 

migrates beyond the TI Zone boundary. The monitoring program will be optimized over time as 

it is verified that the groundwater contaminant plume is contained in the TI Zone and that 

migration to areas outside of the TI Zone is no longer occurring. 

5.4.2 Evaluation of Alternative TI-3 

5.4.2.1 Overall Protection of Human Health and the Environment 

This alternative would be protective of human health and the environment. The ICs would be 

used to prevent site access and human exposure to groundwater VOCs within the TI Zone. In 

addition, a well-restriction buffer zone may be established, if required, on properties surrounding 

the TI Zone to further prevent remaining groundwater contamination from being drawn out from 

the compliance boundary. 

The hydraulic containment measures in bedrock, along with the existing measures that control 

migration of overburden groundwater, will prevent contaminant migration to area beyond the TI 

Zone compliance boundary. The impact to groundwater from DNAPL contamination is 

contained under this alternative, but not directly treated and, consequently, there will be no 

significant depletion of the DNAPL source. Therefore, hydraulic containment, operation of the 

P&T system, and monitoring will likely be necessary for a period of time that extends 

significantly beyond 30 years. It is expected that the ICs within the TI Zone will remain in place 

permanently.  
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Implementation of an appropriate HASP will be needed to protect on-site workers from potential 

exposure to site contaminants and other hazards during remedial activities such as well and 

pipeline construction, treatment plant upgrades, O&M of the treatment plant, and sampling. 

The ongoing protectiveness of the remedy under this alternative will be assessed at a minimum 

every 5 years through the CERCLA five-year review process. 

5.4.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The chemical-specific ARARs waived because of technical impracticability are identified in 

Table A-7 in Appendix A. The location-, and action-specific ARARs associated with Alternative 

TI-3 are listed in Tables A-8, and A-9, respectively. A discussion of ARARs unique to this 

alternative is provided below. 

Location Specific Applicable or Relevant and Appropriate Requirements 

Location-specific ARARs applicable to this alternative as listed in Table A-8 of Appendix A are 

primarily triggered by remedial system construction activities related to the installation of 

additional monitoring wells, extraction wells, and piping associated with new extraction wells. 

These ARARs are discussed in more detail in Subsection 5.3.2.2 under Alternative TI-2. 

Chemical Specific Applicable or Relevant and Appropriate Requirements 

As described in Subsection 5.3.2.2 under Alternative TI-2, all chemical-specific ARARs that 

would pertain to established groundwater cleanup standards for groundwater will be waived 

through invoking a TI Waiver for the TI Zone (See Table A-7 of Appendix A). 

Action Specific Applicable or Relevant and Appropriate Requirements 

Action-specific ARARs applicable to this alternative as listed in Table A-9 of Appendix A are 

primarily triggered by remedial system operation, maintenance and monitoring activities, 

groundwater performance monitoring, and handling of Site wastes. These ARARs are discussed 

in more detail in Subsection 5.3.2.2 under Alternative TI-2. A discussion of action-specific 

ARARs relevant to this alternative is discussed below. 
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Federal Resource Conservation and Recovery Act Requirements 
and State Hazardous Waste Laws 

The increased volume of contaminated groundwater to be pumped and treated on-site may 

generate hazardous waste, particularly in treatment media. Air emissions from the treatment 

system will also need to meet federal hazardous waste emission and leak prevention standards, 

40 C.F.R. Part 264, Subparts AA and BB. All waste materials generated from site remediation 

activities (such as drilling wastes and wastes from the treatment plant) will be tested for RCRA 

hazardous waste characteristics and, if hazardous, handled, treated, and disposed properly in 

accordance with RCRA and state rules. 

State and Federal Air Quality Standards 

Air emissions from the P&T system will be controlled as necessary to meet CAA and NH 

Ambient Air Quality emission standards. The current P&T system does not exceed state 

hazardous air pollutant thresholds. However, with the addition of the more highly-contaminated 

bedrock groundwater to the P&T system, some thresholds may be exceeded and air discharge 

without treatment may not be in compliance with ARARs. Both PCE and TCE are regulated 

under NH standards, and an analysis shows that TCE is likely to exceed the de minimis daily and 

annual criteria (0.024 lbs/day and 8.7 lbs/year) and that PCE may or may not exceed criteria 

(7.2 lbs/day and 651 lbs/year). To address those potential exceedances, vapor phase carbon has 

been added to the treatment process for this alternative. As a result, this alternative is expected to 

comply with NH State Air Pollution Control, R.S.A. Ch. 125-C, Env-A 604-606; Testing and 

Monitoring Procedures, Env-A 800; and Regulated Toxic Air Pollutants, Env-A Part 1400 

(including Regulated Toxic Air Pollutants). 

State Groundwater Discharge Rules 

Alternative TI-3 proposes to recharge treated groundwater into the overburden at the site 

groundwater. Protection of Groundwater standards, R.S.A. 485-A:13, Env-Wq 402, will be 

applicable. These rules require that regulated contaminants (PCE and TCE) are treated by best 

available technology and must meet AGQS’s prior to discharge to groundwater. Alternative TI-3 

will comply with these requirements through the use of air stripping of VOCs from the 

groundwater. Increased groundwater recharge rates that occur under this alternative will also 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

5-44
 



 
 

   
 
 

   

  

 

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

need to be managed such that they do not cause contaminated groundwater migration beyond the 

TI Zone compliance boundary. That risk is considered unlikely because recharge of 

approximately 50 gpm into the shallow overburden will not impact groundwater flow in the 

bedrock. In addition, recharge of treated groundwater at the existing recharge gallery may 

actually accelerate attenuation of the remaining area of overburden groundwater outside of the 

slurry wall that exceeds PSs. 

5.4.2.3 Long-Term Effectiveness and Permanence 

Implementation of this alternative will effectively meet all RAOs by preventing contact with 

contaminated groundwater within the TI Zone and by preventing contaminant migration to areas 

beyond the TI Zone compliance boundary. The attainment of RAOs by the components of 

Alternative TI-3 is summarized in Table 5-8.  

The results of the Well BR-6 pumping test that was performed in 2013, along with the other 

bedrock characterization data (bedrock facture characteristics, contaminant distribution, etc.) 

presented in the RI Report, indicate that the hydraulic containment components of this alternative 

will provide long-term effective capture of the groundwater contaminant plume throughout the 

TI Zone. The P&T process will remove only dissolved-phase contaminants. Therefore, it is likely 

that the overall mass of contamination removed by the P&T system will represent a small portion 

of the total mass of contamination present at the Site. The P&T system will need to operate for 

the foreseeable future in order to prevent groundwater contaminants from migrating to areas 

beyond the TI Zone compliance boundary. Because P&T does not directly treat residual 

DNAPL, downgradient contaminant concentrations would likely increase if operation of the 

P&T remedy is discontinued. 

The ICs will need to be permanently maintained throughout the TI Zone to prevent contact with 

contaminated groundwater. A well-restriction buffer zone may be established to surround the TI 

Zone compliance boundary. The monitoring program will provide adequate verification of the 

long-term effectiveness and permanence of this alternative, including whether or not 

contamination is not migrating to areas beyond the TI Zone compliance boundary. 
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5.4.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

The P&T system will not extract a large portion of the contaminant source material in the 

bedrock. However, the mobility of those materials remaining in the bedrock will be reduced by 

preventing migration of contaminants away from the TI Zone. For the contaminants in the 

extracted groundwater, the mobility of contaminants reduced by capture of the VOCs in the air 

stripper exhaust on GAC. The toxicity of the contaminants captured on the GAC will be 

significantly reduced when the VOCs will be destroyed during GAC regeneration. If GAC 

treatment of the air stripper exhaust is discontinued, then contaminants will be discharged 

untreated to the atmosphere, and the TMV of the groundwater contaminants will not be reduced. 

5.4.2.5 Short-Term Effectiveness 

The hydraulic containment system would establish effective plume control within a few days of 

commencement of groundwater extraction. Changes to bedrock groundwater contaminant 

concentrations would occur over a more extended period of time. 

During the GWTP upgrade, drilling of the new bedrock extraction and monitor wells, and 

underground pipe installation, workers would be protected from noise, dust, and other 

construction hazards by implementing appropriate safety precautions. All of those activities are 

relatively minor common construction activities that would cause minimal impacts on the 

community. Very limited additional truck traffic would be present in the vicinity of the Site 

during drilling, system installation, and upgrade activities. 

5.4.2.6 Implementability 

Upgrade of the existing GWTP can be easily performed because vendors and subcontractors that 

can provide and install groundwater treatment equipment are readily available. There are no 

material impediments to installation of underground pipes at the Site, and the location of 

underground utilities would be verified and avoided during construction of the pipelines from the 

new extraction wells to the GWTP. Well drilling companies are readily available to install 

overburden and bedrock wells. 

Groundwater monitoring has been performed at the Site for greater than 20 years, and the 

groundwater monitoring program can be easily updated, as necessary, by installing new 
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monitoring wells and regular sampling. The ICs can be established to prevent use of groundwater 

and to protect components of the remedy (slurry wall, monitoring/extractions wells, etc.) within 

the TI Zone. There may be some implementability issues with establishing a well restriction 

buffer zone on properties adjacent, but outside of the Site. 

5.4.2.7 Cost 

Summary Results of the Cost Estimate 

The estimated costs for Alternative TI-3 are summarized in Table 5-9. The elements of the costs 

and details of the estimate are presented in Appendix D (see Table D-3). A preliminary schedule 

of the implementation of this alternative is presented in Figure 5-10.  

Cost Sensitivity Analysis 

A cost sensitivity analysis was not performed to estimate the cost impacts associated with 

treating different thicknesses and different areal extents of the bedrock contaminant source zone 

as for other alternatives, because the thickness and areal extent are correlated to each other under 

pumping conditions.  

Under this alternative, the bedrock groundwater pumping rate is the variable that determines the 

size of the capture zone and thus the depth and areal extent of remediation (migration control). 

Additional testing is required to estimate the size of the capture zone when varying pumping 

rates for sensitivity analysis. However, the total cost of this alternative is not overly sensitive to 

changes to the pumping rate, which would impact electricity use and the use of chemical for 

neutralization of permanganate, two items that would not vary to the point where they would 

materially impact the overall cost under this alternative.  

A cost sensitivity analysis was performed for this alternative to estimate the cost impacts of the 

P&T O&M time duration beyond the 30-year evaluation period of this FS. The costs for three 

additional time durations of P&T, i.e., 60 years, 90 years, and 120 years were calculated. It was 

assumed that the regularly repeating cost for regular P&T, long-term O&M, monitoring, IC, and 

Five-Year Review in this analysis does not change with the change of time duration for 

evaluation. The results of the sensitivity analysis are summarized in Table 5-10 and illustrated in 

Figure 5-11. 
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As shown in Figure 5-11 (and Table 5-10), the maximum cost, $39.4M, is estimated for the longest 

time duration, 120 years, of P&T evaluated, which is more than three times the baseline cost, 

$14.9M, estimated for the 30-years P&T scenario. The results of the cost sensitivity analysis 

indicate that the total cost for the alternative increases linearly with the increase of time duration of 

P&T. The slope of the curve suggests that approximately $2.7M of cost increase will be incurred for 

each additional 10 years of P&T. The present value of the alternative is not sensitive to the increase 

of the time duration for P&T. 

5.5 ALTERNATIVE TI-4 – IN SITU CHEMICAL REDUCTION 

Alternative TI-4 will treat the groundwater contamination in the TI Zone with an approach 

centered on ISCR. The proposed ISCR program and other components of Alternative TI-4 are 

described in Subsection 5.5.1. The evaluation of Alternative TI-4 with respect to the nine 

CERCLA evaluation criteria is presented in Subsection 5.5.2.  

The major components of this alternative are presented in Table 5-11. As shown in Table 5-11, 

in addition to ISCR in the bedrock source zone, MOM ISCR near the TI Zone boundary, and an 

ISCR PRB gate installed in the slurry wall, Alternative TI-4 includes common components that 

are described above as components of other alternatives. The ICs and environmental monitoring 

program associated with Alternative TI-4 will be permanent because groundwater contaminant 

concentrations in the TI Zone will be greater than the PSs for the foreseeable future, even after 

implementation of the ISCR program. Groundwater cleanup standards will be waived in the TI 

Zone. Preventing migration of contaminants away from the TI Zone (a PS) will be achieved by 

using ISCR to destroy contaminant source material in the bedrock source area and using ISCR 

for MOM of contaminated bedrock groundwater near the TI Zone compliance boundary. An 

ISCR PRB will be constructed and maintained in the overburden to prevent migration of 

contaminated groundwater from inside the slurry wall to overburden areas outside the slurry 

wall. Treatment of overburden groundwater outside of the slurry wall is not included because 

contaminant concentrations in that zone are either at or are approaching PSs. Compliance 

monitoring will be employed to verify the performance of the remedial program and, if 

necessary, to trigger additional remedial actions if contaminants migrate to areas beyond the TI 

Zone compliance boundary. 
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5.5.1 Remedial Approach under Alternative TI-4 

The ISCR program under this alternative consists of the four elements listed below. These 

elements are described in detail in the subsections that follow.  

 ISCR in the >50 mg/L PCE area in bedrock to remove source material and thereby 
reduce contaminant concentrations migrating toward the TI Zone compliance 
boundary. 

 An ISCR PRB for MOM in the bedrock near the TI Zone boundary in order to 
prevent contaminated bedrock groundwater from migrating to areas beyond the TI 
Zone compliance boundary.  

 An overburden ISCR PRB gate in the slurry wall to allow groundwater to be treated 
to levels that meet the PSs upgradient of the TI Zone compliance boundary. 

After construction of the overburden PRB, it will no longer be necessary to provide complete 

containment of the contaminated OU1 overburden groundwater inside the slurry wall. Therefore, 

operation of the existing (ROD remedy) overburden P&T system will be discontinued once the 

overburden PRB is in operation. 

5.5.1.1 	 In Situ Chemical Reduction Treatment Approach  
for Source Control in the Bedrock 

Background 

In situ chemical reduction is an in situ technology that has been used for successful remediation 

of bedrock and overburden groundwater contaminated with chlorinated hydrocarbons. This 

technology involves delivery of a sufficient amount of strong reducing reagent to chemically 

convert contaminants into organic compounds that present little environmental risk and into 

non-toxic inorganic byproducts. Reducing reagents that can be used for ISCR include zero-valent 

iron (ZVI), some metal ions in a reducing state (e.g., titanium (III) citrate), and others. As with 

other in situ technologies, achieving contact between the reagents and the contaminants is critical 

for the success of an ISCR program.  

Selection of Treatment Zone for In Situ Chemical Reduction 
for Source Control in Bedrock 

The >50 mg/L PCE zone is the portion of the TI Zone that most likely contains significant 

accumulations of DNAPL, and therefore, the zone where ISCR will have the greatest impact for 
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reducing contaminant mass in the TI Zone. A significant reduction in the contaminant mass in 

the >50 mg/L PCE Zone should reduce the long-term potential for contaminants to migrate to 

areas downgradient of the TI Zone compliance boundary. In addition, ISCR reagents injected 

into bedrock have the potential to impact a relatively extensive area by flowing through bedrock 

fractures. Therefore, while it is possible that DNAPL is present in bedrock fractures outside of 

the >50 mg/L PCE area, it is also possible that ISCR reagents injected in the >50 mg/L PCE area 

will follow similar migration pathways through the bedrock to those followed by the DNAPL, 

and thereby contact and oxidize the DNAPL constituents. As a result, active ISCR treatment of 

the >50 mg/L PCE Area may treat most or all of the DNAPL present in bedrock at the site.  

Based on the likelihood that ISCR treatment of the >50 mg/L PCE zone should destroy a 

significant amount of contaminant mass within and downgradient from the >50 mg/L PCE Zone, 

that zone is selected for ISCR source control in bedrock. As noted above, the focused treatment 

of this source zone will be combined with MOM ISCR treatment of groundwater near the 

downgradient boundary of the TI Zone. This combination of aggressive treatment of the bedrock 

contaminant source zone and MOM ISCR treatment near the TI Zone boundary, (as described in 

Subsection 5.5.1.2) should prevent migration of contaminated bedrock groundwater past the TI 

Zone compliance boundary. 

Conceptual Design 

A bedrock injection well network will be constructed and ISCR reagent will be injected into the 

bedrock groundwater in a manner that will maximize contact with DNAPL and groundwater 

contaminants throughout the area targeted for treatment. While groundwater with dissolved 

contaminants is expected to be displaced and treated by injected reagent, residual DNAPL will 

be unlikely to move as a result of the ISCR injections. Instead, as the dissolved phase 

contaminants are broken down, the resulting concentration gradients will accelerate dissolution 

of the DNAPL constituents into the aqueous phase, at which point they will be treated by the 

ISCR reagents. The ISCR reagents should also serve as a PRB, including those injected along the 

TI Zone compliance boundary, which will minimize contaminant rebound as: 

 DNAPL constituents dissolve in groundwater.  
 Contaminated groundwater moves out of fractures not accessed by the ZVI. 
 Contaminants are released from the bedrock matrix into groundwater. 
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In Situ Chemical Reduction Reagent 

Zero-valent iron is a strong reducing material that can serve as an electron donor to promote the 

abiotic reductive dechlorination of PCE and other chlorinated ethenes such as those detected at 

the Site. The reaction would result in conversion of ZVI into iron-hydroxides and iron-oxides, 

dechlorination of chlorinated VOCs, and generation of chloride ions and innocuous end-products 

such as ethane, ethene, and acetylene. 

Zero-valent iron particles in the nano-scale (nZVI) to micro-scale (mZVI) size range 

(approximately 10 nanometers [10-8 meters] to 100 micrometers [10-4 meters]), can be suspended 

and fluidized in water and then can be injected into the subsurface for destruction of chlorinated 

hydrocarbons. The nZVI and mZVI materials are commercially available. 

In comparison with other reducing reagents, ZVI is a readily available material that is persistent 

under in situ conditions. It is believed to remain active providing in the subsurface for several 

years, and depending on subsurface conditions, possibly longer than 10 years (Henderson, 2007).  

Major factors that may limit the effectiveness of ZVI for in situ remediation include reducing 

reactivity over time and breakdown products of contaminants. Low pH in groundwater can 

accelerate corrosion, and therefore, gradual deactivation of ZVI (i.e., reduced reactivity for 

contaminant removal over time). Also, when an insufficient amount of ZVI is injected into the 

treatment zone, incomplete reduction of PCE may occur, resulting in the formation of byproducts 

such as TCE, DCEs, and vinyl chloride that can and potentially migrate to downgradient areas. 

These challenges can be addressed by properly placing and spacing the injection wells to 

maximize contact with the contaminants and by applying a sufficient quantity of ZVI to drive the 

ISCR reaction to completion.  

For treatment of contamination in bedrock a the Site, a slurry of zero-valent iron and water slurry 

(containing nZVI and mZVI) would be pumped into the bedrock fractures by high pressure 

injection. A combination of mZVI and nZVI is recommended in order to provide high initial 

reactivity (nZVI) and longevity (mZVI). When injected, nZVI and mZVI will react with 

chlorinated hydrocarbons and thereby reduce contaminant concentrations significantly in a short 

period of time. The mZVI particles with relatively lower reactivity but greater longevity should 
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remain reactive for an extended time, addressing any residual DNAPL remaining after the initial 

treatment, and also treating contaminants that, over time, diffuse from secondary fractures and 

from the bedrock matrix. The proportion of the two ZVI types for this ISCR treatment would be 

evaluated as part of the remedial design. For this FS, a 50%-50% ratio of mZVI-nZVI has been 

assumed. 

Zero-valent iron particles will aggregate into large particles because of their magnetic force and 

settle by gravity in the fractures. The settled aggregate particles will work as small PRBs to treat 

groundwater flowing through the fractures. These agglomerations of particles could also reduce 

groundwater flux through the fractures, resulting in a reduction of contaminant transport to 

downgradient areas. When the ZVI particles gradually corrode as a result of their reaction with 

contaminants and water, iron hydroxides and oxides and other deposits build up on the surfaces 

of particles causing the volume of the particles to expand and thereby further limit groundwater 

flow. While the chemical reaction function of ZVI for contaminant removal would weaken over 

the long term, the physical containment function for remaining contamination in the secondary 

fractures would strengthen. 

Injection and Treatment System - In Situ Chemical Reduction 

The delivery and distribution of the ZVI slurry in the bedrock treatment areas will be 

accomplished through bedrock injection wells installed at appropriate locations and depths. The 

ZVI particles will be delivered to the bedrock by pressurized slurry injection. The ZVI particle 

slurry will be pushed into fractures for a distance from each injection well, and because the 

density of the ZVI particles is significantly greater than that of water, the ZVI particles will settle 

in the fractures once the initial injection pressure dissipates. A reactive zone will be formed 

around each injection well. Limited particle remobilization may occur during subsequent 

injection events or injections into nearby wells. 

The network of injection wells will be installed as conceptually shown on Figure 5-12. The 

injection wells will be constructed by installing a casing through the overburden and then sealing 

that casing approximately 10 ft into competent bedrock. The bedrock section of the well will be a  

6-inch-diameter open-hole in bedrock from the bottom of the casing to the total depth of the 
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well. For this FS, it is assumed that the 500-ft interval to be treated by the bedrock injection 

wells is, on average, the interval from 80 ft bgs to 580 ft bgs.  

The ROIs of the injection wells were estimated for this FS using the results of tracer (dye) testing 

conducted in the bedrock at the Site and also by using geophysical data that indicate the 

frequency, direction, and dip of fractures in the bedrock at the Site. The results of the tracer 

testing indicated that less than 2 days were required to for a tracer to migrate 300 ft through the 

bedrock under pumping conditions. Geophysical and pumping test data indicate the presence of 

steeply dipping fractures through which groundwater flows in a north-northeasterly direction 

under non-pumping conditions. Based on the tracer testing and geophysical data, the ROI of each 

bedrock injection well is assumed to be approximately 35 ft. That ROI results in an injection 

well spacing of approximately 50 ft and a total of approximately 25 injection wells in the 

>50 mg/L PCE area. The actual ROI and the number of injection wells will be determined during 

the systematic installation and testing of the injection wells that is described below.  

The injection wells will be installed and tested sequentially in a manner that verifies the extent 

(area and thickness) of the source area to be treated and the likely locations of bedrock fractures 

to be targeted for ZVI injection. This systematic well installation program will result in an 

injection well network that accurately encompasses the volume of bedrock requiring treatment 

and will allow injection of ISCR into the fractures most likely to contain DNAPL and significant 

levels of dissolved contamination. Initially, lines of injection wells will be installed working 

radially outward from the area of highest contaminant concentrations. Those initial wells will be 

characterized using geophysics and packer testing to evaluate the detected fractures for water 

flow and concentrations of contaminants. The results of the geophysical evaluations and 

sampling of the injection wells will be used to update the CSM with a map of the factures that 

likely contain DNAPL and convey contaminated groundwater. The updated CSM will then be 

used to determine the locations for the remaining injection wells, which will subsequently be 

installed.  

The drilling program for construction of the injection well field will also include installation of 

monitor wells to be used for monitoring the progress of the ISCR remedial action. The locations 

of the monitor wells will be selected based on the characterization data collected during the 
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drilling program. It is anticipated that three wells will be installed in the contaminant source area 

and five monitoring wells will be installed along the TI Zone compliance boundary as described 

in Subsection 5.5.1.4 for MOM to supplement the existing monitoring well network.  

The ISCR injection program will commence after installation and testing of the injection and 

monitoring wells. Injection will be performed by specially-trained personnel using specialized 

equipment capable of high pressure injection. To prevent corrosion prior to injection, ZVI 

particles will be transported to the Site and stored as solids in inert gas, and the ZVI-water slurry 

will be prepared immediately prior to injection into the subsurface. For this FS, it has been 

assumed that, a 10% iron slurry will be prepared and injected into the subsurface in order to 

achieve an average concentration of 5% iron in bedrock groundwater. 

The mass of ZVI injected into the subsurface will be approximately 370 times the reducing 

chemical demand required to transform PCE to ethene stoichiometrically, when an average 

concentration of 100 mg/L PCE in groundwater is assumed (excluding DNAPL mass). This mass 

of injected reagent is necessary to overcome additional ZVI consumption by DNAPL mass, 

water corrosion, and residual soil demand, and to maintain adequate capacity and longevity of 

ZVI over time. There is significant uncertainty with respect to each of these factors which, 

therefore, requires a conservative estimate of the reagent dose.  

A total of approximately 36 metric tons of ZVI material would be injected into the subsurface for 

treatment of the >50 mg/L PCE Area. The ISCR injection event will proceed with installation of 

the bedrock PRB (as described in Subsection 5.5.1.4) and then ISCR injections into the 

>50 mg/L PCE Area starting with the areas with the lowest detected PCE concentration and then 

moving to areas with higher concentrations. That injection sequence would minimize the risk of 

pushing groundwater with high PCE concentrations away from the ISCR treatment zone. The 

ISCR program injection event is expected to be completed within 15 months.  

Treatability Study 

Bench-scale Treatability Study 

The ZVI suppliers and research community have carried out some bench-scale studies, and 

results are often available for evaluation upon request. A confirmation treatability study for a 
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particular type of ZVI may not be necessary; however, during the remedial design, a comparative 

study, e.g., column studies using site groundwater for available ZVI products, would be 

necessary to evaluate the long-term reactivity, proper dosage of ZVI, breakdown products of 

contaminants, and change of surface characteristics of ZVI particles over time, in support of 

selecting the most appropriate type(s) of ZVI and determining design values for application 

parameters for a pilot study and full-scale implementation.  

Field-Scale Pilot Treatability Study 

Because of the uncertainty associated with injecting ZVI particles into bedrock fractures for 

DNAPL removal, a field scale pilot study should be performed prior to full-scale implementation 

of ISCR at the Site. The field pilot study would evaluate the delivery of the ZVI suspended 

solution to the target fractures and the treatment of the contaminants under in-situ conditions. In 

addition, results of the study would be used to determine design parameters of the full-scale 

ISCR program, including injection point spacing, injection approach, injection dosage, chemical 

concentrations, and injection flow rates. 

Performance Monitoring 

Three additional bedrock monitoring wells would be installed to monitor performance of the ISCR 

program. Additional bedrock characterization at these locations would be performed to update the 

CSM and assist the deployment design of the injection wells.  

One baseline monitoring event would be conducted prior to implementation of ISCR treatment. 

Semi-annual performance monitoring, or an appropriate frequency based on site requirements, 

would be conducted following the start of injection activities on-site. For each monitoring event, 

groundwater samples would be collected from up to 20 bedrock wells, including eight additional 

monitoring wells to be installed for compliance monitoring as described in Subsection 5.5.1.4 for 

MOM, for laboratory analysis of VOCs and metals. 

Expected Performance of In Situ Chemical Reduction 
for Treatment of the Bedrock Source Zone 

At the completion of the ISCR program in the > 50 mg/L PCE Area, the dissolved PCE 

concentrations in the groundwater source zone should be reduced to less than 1.5 mg/L. The 

residual DNAPL present in the form of blobs and ganglia in primary fractures and in some dead-
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end fractures that are contacted by the ZVI reagents will likely be eliminated, significantly 

reducing the contaminant mass available as a long-term contaminant source. Following treatment 

by ZVI, the groundwater will be in a reducing condition and will contain dissolved hydrogen 

gas. Those conditions should enhance biological reductive dechlorination of some remaining 

chlorinated hydrocarbons, downgradient of the ISCR source area treatment zone (the >50 mg/L 

PCE Zone). 

Over the long-term, there could be some rebound of contaminant concentrations in the ISCR 

treatment zone as PCE and other site contaminants dissolve from remaining DNAPL and diffuse 

from the bedrock matrix back into the groundwater. Some of the rebound will be treated by the 

ZVI remaining in the bedrock fractures. However, after several years it is possible that the 

activity of the ZVI will be mostly depleted, which will, over the long-term, allow additional 

DNAPL dissolution and reverse matrix diffusion to potentially cause some rebound of 

groundwater contaminant concentrations. 

Although the target treatment depth is 500 ft below bedrock surface, a portion of ZVI particles is 

expected to continue to migrate further downward to deeper fractures to some extent by gravity 

along the same path where DNAPL may have migrated. Deeper zones with high angle dip 

fractures will likely be treated to some extent.  

5.5.1.2 	 In Situ Chemical Reduction Treatment Approach  
for Management of Migration in Bedrock 

Conceptual Approach 

Management of migration is necessary at the downgradient portion of the TI Zone to prevent 

migration of groundwater contaminants past the TI Zone compliance boundary. For Alternative 

TI-4, ISCR will be used for MOM in a manner similar to how it will be used for treatment of the 

>50 mg/L PCE Area. The MOM component of the ISCR program will involve injecting reducing 

reagent into bedrock fractures through a row of injection wells installed along the TI Zone 

compliance boundary. This row of ISCR wells would establish a ZVI PRB that would break 

down chlorinated hydrocarbons and minimize the risk that dissolved groundwater contaminants 

would migrate past the TI Zone compliance boundary. The preliminary design parameters 

specific to the MOM application are presented in the following paragraphs. 
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It is assumed that the ROI of the injection wells will be 35 ft along the TI Zone compliance 

boundary in order to effectively prevent migration of contaminants to areas outside of the TI 

Zone. A 10% iron slurry would be injected into the injection wells with the objective of 

achieving a concentration of 5% iron in groundwater over the length of the bedrock PRB. 

Because the concentration of PCE and other groundwater contaminants is relatively low in 

bedrock groundwater along the TI Zone compliance boundary, it is likely that only the slower 

acting, but more persistent, mZVI would be used for the ZVI slurry.  

The mass of ZVI to be injected into the MOM wells is approximately 37,000 times the mass of 

ZVI needed to treat the estimated mass of PCE in the groundwater in zone of influence of the 

MOM wells. This is equivalent to 280 years of ZVI capacity when an average velocity of 

bedrock groundwater flow is assumed. In this calculation, only the consumption of ZVI by PCE 

treatment is considered. Other factors that could impact the duration of the ZVI reactivity in 

bedrock groundwater at the Site will need to be evaluated during pilot testing and the remedial 

design. 

Treatability Study 

The treatability study for Alternative TI-4 is described in Subsection 5.5.1.1 for the ISCR source 

treatment program. 

Performance and Compliance Monitoring 

Eight bedrock monitoring wells would be installed to monitor the TI Zone compliance boundary 

as shown on Figure 5-12. The well installation and monitoring is described as part of the ISCR 

performance monitoring program in Subsection 5.5.1.3. 

Expected Performance of Management of Migration In Situ Chemical 
Reduction in Bedrock 

After construction of the injection wells in the downgradient portion of the TI Zone and 

completion of ISCR injections into those wells, it is expected that the risk that bedrock 

groundwater contaminants will migrate past the TI Zone boundary will be minimized. The 

bedrock MOM ZVI PRB is expected to provide effective destruction of groundwater 

contaminants for 30 years because the groundwater migrating from the upgradient treatment 

zone should be highly reducing and thereby minimize the corrosion rate of the ZVI. After 
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30 years of the combined source area and MOM ISCR treatment, the contaminant concentrations 

in bedrock groundwater that approaches the TI Zone boundary will likely attain the PSs without 

the need for ongoing MOM treatment. Therefore, the estimated 30-year timeframe for the source 

area and MOM ISCR systems is reasonable. 

5.5.1.3 Permeable Reactive Barrier for the Overburden at the Slurry Wall  

Background 

The P&T and ISCO treatment in the overburden contaminant source area at the Site has resulted 

in significant reduction in overburden groundwater contaminant concentrations since 

commencement of the ROD remedy in 1999. As a result, contaminant concentrations in the 

overburden inside the slurry wall have been reduced to the point where aggressive source control 

treatment is no longer necessary for attainment of the PSs. However, some supplemental 

treatment of overburden groundwater is necessary to prevent migration of groundwater to areas 

downgradient of the TI Zone compliance boundary at levels that exceed the PSs. That 

supplemental treatment will be provided by an ISCR PRB gate in the slurry wall. 

The overburden ISCR PRB gate in the slurry wall will supplement the overburden treatment 

program that has been implemented to date as part of the ROD remedy. The water exiting the 

PRB should meet the PSs for all VOCs and, as with the current ROD remedy, minimize the 

potential for groundwater contaminants to migrate past the TI Zone compliance boundary. Use of 

a PRB would allow shutdown of the P&T system without risking negative impacts to the 

downgradient groundwater beyond the TI Zone compliance boundary.9 

Conceptual Design 

The primary purpose of the PRB is to provide passive treatment of impacted overburden 

groundwater leaving the slurry wall area. In addition, vertical gradients inside the slurry wall 

would be restored to natural conditions with minimum vertical flux, thereby reducing the 

potential for migration of dissolved contaminants between the overburden and bedrock. 

9	 The costs for decommissioning the P&T system are not included in any of the alternatives as P&T is considered 
as a contingent measure for MOM if the other approaches do not meet the MOM PSs. 
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Hydraulic containment will not be necessary under this condition and the existing ROD remedy 

groundwater extraction and treatment process will be discontinued.  

A “gate” would be excavated in the eastern side of the slurry wall in the vicinity of, but north of, 

the PW-02 and PW-05 cluster wells (refer to Figure 5-14). The PRB gate would be excavated to 

a depth of approximately 27 ft bgs, or approximately 13 ft below the lowest observed water 

table. The size and depth of this excavation will require a significant amount of geotechnical 

design prior to construction because of the overall depth of excavation, the presence of 

groundwater, the soil types (sands and gravels), and the proposed backfill materials. There are a 

number of methods to excavate a trench this size and depth. However, for cost estimating 

purposes it was assumed that a “bench” to a depth of approximately 15 ft would be excavated, 

followed by installation of sheet piling capable of supporting the full depth of excavation. For 

cost estimating purposes, it has been assumed that dewatering of the area will be required to 

allow for deep excavation and placement of the PRB media. Dewatering equipment would likely 

include installation of a well point system to lower groundwater elevations to below the deepest 

point of excavation. Groundwater removed as part of dewatering would be treated (or 

pre-treated) on-site in a temporary treatment unit or in the existing treatment plant (after 

pre-treatment if needed). Treated groundwater would then be recharged using existing site 

infrastructure. 

The excavation would be backfilled to a depth of 17 ft bgs with a mixture of ZVI and sand to 

form a PRB that would allow groundwater flow, driven by precipitation infiltration, from inside 

to outside the slurry wall. A 50%-50% mixture of ZVI in iron filings and medium sand would be 

used to backfill the excavation at the treatment interval. Some sheet piling at the ends of the PRB 

may be left in place to channel groundwater flow through the PRB.  

Placement of the top of the PRB at 17 ft bgs would keep the top submerged 100% of the time 

(historically, the lowest measured water level at nearby PW-02S is 14 ft bgs) in order to provide 

the optimum conditions for dechlorination of the hydrocarbons in PRB. The low-permeability 

slurry wall materials that were excavated to create the gate would be backfilled above PRB 

media (starting at 17 ft bgs) to prevent contaminated groundwater from flowing over the top of 

the PRB media. 
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The ZVI PRB would be designed to achieve a greater than 99% reduction in dissolved PCE 

concentrations in the overburden passing through the PRB. This will prevent contaminant 

concentrations that exceed the PSs from migrating to the downgradient area outside the slurry 

wall, including past the TI Zone compliance boundary. The remainder of the slurry wall would 

remain intact to limit contact between the overburden groundwater outside the slurry wall (which 

has very low contaminant concentrations) and the more highly-contaminated overburden 

groundwater within the slurry wall area. 

The PRB gate would be 100 ft wide (perpendicular to groundwater flow) to allow groundwater 

to exit the slurry wall without significant mounding. The thickness of the PRB gate would be the 

same as the slurry wall thickness, which is approximately 10 ft in the top section of the slurry 

wall. In summary, the PRB would be constructed with a dimension of 100 ft long x 10 ft thick 

x 10 ft. 

The multi-year yearly average precipitation in Milford, NH and vicinity is 43 inches. With an 

infiltration rate of 68% inside the slurry wall (based on SESOIL model result, as presented in 

Appendix E), a total of approximately 500,000 ft3 of precipitation would be recharged annually. 

The recharge results in a design flow rate of 8.9 gpm (with a daily variation factor of 1.5 

assumed) exiting the slurry wall through the PRB gate. The PRB gate will need to remain in 

place and provide treatment of groundwater exiting the slurry wall containment area until the 

groundwater exiting the containment area no longer requires treatment. For purposes of the FS, it 

has been assumed that the design lifetime of the PRB using ZVI is 15 years because of the 

relatively oxidizing groundwater conditions inside the slurry wall. Over a 30-year period for 

estimating costs under EPA guidance standards, one replacement of the reactive material in the 

PRB is assumed.  

Treatability Study 

Bench-scale Treatability Study 

A bench-scale (laboratory) study during remedial design may be necessary to confirm the VOC 

removal kinetics provided by ZVI vendors. There are a variety of the ZVI products available on 

the market, and a pilot test would be used to select the appropriate ZVI product for the PRB 

application. For FS estimating purposes, two column studies conducted in parallel for 6 months 
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would be used to evaluate the performance of different PRB media. The treatability study would 

be performed in the on-site treatment plant using a side-stream off of the existing groundwater 

extraction and treatment system. 

Field-Scale Pilot Study 

A field-scale pilot treatability study is not applicable at this Site. Zero-valent iron PRB is a 

widely used and recognized technology for contaminant migration control. 

Performance Monitoring for the Overburden Permeable Reactive Barrier 

Under this option, six new overburden monitoring wells screened at the depth interval of the 

PRB treatment zone will be installed at the PRB. Three of these wells will be installed 

upgradient of the PRB and three will be installed downgradient of the PRB. These new monitor 

wells should provide effective monitoring of the contaminant removal in the PRB. The 

preliminary locations of the new PRB monitoring wells are shown in Figure 5-14. Groundwater 

samples will periodically be collected from the six monitoring wells for laboratory analysis for 

VOCs and metals.  

Expected Performance of the Overburden Permeable Reactive Barrier 

The PRB will be designed to remove greater than 99% of the contaminants in the groundwater 

that enters the PRB. That level of treatment would result in concentrations of COCs in the 

effluent of the PRB that would meet the TI Zone PSs.  

5.5.1.4 Common Remedial Action Components 

As shown in Table 5-11, Alternative TI-4 contains additional components that are important 

elements of the entire remedy, and are described above for other alternatives. The descriptions of 

those components are not repeated here, except for particular aspects specific to this alternative.  

Natural Attenuation in the Overburden Groundwater Outside of the Slurry Wall 

As described in Subsections 3.2.2.2 and 5.2.1.1, the groundwater plume in the TI Zone 

overburden outside of the slurry wall that exceeds PSs has been reduced to a detached area in the 

east portion of the TI Zone (Figure 1-6). In addition, contaminant concentration trends indicate 

that PSs may be attained in that area within approximately 20 years after shutdown of the 
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extraction wells outside of the slurry wall in 2007. Under Alternative TI-4, monitoring will be 

implemented to determine whether additional actions are necessary for attainment of the PSs 

within approximately 20 years after the 2007 shutdown of the overburden extraction wells 

outside of the slurry wall. The small area of overburden groundwater that exceeds the PSs is in 

the east portion of the TI Zone and may be slightly impacted by the installation and operation of 

the ISCR PRB through the slurry wall. It is unlikely that the overburden groundwater 

contamination outside of the slurry wall will be materially impacted by the ISCR program in the 

bedrock, including in the bedrock along the TI Zone boundary.  

If, as the remedial program at the Site progresses, monitoring data indicate that exceedances of 

the PSs will occur in overburden groundwater outside of the slurry wall for more than 20 years 

after shutdown of the extraction wells outside of the slurry wall, then a supplemental remedial 

program in the overburden groundwater could be implemented. That program would likely 

consist of a limited ISCR program or restart of the extraction wells outside the slurry wall as 

described for Alternative TI-1. 

Because it is likely that overburden groundwater will comply with the PSs within 20 years after 

2007 shutdown of the extraction wells outside of the slurry wall, it is unlikely that future 

treatment of overburden groundwater outside of the slurry wall will be necessary. Therefore, 

costs for future treatment of overburden groundwater outside of the slurry wall have not been 

included in the cost estimate for this alternative. 

Performance and Compliance Monitoring 

Under Alternative TI-4, long-term performance and compliance monitoring of the TI Zone will 

be conducted to verify that the mass removal and source control measures implemented under 

Alternative TI-4 are preventing migration of contaminated groundwater to areas beyond the TI 

Zone compliance boundary. Annual performance and compliance monitoring will be conducted 

at a minimum. Samples will be analyzed for VOCs and as necessary, metals. In addition to the 

performance monitoring, eight bedrock monitor wells will be installed along the TI boundary for 

compliance monitoring and monitored semiannually for VOC and metals to verify that 

contamination above PSs is not migrating beyond the TI Zone.  
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5.5.2 Evaluation of Alternative TI-4 

5.5.2.1 Overall Protection of Human Health and the Environment 

This alternative will be protective of human health and the environment. Institutional controls 

would be used to prevent site access and human exposure to VOCs in the bedrock and 

overburden groundwater contaminant plumes. In addition, a well-restriction buffer zone may be 

established, if required, on properties surrounding the TI Zone to further prevent remaining 

groundwater contamination from being drawn out from the compliance boundary. 

The active remediation measures provided in this alternative provide effective and protective 

contaminant mass destruction and MOM in the bedrock and effective MOM in the overburden in 

order to prevent contamination migration beyond the TI Zone compliance boundary.  

An appropriate HASP will be implemented to protect site workers from risks associated with 

construction of the ISCR injection and monitor wells, ISCR PRB gate, and from risks associated 

with ISCR reagent injections. The HASP will also address other risks such as those posed by 

ongoing site operations and monitoring. 

The ongoing protectiveness of the remedy under this alternative will be assessed at a minimum 

every 5 years through the CERCLA five-year review process. 

5.5.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The chemical-specific ARARs waived because of technical impracticability are identified in 

Appendix A, Table A-10. The location- and action-specific ARARs associated with Alternative 

TI-4 are listed in Appendix A Tables A-11, and A-12, respectively. Discussion of ARARs 

relevant to this alternative are discussed in more detail in Subsection 5.3.2.2 under Alternative 

TI-2 (particularly the ARARs that pertain to the MOM component of the TI-2 Alternative). 

5.5.2.3 Long-Term Effectiveness and Permanence 

As summarized in Table 5-12, this alternative will meet the RAOs by preventing contact with 

contaminated groundwater within the TI Zone, removing the source material to the extent 

practicable, and preventing contaminant migration beyond the TI Zone compliance boundary.  
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The degradation of contaminants in the >50 mg/L PCE area, MOM ISCR area, and by treatment 

in the PRB gate that will occur as a result of the ISCR program will be irreversible, and 

therefore, will result in permanent and very effective protection of human health over the 

long-term. It is likely that some contaminants will remain in the bedrock and overburden 

groundwater following completion of the ISCR injections. The remaining mobile contamination 

will be treated by the MOM ISCR PRB in the bedrock, and by the PRB and natural attenuation 

in the overburden, to levels that prevent the risk of contaminant migration to beyond the TI Zone 

compliance boundary. 

The implementation and monitoring of the ICs will be very effective over the long-term for 

preventing human contact with any remaining contaminated groundwater in the TI Zone. A well-

restriction buffer zone may be established to surround the TI Zone compliance boundary. 

Inspection, maintenance, and performance monitoring of the slurry wall and PRB gate will be 

regularly performed to ensure the continued effectiveness of the remedial action. The 

implementation of a long-term compliance monitoring program will confirm that contamination 

is not migrating beyond the TI Zone compliance boundary.  

5.5.2.4 Reduction of Toxicity, Mobility, and Volume Through Treatment 

The TMV of the contaminants in the bedrock groundwater will be reduced because of the 

destruction of contaminant mass by ISCR reagents. Significant reduction of COC concentrations 

and mass will be caused by the ISCR program (both specific injections and the creation of the 

bedrock and overburden PRBs). The TMV contaminants in the bedrock treatment zone will 

continue to be reduced by injected ZVI particles that will settle in the bedrock fractures and 

remain reactive over an extended period of time. The PRB gate in the slurry wall will prevent 

contamination within the slurry wall from migrating to areas beyond the TI Zone compliance 

boundary. Monitoring of the overburden groundwater outside of the slurry wall will verify 

continued compliance with the PSs and, if necessary, the need for additional treatment of 

overburden groundwater outside of the slurry wall. 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

5-64
 



 
 

   
 
 

   

  

 

 

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

5.5.2.5 Short-Term Effectiveness 

During installation of the ISCR injection wells appropriate safety precautions will be 

implemented to protect workers from noise, dust, and construction hazards. The ISCR pressure 

injection and reagent handling will be performed by specially-trained personnel operating 

specialized equipment in accordance with all health and safety requirements. There will be minor 

short-term effects on the community because of higher levels of site activities including more 

trucks and construction vehicles on local streets, noise, and traffic control. 

5.5.2.6 Implementability 

Bedrock 

The primary implementability concern is the delivery of sufficient amount of the ISCR reagents 

to the fractures that contain residual DNAPL in order to cause an adequate chemical reaction. 

Contractors capable of performing high pressure injection services for delivery of ZVI to 

bedrock are commercially available. Field scale pilot treatability testing would be necessary prior 

to final selection and design of this technology. Smaller injection spacing and/or smaller sizes of 

ZVI particles may be necessary if the pilot testing indicates that plugging of the fractures by the 

ZVI reagents could be a problem. Zero-valent iron is a readily available reagent and can be 

easily obtained from a number of vendors. A specific ZVI coating may be necessary to enhance 

the mobility of the reagent through the fractures and will need to be tested under site-specific 

conditions. 

When contact with contaminants occurs, ZVI will provide fast and complete transformation of 

the COCs at the Site. Installation of injection points is a well-established technology and can be 

accomplished by employing local contractors specializing in bedrock well installation. 

Overburden 

Construction and operation of PRBs has been implemented for groundwater remediation at a 

number of contaminated sites, and can be readily implemented if an ISCR PRB is selected as a 

component of the remedy. 

Institutional controls, required under this alternative, can be readily implemented to prevent use 

of, and exposure to, contaminated groundwater and also to protect components of the remedy. 
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There may be some implementability issues with establishing a well-restriction buffer zone, if 

required, on properties outside of OU1. 

5.5.2.7 Cost 

Summary Results of the Cost Estimate 

The estimated costs for this alternative are summarized in Table 5-13. The elements of the costs 

and details of the estimate are presented in Appendix D (see Table D-4). A preliminary schedule 

of the implementation of this alternative is presented in Figure 5-15.  

Cost Sensitivity Analysis 

A cost sensitivity analysis was performed to estimate the cost impacts associated with treating 

different thicknesses and different areal extents of the contaminant source area. Bedrock 

thicknesses evaluated include 100, 300, 500, and 700 ft. Areal extents evaluated include the 

>50 mg/L PCE Area (Base Case), the 15 mg/L PCE Area, and the 1.5 mg/L PCE area. The 

change of thickness or areal extent for treatment primarily impacts the installation cost for ISCR 

injection wells, material cost for ISCR reagent, cost for the injection effort, and oversight cost. 

Changes to the unit costs as a function of the depth in the bedrock, relating to technical 

challenges that increase with depth, are not considered.  

The results of the sensitivity analysis are summarized in Table 5-14 and illustrated in 

Figure 5-16. The table and figure show the change of total cost (including capital and O&M 

costs) for Alternative TI-4 over the 100-ft to 700-ft range of bedrock thicknesses and for the 

>50 mg/L, >15 mg/L and >1.5 mg/L PCE areal extents of the bedrock treatment area.  

As shown in Figure 5-16 (and Table 5-14), the maximum cost, $41.3M, is estimated for the 

scenario of ISCR treatment of 700 ft of bedrock thickness over the 1.5 mg/L PCE treatment area, 

and the lowest cost, $17.6M, is estimated for the scenario of 100 ft of bedrock thickness over the 

>50 mg/L PCE treatment area. The results of the cost sensitivity analysis indicate that the total 

cost for bedrock ISCR remediation increases linearly with the increase of the bedrock thickness 

for treatment. The slope of the curves suggests that approximately $1.1M of cost increase will be 

incurred for ISCR treatment of each additional 100 ft thickness of bedrock, when ISCR is 
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applied in the >1.5 mg/L PCE Area. Similarly, $0.4M will be incurred for each additional 100 ft 

thickness of bedrock when ISCR is applied in only >50 mg/L PCE Area.  

5.6 ALTERNATIVE TI-5 – ISCO TREATMENT 

Alternative TI-5 will treat the groundwater contamination in the TI Zone with an approach 

centered on ISCO. The proposed ISCO program and other components of Alternative TI-5 are 

described in Subsection 5.6.1. The evaluation of Alternative TI-5 with respect to the nine 

CERCLA evaluation criteria is presented in Subsection 5.6.2. 

The major components of Alternative TI-5 are presented in Table 5-15. As shown in Table 5-15, 

in addition to ISCO in the bedrock source zone and MOM ISCO near the TI Zone boundary, 

Alternative TI-5 includes common components that are described above as components of other 

alternatives. The ICs and environmental monitoring program associated with Alternative TI-5 

will be permanent, because groundwater contaminant concentrations in the TI Zone will be 

greater than the PSs for the foreseeable future, even after implementation of the ISCO program. 

Groundwater cleanup standards will be waived in the TI Zone. Preventing migration of 

contaminants away from the TI Zone (a PS) will be achieved by using ISCO to destroy 

contaminant source material in the bedrock source area and using ISCO for MOM of 

contaminated bedrock groundwater near the TI Zone compliance boundary. In addition, an ISCO 

PRB will be constructed and maintained in the overburden to prevent migration of contaminated 

groundwater from inside the slurry wall to overburden areas outside the slurry wall. Treatment of 

overburden groundwater outside of the slurry wall is not included because contaminant 

concentrations in that zone are either at, or are approaching, the PSs. Compliance monitoring 

will be employed to verify the performance of the remedial program and, if necessary, to trigger 

additional remedial actions if contaminants migrate to areas beyond the TI Zone compliance 

boundary. 

5.6.1 Remedial Approach for Alternative TI-5 

Background 

In situ chemical oxidation is a widely used technology for in situ destruction of chlorinated 

solvents and other organic contaminants in groundwater. It involves delivery of a strong oxidant 

to chemically transform contaminants into inorganic compounds that do not present 
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environmental risks. At the Site, ISCO has previously been successfully used in the overburden 

zone enclosed by the slurry wall (which is in the TI Zone) to significantly reduce the 

contaminant concentrations in, and overall size of, the overburden groundwater contaminant 

plume. Commonly used chemical oxidants for ISCO include activated persulfate, Fenton’s 

reagent, ozone, and permanganate (the ISCO oxidant previously used at the Site). 

The previous ISCO work at the Site commenced with pilot testing in 2003 and full-scale 

implementation in 2004 for treatment of the overburden plume in the portion of the TI Zone 

enclosed by the slurry wall. In 2008 the overburden ISCO program was continued and expanded 

by installation of several additional injection wells. Additional ISCO injection events occurred in 

2009, 2010, and 2011. Permanganate (KMnO4 for the 2003 and 2004 injections and NaMnO4 for 

the injections starting in 2008) was the oxidant used for the injections. Monitoring data from the 

ISCO program show that, to date, the treatment has resulted in significant reductions in the 

concentration of PCE in the overburden groundwater (EPA 5-Year Review, 2011; WESTON, 

2014b). The fact that some PCE remains at concentrations above the RGs in the areas treated by 

ISCO (which are in the overburden inside the slurry wall and within the TI Zone) indicates that 

multiple ISCO injections are typically necessary to attain groundwater cleanup standards, 

particularly when separate phase source materials such as DNAPL are present. Also, some areas 

of the overburden inside the slurry wall were never fully treated with ISCO because of potential 

impacts to the ongoing pump-and-treat operation in that area. 

As noted in Table 5-15, the ISCO program under Alternative TI-5 consists of the following three 

distinct components: 

1.	 ISCO in the >50 mg/L PCE Area in bedrock to remove source material from the zone 
where PCE is most likely present and to thereby reduce contaminant concentrations 
migrating toward the TI Zone compliance boundary (Subsection 5.6.1.1). Because of 
previous ISCO treatments in the overburden and implementation of the ROD remedy, 
there is no >50 mg/L PCE area in overburden that requires source control treatment. 

2.	 MOM ISCO in the bedrock near the TI Zone compliance boundary to prevent 
contaminated bedrock groundwater from migrating to areas beyond TI Zone. 
(Subsection 5.6.1.2). MOM treatment of overburden groundwater outside the slurry 
wall is not considered to be necessary as discussed in Subsection 5.2.1. 
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3.	 An ISCO PRB gate in the slurry wall to provide MOM treatment of groundwater 
to levels that meet the PSs upgradient of the TI Zone compliance boundary 
(Subsection 5.6.1.3). Effective implementation of the ISCO PRB gate should 
minimize the likelihood that future treatment of overburden groundwater outside of 
the slurry wall will be necessary. After construction of the overburden ISCO PRB 
through the slurry wall, it will no longer be necessary to provide complete 
containment of the contaminated OU1 overburden groundwater inside the slurry wall. 
Therefore, operation of the existing (ROD remedy) overburden P&T system will be 
discontinued once the overburden PRB is in operation. 

These components of the ISCO program are described in detail in Subsections 5.6.1.1 

through 5.6.1.3. 

5.6.1.1 In Situ Chemical Oxidation for Source Control in the Bedrock 

The ISCO program for source control in bedrock consists of the elements listed below. These 

elements are described in detail in the paragraphs that follow.  

 Selection of the portion of the TI Zone where the source control ISCO program will 
be implemented 

 Selection of the most effective oxidant to react with and destroy the COCs within the 
TI Zone. 

 Selection of the injection system that will deliver the oxidant to the subsurface in a 
manner that cost-effectively achieves the maximum contact time between oxidant and 
contaminated groundwater. 

 Determination of the volumes of oxidant to be injected into the subsurface to achieve 
destruction of contaminants. 

 A performance monitoring program to assess the effectiveness of the ISCO treatment 
program and to determine if and when additional ISCO injection events are 
necessary. 

Selection of Area for ISCO for Source Control in Bedrock 

The >50 mg/L PCE zone is the portion of the TI Zone that most likely contains significant 

accumulations of DNAPL, and therefore, the zone where ISCO will have the greatest impact for 

reducing contaminant mass in the TI Zone. A significant reduction in the contaminant mass in 

the >50 mg/L PCE Zone should reduce the long-term potential for contaminants to migrate to 

areas downgradient of the TI Zone compliance boundary. In addition, ISCO reagents injected 

into bedrock have the potential to impact a relatively extensive area by flowing through bedrock 
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fractures. Therefore, while it is possible that DNAPL is present in bedrock fractures outside of 

the >50 mg/L PCE area, it is also possible that ISCO reagents injected in the >50 mg/L PCE area 

will follow similar migration pathways through the bedrock to those followed by the DNAPL, 

and thereby contact and oxidize the DNAPL constituents. As a result, active ISCO treatment of 

the >50 mg/L PCE Area may treat most or all of the DNAPL present in bedrock at the site.  

Based on the likelihood that ISCO treatment of the >50 mg/L PCE zone should destroy a 

significant amount of contaminant mass within and downgradient from the >50 mg/L PCE Zone, 

that zone is selected for ISCO source control in bedrock. As noted above, the focused treatment 

of this source zone will be combined with MOM ISCO treatment of groundwater near the 

downgradient boundary of the TI Zone. This combination of aggressive treatment of the bedrock 

contaminant source zone and MOM ISCO treatment near the TI Zone boundary, (as described in 

Subsection 5.6.1.2) should prevent migration of contaminated bedrock groundwater past the TI 

Zone compliance boundary. 

Oxidant Selection – ISCO for Source Control in Bedrock 

Tetrachloroethene, the primary COC in both the overburden and bedrock aquifers, and other 

organic COCs including TCE and DCE, can all be destroyed using permanganate, activated 

persulfate, or Fenton’s Reagent, the most commonly used oxidants for ISCO of organic 

contaminants in groundwater. All of those oxidants provide complete destruction of chlorinated 

ethenes, and do not generate potentially harmful byproducts such as vinyl chloride. As it can take 

a long time for the oxidant to disperse and diffuse into secondary fractures in the bedrock and 

contact the contaminants, an oxidant that is more persistent is preferable for use in bedrock. In 

addition, persistent oxidants provide more effective treatment of contaminants that slowly diffuse 

out of the secondary fractures and matrix over time. 

Of the three oxidants listed in the previous paragraph, permanganate has significantly greater 

persistence in the subsurface. For example, permanganate has persisted in the overburden at the 

Site for greater than 2 years after it was injected. In comparison, activated persulfate will 

typically persist in the subsurface for several weeks and Fenton’s Reagent will only persist for 

several days to 1 week. In addition, data from previous permanganate injection events have 

shown very significant destruction of the Site COCs. (Permanganate has also been demonstrated 
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at many other sites to effectively oxidize chlorinated ethenes.) Therefore, permanganate has been 

selected as the ISCO oxidant to be used for this remedial alternative.  

Permanganate is available as either 40% NaMnO4 solution or as dry KMnO4 crystals. Potassium 

permanganate has a maximum solubility in water of approximately 4%, which is, therefore, the 

maximum concentration that KMnO4 can be injected into the subsurface. Mixing of large 

quantities of KMnO4 solution adds costs for mixing effort and equipment. In addition, there are 

safety concerns because of the potential for the dry crystals to become airborne and cause 

inhalation risks. Sodium permanganate was used successfully for the overburden ISCO injection 

program inside the slurry wall in the TI Zone starting in 2008. It is easily diluted with water to 

the target injection concentration, which can be greater than the maximum of 4% for KMnO4. As 

with KMnO4, there are safety concerns associated NaMnO4. Those concerns are primarily 

associated with the high (40%) concentration of NaMnO4 that is delivered to the Site. Careful 

management of strong oxidizing solutions is required in order to minimize safety and 

environmental risks. Because of the previous success using NaMnO4 at the Site, and because 

concentrations of greater than 4% may be necessary for injection into the low-porosity bedrock 

at the Site, NaMnO4 has been selected as the oxidant to be used for the conceptual design of this 

remedial alternative. 

Injection System – ISCO for Source Control in Bedrock 

As with the ISCR reagents for Alternative TI-4, the delivery and distribution of the 

permanganate in the bedrock treatment area will be accomplished through injection wells 

installed at appropriate locations and depths in the bedrock. The permanganate will be injected 

into the wells by a pressurized injection process that will cause the oxidant to be distributed out 

into the fractures that intersect the injection wells. 

The network of injection wells will be installed as conceptually shown on Figure 5-17. The 

injection wells will be constructed by installing a casing through the overburden and then sealing 

that casing approximately 10 ft into competent bedrock. The bedrock section of the well will be a  

6-inch-diameter open-hole in bedrock from the bottom of the casing to the total depth of the 

well. For this FS, it is assumed that the 500-ft interval to be treated by the bedrock injection 

wells is, on average, the interval from 80 ft bgs to 580 ft bgs.  
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The ROIs of the injection wells were estimated for this FS using the results of tracer (dye) testing 

conducted in the bedrock at the Site and also by using geophysical data that indicate the 

frequency, direction, and dip of fractures in the bedrock at the Site. The results of the tracer 

testing indicated that less than 2 days were required for a tracer to migrate 300 ft through the 

bedrock under pumping conditions. Geophysical and pumping test data indicate the presence of 

steeply dipping fractures through which groundwater flows in a north-northeasterly direction 

under non-pumping conditions. Based on the tracer testing and geophysical data, the ROI of each 

bedrock injection well is assumed to be approximately 35 ft. That ROI results in an injection 

well spacing of approximately 50 ft and a total of approximately 25 injection wells in the 

>50 mg/L PCE area. The actual ROI and the number of injection wells will be determined during 

the systematic installation and testing of the injection wells that is described below.  

The ROIs, and hence the spacing and layout of the injection wells will be refined and optimized 

using the results of testing that will be performed during the systematic installation of the 

injection wells. More specifically, the ISCO injection wells will be installed and tested 

sequentially in a manner that verifies the extent (area and thickness) of the bedrock source area 

to be treated and the likely locations of bedrock fractures to be targeted for oxidant injection. 

This systematic well installation program will result in an injection well network that accurately 

encompasses the volume of bedrock requiring treatment and will allow injection of oxidant into 

the fractures most likely to contain DNAPL and significant levels of dissolved contamination. 

Initially, lines of injection wells will be installed working radially outward from the area of 

highest contaminant concentrations. Those initial wells will be characterized using geophysics 

and packer testing to evaluate the detected fractures for water flow and concentrations of 

contaminants. The results of the geophysical evaluations and sampling of the injection wells will 

be used to update the CSM with a map of the factures that likely contain DNAPL and convey 

contaminated groundwater. The updated CSM will then be used to determine the locations for 

the remaining injection wells, which will be subsequently installed.  

The drilling program for construction of the injection well field will also include installation of 

wells to be used for monitoring the progress of the ISCO remedial action. The locations of the 

monitoring wells will be selected based on the characterization data collected during the drilling 
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program. It is anticipated that five monitoring wells will be installed in or near the >50 mg/L 

PCE Area (Figure 5-17). to supplement the existing bedrock monitoring well network. 

Additional monitoring wells will be installed along the TI Zone compliance boundary as 

described below in Subsection 5.6.1.4. 

Injection of the NaMnO4 oxidant will commence after installation and testing of the injection and 

monitoring wells. The target groundwater treatment dose is approximately 1% NaMnO4 

throughout the >50 mg/L PCE zone. In order to most effectively distribute permanganate 

throughout the full area targeted for treatment the concentration of oxidant being injected may be 

varied during the injection process. Such adjustments to the concentration of oxidant will be 

based on monitoring data from the early portion of the oxidant injection program. For treating 

the DNAPL migration pathways downgradient from the >50 mg/L PCE Area, a relatively 

concentrated, and therefore, dense NaMnO4 solution may be used. The relatively dense NaMnO4 

solution is expected to initially mimic the movement of DNAPL through the bedrock fractures 

and thereby achieve contact with the DNAPL and the contaminated groundwater. A portion of 

the injections in the >50 mg/L PCE Area will likely also use a dilute (approximately 4%) 

permanganate solution to promote distribution laterally away from the injection wells. 

To further enhance the distribution of permanganate throughout the zone targeted for treatment, 

pumping from adjacent injection wells that have not yet received injections may also be 

performed. Pumping from monitor wells will be avoided in order to allow the monitor wells to 

remain representative of conditions throughout the zone targeted for treatment.  

Once in the groundwater, the permanganate will rapidly oxidize the dissolved chlorinated 

ethenes. As the dissolved concentrations of contaminants are depleted in the vicinity of DNAPL, 

accelerated dissolution and depletion of the blobs and ganglia of DNAPL will occur. The 

DNAPL constituents will be oxidized once they dissolve into the aqueous phase, provided that 

permanganate is present. Permanganate will also disperse and diffuse into the secondary 

fractures to treat the trapped dissolved PCE contamination.  

For the ISCO source control in bedrock program, it is estimated that there will be a total of five 

injection events required in order to attain the objective of reduce contaminant mass to prevent 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

5-73
 



 
 

   
 
 

   

  

 

 

 

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

contaminant migration beyond the TI Zone compliance boundary. Those injection events will be 

performed over a period of 10 to 15 years, occurring every 2 to 5 years depending on monitoring 

results, For the initial injection event, a total of 39,700 lbs NaMnO4 (which is approximately 

3,400 gallons of 40% of NaMnO4), will be injected. The amount of initially injected oxidant will 

be more than 88 times of the oxidant demand to destroy PCE stoichiometrically, when an 

average of 100 ppm PCE in groundwater is assumed (exclude DNAPL). The extra amount of 

oxidant is necessary in order to provide effective treatment given the uncertain distribution of 

DNAPL, groundwater dilution and dispersion, and matrix oxidant demand. There is significant 

uncertainty with respect to each of those factors which therefore, requires a conservative estimate 

of the oxidant dose. A reduced amount of oxidant will likely be required for each subsequent 

injection event because a significant portion of the total contaminant mass will have been 

removed during the previous ISCO injection events. It is estimated that 90%, 80%, 60%, and 

40% of the amount of permanganate used for the first injection event will be used for the second, 

third, fourth, and fifth injection events, respectively. Additional details regarding the ISCO 

injections will be developed during the remedial design. 

The injected permanganate solution is expected to migrate away from the injection wells 

following the dipping slope in the factures. A portion of the permanganate is expected to migrate 

with groundwater following the local hydraulic gradient. The permanganate injection process 

will likely create temporary changes in the hydraulic gradients in the vicinity of the injection 

wells, thereby causing the oxidant to move radially (as allowed by the fracture network 

intersected by the injection wells) outward from the injection wells. Monitoring for 

permanganate in nearby monitor and injection wells will be performed in order to evaluate the 

distribution of permanganate during and after injection events. Injection volumes and pressure 

for individual injection wells will be adjusted as necessary based on the results of the 

permanganate distribution monitoring. A schematic of ISCO injection in a cross-section view is 

shown in Figure 5-18. 
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Treatability Studies 

Bench-scale Treatability Study – ISCO for Source Control in Bedrock 

No bench-scale treatability study is necessary because it has previously been demonstrated that 

permanganate provides effective destruction of PCE and other chlorinated ethenes present in 

groundwater at the Site.  

Pilot-Scale Treatability Study – ISCO for Source Control in Bedrock 

A pilot test will not be performed to design the ISCO system for source control in bedrock. 

Instead, the systematic program for installation of the injection wells described above will be 

implemented during installation of the full-scale system. This systematic program should address 

the uncertainty associated with the nature and extent of PCE and TCE contamination in the 

bedrock fractures and the ROIs of the injection wells without the costs and delays associated 

with a pilot test. Additional optimization of the ISCO program will be performed during the 

oxidant injection process based on data demonstrating distribution of permanganate and 

destruction of groundwater contaminants. More specifically, data collected during 

implementation of the ISCO program will be used to optimize: 

 The zone of influence (horizontally and vertically) of injection wells.  

 The spatial correlation between the volume of oxidant injected and the transport 
distance of the oxidant from the injection location. 

 The extent of dilution of concentrated permanganate solution within the fractures.  

 Oxidant persistence (verify that the permanganate does not dissipate over the short 
term).  

 Contact of the oxidants with site contaminants.  

 The extent of treatment of the contaminants.  

Performance Monitoring – ISCO for Source Control in Bedrock 

Performance monitoring will be implemented to monitor key parameters of the bedrock ISCO 

program including the extent of oxidant distribution in the bedrock, the persistence of oxidant, 

contaminant destruction, and rebound of contaminant concentrations after dissipation of the 

oxidant. Approximately five additional bedrock monitoring wells will be installed during 

installation of the injection wells. Additional bedrock characterization at those locations will be 
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performed to update the CSM and assist with the design of the injection program. The outcome 

of that characterization will be used to select the interval(s) in each well to be monitored. The 

wells will then be constructed to monitor multiple (as appropriate based on the characterization 

data) vertical zones separately in each well.  

The primary objective of these additional monitoring wells is to verify the performance of the 

ISCO program in and near the >50 mg/L PCE Area. One baseline monitoring event will be 

conducted prior to the start of the ISCO treatment. After completion of the first injection event, 

monitoring for the presence of permanganate will be performed monthly in the monitoring wells, 

and as the permanganate dissipates, also in the injection wells. Semi-annual performance 

monitoring, or an appropriate frequency based on site requirements and monitoring results, will 

be performed after completion of the first ISCO injection event and for the full duration of the 

ISCO program (approximately 15 years). For each monitoring event, groundwater samples will 

be inspected for the presence of permanganate. Samples with permanganate concentration less 

than 100 ppm will be submitted for laboratory analysis for VOCs and metals. Samples with 

greater than 100 ppm permanganate will likely not be submitted for VOC analysis because 

experience at other sites has shown that when 100 ppm or greater of permanganate are present in 

monitor wells then chlorinated ethenes either not detected or are present at very low 

concentrations. 

The performance monitoring events may also include collection of VOC samples from some 

injection wells where the permanganate level is low or the permanganate has dissipated entirely. 

While VOC and permanganate concentrations in oxidant injection wells are typically not 

representative of conditions throughout the area targeted for treatment, they can provide useful 

information on when additional injection events are needed. Wells with long-term persistence of 

permanganate will be considered to be locations where there is more complete treatment of the 

VOCs in bedrock groundwater. 

Once permanganate dissipates in monitor and injection wells, contaminant concentrations from 

groundwater samples will typically rebound if contaminants remain present in the vicinity of the 

well. After the permanganate substantially dissipates in a monitoring well, that well will be 

monitored for COCs. If COC rebound occurs to levels greater than the cleanup objectives then 
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additional injection events will be performed as necessary to achieve the RAOs. Based on 

experience at other sites, it is estimated that a total of five injection events will be required over a 

period of approximately 15 years in order to minimize the risk that bedrock groundwater 

contaminants will migrate away from the >50 mg/L PCE area and downgradient towards the TI 

Zone compliance boundary. 

Expected Performance of In Situ Chemical Oxidation for Source Control in Bedrock  

Permanganate has been demonstrated to provide very effective destruction of PCE and other 

chlorinated ethenes in the overburden at the Site and at many other sites. It is expected that 

permanganate will provide very effective destruction of PCE and other COCs when it is injected 

into the bedrock in the TI Zone. The primary limitation on the effectiveness of ISCO in the TI 

Zone is the ability of the oxidants to contact the contaminants. If the injection wells contact a 

high percentage of the PCE-bearing fractures in the bedrock in the TI Zone, and the injection 

program effectively injects the permanganate into those fractures, then it is likely that ISCO will 

provide very effective treatment. It is expected that as the PCE concentrations decline as a result 

of the ISCO program, dissolution of DNAPL into the groundwater will occur, thereby reducing 

the amount of DNAPL present in bedrock fractures. The percentage of DNAPL in the bedrock 

fractures that will be destroyed by ISCO is unknown, and is very dependent on how the DNAPL 

is distributed in the fractures relative to the permanganate injection locations. As PCE 

concentrations decline there will also be some diffusion of PCE from very small fractures and 

the bedrock matrix back into the groundwater. It is likely that the contaminants that diffuse back 

into the more major fractures will be oxidized by permanganate, which has been shown to persist 

for two or more years in groundwater in the TI Zone at the Site. 

5.6.1.2 	 In Situ Chemical Oxidation Treatment for  
Management of Migration in Bedrock 

Conceptual Approach 

Management of migration is necessary at the downgradient areas of the TI Zone to prevent 

migration of groundwater contaminants past the TI Zone compliance boundary. For 

Alternative TI-5, ISCO will be used for MOM in a manner similar to how it will be used for 

treatment of the bedrock source area. The MOM component of the ISCO program will involve 

injecting permanganate into bedrock fractures through a row of injection wells installed near the 
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TI Zone compliance boundary. Injection of permanganate into this row of injection wells will 

provide a barrier that will break down chlorinated ethenes and thereby minimize the risk that 

dissolved groundwater contaminants will migrate past the TI Zone compliance boundary. A 

preliminary layout of the injection points for the MOM component is illustrated in Figure 5-17.  

The presence of DNAPL is unlikely in the zone where the MOM bedrock injections will be 

performed. In addition, contaminant concentrations in that area of the bedrock are relatively low. 

As a result, this application will use a more dilute permanganate solution that is sufficiently 

reactive for destroying chlorinated ethenes while allowing for sufficient lateral and vertical 

migration with the local hydraulic gradient. The target groundwater treatment dose for MOM 

will be approximately 0.1% permanganate. 

For this FS, it has been assumed that the ROI of the MOM injection wells will be 35 ft which 

will result in an injection wells spacing of approximately 50 ft and a total of approximately 

33 MOM injection wells. In addition, because of its mobile nature, a significant portion of 

permanganate will likely migrate with groundwater flow into downgradient areas driven by the 

local hydraulic gradient. For MOM, it is expected that annual ISCO injection frequency will be 

necessary for approximately 30 years, with the extent and magnitude of the injection events 

declining over that 30-year period. It is possible that the frequency of MOM injections will be 

less than annual during the last several years of the 30-year MOM injection period. After 

30 years it is expected that the source area ISCO program in the >50 mg/L PCE area upgradient 

from the MOM area will have significantly reduced the contaminant concentrations in the 

groundwater migrating into the MOM area. At that point MOM injections should no longer be 

necessary in order to prevent migration of contaminants across the TI Zone compliance boundary 

at levels that exceed the PSs. 

It is expected that it will be possible to decrease the oxidant dose for MOM over time as the mass 

of PCE migrating from the upgradient source is reduced because of treatment of the upgradient 

>50 mg/L PCE source area. For this FS, it is assumed that an initial amount of 1,320 lbs 

NaMnO4 will be injected into each MOM injection well. It is expected that the amount of 

permanganate for MOM will decrease by approximately 10% annually for the first 5 years and 

then level off at approximately 870 lbs per MOM injection well per year. The need for additional 
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injections to manage migration will be evaluated following the initial 30-year period and 

continued if required. 

Treatability Study – In Situ Chemical Oxidation for Management of Migration in Bedrock 

The effectiveness of permanganate for treatment of the chlorinated ethene COCs has been 

demonstrated at the Savage Well Site and at many other sites. Therefore, treatability testing is 

not necessary for the design of the MOM ISCO program. 

Performance and Compliance Monitoring – ISCO for Management of Migration in 
Bedrock 

Eight additional bedrock monitoring wells will be installed to monitor the TI Zone compliance 

boundary. The frequency and parameters for performance and compliance monitoring is 

described in Subsection 5.6.1.1, for the ISCO source control performance monitoring program. 

Expected Performance of In Situ Chemical Oxidation Application  
for Management of Migration in the Bedrock 

The proposed annual ISCO application is expected to provide effective MOM at the TI Zone 

compliance boundary over a period of approximately 30 years. After 30 years it will likely be 

possible to discontinue the MOM ISCO program because, by that time, ISCO program 

implemented in the up-gradient bedrock source area (>50 mg/L PCE) should reduce contaminant 

concentrations entering the MOM zone to the PSs, and thereby, eliminate the need for additional 

MOM ISCO injections. 

5.6.1.3 	 In Situ Chemical Oxidation Permeable Reactive Barrier for the 
Downgradient Overburden Plume 

Background 

An ISCO PRB gate will be constructed in the slurry wall and maintained to prevent migration of 

contaminated groundwater from inside the slurry wall to overburden areas outside the slurry 

wall. The objective of the PRB gate is to provide MOM treatment of groundwater to levels that 

meet the PSs upgradient of the TI Zone compliance boundary (Subsection 5.6.1.3). Effective 

implementation of the ISCO PRB gate should minimize the likelihood that future treatment of 

overburden groundwater outside of the slurry wall will be necessary. After construction of the 

overburden ISCO PRB through the slurry wall, it will no longer be necessary to provide 
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complete containment of the contaminated OU1 overburden groundwater inside the slurry wall. 

Therefore, operation of the existing (ROD remedy) overburden P&T system will be discontinued 

once the overburden PRB is in operation. 

Conceptual Design 

The conceptual design of the PRB gate for Alternative TI-5 is similar to that described for 

Alternative TI-4, except that an oxidizing rather than reducing PRB will be employed. An 

oxidizing PRB will be used because of the potential for oxidizing conditions resulting from the 

ISCO program in the >50 mg/L bedrock source area to cause oxidants or oxidizing conditions to 

migrate upward to the overburden inside the slurry wall and impact the PRB. If a reducing PRB 

were to be used, then oxidizing conditions in the groundwater entering the PRB would impair the 

reductive reactions and the longevity of the PRB. 

For this alternative, the PRB will be constructed by creating an oxidizing zone to destroy 

contaminants as they pass through the gate. For the purpose of costing, the PRB is assumed to be 

in service for 30 years, although it will need to be operated for as long as contamination remains 

in the overburden that poses a risk of migration beyond the TI Zone compliance boundary. The 

persistence of the oxidant under groundwater flow conditions, which will impact the frequency 

of replenishment of the oxidant, is an important limiting factor for the use of many oxidants.  

There are several options for slow release of oxidant into an oxidizing PRB. These options 

include use of solid potassium permanganate inside of removable screened cylinders placed in 

wells in the PRB, continuous injection at a very slow rate of liquid oxidant into injection wells, 

and the used of slow release cylinders fabricated using paraffin wax and potassium 

permanganate. The slow release cylinders are included in the conceptual design of the PRB. The 

method for addition of permanganate into the PRB will be determined during the remedial 

design. 

The PRB gate would be installed in an opening in the existing overburden slurry wall. The PRB 

will allow groundwater to flow from inside the slurry wall through the gate to outside the wall. 

The PRB will be constructed in the gate such that all groundwater passing through the gate will 

receive ISCO treatment by the PRB. Slow release oxidant cylinders will be installed in parallel 
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rows to create a permeable reactive zone within the gate. When the solid-phase cylinders are 

placed in the gate, the encapsulated oxidant will slowly dissolve into passing groundwater and 

create a plume of reactive oxidant at concentrations high enough to oxidize and irreversibly 

destroy site contaminants. The solid-phase chemical oxidant will have an effective lifespan of up 

to several years, depending on the groundwater flow rate through the gate. 

In order to estimate the size of the PRB, a hydraulic retention time of approximately 16 days in 

the PRB is assumed in order to achieve adequate reduction of PCE to meet PSs at the TI Zone 

compliance boundary. A total of four rows of oxidant addition wells, forming two oxidant 

releasing barriers (Figure 5-19), will be installed to sustain adequate oxidant concentration. The 

two barriers will be spaced 40 ft apart and will each contain two rows of 20 to 21 oxidant 

locations, for a total of approximately 82 oxidant locations. The two rows in each barrier will be 

spaced 5 ft apart and in each row the oxidant products will be spaced 5 ft apart on center. The 

oxidant product will be offset from one row to the next in order to maximize oxidant distribution 

in the groundwater as it passes through the PRB. 

The PRB will be 100 ft wide (perpendicular to the groundwater flow direction), 90 ft long 

(parallel to the groundwater flow direction), and 12 ft deep into the groundwater. A funnel 

system composed of two rows of sheet piles along the sides of the PRB will be installed to guide 

groundwater flow through the PRB (Figure 5-19). The low permeability slurry wall material at 

the “gate” opening will be excavated and properly disposed off-site. The opening will be 

backfilled with a sand and gravel mixture with a transmissivity similar to the formation in the 

vicinity of the gate in order to allow groundwater to flow through the PRB without causing 

additional head loss. 

Construction of the PRB is expected to be completed in approximately 3 months. For this FS, the 

oxidant cylinders are assumed to be exhausted in 3 years on average. Therefore, the cylinders 

will be replaced every 3 years in order to maintain an adequate level of dissolved permanganate 

in groundwater passing the PRB for effective destruction of PCE. The replacement frequency of 

the oxidant cylinders will be optimized following startup of the PRB. Over time, the PCE 

concentration in the overburden groundwater inside the slurry wall will likely decrease 

groundwater flushing through the source area transports contaminant mass down gradient to the 
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PRB. As a result, the concentrations of PCE and other contaminants in the groundwater entering 

the PRB will likely decrease somewhat over time and eventually reach a point where 

replenishment of the oxidant in the PRB is no longer necessary. It is unclear when the 

groundwater entering the PRB will no longer require treatment. However, it is expected that the 

oxidant will require periodic replacement throughout, and likely beyond the 30-year evaluation 

period of this FS. 

Treatability Study 

Bench-Scale Treatability Study 

A bench-scale treatability study is not necessary because permanganate has been proven at the 

Site to effectively treat PCE in groundwater. Some bench-scale study results for slow-release 

cylinders may be required and can be obtained from vendors including permanganate release 

rate, permanganate concentrations over time, and/or the estimated lifespan of oxidant 

applications. 

Field-Scale Pilot Treatability Study 

A field-scale pilot treatability study is not applicable.  

Performance Monitoring of Overburden Permeable Reactive Barrier 

For the purpose of this FS, approximately nine additional overburden monitoring wells, three to be 

installed upgradient of the PRB, three to be installed in the reactive zone, and three to be installed 

downgradient of the PRB, are proposed for use in monitoring the performance of the PRB.  

Semi-annual performance monitoring will be performed in the first 3 years followed by annual 

monitoring permanently, as long as contamination remains in the overburden that poses a risk of 

migration beyond the TI Zone compliance boundary. Groundwater samples will be collected for 

laboratory analysis of VOCs and metals.  

Expected Performance of Permeable Reactive Barrier for the Overburden 

A 99% reduction of PCE concentration in groundwater flowing across the PRB to downgradient 

areas will be maintained, in order that PCE in exiting groundwater will meet its PSs of 

preventing overburden contamination from migrating beyond the TI Zone compliance boundary.  
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5.6.1.4 Common Components under Alternative TI-5 

As shown in Table 5-15, Alternative TI-5 contains additional components that are important 

elements of the entire remedy, and are included in the descriptions for other alternatives. 

Therefore, descriptions of those components are not repeated here, except for particular aspects 

specific to this alternative.  

Natural Attenuation in the Overburden Groundwater Outside of the Slurry Wall 

As described in Subsections 3.2.2.2 and 5.2.1.1, the groundwater plume in the TI Zone 

overburden outside of the slurry wall that exceeds PSs has been reduced to a detached area in the 

east portion of the TI Zone (Figure 1-6). In addition, contaminant concentration trends indicate 

that PSs may be attained in that area within approximately 20 years after shutdown of the 

extraction wells outside of the slurry wall in 2007. Under Alternative TI-5, monitoring will be 

implemented to determine whether additional actions are necessary for attainment of the PSs 

within approximately 20 years after the 2007 shutdown of the overburden extraction wells 

outside of the slurry wall. The small area of overburden groundwater that exceeds the PSs is in 

the east portion of the TI Zone and may be slightly impacted by the installation and operation of 

the ISCO PRB through the slurry wall. It is unlikely that the overburden groundwater 

contamination outside of the slurry wall will be materially impacted by the bedrock ISCO 

program, including the ISCO in bedrock along the TI Zone boundary.  

If, as the remedial program at the Site progresses, monitoring data indicate that exceedances of 

the PSs will occur in overburden groundwater outside of the slurry wall for more than 20 years 

after shutdown of the extraction wells outside of the slurry wall, then a supplemental remedial 

program in the overburden groundwater could be implemented. That program would likely 

consist of a limited ISCO program or restart of the extraction wells outside the slurry wall as 

described for Alternative TI-1. 

Because it is likely that overburden groundwater will comply with the PSs within 20 years after 

2007 shutdown of the extraction wells outside of the slurry wall, it is unlikely that future 

treatment of overburden groundwater outside of the slurry wall will be necessary. Therefore, 
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costs for future treatment of overburden groundwater outside of the slurry wall have not been 

included in the cost estimate for this alternative. 

Performance and Compliance Monitoring 

Under Alternative TI-5, long-term performance and compliance monitoring of the TI Zone will 

be conducted to verify that the mass removal and source control measures are preventing 

migration of contaminated groundwater to areas beyond the TI Zone compliance boundary. 

Performance and compliance monitoring will be conducted annually or as necessary, based on 

the monitoring results to meet the objectives and requirements of the monitoring program. 

Fifteen bedrock wells will be sampled semiannually for performance and compliance monitoring 

for the first 15 years after implementation. The overburden monitoring program will include the 

nine PRB performance monitoring wells plus additional existing wells as necessary to document 

contaminant conditions and that migration of contaminants across the TI Zone compliance 

boundary is not occurring. Samples will be analyzed for VOCs and metals.  

5.6.2 Evaluation of Alternative TI-5 

The evaluation of Alternative TI-5 with respect to the NCP Evaluation Criteria is provided 

below. 

5.6.2.1 Overall Protection of Human Health and the Environment 

This alternative will be protective of human health and the environment. The ICs will be used to 

prevent unauthorized site access and human exposure to groundwater VOCs in the bedrock and 

overburden zones. In addition, a well-restriction buffer zone may be established, if required, on 

properties surrounding the TI Zone to further prevent remaining groundwater contamination 

from being drawn out from the compliance boundary. 

The active remediation measures for this alternative will prevent groundwater contaminants from 

migrating to areas beyond the TI Zone compliance boundary, and will provide significant 

contaminant destruction in the bedrock and overburden. The reductions in contaminant 

concentrations in the overburden and bedrock source areas and along the TI Zone compliance 

boundary will further protect human health and the environment.  
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An appropriate HASP will be implemented to protect site workers from risks associated with 

construction of the ISCO injection wells and the other components of the ISCO system, and from 

exposure to the ISCO oxidizing reagents. The HASP will also address other risks such as those 

posed by construction of the PRB, ongoing site operations, and monitoring. 

The ongoing protectiveness of the remedy under this alternative will be assessed at a minimum 

every 5 years through the CERCLA five-year review process. 

5.6.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The chemical-specific ARARs waived because of technical impracticability are identified in 

Appendix A, Table A-13. The location- and action-specific ARARs associated with Alternative 

TI-5 are listed in Appendix A Tables A-14 and A-15, respectively. Discussion of ARARs 

relevant to this alternative is provided in more detail in Subsection 5.3.2.2 under Alternative TI-2 

(regarding the MOM ISCO component of Alternative TI-2). 

5.6.2.3 Long-Term Effectiveness and Permanence 

As summarized in Table 5-16, this alternative will meet the RAOs by preventing contact with 

contaminated groundwater within the TI Zone, removing the source material to the extent 

practicable, and preventing contaminant migration to areas beyond the TI Zone compliance 

boundary. 

The destruction of contaminants as a result of the ISCO program will be irreversible, and 

therefore, will result in permanent and very effective protection of human health over the long-

term. It is likely that some contaminants will remain in overburden and bedrock groundwater in 

the TI Zone area following completion of the ISCO injections, and some rebound of contaminant 

concentrations may occur because of diffusion of VOCs from the bedrock matrix. Remaining 

contamination that migrates downgradient will be treated in the ISCO reactive zone in the 

bedrock, and by the PRB and natural attenuation in the overburden in order to prevent the risk 

that contaminants will migrate to areas beyond the TI Zone compliance boundary. 

The implementation and monitoring of the ICs will be critical over the long-term for preventing 

human contact with any remaining contaminated groundwater within the TI Zone. A well-

restriction buffer zone may be established to surround the TI Zone compliance boundary. 
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Inspection, maintenance, and monitoring of the slurry wall and PRB gate will be regularly 

performed to ensure the continued effectiveness of the remedial action. The monitoring well 

network and the monitoring that will be performed will verify that contamination is not 

migrating beyond the TI Zone compliance boundary.  

5.6.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

The TMV of the contaminants in the bedrock groundwater will be significantly reduced by the 

ISCO program in the >50 mg/L PCE Area and also by the ISCO barrier in the downgradient 

portion of the TI Zone. The TMV of overburden groundwater contaminants, which has been 

reduced since implementation of the ROD remedy in 1999, will be further reduced by operation 

of the PRB gate and documented through implementation of the monitoring program. 

5.6.2.5 Short-Term Effectiveness 

During injection well installation, appropriate safety precautions will need to be implemented to 

protect site workers from noise, dust, and construction hazards. The ISCO injection and reagent 

handling will need to be performed in accordance with all health and safety requirements to 

mitigate risks associated with handling and injections of chemicals. There will be minor short-

term effects on the community because of higher levels of site activities including the operation 

of more trucks and construction vehicles on local streets and construction-related noise.  

5.6.2.6 Implementability 

Bedrock 

The primary implementability concern is the delivery of a sufficient quantity of the ISCO 

reagents to all of the fractures containing residual DNAPL in order to achieve effective 

destruction of the site contaminants. There is also uncertainty about whether the injected ISCO 

reagents can remain present in groundwater at high enough concentrations to provide long-term 

(6- to 24-month) treatment of dissolved contaminants in the vicinity of DNAPL. It is possible 

that groundwater movement through the fractures may be similar to plug flow, which may cause 

more rapid movement of oxidants away from the contaminant source area than occurs in the 

overburden. However, in many cases, it is expected that movement of permanganate through 

bedrock fractures will be in the same fractures that contain DNAPL and high concentrations of 
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groundwater contaminants. Such movement of permanganate through bedrock fractures should 

focus treatment on contaminant laden portions of the bedrock formation. 

The concerns about the uncertainty of quantity and contact with the more highly-contaminated 

bedrock fractures can be addressed through the phased implementation of the ISCO program. 

Increasingly complete site characterization and CSM will be achieved to guide selection of ISCO 

injection location and depth, injection dosage, and injection frequency through well-timed 

remedial activities. These remedial activities include systematic installation of the injection 

wells, additional monitoring wells, phased full-scale ISCO injection, and performance 

monitoring to evaluate oxidant distribution, persistence, and contaminant destruction.  

When contact with contaminants occurs, permanganate will provide fast and complete oxidation 

of the COCs at the Site. Installation of injection points is a well-established technology and can 

be accomplished by employing contractors specialized in bedrock well installation. Packer 

testing is a well-established process that will be performed in the new monitoring and injection 

wells to determine the target treatment depths. Sodium permanganate is a readily available 

reagent that can be easily obtained from any number of vendors. 

Overburden Permeable Reactive Barrier 

Several options are available for addition of permanganate to the treatment zone of the PRB. The 

availability of slow-release oxidant products is currently limited and is an implementability 

concern for PRB construction and long-term O&M activities. Alternative approaches such as use 

of solid potassium permanganate and slow-drip injections of a permanganate solution will be 

evaluated during the remedial design. Other than the concerns discussed above, ISCO treatment 

has been extensively implemented in the overburden at the Site, and can be readily implemented 

if ISCO is a selected component of a remedy.  

The IC components of the remedy can be easily implemented to prevent human contact with 

contaminated groundwater in the TI Zone and to protect the remedial systems at the Site. There 

may be some implementability issues with establishing a well restriction buffer zone, if required, 

on properties outside of OU1. 
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5.6.2.7 Cost 

Summary Results of the Cost Estimate 

The estimated costs for this alternative are summarized in Table 5-17. The elements of the costs 

and details of the estimate are presented in Appendix D (see Table D-5). A preliminary schedule 

of the implementation of this alternative is presented in Figure 5-20.  

Cost Sensitivity Analysis 

A cost sensitivity analysis was performed to estimate the cost impacts associated with treating 

different thicknesses and different areal extents of the Source Control Area. Bedrock thicknesses 

evaluated include 100, 300, 500, and 700 ft. Areal extents evaluated include the >50 mg/L PCE 

Area (Base Case), the 15 mg/L PCE Area, and the 1.5 mg/L PCE area. The change of thickness 

or areal extent for treatment primarily impacts the installation cost for ISCO injection wells, 

material cost for ISCO reagent, cost for the injection effort, and oversight cost. Changes to the 

unit costs as a function of the depth in the bedrock due to technical challenges that increase with 

depth, are not considered. 

The results of the sensitivity analysis are summarized in Table 5-18 and illustrated in 

Figure 5-21. The table and figure show the change of total cost (including capital and O&M 

costs) for Alternative TI-5 over the 100-ft to 700-ft range of bedrock thicknesses and for the 

>50 mg/L, 15 mg/L, and 1.5 mg/L PCE areal extents of the bedrock treatment area.  

As shown in Figure 5-21 (and Table 5-18), the maximum cost, $26.0M, is estimated for the 

scenario of ISCO treatment of 700 ft of bedrock thickness and the >1.5 mg/L treatment area, and 

the lowest cost, $11.6M, is estimated for the scenario of 100 ft of bedrock thickness and the 

>50 mg/L treatment area. The results of the cost sensitivity analysis indicate that the total cost 

for bedrock ISCO remediation increases linearly with the increase of the bedrock thickness for 

treatment. The slope of the curves suggests that approximately $1.8M of cost increase will be 

incurred for ISCO treatment of each additional 100 ft thickness of bedrock, when ISCO is 

applied in the >1.5 mg/L treatment area. Similarly, $0.8M will be incurred for each additional 

100 ft thickness of bedrock when ISCO is applied only in the >50 mg/L treatment area. 
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5.7 ALTERNATIVE TI-6 – IN SITU THERMAL TREATMENT 

Alternative TI-6 uses ISTT to treat contamination in the overburden and bedrock source areas. 

The proposed ISTT program and other components of Alternative TI-6 are described in 

Subsection 5.7.1. The evaluation of Alternative TI-6 with respect to the nine CERCLA 

evaluation criteria is presented in Subsection 5.7.2. 

The major components of Alternative TI-6 are presented in Table 5-19. As shown in Table 5-19, 

in addition to ISTT in the bedrock and overburden source zones, Alternative TI-6 includes 

common components that are described above as components of other alternatives. The ICs and 

environmental monitoring program associated with Alternative TI-6 will be permanent, because 

groundwater contaminant concentrations in the TI Zone will be greater than the PSs for the 

foreseeable future, even after implementation of the ISTT program. Groundwater cleanup 

standards will be waived in the TI Zone. Preventing migration of contaminants away from the TI 

Zone (a PS) will be achieved by using ISTT to destroy contaminant source material in the 

bedrock and overburden source areas and by using ISCO for MOM of contaminated bedrock 

groundwater near the TI Zone compliance boundary. In addition, an ISCR PRB will be 

constructed and maintained in the overburden to prevent migration of contaminated groundwater 

from inside the slurry wall to overburden areas outside the slurry wall. Treatment of overburden 

groundwater outside of the slurry wall is not included because contaminant concentrations in that 

zone are either at or are approaching PSs. Compliance monitoring will be employed to verify the 

performance of the remedial program and, if necessary, to trigger additional remedial actions if 

contaminants migrate to areas beyond the TI Zone compliance boundary. 

5.7.1 Remedial Approach for Alternative TI-6 

In situ thermal treatment will be implemented in the most highly contaminated areas of bedrock 

and overburden to remove DNAPL and dissolved VOCs, and to thereby rapidly and significantly 

reduce contaminant concentrations migrating into the downgradient overburden and bedrock 

plumes. The ISTT in bedrock will be supplemented by MOM ISCO in the downgradient portion 

of the TI Zone in order to prevent migration of bedrock groundwater contaminants past the TI 

Zone compliance boundary. In the overburden a ISCR PRB will be used to treat the low levels of 
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groundwater contaminants exiting the area enclosed by the slurry wall in order to prevent the 

migration of overburden contaminants past the TI Zone compliance boundary. 

The remediation program unique to this alternative consists of the following two elements which 

are described in the subsections that follow.  

 ISTT in the >50 mg/L PCE Area to remove the source material in bedrock and 
thereby reduce contaminant concentrations migrating toward the TI Zone compliance 
boundary. 

 ISTT in the overburden inside the slurry wall to remove the source material and 
thereby minimize the need for long-term O&M of the PRB gate. 

The bedrock MOM ISCO program for this alternative will be the same as for Alternative TI-5, 

and the overburden ISCR PRB gate will be the same as for Alternative TI-4. Implementation and 

operation of the PRB gate will allow the existing overburden P&T operation to be discontinued. 

As with the other remedial alternatives for the TI Zone, the ICs and monitoring program for this 

alternative will be implemented permanently, since, for the foreseeable future, contamination 

that poses a risk of migration beyond the TI Zone compliance boundary will likely remain in the 

TI Zone. 

5.7.1.1 In Situ Thermal Treatment Approach for Source Control in the Bedrock 

There are several different methods for applying heat to the subsurface for the purpose of 

groundwater remediation, and different methods work best in different types of subsurface 

formations. For the crystalline fractured bedrock present at the Savage Well Site, thermal 

conduction heating (TCH), combined with vapor extraction would likely be the most effective 

ISTT technology. 

In situ thermal treatment is implemented over a relatively short time period. Therefore, if ISTT is 

successfully implemented within the TI Zone it would expedite achieving the TI Zone RAO of 

preventing migration of contamination beyond the TI Zone compliance boundary and will also 

contribute to achieving beneficial reuse standards in the adjacent GC Area. 
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Background 

Thermal conduction heating combined with vapor extraction is an extension of traditional SVE 

and has been used regularly over the past 15 years to remove VOCs in the overburden at 

contaminated sites. In situ thermal treatment using TCH has been applied in a variety of 

overburden hydrogeologic conditions and at sites throughout the United States and 

internationally. Thermal conduction heating has been implemented for treatment of a range of 

contaminant types, including DNAPL, dissolved VOCs in groundwater, and organic 

contaminants that are sorbed to soil. Thermal conduction heating and other ISTT technologies 

have not been applied to deep bedrock sites that are similar to the >50 mg/L PCE Area at the 

Site. When applied aggressively, ISTT is capable of reducing residual contamination to very low 

levels. However, TCH and all other ISTT technologies are very energy-intensive and expensive 

to implement, especially in deep bedrock. 

Conceptual Design 

As noted above, ISTT is very energy-intensive and expensive to implement. Therefore, it is often 

implemented at sites where the area and volume of soil requiring treatment are very well defined 

and are small enough to provide a cost-effective remedial action. For this FS, ISTT in bedrock 

will be implemented in the source area zone that is proposed for ISCR and ISCO in Alternatives 

TI-4 an TI-5, respectively. (As noted in Subsection 5.3.1, the configuration of the physical 

containment component of Alternative TI-2 is different from the other alternatives because of the 

configuration of the existing slurry wall.) As with Alternatives TI-4 and TI-5, a sensitivity 

analysis has been performed for this ISTT alternative to evaluate the costs of treating a range of 

areas and depths in bedrock (Table 5-22, Figure 7-2). 

Figure 5-22 presents the area for ISTT in plan view and Figure 5-23 provides a cross-sectional 

schematic of the ISTT treatment zone in bedrock. Thermal conduction heating technology would 

heat the full bedrock and groundwater matrix in the bedrock zone targeted for treatment. Heating 

the entire matrix is necessary to vaporize and extract the contaminated groundwater and DNAPL, 

including contaminated groundwater in secondary or dead-end fractures. As the temperature in 

the bedrock matrix approaches and exceeds the boiling point of water, the groundwater and 

VOCs, including those in the DNAPL phase, will boil and the water in the bedrock fractures will 
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be replaced by steam and VOC vapors. The volume of steam and VOC vapors produced would 

be many times the volume the water and DNAPL present in the bedrock fractures. As a result, 

there would be a pressure increase in the fractures, and the steam and VOC vapors would 

migrate through the heated fractures to vapor extraction wells. The steam and VOC vapors 

would then be extracted from the subsurface via the vapor extraction system. In general, the 

heater wells would also be used as vapor extraction wells in order to minimize drilling costs and 

to maximize the number of bedrock fractures intercepted by vapor extraction wells. Once above 

ground the extracted steam and vapors would be piped to an on-site treatment system for 

treatment prior to discharge to the atmosphere (treated vapors), recharge to the subsurface 

(treated aqueous condensate), or off-site disposal (condensed NAPL). Figure 5-24 shows a 

schematic of the ISTT process, including heater wells, extraction wells, and off-gas and 

condensate treatment systems. 

In situ thermal treatment would likely provide more aggressive treatment of the secondary and 

dead-end fractures than would be provided by other in situ technologies such as ISCO and ISCR. 

That is because the water and VOCs in the matrix and secondary fractures would volatilize and 

then migrate in an expanded volume out of the secondary fractures and into the primary 

fractures. As noted above, once in the primary fractures, the vapors would be drawn to the vapor 

extraction wells and extracted from the subsurface. As with all in situ technologies applied to 

bedrock, it is likely that some of the fractures would not be accessed by the treatment system (in 

this case the vapor extraction wells). Therefore, some volatilized water and VOCs may remain in 

isolated fractures and would condense and remain in place once the heating ended. In the 

conceptual design for this alternative, the heater/vapor extraction wells would be placed 

approximately 25 ft apart. That relatively close spacing would increase the likelihood that most 

fractures that contain DNAPL and/or contaminated groundwater would be intercepted by the 

wells and treated. Therefore, at the conclusion of the thermal treatment program is it likely that 

little contamination would remain in isolated fractures. 

Provided that they are linked through larger fractures in the thermal treatment area, the VOCs in 

the dead-end fractures that would be difficult to access using other in situ technologies would 

likely be volatilized and extracted from the subsurface by ISTT. Therefore, DNAPL, and 
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contaminants in the secondary fractures such as dead-end fractures, which are the two primary 

remediation challenges for the >50 mg/L PCE Area, could be directly treated using TCH 

technology. 

Bedrock Zone Heater Wells 

The heater wells will consist of thermal conduction heaters placed inside of wells that penetrate 

(vertically) the full zone targeted for treatment. Thermal conduction heaters can reach a 

temperature of 700 degrees Celsius (°C) and can generate the temperature gradient necessary to 

fully heat the bedrock matrix and the groundwater in that matrix to greater than 180°C, the 

approximate boiling point of water at the depth of 580 ft below ground surface, and 

consequently, the target treatment temperature of the ISTT system. It should be noted that the 

co-boiling point of water/DNAPL dual phase is lower than pure water. Therefore, during thermal 

treatment DNAPL will boil before the boiling point of water is reached (Kueper et al., 2014). 

The heater wells would be installed approximately 15 to 25 ft apart in the bedrock, which would 

result in approximately 160 heater wells for treatment of the >50 mg/L PCE area. 

As noted above, some of the heater wells would also serve as vapor extraction wells in order to 

extract the steam and VOC vapors from the subsurface. There would be some incidental heating 

of the overlying overburden zone by the heater wells. However, the heater wells would not target 

treatment of the full overburden zone, and would instead only target those overburden areas 

where there were exceedances of the zone where the overburden groundwater concentration of 

PCE exceeds 1.5 mg/L.  

Bedrock Zone Temperature Monitoring 

It is expected that approximately 20 temperature monitoring wells would be installed. Each 

temperature monitoring points would contain a series of thermocouples that would measure 

temperatures at a range of different depths throughout the TTZ. The temperature data from the 

temperature monitoring wells would be used to control the heaters and thereby direct heat to 

different locations in the TTZ as necessary to attain the target treatment temperature and 

optimize treatment. 
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Bedrock Zone Pressure Monitoring 

Pressure monitoring probes would be installed to monitor the subsurface pressure at different 

locations and depths in the bedrock treatment zone. The subsurface pressure data would be used 

to evaluate the capture zones of the vapor extraction wells. The pressure in the bedrock fractures 

would fluctuate as the temperature of the groundwater increases causing the eventual boiling of 

water in the fractures and the release of steam and vapor, which would then be captured and 

recollected by the vapor extraction wells. 

Vapor Collection and Treatment 

The vapor extraction system will include an above-ground treatment train that will consist of 

several vapor and liquid treatment processes as follows: 

 Cooling of the extracted vapors. 

 Separation of vapors from liquid condensate. 

 Further cooling of the condensate. 

 Separation of DNAPL from the aqueous-phase condensate. 

 DNAPL storage prior to proper transportation and off-disposal. 

 Settling/filtration of suspended solids in the condensate and off-site disposal of the 
solids. 

 Processing of the condensate to the existing GWTP. 

 Discharge of the treated condensate to the GWTP infiltration system. 

 Vacuum blowers to drive the vapor extraction and treatment. 

 Vapor treatment (carbon adsorption or catalytic oxidation). 

It is estimated that the vapor extraction rate will be in the range of 1,750 standard cubic feet per 

minute. This rate will change as the water in the bedrock fractures boils and thereby opens the 

fractures to the passage of steam and VOC vapors. Approximately 5 to 15 gpm of aqueous 

condensate are expected to be generated. It is possible that several thousand pounds of DNAPL 

could also be generated during operation of the ISTT system. 
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Following the pretreatment processes listed above, condensate would be treated using the 

existing on-site GWTP using air stripping and vapor-phase GAC. The existing facility has the 

capacity to process the additional 5 to 15 gpm that would be generated by the ISTT system. The 

PCE concentration in the condensate is expected to be significantly greater than it is for the 

current overburden treatment operations. If the existing air strippers could not attain the 

discharge limits for PCE or other VOCs, then liquid-phase carbon adsorption would be used for 

supplemental treatment of the air stripper effluent as necessary. 

Bedrock Zone Performance Monitoring 

Extensive monitoring of the ISTT system would be performed before, during, and after the 

thermal treatment heating period. This monitoring will include measurement of: 

 Temperatures at numerous locations and depths throughout the TTZ. 
 Pressures at numerous locations and depths throughout the TTZ. 
 Vapor and liquid extraction flow rates. 
 The concentrations of VOCs in the extracted vapors and liquids. 
 The electrical power output to the heater wells. 

Expected Performance of Bedrock In Situ Thermal Treatment System 

It is expected that the ISTT system will require approximately 190 days to heat the treatment 

zone to the boiling point of water (the boiling point of water will vary depending on the 

pressures at different locations in the subsurface, and will likely be is greater than the co-boiling 

point of water/DNAPL mixture (Kueper, et al., 2014). At that point, an additional 35 to 45 days 

may be necessary to boil off all of the water, and DNAPL if present, in the bedrock fractures in 

the TTZ. After the majority of groundwater is boiled out of the TTZ fractures, the temperatures 

of those areas will likely increase causing additional volatilization of PCE in dead-end fractures. 

Elevated temperatures above water boiling point should also significantly accelerate reverse 

matrix diffusion of water and contaminant vapors from the dead-end fractures into the primary 

fractures where they can then be removed from the subsurface by the vapor extraction system. 

The elevated temperature will be maintained for approximately 10 days or until the rate of VOC 

extraction from the subsurface diminishes to the point where continued heating of the bedrock 

TTZ will no longer provide a material benefit. At that point the heating system will be shut 

down. The vapor extraction system will remain in operation for an additional 2 to 3 weeks to 
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maintain control of vapors in the TTZ until the bedrock cools to below the boiling point of water 

and liquid water refills the bedrock fractures. 

5.7.1.2 	 In Situ Thermal Treatment Approach 
for Source Control in the Overburden 

The alternative includes ISTT of a limited area of the overburden inside of the slurry wall. This 

aggressive treatment of the overburden can be coordinated with the bedrock ISTT system. By 

removing the highest concentrations of contaminants from the overburden, the ISTT system 

should reduce O&M duration of the PRB gate in the slurry wall.  

Background 

Significant reductions in contaminant concentrations in the overburden are attributed to past 

remedial activities implemented within the TI Zone at the Site. Those activities include pumping 

and treating of groundwater since 1999 and ISCO activities conducted since 2003. Currently, the 

highest levels of groundwater contamination in the overburden are limited to two shallow 

saturated areas close to the groundwater table (Figures 2-4 and 2-5). It is interpreted that the 

remaining contamination in those two overburden zones is primarily present in low-permeability 

lenses as adsorbed mass. In those two areas, the effectiveness of the ISCO and P&T programs 

implemented to date has been limited. The reasons for this limited effectiveness are most likely 

as follows: 

 During P&T there was minimal flushing of the shallow low-permeability areas 
because the subsurface groundwater movement induced by the groundwater 
extraction system likely move preferentially through the high-permeability zones and 
bypassed the low permeability zones. 

 Less permanganate was injected near/in the shallow subsurface zones in order to 
avoid extraction of permanganate-laden groundwater from the extraction wells, which 
are screened in the shallow overburden zone. 

 The permanganate injected into the shallow zones was not well distributed in the low 
permeability soils. Permanganate monitoring conducted after the ISCO injections 
indicates that the majority of the permanganate that targeted the shallow overburden 
may have migrated away from the low-permeability zones and moved downward into 
deeper zones in the overburden. 
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Conceptual Design 

The overburden zones targeted for ISTT treatment are shown on Figures 5-27 (plan view) 

and 5-28 (cross section). There are two approaches that can be used for ISTT of the small zones 

of the overburden that exceed the criterion of 1,500 µg/L PCE. Those approaches are: 

1.	 Expansion of the bedrock TCH system as necessary to treat the overburden zone 
targeted for ISTT treatment. 

2.	 If ISTT is not going to be implemented in the bedrock then implementation of a 
stand-alone ISTT system using either TCH or electrical resistance heating (ERH) for 
the overburden areas targeted for ISTT treatment. 

If ISTT is implemented in the bedrock using TCH, then portions of the bedrock TCH system will 

be extended upward vertically as necessary to treat the limited areas of the overburden that 

exceed the criterion. Figure 5-24 provides a schematic of the TCH system. Expansion of the 

TCH system would include extension of the TCH heater wells vertically upward from the 

bedrock into the vadose zone where necessary to apply heat to the areas of the overburden that 

require treatment. That approach would be a relatively straightforward modification of the 

bedrock TCH system that would require minimal additions to the ISTT equipment at the Site. It 

is expected that approximately 22 of the bedrock TCH heater wells would be extended upward 

for treatment of the vadose zone. Some additional drilling would be required to construct 

approximately 10 vapor extraction wells (separate vapor extraction wells would likely be 

necessary for treatment of the overburden), 5 temperature monitoring probes, and 3 pressure 

monitoring probes in the overburden zones targeted for ISTT. No changes to the above-ground 

treatment systems would be necessary other than upsizing some of the condensate and vapor 

treatment equipment. 

If ISTT is not going to be applied to the bedrock and thermal treatment of the overburden is 

desired, then TCH or ERH could be used at the Site. Application of ERH technology would heat 

the overburden groundwater to a temperature in the vicinity of the boiling point of water and 

above the PCE/water dual-phase boiling point of approximately 92°C. At those temperatures 

residual DNAPL and contaminated groundwater in the treatment zone would volatilize and be 

extracted from the subsurface. For ERH, separate vapor extraction wells would be used for 
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extraction of the steam and contaminant-laden vapors generated by the overburden soil heating 

process. 

Electrical Resistance Heating Application 

Electrical resistance heating is selected for the conceptual design of the ISTT system for the TI 

Zone. As noted above, TCH would also likely provide effective treatment of the overburden and 

would most likely be used if there was concurrent ISTT treatment of the bedrock. Electrical 

resistance heating involves passing electrical current through moisture in the soil between an 

array of electrodes. As the current flows through the moisture in soil pores, the resistance of the 

soil produces heat, thereby raising the temperature of the overburden to levels required to 

volatilize, boil, and extract VOC-contaminated groundwater and DNAPL. In ERH systems, the 

electrical current is applied to the subsurface by a network of electrodes.  

The electrodes are usually installed using conventional drilling rigs and are laid out in a pattern 

based on the geology of the soils and the distribution of groundwater and contaminants at the 

Site. The electrodes can deliver electric power at selected depths and can be controlled to target 

treatment to specific subsurface zones based on the distribution of temperature, groundwater, and 

contaminants in the treatment zone during the heating process. Because electricity is transmitted 

through the water in the subsurface soils, the system is designed to prevent stray currents from 

impacting areas outside the treatment zone. Testing would be performed to verify that there are 

no stray currents impacting nearby fence lines, buildings, etc. 

As ERH heats the groundwater to temperatures greater than the boiling point of water, steam is 

generated. Contaminants that are dissolved in the groundwater or sorbed to the soil matrix also 

volatilize along with the groundwater. Volatilization and steam stripping are the predominant 

removal mechanisms for most contaminants using ERH technology. Temperatures over 100°C 

can be generated in the saturated zone, and these temperatures produce steam and steam 

stripping, which is especially beneficial for the silts and clays as contaminant movement in them 

is usually diffusion limited.  

Volatilized contaminants and steam are removed from the subsurface via vapor extraction wells. 

After removal from the subsurface, the steam and vapors are treated in essentially the same 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document\Final Savage Well FS_27July2015.docx 27 July 2015 

5-98
 



 
 

   
 
 

   

  

 

 

 

 

Final Feasibility Study Report 
Savage Municipal Water Supply Superfund Site 
Operable Unit 1 

manner as is described above for steam and vapors that would be extracted from the subsurface 

by a bedrock thermal treatment system. For treatment of condensate from an overburden thermal 

treatment system, it would likely be necessary to include additional steps for removal of fine 

suspended solids. These additional steps would likely include settling and filtration. 

During the ERH heating process, high temperature submersible pumps are also used to extract 

contaminant-laden groundwater from the thermal treatment zone and thereby maximize removal 

of contaminants. Aggressive removal of liquids can draw down the water table and thereby 

expose additional soils to treatment by SVE. However, completely drying out of the soils in the 

treatment zone is not desirable during ERH because moisture is necessary to conduct electricity 

through the soil matrix. Therefore, it may be necessary to recharge small amounts of water into 

the treatment zone during ERH to optimize the heating process. Treated effluent from the 

existing GWTP would be used as the source of the small amount of water recharged for the 

purpose of optimizing the ERH operations. In addition to extraction of groundwater from inside 

the treatment zone for the purpose of contaminant removal, some additional pumping from the 

perimeter of the treatment zone may be necessary in order to minimize the flux of cold 

groundwater into the remediation zone during heating. 

The conceptual design for an ISTT system is shown on Figure 5-24. As noted above, ERH would 

only be applied in the areas (Figure 5-25) where PCE is present in groundwater at levels greater 

than 1,500 µg/L. Approximately 34 electrodes would be required for ERH treatment of the 

overburden TTZ. 

Prior to implementation of ERH, existing wells (for monitoring, injection, or groundwater 

extraction) in the areas that would be impacted by the thermal treatment process would be 

abandoned in accordance with the NHDES well decommissioning procedures. Replacement 

wells designed to withstand the temperatures induced by ISTT would be installed as necessary. 

Vapor and Condensate Treatment 

The above-ground treatment processes for a stand-alone overburden ISTT system would employ 

essentially the same unit processes as would be used as if the overburden ISTT system was a 

component of a bedrock ISTT system. 
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Electrical Resistance Heating Duration 

The total heating/treatment time is assumed to range from 12 to 16 weeks to reduce PCE mass by 

90% and thus, reduce subsurface groundwater PCE concentration to 100 µg/L or less. 

Treatability Study 

Electrical resistance heating is a well-established technology for treatment of overburden soils 

for removal of VOCs such as PCE. Therefore, experienced ERH contractors are capable of fully 

designing an ERH system for treatment of the overburden at the Site without site-specific 

treatability testing data. For that reason, treatability testing would not be needed.  

Performance Monitoring 

Extensive monitoring of the ISTT system would be performed before, during, and after the 

thermal treatment heating period. Up to eight temperature and pressure monitoring wells would 

be installed within the target treatment area for the overburden zone. The sensors in those wells 

would be monitored by the control system for the ERH system. During operation of the 

overburden ISTT system, temperature, groundwater quality, vapor emissions, and 

condensate/discharge would be monitored for optimized control of the treatment process. This 

monitoring will include measurement of: 

 Temperatures at numerous locations and depths throughout the treatment zone. 
 Pressures at numerous locations and depths throughout the treatment zone. 
 Vapor and liquid extraction flow rates. 
 The concentrations of VOCs in the extracted vapors and liquids. 
 The electrical power output to the heater wells. 

In addition, groundwater monitoring in and near the overburden treatment zone would be 

performed to evaluate the progress and extent of the ERH treatment. One baseline monitoring 

event would be conducted prior to implementation of the ISTT treatment process, and 

groundwater samples would be collected every 2 weeks during the ERH heating program. 

Expected Performance of In Situ Thermal Treatment Application  
for Overburden Target Treatment Zone 

At the completion of the overburden ISTT program proposed for this alternative, the PCE 

concentration in overburden groundwater in the treatment zone would likely be reduced to below 

100 µg/L, and the DNAPL present in the form of blobs and ganglia would likely be eliminated. 
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As a result, contamination in the treatment zone would no longer serve as a source to release 

PCE into downgradient areas at concentrations greater than 100 µg/L. After completion of the 

overburden ISTT program it is possible that contaminant concentrations in the zone treated by 

ERH may rebound because of an influx of dissolved-phase VOCs from the surrounding 

groundwater. However, the DNAPL source, where present in the treatment zone prior to ERH 

treatment, would have been removed and, based on experience at other sites (EPA, 2004; 2013) 

the resulting groundwater concentrations are expected to be a maximum of 100 µg/L. 

5.7.1.3 In Situ Chemical Oxidation for Management of Migration in the Bedrock 

Under this alternative, ISTT will remove the source material in the >50 mg/L PCE Area to the 

extent practicable. Following completion of the ISTT program it is likely that groundwater 

contamination will continue to persist outside of the ISTT treatment area. This remaining 

contamination will need to be treated or controlled before migrating beyond the TI Zone 

compliance boundary. Under Alternative TI-6, MOM ISCO will be performed in the bedrock 

near the TI Zone compliance boundary in the same manner as for Alternatives TI-2 and TI-5. 

The more aggressive ISTT of the >50 mg/L PCE source area for this alternative, in comparison 

to the ISCR and ISCO used source area treatment for Alternatives TI-4 and TI-5, will likely 

result in attainment of the PSs in the MOM area at an earlier date than for Alternatives TI-4 and 

TI-5. Attainment of the PSs at an earlier date should minimize the duration of the MOM ISCO 

program for this alternative. 

Natural Attenuation in the Overburden Groundwater Outside of the Slurry Wall 

As described in Subsections 3.2.2.2 and 5.2.1.1, the groundwater plume in the TI Zone 

overburden outside of the slurry wall that exceeds PSs has been reduced to a detached area in the 

east portion of the TI Zone (Figure 1-6). In addition, contaminant concentration trends indicate 

that PSs may be attained in that area within approximately 20 years after shutdown of the 

extraction wells outside of the slurry wall in 2007. Under Alternative TI-5, monitoring will be 

implemented to determine whether additional actions are necessary for attainment of the PSs 

within approximately 20 years after the 2007 shutdown of the overburden extraction wells 

outside of the slurry wall. The small area of overburden groundwater that exceeds the PSs is in 

the east portion of the TI Zone and may be slightly impacted by installation and operation of the 
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PRB through the slurry wall and by the overburden ISTT program inside the slurry wall (which 

will minimize the contaminant loading on, and thereby improve the performance of, the PRB 

gate). It is unlikely that the overburden groundwater contamination outside of the slurry wall will 

be materially impacted by the bedrock ISTT program, or the MOM ISCO program in bedrock 

along the TI Zone boundary.  

If, as the remedial program at the Site progresses, monitoring data indicate that exceedances of 

the PSs will occur in overburden groundwater outside of the slurry wall for more than 20 years 

after shutdown of the extraction wells outside of the slurry wall, then a supplemental remedial 

program in the overburden groundwater could be implemented. That program would likely 

consist of a limited ISCO program or restart of the extraction wells outside the slurry wall as 

described for Alternative TI-1. 

Because it is likely that overburden groundwater will comply with the PSs within 20 years after 

2007 shutdown of the extraction wells outside of the slurry wall, it is unlikely that future 

treatment of overburden groundwater outside of the slurry wall will be necessary. Therefore, 

costs for future treatment of overburden groundwater outside of the slurry wall have not been 

included in the cost estimate for this alternative. 

Permeable Reactive Barrier 

This alternative includes a reducing PRB component for the overburden area using the same 

configuration as that described in Alternative TI-4. No unique aspects of the reducing PRB 

component specific to Alternative TI-6 are included. 

Performance and Compliance Monitoring 

Under Alternative TI-6, long-term performance and compliance monitoring of the TI Zone will 

be conducted to verify that the mass removal and source control measures implemented under 

Alternative TI-6 are preventing migration of contaminated groundwater to areas beyond the TI 

Zone compliance boundary. Annual performance and compliance monitoring will be conducted 

initially and modified later, as necessary, based on the monitoring results to meet the objectives 

and requirements of the monitoring program. For the first 3 years after implementation of ISTT, 

20 overburden wells will be sampled annually for performance monitoring of the source 
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treatment, including 5 new wells as shown on Figure 5-25. Fifteen bedrock wells will be sampled 

three times per year for performance monitoring. After 3 years, a network of 70 overburden 

wells and 15 bedrock wells will be sampled annually for performance monitoring plus the PRB 

monitoring wells. Samples will be analyzed for VOCs and metals. In addition to the performance 

monitoring, eight bedrock monitor wells will be installed along the TI boundary for compliance 

monitoring and monitored semiannually for VOC and metals to verify that contamination above 

PSs is not migrating beyond the TI Zone. 

5.7.1.4 Common Remedial Action Components 

As shown in Table 5-19, Alternative TI-6 contains additional components that are important 

elements of the entire remedy, but have been described above for the other alternatives. The 

descriptions of those components are not repeated here, except for particular aspects specific to 

this alternative.  

5.7.2 Evaluation of Alternative TI-6 

5.7.2.1 Overall Protection of Human Health and the Environment 

This alternative provides overall protection of human health and the environment in the long 

term by permanently establishing the ICs for the TI Zone and reducing the mass of DNAPL and 

dissolved groundwater contaminants in the bedrock and overburden.  

The relatively closely spaced heater/vapor extraction wells would intercept most of the fractures 

in the bedrock treatment zone, and provide sufficient heating of the bedrock matrix, thereby 

resulting in nearly complete removal of DNAPL from the treatment zone. The MOM ISCO 

treatment near the TI Zone compliance boundary will prevent bedrock groundwater 

contamination that remains in the TI Zone from migrating to beyond the TI Zone compliance 

boundary. 

The thermal treatment of the overburden would remove the remaining pockets of contamination 

that are likely to serve as sources of downgradient contamination. The overburden reducing PRB 

gate combined with shutdown of the groundwater extraction and treatment system should, when 

combined with the thermal treatment of the overburden and monitoring of downgradient areas, 
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reduce contaminant levels sufficiently to prevent migration of contaminated groundwater 

exceeding PS beyond the TI Zone compliance boundary. 

Monitoring of the TI Zone compliance boundary and drinking water wells in the vicinity of the 

Site will prevent potential human exposure to impacted groundwater. 

The ICs will be used to prevent unauthorized site access, disturbance to remedial components of 

the alternative and human exposure to groundwater VOCs in the bedrock and overburden zones 

and thereby provide permanent protection. In addition, a well-restriction buffer zone may be 

established, if required, on properties surrounding the TI Zone to further prevent remaining 

groundwater contamination from being drawn out from the compliance boundary. 

The ongoing protectiveness of the remedy under this alternative will be assessed at a minimum 

every 5 years through the CERCLA five-year review process. 

5.7.2.2 Compliance with Applicable or Relevant and Appropriate Requirements  

The chemical-specific ARARs waived due to TI are identified in Table A-16. The location- and 

action-specific ARARs associated with Alternative TI-6 are listed in Tables A-17 and A-18, 

respectively, included in Appendix A. Discussion of ARARs relevant to this alternative are 

discussed in more detail in Subsection 5.3.2.2 under Alternative TI-2. 

5.7.2.3 Long-Term Effectiveness and Permanence 

As summarized in Table 5-20, Alternative TI-6 will meet the RAOs by preventing contact with 

contaminated groundwater within the TI Zone and preventing contaminant migration beyond the 

TI Zone compliance boundary. 

The removal and destruction of contaminants by the ISTT program will be irreversible, and 

therefore, will result in permanent and significant reduction of potential exposure risks to human 

health over the long-term. It is likely that some low levels of contaminants will remain in the 

bedrock and overburden in the TI Zone following completion of the ISTT program, and that 

some rebound of contaminant concentrations may occur because of diffusion of VOCs from the 

bedrock matrix. The thermal treatment of the overburden zone that exceeds 1.5 mg/L PCE will 

reduce the loading on the PRB gate and, over the long-term reduce the potential for overburden 
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contaminants to migrate to the beyond the compliance boundary. It is likely some contaminants 

will continue to be present in the overburden groundwater. However, LTM will document that no 

contaminant migration in overburden or bedrock is causing exceedances of the PSs in areas 

beyond the TI Zone compliance boundary. 

The implementation and monitoring of the ICs will be critical over the long-term for preventing 

human contact with any remaining contaminated groundwater in the bedrock aquifer.  

Inspection, maintenance, and monitoring of the slurry wall and reducing PRB gate will be 

regularly conducted to ensure the continued effectiveness of the remedial action. The monitoring 

well network and the monitoring that will be performed to assess that no contaminant migration 

exceeding PSs is occurring beyond the TI Zone compliance boundary. 

5.7.2.4 Reduction of Toxicity, Mobility, and Volume Through Treatment 

In the short-term, the mobility of the contaminants within and in the immediate vicinity of 

overburden and bedrock treatment areas would be increased because of elevated temperature and 

vacuum application. The increased mobility of the contaminants during the ISTT program, which 

facilitates the removal of the contaminants from the subsurface, is intended. The mobilized 

contaminants would then be captured by the vapor extraction wells and treated in the condensate 

and off-gas treatment trains (refer to Figure 5-24 for schematic of the treatment processes 

employed). The mobility of the remaining contaminants outside the treatment area post-ISTT 

treatment would not be significantly changed. The toxicity and volume of the site contaminants 

would be significantly reduced because they would be removed from the bedrock and 

overburden zones. The overburden PRB at the slurry wall and the bedrock ISCO in the 

downgradient portion of the TI zone will further treat contaminated groundwater and reduce the 

toxicity and volume of the contaminants. 

5.7.2.5 Short-Term Effectiveness 

Because of the need to construct and operate an extensive heater well field and robust treatment 

system, short-term risks and potential impacts on workers and the community during the 

implementation of this alternative would need to be managed. Vapor treatment systems will need 

to be sized to manage the mass of contaminants expected to be removed. The infrastructure that 
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would have to be constructed to support the thermal treatment component has been safely 

installed and operated at many other sites, where the associated risks have been mitigated by 

employing typical construction, transportation, and treatment system operation safety measures. 

The ISTT program would result in relatively rapid removal of a major portion of the 

contamination at the Site. During construction of the ISTT, MOM ISCO, and PRB systems, 

workers would be protected from potential exposure to VOCs, noise, dust, direct contact, and 

construction hazards by implementing appropriate safety precautions. During ISCO injection 

well installation, appropriate safety precautions will need to be implemented to protect site 

workers from noise, dust, and construction hazards. The ISCO injection and reagent handling 

will need to be performed in accordance with all health and safety requirements to mitigate risks 

associated with handling and injections of chemicals. 

There is the potential for some impacts on the community during implementation of the ISTT, 

MOM ISCO, and PRB systems because of higher levels of site activities including the operation 

of more trucks and construction vehicles on local streets and construction-related noise.  

5.7.2.6 Implementability 

In situ thermal treatment in deep bedrock has not been implemented at other sites. Therefore, 

there are some risks that a full-scale bedrock ISTT system may not perform as designed. These 

risks include that the system may not provide sufficient heat to boil the groundwater and 

contaminants in the bedrock fractures throughout the treatment zone, and that a large quantity of 

the fractures may not be intercepted by the vapor extraction wells.  

In situ thermal treatment has been implemented successfully at many other similar sites in the 

overburden and implementability problems in the overburden are not anticipated. Permeable 

Reactive Barrier construction has also been implemented at a number of contaminated sites for 

groundwater remediation, and a PRB gate could be readily implemented in the slurry wall within 

the TI Zone. Monitored natural attenuation of the overburden groundwater outside of the slurry 

wall can be easily implemented since the only on-site task is installing monitoring wells and 

collection of groundwater samples. Institutional controls required under this alternative to 

permanently prevent contact with contaminated groundwater and prevent disturbance to the 
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components of the remedy can be easily implemented, except there may be some 

implementability issues with establishing ICs for a well-restriction buffer zone on properties 

outside of the TI Zone. 

Implementability issues associated with MOM ISCO in bedrock near the TI Zone compliance 

boundary are primarily uncertainties about the quantity of ISCO reagents to be used, achieving 

effective contact with contaminants, and persistence of oxidants to provide long-term treatment, 

as described under Alternative TI-5 in Subsection 5.6.2.6. Those concerns can be addressed 

through the phased implementation, performance monitoring, and optimization of the MOM 

ISCO program. Increasingly complete site characterization and CSM will be achieved to guide 

selection of MOM ISCO injection location and depth, injection dosage, and injection frequency 

through well-timed remedial activities. These remedial activities include additional monitoring 

well installation, phased injection well installation, phased full-scale ISCO injection, and 

performance monitoring. 

Permeable reactive barrier construction in the overburden has been implemented at a number of 

contaminated sites for groundwater remediation, and can be readily implemented if PRB is a 

selected component of a remedy. 

5.7.2.7 Cost 

The cost for this alternative is summarized in Table 5-21. The elements of the costs and details of 

the estimate are presented in Appendix D, Table D-6. A preliminary schedule of the 

implementation of this alternative is presented in Figure 5-27. A discount rate of 7% is assumed 

to estimate the NPV of the remedial alternatives for this FS.  

Cost Sensitivity Analysis 

A cost sensitivity analysis was performed to estimate the cost impacts associated with 

implementing ISTT in different thicknesses and different areal extents of the TI Zone. Bedrock 

thicknesses evaluated include 100, 300, 500, and 700 ft. Areal extents evaluated include the 

>50 mg/L PCE Area (base case), the >15 mg/L PCE area, and the >1.5 mg/L PCE area. The 

change of thickness or areal extent for treatment primarily impacts the installation cost for 

thermal heater wells, extraction wells, power consumption, and post thermal treatment costs. 
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Changes to the unit costs as a function of the depth in the bedrock because of technical 

challenges that increase with depth, are not considered.  

As shown in Figure 5-30 (and Table 5-22), the maximum cost, $397M, is estimated for the 

scenario of ISTT of 700 ft of bedrock thickness and the >1.5 mg/L PCE treatment area, and the 

lowest cost, $29.6M, is estimated for the scenario of 100 ft of bedrock thickness and the 

>50 mg/L PCE treatment area. It should be noted that, based on the modeling presented in 

Appendix F, if the area with 50 mg/L PCE or greater was completely remediated, then greater 

than 200 years would be required for attainment of drinking water standards in downgradient 

areas. Additional site characterization and more sophisticated modeling could be used to refine 

that estimated duration. 

The results of the cost sensitivity analysis indicate that the total cost for bedrock ISTT 

remediation increases linearly with the increase of the bedrock thickness for treatment. The slope 

of the curves suggests that approximately $54.5M of cost increase will be incurred for ISTT 

treatment of each additional 100 ft thickness of bedrock, when ISTT is applied in the greater than 

1.5 mg/L PCE Zone. Similarly, $13.3M will be incurred for each additional 100 ft thickness of 

bedrock when ISTT is applied only in the >50 mg/L PCE Zone. 
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Figure 5-1 Preliminary Injection Layout for Bedrock Grouting, Alternative TI-2 


Figure 5-2 Bedrock Grout Curtain Cross-Section Schematic, Alternative TI-2  


Figure 5-3 Preliminary Areal Extent of Capping, Alternative TI-2
 

Figure 5-4 Overburden Capping Cross-Section Schematic, Alternative TI-2 


Figure 5-5 Schematic Cap Cross-Section, Alternative TI-2 


Figure 5-6 Preliminary Schedule for Implementation of Alternative TI-2 – Physical 

Containment/ISCO MOM 


Figure 5-7 Cost Sensitivity Analysis Results, Alternative TI-2 – Physical 

Containment 


Figure 5-8 Preliminary Extraction Locations for Pump and Treat, Alternative TI-3 


Figure 5-9 Concentrations of PCE and TCE in Extracted Groundwater from Well 

BR-6 During Pumping Tests in 2013 


Figure 5-10 Preliminary Schedule for Implementation of Alternative TI-3 -
Hydraulic Containment (Pump and Treat) 


Figure 5-11 Cost Sensitivity Analysis Results for Alternative TI-3, Hydraulic 

Containment 


Figure 5-12 Preliminary Layout for ISCR Bedrock Injection Locations, Alternative 

TI-4 


Figure 5-13 Bedrock ISCR Injection Cross-Section Schematic, Alternative TI-4 


Figure 5-14 Preliminary Layout for Overburden PRB, Alternative TI-4
 

Figure 5-15 Preliminary Schedule for Implementation of Alternative TI-4 – ISCR 


Figure 5-16 Cost Sensitivity Analysis Results, Alternative TI-4 – ISCR 


Figure 5-17 Preliminary Layout for ISCO Bedrock Injection Locations, Alternative 

TI-5 


Figure 5-18 Bedrock ISCO Injection Cross-Section Schematic, Alternative TI-5 


Figure 5-19 Preliminary Layout for ISCO Overburden Injection, Alternative TI-5 


Figure 5-20 Preliminary Schedule for Implementation of Alternative TI-5 – ISCO 


Figure 5-21 Cost Sensitivity Analysis Results, Alternative TI-5 – ISCO 
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Figure 5-22 Preliminary ISTT Target Treatment Zone Bedrock Plan View, 

Alternative TI-6 


Figure 5-23 ISTT Bedrock Target Treatment Cross-Section Schematic, 

Alternative TI-6 


Figure 5-24 Typical ISTT Schematic Using Thermal Conduction Heating, 

Alternative TI-6 


Figure 5-25 Preliminary ISTT Target Treatment Zone Overburden Plan View, 

Alternative TI-6 


Figure 5-26 ISTT OB Target Treatment Zone Cross-Section Schematic, 

Alternative TI-6 


Figure 5-27 Preliminary Schedule for Implementation of Alternative TI-6 - In Situ 

Thermal Treatment with ISCO MOM 


Figure 5-28 Cost Sensitivity Analysis Results, Alternative TI-6 - ISTT 


Table 5-1 Summary of Measures Under Alternative TI-1 to Meet Remedial Action 

Objectives at the Site 


Table 5-2 Alternative TI-1 – Cost Estimate Summary 


Table 5-3 Major Components of Alternative TI-2
 

Table 5-4 Summary of Measures Under Alternative TI-2 to Meet RAOs for the TI 

Zone 


Table 5-5 Alternative TI-2 – Cost Estimate Summary 


Table 5-6 Alternative TI-2 – Physical Containment Cost Sensitivity Analysis 

Summary
 

Table 5-7 Major Components of Alternative TI-3
 

Table 5-8 Summary of Measures Under Alternative TI-3 to Meet RAOs for the TI 

Zone 


Table 5-9 Alternative TI-3 – Cost Estimate Summary 


Table 5-10 Alternative TI-3 – Cost Sensitivity Analysis Summary
 

Table 5-11 Major Components of Alternative TI-4
 

Table 5-12 Summary of Measures Under Alternative TI-4 to Meet RAOs for the TI 

Zone 
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Table 5-13 Alternative TI-4 – Cost Estimate Summary
 

Table 5-14 Alternative TI-4 Cost Sensitivity Analysis Summary 


Table 5-15 Major Components of Alternative TI-5
 

Table 5-16 Summary of Measures under Alternative TI-5 to Meet RAOs for the TI 

Zone 


Table 5-17 Alternative TI-5 –Cost Estimate Summary
 

Table 5-18 Alternative TI-5 - Cost Sensitivity Analysis Summary
 

Table 5-19 Major Components of Alternative TI-6
 

Table 5-20 Summary of Measures under Alternative TI-6 to Meet RAOs for the TI 

Zone 


Table 5-21 Alternative TI-6 – Cost Estimate Summary
 

Table 5-22 Alternative TI-6 - Cost Sensitivity Analysis Summary
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6. 	 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES  
FOR THE GROUNDWATER CLEANUP AREA 

6.1 	COMPREHENSIVE REMEDIAL ALTERNATIVES  
FOR THE GROUNDWATER CLEANUP AREA 

The Groundwater Cleanup Area (GC Area) is located to the north and downgradient of the 

bedrock groundwater contaminant source area in the TI Zone. Based on modeling discussed 

herein, it is expected that the bedrock groundwater quality in the GC Area will be restored to 

drinking water standards within a reasonable timeframe (e.g., 100 years) after migration of 

contamination from the upgradient TI Zone is stopped. The location of the GC Area and its 

proximity to the other areas (TI-Zone, OU2, etc.) is shown on Figure 2-1.  

The remedial action components for the GC Area that were retained for further consideration in 

Section 4 are combined in this section into two comprehensive remedial alternatives. Each 

remedial alternative is further defined herein with respect to volumes or areas of contaminated 

media to be addressed, the technologies to be used, and any performance requirements associated 

with the remedial technologies. The alternatives are each analyzed herein against the established 

CERCLA evaluation criteria. The comprehensive remedial alternatives that have been developed 

and evaluated for the GC Area at the Site are outlined in Table 4-3. 

Under current conditions in the GC Area the dissolved contaminant plume in the bedrock 

continuously receives contaminant mass from the upgradient, more concentrated portion of the 

bedrock plume, which is located in the TI Zone. As discussed in detail in this section, the results 

of modeling indicate that, without MOM to prevent a continued influx of contaminants from the 

upgradient TI Zone, the RAO for the GC Area cannot be met within a reasonable timeframe 

(e.g., less than 100 years). In addition, without MOM in the TI Zone, there is a risk that 

groundwater contaminant concentrations in the GC Area may increase over the long-term, 

because the bedrock plume emanating from the source area (which is in the TI Zone) may be 

continuing to expand. Therefore, because cleanup of the GC Area will not occur without 

effective MOM in the TI Zone, it is assumed that one of the TI Zone alternatives that includes 

MOM of contaminated bedrock groundwater (which are all of the TI Zone alternatives except for 

Alternative TI-1) will be successfully implemented prior to, or concurrently with, 

implementation of the selected alternative for the GC Area. Successful implementation of the 
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MOM components of the TI Zone alternatives is defined as resulting in zero flux of groundwater 

contaminants into the GC Area.   

Because there are only two remedial alternatives for the GC Area, a comparative analysis of the 

alternatives with respect to each of the NCP evaluation criteria is not provided.  

6.2 ALTERNATIVE GC-1: ROD REMEDY10 

Under the ROD remedy alternative, the remedy for the GC Area is natural attenuation, ICs, and 

Five-Year Reviews. Institutional controls and Five-Year Reviews are discussed in Section 4 and 

are applicable to all of the alternatives evaluated in this FS including Alternative GC-1. Under 

Alternative GC-1, other than continuing the existing limited monitoring program, no remedial 

actions would be implemented for the deep bedrock groundwater. This alternative relies on 

natural processes to reduce the levels of contamination in bedrock groundwater (but does not 

meet EPA guidance standards for MNA). The RAO for groundwater in the GC Area, as 

summarized in Subsection 2.2, is to achieve beneficial reuse standards as drinking water.  

6.2.1 Existing Remedy for the GC Area 

The current ROD remedy consists of natural attenuation, long-term environmental monitoring, 

and ICs in the overburden and shallow bedrock groundwater. Those elements are discussed as 

they relate to evaluation against the established CERCLA evaluation criteria.  

6.2.1.1 Natural Attenuation 

Under this alternative there would be no changes to the natural attenuation component of the 

existing ROD. 

6.2.1.2 Long-Term Environmental Monitoring 

For this alternative there will be LTM to: 

1.	 Determine if there is migration of contaminated groundwater from the adjacent TI 
Zone into the GC Area. 

10  A No Action alternative, as described by the NCP (40 C.F.R. 300.68(f)), which is used as a baseline against 
which the other alternatives are compared, was not developed for this amended remedy evaluation because the No 
Action Alternative was previously assessed in the ROD. 
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2.	 Confirm that there is no migration of contaminated groundwater beyond the boundary 
of the GC Area. 

Currently, LTM does not include routine sampling of bedrock monitoring wells in the GC Area. 

Samples from residential drinking water supply wells are collected annually from 10 wells north 

and west of the GC Area. There are four overburden and five bedrock wells available for 

sampling within the GC Area. Annual sampling of those wells for VOCs only is assumed under 

the ROD remedy for cost estimation purposes. 

6.2.1.3 Institutional Controls 

Temporary ICs to prevent exposure to contaminated groundwater and to protect the components 

of the remedy will be established and will be in effect until groundwater cleanup standards are 

achieved. Note, however, that even after the temporary ICs are removed there may still be an IC 

requirement under the TI Zone remedy to maintain a well-restriction buffer zone around the TI 

Zone, including within the GC Area. 

6.2.1.4 Five-Year Reviews 

Five-Year Reviews will be required to assess the protectiveness of the GC Area remedy under 

this alternative until groundwater clean-up standards are achieved. 

6.2.2 Evaluation of Alternative GC-1 

6.2.2.1 Overall Protection of Human Health and the Environment 

The potential for ingestion of contaminated groundwater will be significantly reduced through 

the implementation of temporary ICs that will prohibit the use of contaminated groundwater 

within the GC Area until the groundwater cleanup standards are achieved. Provided that effective 

MOM is implemented as part of the remedial action in the TI Zone, implementation of 

Alternative GC-1 will result in a gradual reduction of the extent and concentration of bedrock 

groundwater contaminants, and the corresponding risks associated with those contaminants. 

However, this alternative includes no comprehensive modelling and monitoring program that 

meets EPA MNA guidance standards. Therefore, there is no way to assess whether natural 

attenuation may achieve RGs within a reasonable time period throughout the GC Area, as 

required for the remedy to achieve long-term protectiveness. If effective MOM is not 

implemented in the bedrock in the TI Zone (which would be the case if Alternative TI-1- ROD 
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remedy is implemented), then the bedrock groundwater contaminant plume in the GC Area will 

likely not attenuate and may continue to expand. 

In the overburden groundwater there have been no exceedances of the RGs in the GC Area. 

Long-term monitoring of the overburden groundwater will be performed to verify that 

compliance with the cleanup standards is maintained and, if necessary, to indicate that additional 

remedial actions are warranted.  

The ongoing protectiveness of the remedy will be assessed at a minimum every 5 years through 

the CERCLA five-year review process until the groundwater cleanup standards area achieved. 

6.2.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The ARARs pertaining to this alternative are summarized in Tables A-19, A-20, and A-21 in 

Appendix A. Location- and action-specific ARARs associated with the GC Area have currently 

been met. However EPA’s action-specific MNA guidance TBC is not satisfied by this 

alternative. The chemical-specific ARARs for the overburden groundwater have also been met in 

the GC Area. Monitoring will be performed to verify that overburden groundwater quality 

continues to comply with chemical-specific ARARs. 

In the bedrock, groundwater contaminant concentrations currently do not comply with chemical-

specific ARARs in a portion of the GC Area as shown on Figure 2-1. As noted above, if MOM is 

not implemented to prevent continued migration of contaminated bedrock groundwater from the 

TI Zone to the GC Area, then bedrock groundwater contaminant concentration in the GC Area 

will probably not attenuate and may increase. Therefore, unless MOM of the bedrock 

groundwater in the TI Zone is implemented, the bedrock groundwater in the GC Area that 

currently exceeds ARARs will likely continue to exceed ARARs for the foreseeable future. If 

MOM of bedrock groundwater in the TI Zone is implemented, as described for Alternatives TI-2 

through TI-6, then bedrock groundwater contaminant concentrations in the GC Area will likely 

attenuate over time. The one-dimensional model BIOCHLOR was used to evaluate attenuation 

timeframes of the bedrock groundwater contaminant plume once the migration of contaminants 

from the TI Zone is stopped. The BIOCHLOR model output is provided in Appendix F and 

indicates that 100 years of natural attenuation will be required before chemical-specific ARARs 
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will be attained in the GC Area. However, as previously stated, this alternative does not include 

the monitoring needed throughout the GC Area to confirm that EPA MNA standards for 

achieving the chemical-specific RGs for groundwater are being met. 

6.2.2.3 Long-Term Effectiveness and Permanence 

Table 6-1 summarizes the measures implemented under Alternative GC-1 to meet RAOs.  

Institutional controls to prevent ingestion of or exposure to contaminated groundwater will need 

to be in place until PCE concentrations in bedrock groundwater reach cleanup standards. The ICs 

include measures such as warnings and restrictive measures to protect remedial components and 

to prevent groundwater use. Under Alternative GC-1, the residual risk is expected to decline 

gradually to acceptable levels over the long-term through natural attenuation provided that MOM 

is implemented in the TI Zone to prevent continued migration of bedrock groundwater 

contaminants to the GC Area. However, any attenuation that occurs will not be sufficiently 

monitored under this alternative to confirm that attenuation is occurring. The rate of reduction of 

contaminant concentrations would be tracked over time only to a limited extent by using the 

existing monitoring program required by the ROD remedy. The current, limited long-term 

monitoring of the groundwater within the GC Area and nearby drinking water sources will be 

maintained to assess the long-term effectiveness in preventing exposure risk until groundwater 

cleanup standards are achieved. 

6.2.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

No active treatment will be employed to remove or destroy site contaminants..  

6.2.2.5 Short-Term Effectiveness 

There would be no added risk to the community in the short term because there are no 

construction activities associated with this alternative that would involve exposure to 

contaminants or other construction hazards. Workers conducting groundwater sampling could 

have a slight risk of exposure when handling contaminated groundwater for sampling in addition 

to typical risks associated with environmental sampling such as slip, trip, and fall, biological 

hazards, and exposure.   
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6.2.2.6 Implementability 

Temporary ICs can be readily implemented, until groundwater cleanup standards are achieved. 

There are no technical issues associated with implementation of the ICs. Developing a GMZ for 

the area with groundwater impacted by contamination within the GC Area requires following 

legal and administrative procedures that can be readily implemented through the state and local 

administrative processes. 

Monitoring the groundwater is easily implemented, because the only on-site task is periodic 

groundwater sample collection and analysis. 

6.2.2.7 Cost 

Alternative GC-1 Cost Estimate Summary 

The estimated costs for Alternative GC-1 are summarized in Table 6-2. The elements of the costs 

and details of the estimate are presented in Appendix D in Table D-2.  

Cost Sensitivity Analysis 

A cost sensitivity analysis is not applicable to this alternative since no active remediation of the 

bedrock groundwater will occur under this alternative.   

6.3 ALTERNATIVE GC-2: MONITORED NATURAL ATTENUATION 

This alternative includes MNA, ICs, and Five-Year Reviews in order to attain the RAOs for the 

GC Area, as presented in Table 4-3. 

An MNA program will be established to monitor attenuation of contaminant concentrations in 

the GC Area. The MNA program will specify that contingent measures shall be developed and 

implemented if it is determined that the MNA remedy is not performing as expected and would 

not attain cleanup goals in a reasonable time-frame.  

6.3.1 Monitored Natural Attenuation 

Monitored natural attenuation is a cost-effective and technically-sound remedial approach for 

remediation of a groundwater plume that exceeds PRGs and is no longer being impacted by a 

contaminant source area. Monitored natural attenuation is commonly used when it can be 

demonstrated that RGs will be achieved via MNA within a time-frame that is reasonable 
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compared to other remedial alternatives, and where it meets the applicable remedy selection 

criteria. 

EPA expects that source control and long-term performance monitoring will be fundamental 

components of any MNA remedy (refer to EPA’s Use of Monitored Natural Attenuation at 

Superfund, RCRA Corrective Action, and Underground Storage Tank Sites (EPA, 1999) (EPA 

MNA Guidance). In addition, according to the EPA guidance entitled, Technical Protocol for 

Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (EPA, 1998), lines of 

evidence are required to demonstrate that natural attenuation is occurring. These lines of 

evidence include: 

 “(1) Historical ground water and/or soil chemistry data that demonstrate a clear and 
meaningful trend of decreasing contaminant mass and/or concentration over time at 
appropriate monitoring or sampling points. (In the case of a ground water plume, 
decreasing concentrations should not be solely the result of plume migration. In the 
case of inorganic contaminants, the primary attenuating mechanism should also be 
understood.) 

 (2) Hydrogeologic and geochemical data that can be used to demonstrate indirectly 
the type(s) of natural attenuation processes active at the site, and the rate at which 
such processes will reduce contaminant concentrations to required levels. For 
example, characterization data may be used to quantify the rates of contaminant 
sorption, dilution, or volatilization, or to demonstrate and quantify the rates of 
biological degradation processes occurring at the site. 

 (3) Data from field or microcosm studies (conducted in or with actual contaminated 
site media) which directly demonstrate the occurrence of a particular natural 
attenuation process at the site and its ability to degrade the contaminants of concern 
(typically used to demonstrate biological degradation processes only).”  

The EPA MNA Guidance also indicates that: 

“Unless EPA or the implementing state agency determines that historical data 
(Number 1 above) are of sufficient quality and duration to support a decision to 
use monitored natural attenuation, EPA expects that data characterizing the 
nature and rates of natural attenuation processes at the site (Number 2 above) 
should be provided. Where the latter are also inadequate or inconclusive, data 
from microcosm studies (Number 3 above) may also be necessary.” 

Therefore, a properly designed MNA program would include components to evaluate long-term 

behavior of the plume, verify that exposure to contaminants does not occur, verify that natural 
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attenuation breakdown products do not pose additional risks, determine actual (rather than 

predicted) attenuation rates for refining predictions of the remediation time-frame, and document 

when site-specific remediation objectives have been attained. 

For Alternative GC-2, the MNA approach specified above would be applied to the plume in the 

GC Area where RGs are exceeded. 

6.3.1.1 Monitored Natural Attenuation Approach 

Background – Lines of Evidence to Support MNA Effectiveness 

The effectiveness of MNA for cleanup of the bedrock groundwater plume in the GC Area can be 

demonstrated using three lines of evidence that correspond to the three levels of assessment 

presented above. Elsewhere at the Site (in the overburden outside of the slurry wall), the three 

lines of evidence were observed during the ROD remedy after the source of groundwater 

contamination was cut off from groundwater outside by the slurry wall and P&T system. More 

specifically, there was a clear decreasing trend of PCE in the overburden monitoring wells, a 

reasonable cleanup timeframe for the GC Area under MNA that is estimated using groundwater 

modeling, and the likely occurrence of reductive dechlorination inferred based on field 

observation data. 

Concentration Trend of PCE in Monitoring Wells 

The effectiveness of MNA in OU1 is demonstrated by the significant reduction in PCE 

concentrations in the overburden after the plume was truncated by the slurry wall and P&T 

system starting in 1999. Groundwater extraction outside the slurry wall was terminated in 2007. 

Since the implementation of the slurry wall/P&T system, the PCE concentrations in all of the 

overburden wells outside of the slurry wall have decreased by a factor of 10 or greater as a result 

of groundwater extraction, plume truncation by the slurry wall, and natural attenuation. Many 

wells outside of the slurry wall have attained or almost attained the cleanup goal for PCE, 

including MW-02 (in the GC Area), MW-16A, MW-16B, PW-01S, PW-02S, PW-02M, 

PW-02D, PW-03S, PW-04M, PW-04D, PW-11S, PW-12S, PW-12M, PW-12D, and PW-13M, 

as demonstrated in Figure 1-5. The downward concentration trends in some, but not all, of the 

overburden wells illustrated in Figure 1-5 have continued after the cessation of groundwater 
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extraction outside the slurry wall in 2007. This indicates that natural attenuation is occurring in a 

significant portion of the impacted area. Additional monitoring will be performed to further 

verify the extent and rate of MNA in the overburden outside of the slurry wall. 

The extent of the overburden groundwater contaminant plume that exceeds RGs has been 

reduced to a detached area in the east portion of the TI Zone in the vicinity of the PW-13, 

PW-14, and MW-16 cluster wells, and B-95-13 (Figure 1-6). No exceedances of RGs in 

overburden groundwater have been documented in the GC Area. Based on the concentration 

trends observed in the overburden, it is expected that the bedrock groundwater contaminant 

concentrations in the GC Area will also attenuate at an acceptable rate once the source control 

measures being taken in the TI Zone are implemented.  

Groundwater Modeling Results 

Given the highly heterogeneous hydrogeological conditions and many unknown parameters 

governing the fate and transport processes in the bedrock groundwater plume in the GC Area, 

insufficient data are currently available to conduct comprehensive groundwater modeling that 

would provide an estimate of the cleanup timeframe with a low level of uncertainty. To provide a 

rough estimate of the cleanup timeframe using the data that are available, modeling has been 

performed using the BIOCHLOR 1-dimensional analytical model. BIOCHLOR is an EPA 

screening model that simulates remediation by natural attenuation of chlorinated solvents 

dissolved in groundwater. The BIOCHLOR model was used to estimate the cleanup timeframe in 

the bedrock under an MNA remedy as presented below. The details of the groundwater modeling 

inputs and outputs are provided in Appendix F. Results of the model show the following: 

 After removal or isolation of the PCE source (the >15 mg/L PCE Area within the TI 
Zone) the cleanup timeframe for PCE in all areas downgradient of the >15 mg/L PCE 
Area is likely 240 years or greater. 

 After about 100 years from source truncation, the downgradient peak PCE 
concentration would be reduced by a factor of approximately 35. That result suggests 
that in order for PCE concentrations to attenuate to below cleanup standards within 
100 years (considering this a "reasonable" timeframe), the source control remedy 
needs to include all areas with PCE concentrations that are greater than approximately 
35 times the cleanup goal of 5 µg/L, or roughly 175 µg/L. 
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The proposed location of the TI Zone boundary was selected to approximate the area which 

includes current PCE concentrations above 175 µg/L, as described in the TI Evaluation Report 

(Appendix B). The GC Area is defined as the area within OU1 with PCE concentrations in 

bedrock groundwater plume that are generally less than 175 µg/L. Therefore, it is estimated that 

the bedrock groundwater in the GC Area will achieve the cleanup goal for PCE (5 µg/L) within 

approximately 100 years after contaminants stop migrating from the TI Zone to the GC Area.  

It should be noted that the modeling approach used to simulate MNA and the selection of the 

modeling input parameters contains significant uncertainty. As a consequence of this uncertainty, 

the modeling results represent only a rough order of magnitude estimate. Uncertainty should also 

be considered when evaluating the plume area presented in Figure 2-1 because: 

 The plume area was estimated using the limited number of bedrock wells installed in 
the GC Area. 

 The maximum concentration of PCE detected in each well was used. 

 The maximum concentration in each well is from multiple samples collected from 
over range of several hundred feet of depth in each well. 

The uncertainty of the modeling results and the groundwater plume configuration will be 

reduced as additional data are collected during implementation of MNA. 

Biodegradation 

As detailed in the CSM presented in Section 1 of this FS (and in the 2014 RI), contaminant 

migration in the deep bedrock is controlled by the limited water-bearing fractures that strike to 

the north-northeast and also by the groundwater hydraulic gradients that prevail to the east under 

static conditions. The combination of those two factors results in a bedrock groundwater 

contaminant plume that trends to the north/northeast, and to a limited extent, in the easterly 

direction of the hydraulic gradients (Figure 2-1). 

Along the north/northeast axis of the bedrock groundwater contaminant plume, in the direction 

of the downgradient GC Area, contaminant concentrations decline by over two orders of 

magnitude from their maximum levels at Well BR-6 in the bedrock contaminant source area to 

BR-3 north of the slurry wall and then BR-11 just north of the Souhegan River as shown in Table 
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6-3. In addition to the significant reduction in contaminant concentrations in the downgradient 

portions of the plume, the concentration ratios of PCE to TCE and TCE to cDCE decrease by 

nearly one order of magnitude as shown in Table 6-3 (note: concentration units of µmole/L are 

used for the ratio calculation). The change in those ratios is likely caused by reductive 

dechlorination of the chlorinated ethenes as they migrate downgradient. The magnitude of the 

change indicates that reductive dechlorination is a substantial element in the natural attenuation 

of chlorinated solvents in bedrock groundwater at the Site.  

Other factors that could be affecting a change in the ratios of PCE, TCE, and cDCE at 

downgradient locations are: 

 Diffusion which is the process by which a contaminant in water will move from an 
area of greater concentration toward an area where it is less concentrated. Diffusion 
will occur as long as a concentration gradient exists, even if the fluid is not moving. 
However, in the bedrock at the Site, the physical movement of groundwater through 
the primary fractures (advection) is the dominant transport mechanism for 
groundwater contaminants. Advection affects all dissolved groundwater contaminants 
equally, and is many times faster than the diffusion rate of the contaminants. 
Therefore, differences in diffusion rates between PCE and its daughter products are 
not considered to be a major factor affecting the change in the PCE/TCE and 
TCE/cDCE ratios at different locations in the plume. 

 Adsorption which is the tendency of compounds dissolved in water to sorb to the 
matrix thereby retarding their flow rate relative to the flow rate of groundwater. 
Compounds with a greater tendency to sorb to the matrix will move downgradient at a 
slower rate than compounds with less of a tendency to sorb to the matrix. For all of 
the groundwater contaminants at the Site, the adsorption factor is believed to be very 
minor in the bedrock because of the absence of material quantities of organic matter 
that could sorb the contaminants. 

As detailed above, differences in diffusion and adsorption do not explain the change in the 

PCE/TCE/cDCE ratios along the axis of the bedrock groundwater contaminant plume in OU1, 

and reductive dechlorination of PCE and TCE appears to be the most reasonable explanation for 

that change. If necessary to further support the use of MNA in the GC Area, additional 

investigations, including testing for the MNA parameters ethene and ethane, and a stable isotope 

analysis could provide additional evidence of the reductive dechlorination of PCE and its 

daughter products as they move downgradient in the bedrock groundwater contaminant plume. 
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Conceptual Approach 

The initial phase of the MNA program would include installation of three additional monitoring 

wells and associated geophysical and hydrogeological characterization, and also conducting 

regular groundwater quality monitoring. After 7 years of MNA monitoring, an evaluation will be 

performed to determine if additional testing and evaluations are necessary to determine whether 

or not MNA will result in attainment of RGs in bedrock groundwater in a reasonable period of 

time. Additional site characterization may include tracer testing, a microcosm study, stable 

isotopic testing, and groundwater fate and transport modeling in support of an updated MNA 

evaluation. The basic and potential components of the MNA program are described below. 

Additional Monitoring Wells Installation and Hydrogeological Characterization 

For MNA evaluation, the three new bedrock monitoring wells to be installed along the eastern 

and southern boundary of the GC Area and included as part of the MNA monitoring network in 

the GC Area are shown on Figure 6-1. These three new wells will be located along the GC Area

OU1/OU2 boundary and will also be used as compliance monitoring wells. The new wells wells 

will be characterized using downhole geophysics and packer testing (at separate depth intervals 

as necessary based on the results of the geophysics). Results from geophysical evaluations and 

packer testing will be used to identify the fractures, determine flow patterns, and update the CSM 

as necessary. The three new wells and four existing bedrock wells in the MNA monitoring 

network would be completed with a screened interval or multilevel sampling device in order to 

permanently isolate one or more of the transmissive zones, if present, for LTM purposes. The 

installation of the new bedrock monitoring wells and associated hydrogeological characterization 

are expected to be completed in 3 months.  

In the overburden, the existing well cluster MW-02A, MW-02B, and MW-02C (coincident with 

Location MW-2R on Figure 6-1 and located at the TI-Zone compliance boundary) is well 

positioned to indicate the maximum overburden contaminant concentrations in the GC Area. 

Since no overburden groundwater contamination is detected at the MW-02 cluster, it is likely 

that there are no exceedances of the RGs in the overburden groundwater in the GC Area. 

Therefore, no additional overburden monitor wells are proposed to be installed in the GC Area as 

part of the MNA program. 
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Groundwater Monitoring 

Groundwater monitoring would be performed quarterly during the initial year of the MNA 

program to establish baseline contaminant concentrations, assess seasonal variations, and 

evaluate the stability of the plume. It is assumed that after the first year, monitoring would occur 

annually in order to allow evaluation of long-term contaminant trends in the GC Area. 

Groundwater samples would be analyzed for VOCs and MNA parameters. The MNA parameters 

would preliminarily include dissolved gases (methane, ethane, and ethene), chloride, nitrate, 

sulfate, dissolved organic carbon, alkalinity, ferrous iron, total iron, and manganese. For 

purposes of this FS, it has been assumed that each monitoring event would consist of collection 

of groundwater samples from eight monitoring wells (including multilevel locations) in the deep 

bedrock and one 4-well cluster (Location MW-2A,B,C,R) in the overburden and shallow 

bedrock. 

Residential drinking water wells, which are present to the north and northwest of the existing 

bedrock plume, have not been impacted by contaminated groundwater from the Site. To ensure 

protectiveness, it is also assumed that residential drinking water well samples would continue to 

be collected and analyzed for VOCs annually from 10 residences in the area northwest of the GC 

Area. 

Analytical results from groundwater sampling would be used to evaluate concentration trends 

(progress towards attainment of the RGs, changes in the PCE/TCE/cDCE ratios) in individual 

wells and to develop an understanding of the stability (whether it is shrinking, stable, or 

expanding) of the bedrock groundwater contaminant plume. 

Additional Site Characterization - Update Evaluation  
of Monitored Natural Attenuation 

Additional hydrogeological and geochemical characterization through tracer testing and isotopic 

analysis will be performed when necessary based on the monitoring results. This supplemental 

monitoring would most likely not be performed during the first 7 years of the MNA program. If, 

after 7 years of the MNA program, the results of the MNA monitoring are inconclusive 

concerning the progress of MNA, then supplemental testing may be performed to further 

evaluate MNA performance. Quantitative information characterizing groundwater flow and 
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contaminant fate and transport would be collected under static conditions. The data would be 

used to calibrate a 3-dimensional numerical groundwater model of the GC Area. Output from the 

model would be used to update the cleanup time estimate for the MNA remedy scenario. If the 

model output indicates that MNA will not attain the RAOs within a reasonable timeframe, then 

model simulations may be used to develop and assess contingent remedial alternatives for the 

GC Area. 

A microcosm census study could also be performed using Bio-Trap (a commercially available 

passive sampling tool that collects microbes over time) or equivalent techniques to evaluate the 

presence and abundance of the bacteria capable of reductive dechlorination of chlorinated 

ethenes, and to establish the prevalence of biological degradation in relation to other natural 

attenuation processes. Biological census samples would be collected from approximately five 

bedrock monitoring wells. Up to three samples would be collected from each bedrock well for 

study. The samples would be analyzed to identify and quantify specific microbial species by a 

laboratory specializing in microbial study. The results of the microcosm study would be used in 

combination with the results of other testing and the modelling to further refine the estimated 

time until attainment of the RAOs in bedrock groundwater in the GC Area. 

The tracer testing, isotopic analysis, microcosm study, and modelling are expected to be 

completed in approximately 1 year.  

Expected Performance of Monitored Natural Attenuation 

Monitored natural attenuation is expected to result in decreasing contaminant concentrations in 

the GC Area over time, and it is estimated that the RGs will be achieved within 100 years. The 

100-year estimate for cleanup of the bedrock plume via MNA is dependent on the successful 

implementation of MOM in the TI Zone in a manner that stops migration of groundwater 

contaminants across the TI Zone compliance boundary. Depending on the nature of the treatment 

(oxidants, ZVI, or P&T) for MOM within the TI Zone, the reagents (or hydraulic capture zone 

for P&T) may migrate along strike beyond the TI Zone boundary to accelerate the reduction of 

plume concentrations in a downgradient portion of the GC Area. This may result in a shorter 

cleanup time-frame for the GC Area. Conversely, if PCE concentrations significantly greater 

than 175 µg/L are encountered in the GC Area and they are not treated or contained, then that 
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attainment of RGs via MNA throughout the GC Area may not occur within a reasonable time-

frame (100 years).  

6.3.1.2 Institutional Controls 

Temporary ICs to prevent exposure to contaminated groundwater and to protect the components 

of the remedy will be established and will be in effect under groundwater cleanup standards are 

achieved. Note, however, that even after the temporary ICs are removed there may still be an IC 

requirement under the TI Zone remedy to maintain a well-restriction buffer zone around the TI 

Zone, including within the GC Area. 

6.3.1.3 Five-Year Reviews 

Five-Year Reviews will required to assess the protectiveness of the GC Area remedy under this 

alternative until groundwater clean-up standards are achieved. 

6.3.2 Evaluation of Alternative GC-2 

6.3.2.1 Overall Protection of Human Health and the Environment 

The potential for ingestion of contaminated groundwater will be significantly reduced through 

the implementation of temporary ICs that will prohibit the use of contaminated groundwater 

within the GC Area under RGs are achieved. As concentrations attenuate (after effective 

implementation of a TI Zone remedial action), the risk of exposure to groundwater contaminants 

in the GC Area will decrease. Long-term monitoring will be performed to verify the attenuation 

of contaminant concentrations and, where RGs have been attained, to verify that compliance 

with the cleanup standards is being maintained. The ongoing protectiveness of the remedy under 

this alternative will be assessed at a minimum every 5 years through the site’s five-year review 

process until the groundwater RGs are achieved. 

6.3.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The location- and action-specific ARARs associated with the existing ongoing remedial action in 

the overburden have been met in the GC Area. The proposed MNA component of the alternative 

meets action-specific, TBC MNA Guidance standards. The chemical-specific ARARs in the 

overburden groundwater have been met in the GC Area .  
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The chemical-specific ARARs in the bedrock groundwater will not be met until the 

concentration of the site contaminants is reduced through MNA to the RGs. Modeling has been 

used to estimate that the chemical-specific ARARs will likely be attained in bedrock 

groundwater (the only medium in the GC Area that exceeds RAOs) in approximately 100 years 

after migration of contaminants from the upgradient TI Zone is stopped. 

The chemical-, location-, and action-specific ARARs applicable to this alternative are listed in 

Tables A-22, A-23, and A-24 of Appendix A, respectively. These ARARs are primarily triggered 

by activities related to the installation and sampling of additional monitoring wells, and the 

contaminant concentration remaining in the bedrock groundwater.  

6.3.2.3 Long-Term Effectiveness and Permanence 

Table 6-4 summarizes the measures implemented under Alternative GC-2 to meet RAOs. 

Institutional controls to prevent exposure to and ingestion of contaminated groundwater until the 

GC standards are attained will be effective in minimizing exposure risks. The ICs include 

measures such as warnings and restrictive measures to prevent disturbance of remedial 

components and to prevent groundwater use. Under Alternative GC-2, the residual risk is 

expected to decline gradually to acceptable levels over the long term through MNA. The rate of 

reduction of contaminant concentrations would be tracked over time by MNA monitoring. Long-

term monitoring of the groundwater at the compliance boundary and nearby drinking water 

sources will be implemented and maintained to ensure long-term effectiveness in preventing 

exposure risk. 

If the MNA remedy is determined to be ineffective in achieving the RGs, than contingent 

alternatives will be developed and assessed to ensure the reduction of potential exposure risks to 

acceptable levels within a reasonable timeframe.  

6.3.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

No active treatment will be employed to remove or destroy site contaminants.  

6.3.2.5 Short-Term Effectiveness 

There would be no added risk to the community in the short term because there is no 

construction activities associated with this alternative that could involve exposure to 
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contaminants. Workers installing monitoring wells, conducting groundwater sampling, and 

performing hydrogeological testing and microbial studies could have a slight risk of exposure 

when handling contaminated groundwater. During well construction and sampling activities, the 

typical risks for those activities would be present including slip, trip, and fall, biological, and 

exposure risks. 

Since groundwater will be remediated in the GC Area over a long period of time, the potential 

risk to human health and the environment would be anticipated to decline gradually over time. 

Monitored natural attenuation MNA monitoring, including monitoring of residential wells, 

would minimize the risk of human exposure to groundwater contaminants.  

Potential short-term human risks under hypothetical future use scenarios would remain. These 

potential risks would be mitigated via implementation of ICs. 

6.3.2.6 Implementability 

Institutional controls can be readily implemented. There are no technical issues associated with 

implementation of the ICs. Developing a GMZ for the area with groundwater impacts requires 

following legal and administrative procedures that can be readily implemented through the state 

and local administrative processes. 

The MNA program, including well installation, groundwater sampling, and potential activities 

such as geophysical testing, tracer testing, microcosm study, and groundwater modeling, can be 

accomplished by implementing standard techniques that are readily available. 

6.3.2.7 Cost 

Alternative GC-2 Cost Estimate Summary 

The estimated costs for Alternative GC-2 are summarized in Table 6-5. The elements of the costs 

and details of the estimate are presented in Appendix D in Table D-2. A preliminary schedule of 

the implementation of this alternative is presented in Figure 6-2.  

Cost Sensitivity Analysis 

A cost sensitivity analysis is not applicable to this alternative since no active remediation of the 

bedrock groundwater will occur under this alternative.  
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7. COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

7.1 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES IN THE TI ZONE 

This section presents the Comparative Analysis of the TI Zone alternatives. The remedial 

alternatives for the TI Zone were evaluated individually against each of the seven evaluation 

criteria in Sections 5 and 6, respectively. In this section, the TI Zone alternatives are compared to 

each other with respect to each of the NCP evaluation criteria to highlight the advantages and 

disadvantages of each alternative and to better enable decision makers to identify tradeoffs 

between alternatives. Table 7-1 provides a brief tabulated summary of the comparison of the 

alternatives. The following subsections provide additional comparisons of the alternatives with 

respect to each of the NCP evaluation criteria. 

7.1.1 Overall Protection of Human Health and the Environment 

Each of the alternatives, except for the ROD remedy alternative (TI-1), will provide a similar 

level of overall protection from contaminated groundwater, which is the key risk pathway 

associated with the release of contaminants in the TI Zone. All of Alternatives TI-1 through TI-6 

will prevent human exposure to contaminated groundwater through the implementation of ICs. 

However, Alternatives TI-1, TI-2, and TI-3 involve less destruction of contaminant mass and, 

therefore, rely on the ICs to a greater extent than the other alternatives for protection of human 

health and the environment. Alternatives TI-2 through TI-6 all include a MOM component that 

will further protect human health and the environment by minimizing migration of groundwater 

contaminants away from the TI Zone. 

Alternatives TI-4, TI-5, and TI-6 (ISCR, ISCO, and ISTT) will aggressively treat the >50 mg/L 

PCE Area and thereby significantly reduce groundwater contaminant concentrations. Additional 

treatment of bedrock groundwater near the downgradient boundary of the TI Zone (under 

Alternatives TI-2, TI-4, TI-5, and TI-6) will further reduce contaminant concentrations in that 

area and will thereby minimize the risk that bedrock groundwater contaminants will migrate to 

areas beyond the TI Zone. 

Alternative TI-3, Hydraulic Containment, will prevent migration of contaminated groundwater 

beyond the TI Zone compliance boundary by hydraulically capturing bedrock groundwater 

within the TI Zone and by maintaining inward gradients within the portion of the TI Zone 
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enclosed by the slurry wall. Institutional controls would be implemented to prevent human 

exposure to contaminated groundwater. No direct treatment of source zone DNAPL would be 

implemented under Alternative TI-3. Therefore, that alternative will allow larger amounts of 

contaminants to persist in the TI Zone over the long-term than Alternatives TI-4, TI-5, and TI-6, 

which will each destroy a significant percentage of source area contaminants. For Alternative 

TI-3, the presence of significant levels of contaminants, including DNAPL, in the TI Zone for 

the foreseeable future could increase the risk that a failure of the groundwater extraction and 

treatment system could result in a contaminant release that could impact human health and the 

environment. 

Alternative TI-2, Physical Containment, includes a containment structure that will minimize 

migration of contamination from the most highly-contaminated area of the Site towards the TI 

Zone compliance boundary and thereby reduce the risk of future human exposure. Alternative 

TI-2 does not include any destruction of contaminants in the contaminant source area, and there 

is some uncertainty that the bedrock grout curtain could fully contain the bedrock groundwater 

contaminant plume. Therefore, there is a slightly greater risk that Alternative TI-2 could allow 

downgradient migration of contaminants over the long-term that would require a more extensive 

MOM effort in order to prevent contaminants from migrating past the TI Zone compliance 

boundary. A longer-term MOM component of the remedy would have a greater risk of failure if 

is not properly operated and maintained. 

Alternative TI-1, the ROD remedy, will provide the least overall protection, because no treatment 

or containment of the bedrock source area would be provided and there would be no MOM 

component to prevent uncontrolled migration of contaminated bedrock groundwater to areas 

beyond the TI Zone compliance boundary. The ROD remedy would simply continue to operate 

the existing overburden P&T system. Institutional controls would be implemented as required 

under the ROD to minimize the risk of human exposure to contaminated groundwater. 

7.1.2 Compliance with Applicable or Relevant and Appropriate Requirements 

Requirements of chemical-specific ARARS will be waived through granting of a TI Waiver 

under CERCLA. None of the alternatives are anticipated to meet either MCLs or AGQSs (which 

are action-specific PSs for the TI Zone) in the TI Zone within a reasonable period of time. 
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All of the alternatives, except potentially Alternative TI-1, will meet Action-Specific ARARs 

that pertain to the remedial components of each alternative. Based on the known capture zone of 

the existing groundwater extraction system, Alternative TI-1 will not meet the MOM RAO 

because it will not prevent migration of contaminated bedrock groundwater to areas beyond the 

TI Zone compliance boundary. Alternatives TI-2 through TI-6 each include a component to 

capture or treat groundwater contamination migrating towards the TI Zone boundary and 

therefore would meet the MOM RAO of preventing groundwater contamination exceeding 

MCLs and NH AGQS from migrating beyond the TI Wavier Zone boundary. 

All of the alternatives, to varying extents, will be conducted in areas subject to Location-Specific 

ARARs and can be implemented in a manner that complies with those ARARs. Alternative TI-2, 

Physical Containment, would likely have the most significant issues related to complying with 

ARARs because it would involve more significant work (including the construction of a 

permanent contaminant containment system) within the floodplain and/or wetlands, and within 

close proximity to a NH Designated River. A significant area of floodplain will be disturbed 

during implementation of Alternative TI-2, requiring the use of BMPs and potentially extensive 

mitigation measures. It is unlikely that compensatory floodplain storage can be feasibly or cost-

effectively created to balance out the filling within the 100- and 500-year floodplains that will 

occur under TI-2. The active treatment/extraction alternatives (Alternatives TI-3 – TI-6) all have 

either extraction, treatment, or monitoring infrastructure within the 500-year floodplain. This 

infrastructure will need to be constructed and maintained so as to not be damaged during 

flooding, up to a 500-year event. 

7.1.3 Long-Term Effectiveness 

All of the alternatives include ICs that would need to be maintained permanently in order to 

prevent exposure to groundwater contaminants.  

Over the long-term, Alternative TI-6 will be the most effective at preventing migration of 

contaminants to areas beyond the TI Zone compliance boundary because it will likely remove 

and destroy the largest amount of contaminant mass. This is primarily because the ISTT used for 

Alternative TI-6 will likely provide more thorough treatment of contaminants in the dead-end 

bedrock fractures and in the bedrock matrix. Also, Alternative TI-6 will achieve those results in 
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the shortest period of time. As a result, downgradient groundwater contaminant concentrations 

are expected to begin to decline the soonest under Alternative TI-6. In situ thermal treatment has 

never been performed in deep bedrock and there is some uncertainty about the implementability 

of that technology in deep bedrock. Therefore, it is possible that there could be unforeseen 

limitations associated with ISTT in deep bedrock that could reduce the amount of contaminant 

removed, and thereby, reduce the long-term effectiveness of Alternative TI-6. 

Alternatives TI-4 and TI-5 (ISCR and ISCO) will have similar levels of long-term effectiveness 

to each other, providing some degree of DNAPL treatment after multiple applications of 

treatment reagents. There is significant uncertainty concerning whether ISCR and ISCO can 

effectively and completely remove DNAPL from the deep bedrock. That uncertainty is related to 

the ability to deliver reagents to DNAPL in dead-end fractures and the volume of DNAPL 

present. After dissipation of the ISCO and ISCR reagents, untreated DNAPL could continue to 

cause bedrock groundwater contamination over a very long period of time, and thereby increase 

the reliance on the MOM system implemented in the downgradient portion of the TI Zone. The 

ISCO alternative will require repeated injections over a period of approximately 15 years, while 

the ISCR alternative will rely on fewer injections that maintain effectiveness over longer periods 

of time. The ability to effectively inject the ZVI slurry into bedrock fractures, including dead-end 

fractures, is an uncertainty that must be investigated by pilot scale testing. 

Alternative TI-3, P&T (hydraulic containment), will effectively prevent contaminant migration 

from the overburden and bedrock source areas to areas beyond the TI Zone compliance boundary 

over the long-term. However, Alternative TI-3 will result in a very slow reduction in 

groundwater contaminant concentrations over time, and will not effectively treat DNAPL. The 

P&T system would require O&M in an effective and reliable manner over the very long-term to 

ensure that there is no reduction in the long-term effectiveness for Alternative TI-3. 

Alternative TI-2 (physical containment) will not actively treat any contaminants in the most 

contaminated area of the Site inside of the slurry wall and grout curtain. The slurry wall and 

grout curtain should effectively isolate and prevent migration of groundwater contaminants to the 

downgradient overburden and bedrock. However, over the very long-term, any loss of 

containment by the slurry wall and grout curtain could allow contaminants to migrate 
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downgradient and require periodic MOM treatments for the foreseeable future to prevent 

contaminant migration beyond the TI Zone compliance boundary. The cap will effectively 

eliminate infiltration of precipitation into the overburden.  

The PRB in the overburden slurry wall for Alternatives TI-4, TI-5, and TI-6 will minimize the 

risk that overburden groundwater contaminants will migrate from the area enclosed by the slurry 

wall to downgradient areas. The P&T for Alternatives TI-1 and TI-3 and the 

capping/containment for Alternative TI-2 will provide similar effectiveness at preventing 

downgradient migration of overburden contaminants. The additional remediation provided by 

this PRB “gate” enhances the performance of Alternative TI-4, TI-5, and TI-6 relative to 

Alternatives TI-2 and TI-3. 

Alternative TI-2, TI-4, TI-5, and TI-6 would each include a MOM component to treat 

contaminated bedrock groundwater before reaching the TI Zone compliance boundary. This 

component along with monitoring of groundwater will ensure long-term effectiveness in meeting 

the MOM RAO. 

Alternative TI-1 will provide some long-term effectiveness in the overburden through the 

operation of the existing P&T system and ICs. However, Alternative TI-1 does not include a 

MOM component to control migration of the Concentrated Bedrock Plume to areas beyond the 

TI Zone compliance boundary. 

7.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative TI-6, ISTT, will provide the most significant reduction of TMV through treatment of 

all the alternatives. Contaminants, including DNAPL, in the overburden within the slurry wall 

and the >50 mg/L PCE area in bedrock will be driven off by heat, and captured through a 

vacuum collection system. Once above ground the contaminants would be destroyed on-site via 

thermal/catalytic oxidation or off-site (off-site treatment of DNAPL and regeneration of 

activated carbon). Alternative TI-6 will provide some degree of treatment of contaminants 

trapped in dead end fractures and sorbed into the bedrock matrix, but it is uncertain if all bedrock 

contaminants will be completely removed. Therefore, after the completion of the ISTT program 

there still may be contaminants present in bedrock that will diffuse into bedrock over time. 
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Alternatives TI-4 and TI-5, ISCR and ISCO, will provide reduction of TMV through in situ 

treatment, either through oxidizing (ISCO) or reducing (ISCR) processes. Contaminants will be 

broken down to harmless byproducts in these processes. However, because of the difficulty of 

delivering reagents to dead-end fractures in the bedrock and low permeability zones in the 

overburden, and the typically slow diffusion mechanism that dominates over longer timeframes, 

full treatment of contaminants may require multiple applications. In situ chemical oxidation and 

ISCR will provide some depletion of DNAPL in the overburden within the area enclosed by the 

slurry wall and in the Concentrated Bedrock Plume. Alternatives TI-4 and TI-5 will also provide 

some treatment of contaminants trapped in dead-end fractures that slowly diffuse out into the 

matrix over time. 

Alternative TI-3, P&T, will provide reduction of TMV through removal and treatment of 

dissolved phase contamination, rather than treating DNAPL directly. Contaminants removed via 

P&T will be removed from groundwater via air stripping and captured on vapor phase carbon 

(when daily and annual quantities exceed de minimis amounts) or released to the atmosphere. 

Transfer of the contaminants to the atmosphere will not reduce the overall TMV of those 

contaminants. Removal of DNAPL will not occur under the P&T alternative.  

Alternative TI-2, physical containment, will not provide any reduction of TMV through 

treatment, except for implementation of MOM ISCO near the TI Zone compliance boundary. No 

removal or treatment of DNAPL will occur.  

Alternative TI-1, ROD remedy, will only provide reduction of TMV within the area contained by 

the slurry wall through the existing P&T system. No reduction of DNAPL in the overburden or 

bedrock will occur. 

7.1.5 Short-term Effectiveness 

Alternative TI-1, ROD remedy, is already in place. Therefore, the short-term impacts for that 

alternative, which were primarily associated with construction of the slurry wall and 

groundwater treatment system, have already occurred and are not expected to recur. There may 

be minor, short-term impacts related to Alternative TI-1 associated with future repairs of the 

groundwater treatment system. 
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Other than Alternative TI-1, Alternative TI-3, P&T, will have the least overall short-term 

impacts. Alternative TI-3 will require the installation of three bedrock extraction wells and the 

associated subsurface pipelines along with minor modifications to the existing groundwater 

treatment plant. Alternative TI-3 will also include installation of several additional bedrock 

monitoring wells, which is also the case for all alternatives except for TI-1. The short-term 

impacts for Alternative TI-2 should have a duration of 6 months. The MOM objective will be 

achieved shortly after startup of the new extraction wells, once the pumping rates are calibrated 

to levels that will prevent continued migration of bedrock groundwater contaminants to areas 

beyond the TI Zone compliance boundary. 

Alternative TI-4, ISCR, will have similar types of well drilling impacts as Alternative TI-3, but 

to a much greater extent because of the significant (>100) number of ISCR injection wells that 

will be installed. Delivery, on-site handling, and injection of the ISCR reagents will need to be 

managed appropriately in order to prevent risks to site workers. There will be significant safety 

issues associated with construction of the “gate” in the slurry wall and the associated PRB trench 

roughly 100 ft long, by 10 ft wide by 27 ft deep. Minimal impacts to the surrounding community 

are expected from the construction activities. Those impacts that do occur would mainly be 

related to increased truck traffic, noise, and potentially dust during drilling. Construction 

activities for Alternative TI-4 will be completed (including the initial injection events) within 

approximately 12 months. The MOM RAO of preventing groundwater contaminant migration to 

areas downgradient of the TI Zone will be met within approximately 24 months. 

Alternative TI-5, ISCO, will have similar impacts to Alternative TI-4 but with somewhat greater 

short-term risks. The drilling impacts would be essentially the same, but there would likely be 

more injection events than Alternative TI-4, and therefore, more possible impacts associated with 

delivery, management, and injection of the ISCO reagents. Also, if not managed properly, the 

ISCO reagents used for Alternative TI-5 could present a greater risk to human health and the 

environment than the ISCR reagents that will be used for Alternative TI-4. The PRB for 

Alternative TI-5 will be wider (90 ft vs 10 ft) than the PRB for Alternative TI-4, and, therefore, 

will have greater short-term impacts during construction. The MOM RAO of preventing 
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groundwater contaminant migration to areas downgradient of the TI Zone will be met within 

approximately 24 months. 

Alternative TI-2 will have significant short-term effectiveness concerns. It will require a 

significant amount of heavy equipment on-site to install the grout curtain (drilling and grouting 

equipment) and the multimedia cap (heavy equipment to place and compact various fill materials 

and place the impermeable liner). Significant quantities of grout will need to be shipped to the 

Site, and handled and mixed at the Site. Proper planning and use of engineering controls will be 

necessary to prevent dust generation during the grout handling and mixing process in order to 

avoid potential impacts to workers and the community. There will also be short-term risks 

associated with the limited ISCO treatment component associated with Alternative TI-2. 

Construction activities for Alternative TI-2 will be completed within 12 to 24 months. The MOM 

RAO of preventing groundwater contaminant migration to areas downgradient of the TI Zone 

will be met within approximately 24 months. 

Alternative TI-6 will potentially have the greatest short-term effectiveness concerns. It will 

require the installation of greater than 160 heater wells and 46 vapor recover wells within a tight 

array in the >50 mg/L PCE Area. High voltage electricity will be used to generate heat in the 

subsurface. Additionally, large mechanical equipment will be used to extract and treat vapors 

and liquids from the subsurface thermal treatment zones. Highly trained, specialized workers will 

be required to safely and effectively operate and maintain the electrical and treatment process 

systems. Construction and implementation of the ISTT component of Alternative TI-6 would be 

completed within approximately 24 months, including installation of ISCO injection points for 

MOM control. The MOM RAO of preventing groundwater contaminant migration to areas 

downgradient of the TI Zone will be met within approximately 24 months. 

7.1.6 Implementability 

Alternative TI-1 would be very easy to implement because it would involve essentially no 

change to the current activities at the site. Alternative TI-3 would also be very straightforward to 

implement because it would use technologies (pump and treat) and procedures (well and pipeline 

construction, groundwater treatment, vapor-phase carbon) that have been successfully 

constructed and implemented in the TI Zone at the Site. In addition, pumping tests have already 
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been performed in the bedrock using Well BR-6, one of the proposed bedrock extraction wells. 

The results of that pumping test showed effective capture of contaminated bedrock groundwater, 

thereby further demonstrating that hydraulic containment, which is the primary component of 

Alternative TI-3, could be readily implemented in the TI Zone at the Site.   

Alternatives TI-2, TI-4, TI-5, and TI-6 all involve the use of technologies that have not been 

implemented in deep bedrock environments at the Site or at other similar sites. Therefore, there 

is greater uncertainty concerning the implementability of all of those alternatives. Field-scale 

pilot testing would be performed in order to better understand the performance of grout curtains 

and ISCR for Alternatives TI-2 and TI-4, respectively, in deep bedrock. The results of the pilot 

testing would be used to guide the designs of, and thereby reduce uncertainty associated with 

those alternatives.  

In situ chemical oxidation has previously been used very successfully in the overburden in the TI 

Zone at the Site. Because permanganate is readily distributed in groundwater (as evidenced by 

monitoring results that have shown excellent distribution of permanganate in the overburden 

groundwater in the TI Zone at the Site) it is likely that permanganate would be effectively 

distributed in the bedrock fractures that intercept the injection wells. Because there is some 

previous experience with permanganate at the Site, and because the effectiveness of ISCO using 

permanganate has been demonstrated at other sites, pilot testing of ISCO in bedrock at the Site is 

not considered to be necessary. Instead, phased and systematic implementation of the ISCO 

program would be conducted in order to verify, and adjust as necessary, ISCO design parameters 

as the remediation program proceeded. In comparison, ISCR has not been previously used at the 

site, and there is limited experience with the use of ISCR in deep bedrock at other sites. 

Therefore, there is more uncertainty (in advance of pilot testing) on how well the ISCR reagents 

could be distributed in the bedrock fractures. The use of ISCR and ISCO for treatment of 

DNAPL also presents challenges related to the rate at which the DNAPL constituents will 

dissolve into groundwater, and thus contact the ISCR and ISCO reagents. 

Grout curtains (Alternative TI-2) have been implemented in bedrock beneath dams, but there is 

little information available on the use of a grout curtain for containment of groundwater 

contamination in deep bedrock. Pilot testing should provide useful design data, including zones 
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of influence and injection pressures, to assist with the design of a full-scale grout curtain for the 

site. However, there will likely be significant challenges associated with completely blocking the 

horizontal and vertical migration of contaminated groundwater in the deep bedrock. Other 

aspects of Alternative TI-2, including the impermeable cap over the area enclosed by the slurry 

wall, are relatively straightforward and should present minimal challenges associated with 

construction. However, construction of the cap will likely require filling portions of the 100- and 

500-year floodplains at the site, and it is unclear whether suitable areas to mitigate that loss of 

that floodplain area could be attained. 

Implementability challenges with ISTT (Alternative TI-6) are primarily related to its use in 

bedrock at depths of up to 500 ft bgs. While TCH will theoretically heat the bedrock matrix, and 

cause heating and boiling of groundwater and DNAPL, it has never been implemented at depths 

similar to those in the TI Zone at the Site. There are significant uncertainties about whether 

steam and contaminant vapors that result from the boiling of contaminated groundwater and 

DNAPL would be effectively captured and extracted by a vapor extraction system in bedrock 

several hundred feet below ground surface. If there was greater certainty that most of the 

contamination that requires treatment is limited to a relatively shallow portion of the bedrock, 

then there would likely be fewer implementability challenges with ISTT in bedrock. However, 

data from Well BR-6 indicate the presence of significant levels (74,000 µg/L) of PCE 500 ft bgs, 

indicating that at least some portion of the ISTT system would need to extend to that depth. 

There are no significant implementability limitations for the PRB trenches for Alternatives TI-4, 

TI-5, and TI-6. However, careful engineering and detailed construction oversight will be 

required in order to construct the PRBs in a manner that will provide effective treatment of the 

contaminated groundwater flowing out through the gate in the slurry wall.  

The IC components are similar for all of the alternatives. While generally on-site ICs should be 

easily established, there may be more implementability issues with establishing a well-restriction 

buffer zone, if required, on properties outside of the TI Zone. 
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7.1.7 Cost 

7.1.7.1 Overall Costs 

Table 7-1 summarizes the costs for Alternatives TI-1 through TI-6 and includes total cost and 

NPV cost. The costs for each alternative are further broken down by bedrock and overburden 

components. Figure 7-1 provides a graphical comparison of each of the components (bedrock, 

overburden, capital, and O&M) of each alternative. Alternative TI-1, ROD remedy, has an 

overall cost of $6.6M, which includes operating the existing treatment plant for 30 years. 

Alternative TI-3, P&T has the lowest overall cost of $14.9M when compared to the other 

alternatives except the ROD remedy. However, implementation of Alternatives TI-1 and TI-3 

will not cause removal of a significant amount of the DNAPL source at the site. Therefore, the 

P&T operations for those two alternatives will likely need to be continued indefinitely and will 

result in costs much greater than the 30-year totals. As shown in the sensitivity analysis for 

Alternative TI-3, operation of the P&T system for 90 years would cost approximately $31.2M. 

Similar to P&T, Alternative TI-5, ISCO, has a total estimated cost of $15.1M, followed by 

Alternative TI-4, ISCR, which has an estimated cost of $19.2M. Alternative TI-2, Grout Curtain, 

has the second highest total estimated cost of $36.6M. Alternative TI-6, ISTT, has the highest 

overall total capital and O&M costs at $82.6M. The total cost for Alternatives TI-2, TI-4, TI-5, 

and TI-6 are significantly impacted by the volume (in terms of area and depth) of bedrock that is 

treated. As shown in the sensitivity analyses for those alternatives, overall costs are significantly 

increased if a larger area (the 15 mg/L PCE area or the 1.5 mg/L area PCE) is treated. Costs 

decrease for Alternatives TI-4, TI-5, and TI-6 if a shallower total depth of bedrock is treated. If 

the depth of the treatment zone in bedrock is reduced from 500 ft to 100 ft, then the costs for 

treatment of the area >50 mg/L PCE are reduce to $17.6M, $11.6M, and $29.6M for Alternatives 

TI-4, TI-5, and TI-6, respectively. For Alternative TI-6, reducing the treatment volume results in 

a particularly significant cost reduction because of the very large reduction in energy costs 

associated with heating a much smaller volume of bedrock. If the bedrock treatment zones for 

Alternatives TI-4, TI-5, and TI-6 are increased from the >50 mg/L PCE Area to the 15 mg/L 

PCE Area, then the total costs for those alternatives are increased to $24.2M, $16.8M, and 

$136M, respectively. 
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7.1.7.2 Bedrock Capital Costs 

Alternative TI-3, P&T, has the lowest overall bedrock capital costs ($1.58M) of the alternatives 

(except for the ROD remedy alternative, which has no new capital costs) because that alternative 

will only add three bedrock extraction wells, the associated subsurface pipelines, and a relatively 

minor amount of treatment equipment to the existing treatment plant.   

Alternative TI-5, ISCO, has the next lowest bedrock capital costs at $5.3M, the most significant 

component being the installation of the many borings for injections and related geophysics. An 

estimated 58 bedrock injection wells are anticipated for the ISCO alternative. Alternative TI-4, 

ISCR, which has a bedrock capital cost of $9.5M, would also involve installation of an estimated 

58 injection wells. While a similar technology to ISCO, ISCR has significantly higher injection 

costs than ISCO, because of the need for specialty equipment to inject the ZVI slurry a sufficient 

distance into bedrock fractures. Alternative TI-2, physical containment, has a relatively high 

bedrock capital cost of $27.7M in part because of an extensive (225 wells) deep bedrock boring 

program and the need for specialty equipment to inject the grout slurry into bedrock fractures. 

Alternative TI-6, ISTT, has the highest bedrock capital costs at $68.4M, which is because of the 

tremendous amount of energy input required to generate the heat needed to liberate contaminants 

for subsequent recovery. 

7.1.7.3 Overburden Capital Costs 

Alternative TI-3 (P&T) and Alternative TI-1 (ROD remedy) have the lowest overburden capital 

costs. Neither alternative has any overburden capital costs. Alternative TI-2, Physical 

Containment, has the next lowest overburden costs at $1.4M, largely associated with 

constructing the cap to eliminate infiltration. Alternative TI-5 (ISCO) has an estimated $1.5M in 

overburden costs while Alternative TI-4 (ISCR) has $2.4M in costs. One of the main differences 

between those two alternatives is the cost of the PRB, which is significantly higher for 

Alternative TI-4 because of the costs for procuring and placement of the ZVI media in 

comparison with the lower costs for the sheet pile and permanganate wells/candles associated 

with Alternative TI-5. 
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Alternative TI-6, ISTT, has the highest overburden capital costs at $4.2M because of the large 

amount of on-site infrastructure required to heat and mobilize overburden contaminants for 

subsequent recovery and a significant cost of ZVI PRB construction. 

7.1.7.4 Bedrock Operation and Maintenance Costs 

The ROD remedy alternative has the lowest bedrock O&M costs at $0.44M, which is related to 

the cost to conduct LTM and CERCLA Five-Year Reviews. Costs of LTM and Five-Year 

Reviews are common elements for the rest of the alternatives. Alternative TI-4 ISCR follows 

with $3.4M in bedrock O&M costs, which in addition to the common elements includes 

performance monitoring costs for source control and MOM through ISCR. Alternative TI-6, 

ISTT, follows at $5.3M that in addition to the common elements includes annual ISCO treatment 

for MOM and performance monitoring of the source control and MOM programs. Alternative 

TI-2, Physical Containment, follows at $5.6M that in addition to the common elements includes 

annual ISCO treatment for MOM.  

Alternative TI-5, ISCO, has the second highest bedrock O&M costs at $6.3M. This is largely 

because of the likely need for supplemental ISCO injections for source control, annual ISCO 

treatment for MOM, and periodic performance monitoring. 

Alternative TI-3, P&T, has the highest overall bedrock O&M costs at $8.9M. Alternative TI-3 

relies heavily upon long-term O&M of the GWTP and long-term groundwater monitoring to be 

effective. However, it is important to note that these costs are presented for only 30 years, and it 

is anticipated that P&T would need to continue for significantly longer than 30 years, possibly 

for much greater than 100 years. 

7.1.7.5 Overburden Operation and Maintenance 

Alternative TI-2, Physical Containment, has the lowest overall overburden O&M costs at $1.9M. 

This is because of the low degree of annual effort for cap maintenance. Following Alternative 

TI-2 is Alternative TI-5 (ISCO) at $2.0M which includes relatively small costs for PRB oxidant 

replacement. 

Alternative TI-4 (ISCR), Alternative TI-3 (P&T), and Alternative TI-6 (ISTT) followed with 

similar overburden O&M costs of $3.9M, $4.4M, and $4.7M, respectively. O&M costs for 
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Alternative TI-3 are largely related to treatment plant O&M while the O&M costs for Alternative 

TI-4 (ISCR) and Alternative TI-6 (ISTT) are related to PRB replacement costs and monitoring. 

Finally, Alternative TI-1 has the highest overall overburden O&M costs at $6.6M, which is 

largely related to the absence of a bedrock treatment component for Alterative TI-1. As a result, 

for Alternative TI-1, all of the O&M costs for the groundwater treatment plant are applied only 

to the overburden, rather than, as in the case of Alternative TI-3, being spread between the 

bedrock and overburden components of the remedial alternative.  

7.1.7.6 Sensitivity Analyses 

A sensitivity analysis was prepared for each of Alternatives TI-2 through TI-6 to evaluate the 

impacts of key parameters on the overall costs of the remedial alternatives. The parameters 

evaluated were: 

 Alternative TI-2 - Bedrock grout curtain over a range from 100 to 1,100 ft of depth in 
bedrock. 

 Alternative TI-3 - Groundwater P&T operations over a range of 30 to 120 years. 

 Alternative TI-4 - ISCR treatment of the 1.5 mg/L PCE and the 15 mg/L PCE areas 
each to a range of depths in bedrock from 100 to 700 ft. 

 Alternative TI-5 - ISCO treatment of the 1.5 mg/L PCE and the 15 mg/L PCE areas 
each to a range of depths in bedrock from 100 to 700 ft. 

 Alternative TI-6 - ISTT treatment of the 1.5 mg/L PCE and the 15 mg/L PCE areas 
each to a range of depths in bedrock from 100 to 700 ft. 

The results of the sensitivity analyses are displayed graphically in Figure 7-2 for the total (not the 

present value) costs of alternatives. The sensitivity analyses indicate that the total cost for 

Alternative TI-5 has a smaller variation (both in terms of actual cost and percent of base cost) 

when key parameters are changed than for the other remedial alternatives. For the Alternative 

TI-6, even the minimal approach (ISTT treatment of the top 100 ft of bedrock over the 50 mg/L 

PCE area) still results in a very high total cost of $29.6M. The results of the sensitivity analyses 

do not materially impact the comparative analysis of the alternatives with the exception of 

Alternative TI-3, which has a low capital cost and greater annual O&M costs over the full 

duration evaluated. As shown in Figure 5-11, the NPV of Alternative TI-3 does not increase 
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materially over time as the duration of that alternative is extended beyond the base 

30-year evaluation period. Therefore, it will be important to determine whether to use the total 

costs or the NPV costs during final selection of the remedial alternative for the Site. 

7.1.7.7 Net Present Value Costs 

Figure 7-3 shows a comparison between the total costs and total NPV costs for each alternative. 

Alternative TI-1, ROD remedy, has the lowest overall NPV at $2.7M and Alternative TI-3, P&T, 

follows with $7.3M NPV. Each of these alternatives relies heavily upon long-term O&M costs 

which are highly discounted in the NPV calculations. Therefore, while Alternative TI-1 and TI-3 

will, over the long-term, have relatively high total O&M costs, the NPV costs for those 

alternatives are relatively low because a significant portion of the costs (long-term O&M of 

P&T) is incurred in distant future years. This can be seen in the chart in Figure 7-3 in terms of 

the relative size of the bars for Alternatives TI-1 and TI-3 where the NPV are approximately one 

half the total capital costs, while for the other alternatives, there is little discount for future costs. 

Alternative TI-5 (ISCO) has the next lowest NPV at $10.8M, followed by Alternative TI-4 

(ISCR) at $14.8M. Alternative TI-2, Physical Containment, has the second highest NPV at 

$32.5M and Alternative TI-6 (ISTT) has the highest NPV at $77M. 

7.1.8 Summary 

Figure 7-4 presents a high level summary of the evaluation of each of the alternatives with 

respect to each of the NCP Evaluation Criteria. A series of pie charts (or new to full moon icons) 

is used to depict whether an alternative does not meet the criterion (new moon), meets criterion 

minimally (quarter), partially meets criterion (half), mostly meets criterion (three quarters), or 

meets criterion (full). The alternatives are then ranked using two methods based on these 

performance summaries. The first ranking involves assigning points for each alternative for each 

criterion (0 through 4 points), for a total possible of 28 points (refer to Figure 7-4 for a key to 

point scoring). Finally, the alternatives are ranked according to these point totals. The second 

method is a forced ranking method that assigns points to each alternative strictly according to 

rank, with 6 points to the number 1 ranked alternative and 1 point to the number 6 ranked 

alternative, for a total possible maximum score of 42 points (6 points times seven criteria). 
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Using the “Ranking by Points Assigned” system, Alternative TI-5, ISCO, received the highest 

points (22 points), followed by Alternative TI-4, ISCR (21 points), and Alternative TI-3, 

Hydraulic Containment, also with 21 points. Relative to ISCR, the ISCO alternative has 

advantages based upon higher certainty with respect to the ability to deliver chemicals to deep 

bedrock fractures and somewhat lower costs. The main advantage of the ISCO alternative over 

hydraulic containment is its ability to treat DNAPL, which is nearly absent for hydraulic 

containment. The main differentiators between Alternatives TI-3 (hydraulic containment) and 

TI-4 (ISCR) is that hydraulic containment is easier to implement with minimal short-term 

impacts while ISCR treats DNAPL and therefore has greater long-term effectiveness. As noted in 

the discussion of costs, the long-term (but not the NPV) costs for Alternative TI-3 will likely be 

significantly larger than the 30-year costs used in the base case because of the need to operate the 

P&T system for the foreseeable future beyond 30 years. Alternative TI-6 (ISTT) is ranked fourth 

with 17 points, followed by Alternative TI-2 (Physical Containment) with 14 points and 

Alternative TI-1 (ROD remedy) with 12 points. TI-1 is the only alternative that is not expected to 

achieve PSs at the TI Zone compliance boundary. 

The second method, forced ranking, also leads to Alternative TI-5, ISCO, as the highest ranked 

alternative with 29 points. Alternative TI-3, Hydraulic Containment, and Alternative TI-4 ISCR 

have the second highest rankings, with 27 points. This ranking method highlights that there are 

key tradeoffs between these alternatives. Alternative TI-3 is easily implemented and has the 

lowest NPV other than the ROD remedy. The fourth ranked alternative is ISTT, but has the 

highest costs and some uncertainties that may cause Alternative TI-6 to be difficult to 

implement. In addition, there is more uncertainty with both ISCR and ISTT relative to ISCO 

with respect to these technologies’ abilities to treat contamination in bedrock. The ROD remedy 

alternative is ranked fifth (21.5 points) followed by the Physical Containment/ISCO alternative 

(17 points). Physical containment has several key disadvantages relative to other alternatives: it 

would likely have a significant environmental impact related to filling of the floodplain that 

would be difficult to mitigate and it would require the containment structures to be effective 

essentially indefinitely in order to protect the downgradient GC Area. Alternative TI-2 also has a 

relatively high cost compared with other alternatives that more completely treat Site 
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contamination. The Physical Containment/MOM ISCO approach would manage contaminant 

migration and achieve ARARs, whereas, the ROD remedy would not.  

In summary, Alternative TI-5 (ISCO) scored best overall using both ranking methods, and 

provides the best overall performance relative to the seven criteria evaluated in this FS. That 

alternative would provide a high degree of overall protection of human health and the 

environment and would comply with ARARs. Another important factor for the ISCO alternative 

is that it meets CERCLA’s statutory preference for technologies that minimize the amount of 

untreated waste left on site. Alternative TI-5 meets the statutory preference by treating residual 

DNAPL in the TI Zone. Alternative TI-3 will not achieve significant treatment or removal of 

DNAPL. Alternative TI-1 (ROD remedy) and Alternative TI-2 (Physical Containment/ISCO) 

would also provide minimal treatment of the contaminant source materials and, therefore, would 

not meet the statutory preference to minimize the amount of untreated waste left on site. 

Alternative TI-5 (ISCO) is a demonstrated technology that has been effectively used in the TI 

Zone at the Site in the past. It can be phased in using adaptive treatment methods that can be 

adjusted based on performance achieved. ISCO also can effectively treat DNAPL when the 

treatment chemicals are delivered to target treatment areas. Alternative TI-5 is cost-effective 

because it can be relatively easily implemented and can be accomplished at moderate costs 

relative to other alternatives, all while providing a high degree of treatment of contaminant 

residuals with a lower uncertainty than other alternatives.  

7.2 	 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 
IN THE GROUNDWATER CLEANUP AREA 

This subsection presents the Comparative Analysis of Alternatives in the GC Area. Because 

there are only two remedial alternatives for the GC Area (GC-1 ROD remedy, and GC-2 MNA) 

and they are only slightly different, a simple comparative analysis was performed to highlight the 

difference with regard to the accomplishment of the RAOs for the GC Area.  

Both alternatives would provide protection of the human health and the environment through the 

same remedial component, natural attenuation, combined with ICs to prevent use of 

contaminated groundwater. However, Alternative GC-1 does not meet TBC MNA Guidance 

standards, and therefore, may not meet chemical-specific groundwater cleanup ARARs within a 
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reasonable time period. Alternative GC-2 includes required MNA components that meet all 

ARAR and TBC standards for confirming that chemical-specific ARARs will be achieved 

through MNA within a reasonable timeframe. 

Alternative GC-2 adds a bedrock monitoring component that is not part of Alternative GC-1, 

providing additional overall protection of human health relative to Alternative GC-1. In addition, 

Alternative GC-2 includes the additional bedrock wells, analyses for MNA parameters, and 

related studies (geophysical testing, tracer testing, microcosm study, and groundwater modeling) 

to ensure that natural attenuation is occurring within the desired time frames. The results of these 

studies will be used to determine if additional remedial actions are needed to ensure adequate 

progress towards cleanup goals within 10 years. Alternative GC-2 therefore, potentially has 

greater long-term effectiveness, and a higher degree of protectiveness. 

Neither remedial alternative for the GC Area would reduce TMV through treatment. Both 

alternatives would have similar short-term impacts and are easily implementable. While 

Alternative GC-1 is somewhat more implementable than Alternative GC-2 because it only 

involves carrying on the existing limited monitoring and IC remedy, the added MNA 

components of Alternative GC-2 are readily implementable. Implementation of the temporary 

ICs needed under both alternatives also is easily performed. 

Alternative GC-2 has a total estimated cost of $2.1M, compared with Alternative GC-1 which 

has a total cost of $1.2M. Tables 6-2 and 6-5 summarizes the costs of these two alternatives. 

Alternative GC-2 has a total NPV of $1.1M whereas Alternative GC-1 has a total NPV of 

$0.5M. 
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Notes:
1. Schematic is not drawn to scale. 
2. Colored contours denote relative contaminant concentrations for conceptual purposes 
3. Schematic is drawn to present the general concept, details are not included. 
4. Bedrock fractures are schematic view, not determined based on investigation. 
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ID Task Name Duration Start 

1 Institutional Controls 6 emons Thu 01/01/15 

2 Grout Curtain 472 days Thu 01/01/15 

3 Pilot Testing 6 emons Thu 01/01/15 

4 Design 4 emons Tue 06/30/15 

5 Primary Borings 4 emons Wed 10/28/15 

6 Secondary Borings 4 emons Thu 02/25/16 

7 Tertiary Borings 4 emons Fri 06/24/16 

8 Multi Media Cap 86 days Thu 09/22/16 

9 Extend Wells 1 emon Thu 09/22/16 

10 Fill Placement 1 emon Sat 10/22/16 

11 Multi Media Cap Construction 2 emons Mon 11/21/16 

12 ISCO MOM Injection System 164 days Tue 06/30/15 

13 Pilot Testing 3 emons Tue 06/30/15 

14 drilling 4 mons Mon 09/28/15 

15 geophysics 5 mons Mon 09/28/15 

16 packer testing 5 mons Mon 09/28/15 

17 O&M Activities 8062 days Thu 01/01/15 

18 Source Control ISCO 
Injections 

3128 days Thu 01/01/15 

23 Source Control Performance 
Monitoring 

3615 days Mon 
10/24/16 

39 ISCO MoM Annual Injections 7581 days Fri 02/12/16 

70 MoM Compliance 
Monitoring 

7706 days Thu 05/12/16 

131 Annual Long‐Term 
Monitoring 

7586.63 
days 

Fri 01/01/16 

162 

163 Five Year Review 6558 days Tue 03/30/21 
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Figure 5‐6 
Preliminary Schedule for Implementation of Alternative TI‐2 ‐ Physical Containment/ISCO MOM 

Savage Municipal Well Superfund Site 
Draft Final Feasibility Study 
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Project: TI‐2 ‐ Grout Curtain, Capp 
Date: Wed 06/17/15 
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Figure 5‐7
 
Cost Sensitivity Analysis Results
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DRAWN
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Notes:
1. The PCE plume is configured based on Figure 7-2 of the

Remedial Investigation Report, Savage Municipal Water
Supply Superfund Site OU3, Milford, NH, 2014, which was
based on the highest observed PCE values for each well
during the Remedial Investigation (2010 to 2013). 

ug/L - micrograms per liter 
mg/L - milligrams per liter
ft - feet (foot)
GCA - Groundwater Cleanup Area
gpm - gallons per minute
DNAPL - Dense Non-Aqueous Phase Liquid
P&T - Pump and Treat
PCE - tetrachloroethene
TI - Technical Impracticability 

: : g s ject es SavageWe gure5-3A_FS_P&T_BR_rev2.mxd 3: : / / ua 



   
   

   
   

 
 

 
 

 
 

 
 

   

 
                     

       

Figure 5‐9
 
Concentrations of PCE and TCE in Extracted Groundwater From Well BR‐6
 

During Pumping Tests in 2013
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Figure 5‐10 
Preliminary Schedule for Implementation of Alternative TI‐3 ‐ Hydraulic Containment (Pump and Treat) 

Savage Municipal Well Superfund Site 
Draft Final Feasibility Study 

ID Task Name Duration Start Finish Predecessors 1 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 Y21 Y22 Y23 Y24 Y25 Y26 Y27 Y28 Y29 Y30 Y31 Y3 
H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H2H1H 

1 Institutional Controls 6 emons Thu 1/1/15 

Pump and Treat 64 days Thu 1/1/15 

Install New BR Well 1 emon Thu 1/1/15 

Upgrade Treatment Plant 2 emons Sat 1/31/15 

O&M 7783.63 day Wed 4/1/15 

BR+OB P&T O&M 360 emons Wed 4/1/15 

MoM Compliance Monitoring 7708 days Wed 4/1/15 

MNA 7653 days Wed 9/16/15 

Annual Long‐Term Monitoring 7586.63 
days 

Fri 1/1/16 

Five Year Review 6556 days Sat 9/7/19 

Tue 6/30/15 

Wed 4/1/15 

Sat 1/31/15 1SS 

Wed 4/1/15 3 
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Figure 5‐11
 
Cost Sensitivity Analysis Results for Alternative TI‐3
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W.O. NO.
20118.016.001 

FIGURE NO.
5-12 
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June 2015 

DRAWN
AL 

CHECKED DATE 

CONCORD NEW HAMPSHIRE 

June 2015 FS 

Notes:
1. The PCE plume is configured based on Figure 7-2 of the Remedial
Investigation Report, Savage Municipal Water Supply Superfund Site
OU3, Milford, NH, 2014, which was based on the highest observed PCE 
values for each well during the Remedial Investigation (2010 to 2013). 
ug/L - micrograms per liter
mg/L - milligrams per liter
DNAPL - Dense Non-Aqueous Phase Liquid
GCA - Groundwater Cleanup Area 
ISCR - In-situ Chemical Reduction 
PCE - Tetrachloroethene 
ZVI - Zero-valent iron 
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Notes:
1. This schematic provides a general conceptual overview to depict
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during design. 

2. Schematic is not drawn to scale. 
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Bedrock ISCR Injection Cross-Section Schematic
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June 2015FS 

Notes:
1. The PCE plume is the modeling result at the elevation of
250 ft above mean sea level from a 3D earthvision model
for the overburden, which has been reported in the 2013
Annual Report of this Site. 
ug/L - micrograms per liter 
mg/L - milligrams per liter
DNAPL - Dense Non-Aqueous Phase Liquid
ISCR - In-situ Chemical Reduction
MCL - Maximum contaminant level
PRB - Permeable Reactive Barrier
PCE - Tetrachloroethene
TI - Technical Impracticability 

: : g s ject es SavageWe FS_2015 gure5-4C_ SCR_OB_p anv ew_rev2.mxd 12: : / / ua 



 

     

         
     

   

   

     

       

       

     

           

   

     

       

     
         

       

         
       

     

           

         

   
     

 
   

     

   
 

 

         

       
     

   

       

 

 

 

 
           

       
     

 

   
   

ID Task Name Duration Start 

1 Institutional Controls 6 emons Thu 01/01/15 
2 ISCR MOM Injection System 219 days Tue 09/16/14 
3 Pilot Testing 3 emons Tue 09/16/14 
4 drilling 4 mons Mon 12/15/14 
5 geophysics 5 mons Mon 12/15/14 
6 packer testing 5 mons Thu 01/01/15 
7 ISCR MoM Injections 2 emons Wed 05/20/15 
8 Bedrock Source Control 

Remediation 
372 days Thu 01/01/15 

9 Pilot Testing 6 emons Thu 01/01/15 
10 drilling and well installation (3 

crews) 
8 mons Tue 06/30/15 

11 geophysics 10 mons Tue 06/30/15 
12 packer testing 10 mons Tue 06/30/15 
13 BR ISCR Injection 2 emons Mon 04/04/16 
14 Overburden Remediation 64 days Thu 01/01/15 
15 drilling and well installation 2 emons Thu 01/01/15 
16 OB ISCR Injection 1 emon Mon 03/02/15 
17 ZVI Permeable Reactive Barrier 128 days Thu 01/01/15 
18 Bench Scale Study 3 emons Thu 01/01/15 
19 Trench Excavation 2 emons Wed 04/01/15 
20 Backfill trench w/ ZVI Gravel 1 emon Sun 05/31/15 
21 Drilling and well installation 1 mon Wed 04/01/15 
22 O&M 7829 days Mon 03/02/15 
23 BR Source Control ISCR 

Semi‐Annual Monitoring 
665 days Sat 03/05/16 

30 OB ISCR Semi‐Annual 
Monitoring 

665 days Mon 
03/02/15 

37 ZVI PRB Performance 
Monitoring (Inc. 
VOCs/Metals) 

7469 days Mon 
06/01/15 

68 ZVI PRB Evaluation (Inc. 
Indicators) 

6964 days Tue 04/28/15 

79 ZVI PRB Replacement 64 days Wed 03/13/30 
81 MoM Compliance 

Monitoring 
7707 days Tue 08/18/15 

142 Annual Long‐Term 
Monitoring 

7588 days Wed 
09/16/15 

173 

174 Five Year Review 6558 days Mon 11/09/20 
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Draft Final Feasibility Study 
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Cost Sensitivity Analysis Results
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Notes:
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OU3, Milford, NH, 2014, which was based on the highest observed PCE 
values for each well during the Remedial Investigation (2010 to 2013). 
ug/L - micrograms per liter
ISCO - In-situ Chemical Oxidation 
DNAPL - Dense Non-Aqueous Phase Liquid
GCA - Groundwater Cleanup Area 
MOM - Management of Migration 
PCE - tetrachloroethene 

: : g s ject es SavageWe gure5-5A_ SCO_BR_p anv : : / / ua 



 

 

 

  

 

    
 

 
     

  

        

   

        
          

         
         

                

    

  
 

                                     

Ongoing Injections 

Completed Injections 

Packers 

Oxidant Tank 

Oxidant Injection Line 

Ongoing Injections 

LEGEND 
ISCO_BR_Xsec_Fractures 
GS
GW
BR
Packers for BR ISCO 

ISCO Progress
Ongoing
Completed 

Notes:
1. Schematic is not drawn to scale. 
2. Schematic ISCO treatment is drawn to present the general concept,

details are not included. 
3. Bedrock matrix diffusion of permanganate into secondary fractures 

would occur over time, and is not reflected in this figure. 

ISCO  In-situ Chemical Oxidation 

CONCORD NEW HAMPSHIRE 

Bedrock ISCO Injection Cross-Section Schematic
Alternative TI-5

FEASIBILITY STUDY 
SAVAGE MUNICIPAL WATER SUPPLY SUPERFUND SITE 

MILFORD, NEW HAMPSHIRE 
DRAWN 

AL 
CHECKED

FS 
DATE

June 2015 
W.O. NO.

20118.016.001 
FIGURE NO.

5-18 
FILE: C:\gis\GIS Project Files\SavageWell\FS_2015\MXD\Figure5-5B_ISCO_BR_xsec_schematic.mxd 3:12:38 PM 06/18/2015 liua 



((W

"
"

" "

"

"

"

((W

"  

  

 

B95-12

    
 

 
     

  

        

  
   

 
 

 
  

 
 

  
 

  
  

 

  
 

"  
  

 
 

 
 

    

 

 
 

      

 

              
           

          
    
    

     
    

  
    

   

((W

((W

((W

((W

((W

((W

((W

((W 

((W 

((W ((W((W 

((W 

! ! 

!! 

! 

!! 

! 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 

!A 
!A 

!A 

!A 

!A 

/ 
/ 

/ / 

((W((W 

((W 

! !! 

((W 

((W 
((W((W 

((W 

((W 
((W 

((W ((W 

((W 
((W 

((W 

((W 

((W 

((W 

((W 
((W 

((W 
((W 

((W 

((W 

((W
((W 

((W 
((W 

((W 
((W 

((W((W 

((W ((W 

((W((W 

((W 
((W 

((W((W((W 

((W 

((W 

((W 
((W 

((W 

((W 

((W 

/ 

/ 

/ 

! ! 

((W 

((W 

M( 

M( 

M( 

M( 

M( 

M( 

! 

! 

((W 

((W 

((W 

/ 

!? 

!? 

!? 

!? 

!? 

!? 

!? 

!? 

!? 

PRB Funnel 

Oxidant Release Zone 

Souhegan River 

B95-03 

B95-05 

B95-06 B95-08 
B95-09 

B95-15 

CI EI 

HCNEHCNW 

HCS 
HCSE

HCSW 

HCW 

IP-01 

IP-02 

IP-03 

IP-04 

IP-05 

IP-06 

IP-07 

IP-08 

IP-09 
IP-10 

IP-101 

IP-102 

IP-103 

IP-103A 

IP-104 

IP-105 

IP-106 

IP-107 

IP-11 

IP-12 

IP-13 

IP-14 

IP-E1 

IP-E2 
IP-E2A 

IP-E3 

IP-E4 

IP-E5 

IW-01 

IW-01A 

IW-02 IW-02A 

MI-22 
MI-23 

MI-32 

NCP NEP 
NWP 

P-2 

PW-02D 

PW-02M
PW-02R 

PW-02S 

PW-03D 
PW-03S 

PW-04D PW-04M 

PW-05D
PW-05M 

PW-05R 

PW-06D 

PW-06M 
PW-06MB 

PW-06R 
PW-06S 

PW-07M 

PW-07S 

PW-08M 

PW-09M 

PW-10D 

PW-10M 

PW-11D PW-11M 

PW-15D 

PW-15M 

PW-16D
PW-16M 

PW-17M PW-17S 

PW-18D 
PW-18M 

PW-19D 

PW-19M 

PW-20D
PW-20M 

PW-20S 

PW-22 

PW-24 

PW-25D 

PW-25S 

PW-26S 

PW-27S 

PW-28 

RW-01 

RW-02 

RW-03 

SCP SEP 

SP-01 

SP-02 

SVE-01 

SVE-02 

SVE-03 

SVE-04 

SVE-05 

SVE-06 

SWP 

WI 

BR-02 

BR-03 

BR-05 

BR-09 

IW-03A 

PRB-03 

PRB-08 

PRB-01 

PRB-07 

PRB-02 PRB-09 

PRB-05 

PRB-06 

PRB-04 

PRELIMINARY LAYOUT FOR OVERBURDEN PRB
ALTERNATIVE TI-5 

FEASIBILITY STUDY
SAVAGE MUNICIPAL WATER SUPPLY SUPERFUND SITE

MILFORD, NEW HAMPSHIRE 

FILE C \ i \GIS Pro Fil \ ll\ \MXD\Fi I l i 44 48 PM 06 30 2015 li

LEGEND 
Proposed Monitoring Wells 
!? Preliminary Locations for PRB

Ground Features
Slurry Wall
Buildings
Property boundary
Waterway & Wetland
OU1 Boundary
TI Zone
Groundwater Cleanup Area

Oxidizing PRB
Oxidant Release Zone
PRB reactive zone

Existing Wells 
! INEEL 
!A ISCO Injection Point 
((W Monitoring Well 
M( SVE 
/ Extraction/Recharge Well

Model PCE Concentration 
>1,500 ug/L
500-1,500 ug/L
50-500 ug/L
5-50 ug/L
Detected at <5 ug/L (MCL) 

³ 

0 60 12030 
Feet 

W.O. NO.20118.016.001 
FIGURE NO.5-19 

DATEJune 2015DRAWNAL 
CHECKED DATE 

CONCORD NEW HAMPSHIRE 

June 2015FS 

Notes:
1. The PCE plume is the modeling result at the elevation of 250 ft above 
mean sea level from a 3D earthvision model for the overburden, which
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ug/L - micrograms per liter 
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ID Task Name Duration Start Finish 

1 Institutional Controls 6 emons Thu 01/01/15 Tue 06/30/15 
2 ISCO MOM Injection System 164 days Thu 01/01/15 Tue 08/18/15 
3 Pilot Testing 3 emons Thu 01/01/15 Wed 04/01/15 
4 drilling 4 mons Wed 04/01/15 Tue 07/21/15 
5 geophysics 5 mons Wed 04/01/15 Tue 08/18/15 
6 packer testing 5 mons Wed 04/01/15 Tue 08/18/15 
7 Bedrock Remediation 2813 days Tue 07/21/15 Sat 05/02/26 
8 Pilot Testing 6 emons Tue 07/21/15 Sun 01/17/16 
9 drilling (3 crews) 8 mons Mon 01/18/16 Fri 08/26/16 
10 geophysics 10 mons Mon 01/18/16 Fri 10/21/16 
11 packer testing 10 mons Mon 01/18/16 Fri 10/21/16 
12 BR ISCO Injection 1  2  emons Fri 10/21/16 Tue 12/20/16 
13 BR ISCO Injection 2  2  emons Thu 12/05/19 Mon 02/03/20 
14 BR ISCO Injection 3  2  emons Wed 01/18/23 Sun 03/19/23 
15 BR iSCO Injection 4  2  emons Tue 03/03/26 Sat 05/02/26 
16 Overburden Remediation 1107 days Thu 01/01/15 Sun 03/31/19 

17 well drilling 2 emons Thu 01/01/15 Mon 03/02/15 
18 OB ISCO Injection 1  1  emon Mon 03/02/15 Wed 04/01/15 
19 OB ISCO Injection 2  1  emon Wed 03/01/17 Fri 03/31/17 
20 OB ISCO Injection 3  1  emon Fri 03/01/19 Sun 03/31/19 
21 Permeable Reactive Barrie 7766 days? Tue 09/16/14 Tue 06/21/44 
22 Permeable Reactive Bar 0 days? Tue 09/16/14 Tue 09/16/14 
23 Permeable Reactive Bar 0 days? Tue 06/21/44 Tue 06/21/44 
24 Trench Excavation 2 emons Thu 01/01/15 Mon 03/02/15 
25 Well drilling 1 mon Thu 01/01/15 Wed 01/28/15 
26 Candle Installation 2 wks Thu 01/29/15 Wed 02/11/15 
27 O&M 8038 days Wed 01/28/15 Mon 11/20/45 
28 BR Source Control 

ISCO Semi‐Annual 
Monitoring 

3805 days Sat 02/18/17 Fri 09/19/31 

59 OB ISCO Semi‐Annual 
Monitoring 

1435 days Sun 05/31/15 Mon 
11/30/20 

72 Permanganate Candle 
Replacement 

6964 days Fri 01/26/18 Thu 10/06/44 

83 PRB Performance 
Monitoring 

7442 days Wed 
01/28/15 

Sun 08/09/43 

116 ISCO MoM Annual 
Injections 

7588 days Tue 08/18/15 Fri 09/16/44 

147 MoM Compliance 
Monitoring 

7708 days Mon 
11/16/15 

Thu 06/01/45 

208 Annual Long‐Term 
Monitoring 

7586 days Fri 10/21/16 Mon 
11/20/45 

239 

240 Five Year Review 6556 days Fri 05/28/21 Mon 07/16/46 

09/16 

06/21 
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Figure 5‐20 
Preliminary Schedule for Implementation of Alternative TI‐5 ‐ ISCO 

Savage Municipal Well Superfund Site 
Draft Final Feasibility Study 

Page 1 

Project: TI‐5 ISCO(2000‐2003).mp 
Date: Wed 06/17/15 
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Figure 5‐21
 
Cost Sensitivity Analysis Results
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FIGURE NO.
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June 2015 FS 

Notes:
1. PCE plume is configured based on Figure 7-2 of the 
Remedial Investigation Report, Savage Municipal Water
Supply Superfund Site OU3, Milford, NH, 2014, which was 
based on the highest observed PCE values for each well
during the Remedial Investigation (2010 to 2013). 
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ID Task Name Duration Start 

1 Institutional Controls 6 emons Thu 01/01/15 

2 ISCO MOM Injection System 164 days Thu 01/01/15 

3 Pilot Testing 3 emons Thu 01/01/15 

4 drilling 4 mons Wed 04/01/15 

5 geophysics 5 mons Wed 04/01/15 

6 packer testing 5 mons Wed 04/01/15 

7 In Situ Thermal Treatment 214 days Thu 01/01/15 

8 Install Heat Injection 
wells/vapor recovery wells 

2 emons Thu 01/01/15 

9 Mechanical Equipment 
Hokups 

2 emons Mon 03/02/15 

10 Thermal System Operation 6 emons Fri 05/01/15 

11 O&M 7772 days Tue 08/18/15 

12 ISCO MoM Annual Injections 7588 days Tue 08/18/15 

43 MoM Compliance 
Monitoring 

7708 days Mon 
11/16/15 

104 Annual Long‐Term Monitoring 7588 days Wed 10/28/15 
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Figure 5‐27 
Preliminary Schedule for Implementation of Alternative TI‐6 ‐ In Situ Thermal Treatment with ISCO MoM 

Savage Municipal Well Superfund Site 
Draft Final Feasibility Study 

Page 1 

Project: TI‐6 ISTT(2000‐2003).mp 
Date: Wed 06/17/15 
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Figure 5‐28
 
Cost Sensitivity Analysis Results
 

Alternative TI‐6 ‐ ISTT
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Figure 6‐1
 
Preliminary Schedule for Implementation of Alternative GC‐2 ‐Monitored Natural Attenuation
 

Savage Municipal Well Superfund Site
 
Draft Final Feasibility Study
 

ID Task Name 

1 Institutional Controls 
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Task Milestone Project Summary External Milestone ProgressProject: GC‐2 MNA_liu 
Date: Tue 04/07/15 Split Summary External Tasks Deadline 
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Notes:
1. The PCE plume is configured based on Figure 7-2 of the 
Remedial Investigation Report, Savage Municipal Water
Supply Superfund Site OU3, Milford, NH, 2014, which was 
based on the highest observed PCE values for each well
during the Remedial Investigation (2010 to 2013). 
ug/L - micrograms per liter 
mg/L - milligrams per liter
DNAPL - Dense Non-Aqueous Phase Liquid
PCE - tetrachloroethene 
TI - Technical Impracticability 

: : g s ject es SavageWe gure6-2_GCA_p : : / / ua 



             

   

   

   

   

   

   

 
         

   

   

   

   

   

   

Figure 7‐1
 
Cost Summaries for Bedrock and Overburden
 

BR Capital Cost BR O&M OB Capital Cost OB O&M Cost 
Alt TI‐1 Costs $0 $440,000 $0 $6,160,000 

Alt TI‐2 Costs $27,700,000 $5,600,000 $1,400,000 $1,900,000 

Alt TI‐3 Costs $1,600,000 $8,900,000 $0 $4,400,000 

Alt TI‐4 Costs $9,500,000 $3,400,000 $2,400,000 $3,900,000 

Alt TI‐5 Costs $5,300,000 $6,300,000 $1,500,000 $2,000,000 
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Alt TI‐6 Costs $68,400,000 $5,300,000 $4,200,000 $4,700,000 

Alt TI‐1 Costs 

Alt TI‐2 Costs 

Alt TI‐3 Costs 

Alt TI‐4 Costs 

Alt TI‐5 Costs 

Alt TI‐6 Costs 



 

 

 

 

 

 

 

 
 

 
   

   
   

 
   

   
   

 
     

                                   

                               

                               

Figure 7‐2
 
Cost Sensitivity Summary results
 

$120,000,000 

$100,000,000 

$80,000,000 

$60,000,000 

$40,000,000 

$20,000,000 

$‐

High 

Low 

Middle 

Alt TI‐2 ‐
Grout Curtain 

Alt TI‐3 ‐
Pump and Treat 

Alt TI‐4 ‐ ISCR 
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Notes: 
For Alt TI‐4, 5, and 6, low, middle, and high represent bedrock treatment thicknesses of 100, 300 and 500 ft. 

For Alt TI‐2, low, middle and high represent bedrock treatment thicknesses of 100, 500, and 1,100 ft. 

For Alt TI‐3, low middle and high represent operational time frames of 30, 60, and 120 years. 



   
         

 

     

 
               

       

Figure 7‐3 
Total Costs vs. Net Present Value for Each Alternative 
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Total Costs Total Net Present Value 

Alt TI‐1 ‐ROD Alt TI‐2 ‐ Phys Alt TI‐3 ‐ P&T Alt TI‐4 ‐ ISCR Alt TI‐5 ‐ ISCO Alt TI‐6 ‐ ISTT Remedy Cont 
Total Costs $6,600,000 $36,600,000 $14,900,000 $19,200,000 $15,100,000 $82,600,000 

Total Net Present Value $2,700,000 $32,500,000 $7,300,000 $14,800,000 $10,820,000 $77,000,000 
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Figure 7‐4
 

Comparison and Ranking of Remedial Alternatives
 
Savage Municipal Water Supply Well Superfund Site
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Combined Overburden/Bedrock Alternatives 
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Table 1-1 


Groundwater Chemicals of Concern and Associated Interim  

Cleanup Levels and Ambient Groundwater Quality Standards  


Savage Municipal Water Supply Well Superfund Site – OU1 & OU2 

Milford, New Hampshire 


Compound 
AGQS/MCL 
µg/L (ppb) 

ROD ICLs 
µg/L (ppb) 

1,1-Dichloroethane 81 (1) 3,500 

trans-1,2-Dichoroethene (2) 100 100 

cis-1,2-Dichloroethene 70 Not Established 

1,1-Dichloroethylene 7 7 

Benzene 5 5 

1,1,1-Trichloroethane 200 200 

Methylene Chloride (4) 5 5 

Tetrachloroethene 5 5 

Trichloroethene 5 5 

Antimony 6 3 

Arsenic 10(3) 50 

Beryllium 4 1 

Chromium 100 100 

Lead 15 15 

Nickel 100 100 

Notes: 

(1) A Maximum Contaminant Level (MCL) has not been established for 1,1-dichloroethane. 
The concentration listed is the State Ambient Groundwater Quality Standard (AGQS) 
based on cancer potency factor of 9.1x10-2 (milligrams per kilograms per day)-1 derived by 
State. 

(2) Using the more restrictive MCL Goals for cis-1,2-dichloroethene (Cis = 70, Trans = 100). 

(3) The arsenic standard was changed from 50 parts per billion (ppb) to 10 ppb by the United 
States Environmental Protection Agency in 2001. The New Hampshire Department of 
Environmental Services has also changed the AGQS (MCL) to 10 ppb per RSA 485 C:6 (MCL) 
and Env-Ws 316.01. 

(4) Methylene Chloride is listed under the AGQS as dichloromethane and has a limit of 5 µg/L. 

ROD = Record of Decision 
µg/L = micrograms per liter 
ICL = Interim Cleanup Levels 
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Table 1-2
 

Bedrock Monitoring Well Construction Details
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Bedrock 
Well Easting Northing 

Ground Surface 
Elevation 
(ft amsl) 

Depth to 
Top of 
Rock 
(ft) 

Bedrock 
Elevation 
(ft amsl) 

Screened 

Interval1 

(depth in ft) 

Screen 

Interval1 

(ft amsl) Construction Operable Unit 

BR-1 975595 125094 267 99 168 107-400 160-(-133) open hole OU1 

BR-2 975249 124988 272 104 168 144-404 128-(-132) open hole OU1 

BR-3 975076 125218 273 102.5 171 135-505 138-(-232) open hole OU1 

BR-4 975059 126709 267 127 140 140-425 127-(-158) open hole OU1 

BR-5 974873 124896 274 65 209 75-365 199-(-91) open hole OU1 

BR-6 975019 125003 278 100 178 110-605 168-(-327) open hole OU1 

BR-7 975022 126009 269 90 179 110-500 159-(-231) open hole OU1 

BR-8 974792 125597 270 80 190 90-480 180-(-230) open hole OU1 

BR-9 974984 124745 272 75 197 86-380 186-(-108) open hole OU1 

BR-10 974600 125006 274 80 194 83-376 193-(-100) open hole OU1 

BR-11 975134 125538 264 110 154 131-441 136-(-174) open hole OU1 

BR-12 975572 125387 267 105 162 116-422 153-(-153) open hole OU1 

BR-13 975808 126496 262 60 202 74-462 190-(-198) open hole OU2 

BR-14 975878 125881 263 95 168 109-442 156-(-177) open hole OU2 

BR-15 976375 125116 263 92 171 103-394 160-(-131) open hole OU2 

BR-16 975721 124605 266 88 178 100-442 168-(-174) open hole OU1/OU2 

MI-19 974416 124870 275 62 213 65-80 210-197 screen OU1 

MI-22 975054 125124 269 94 175 99-114 257-234 screen OU1 

MI-25 975089 124822 276 104 172 101-111 175-165 screen OU1 (destroyed) 

MW-116R 978198 124855 254 49 205 209-219 54-44 screen OU2 

MW-11R 976435 125882 256 66 190 70-115 186-141 open hole OU2 

MW-14R 978687 125647 250 60 190 63-110 187-140 open hole OU2 
MW-15B 982001 125915 259 27 232 29-37 230-222 screen OU2 
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Table 1-2
 

Bedrock Monitoring Well Construction Details
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Bedrock 
Well Easting Northing 

Ground Surface 
Elevation 
(ft amsl) 

Depth to 
Top of 
Rock 
(ft) 

Bedrock 
Elevation 
(ft amsl) 

Screened 

Interval1 

(depth in ft) 

Screen 

Interval1 

(ft amsl) Construction Operable Unit 

MW-16R 975671 124875 267 88 178.5 100-390 166-(-123) open hole OU1 

MW-19B 977237 124123 269 35 234 39-49 230-220 screen OU2 

MW-2R 975145 125588 266 115 151 136-164 130-102 open hole OU1 

MW-30 975229 125893 272 138 134 160-440 112-(-168) open hole OU1 

MW-31R 978979 126192 250 49 201 60-273 190-(-23) open hole OU2 

MW-4B 975304 123584 272 45 227 45-55 227-217 screen OU2 

MW-4R 975300 123582 272 45 227 64-98 208-174 open hole OU2 

PW-12R 975438 125268 265 95 165 114-140 151-131 screen OU1 

PW-2R 975255 124974 268 102 166.2 113-133 157-137 screen OU1 

PW-5R 975207 124959 273 106 171.9 123-133 152-142 screen OU1 
PW-6R 975016 124934 276 95 180.6 101-111 175-165 screen OU1 

Notes: 
1 = The screened interval listed for open hole bedrock wells is the bottom of casing to the bottom of the well. 
ft = feet 
amsl = above mean sea level 
OU = operable unit 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

MI-19 

Jan-89 5.0 U 9.0 5.0 U 
Jul-89 5.0 U 5.0 U 7.0 
Dec-89 5.0 U 5.0 U 5.0 U 

5/30/1997 - 2.0 U 2.0 U 
5/8/2003 2.0 U 2.0 U 2.0 U 

6/29/2007 2.0 U 2.0 U 2.0 U 
11/16/2010 2.0 U 2.0 U 2.0 U 
11/7/2011 2.0 U 2.0 U 2.0 U 

MI-22 

Jan-89 5.0 U 2800 5.0 U 
Jul-89 5.0 U 2700 5.0 U 

12/16/1997 57 3400 160 
5/13/1998 40 U 2400 130 
10/6/2009 300 U 940 100 
2/16/2010 10 U 660 77 

11/16/2010 21 512 73 
11/7/2011 53 1900 163 
11/5/2012 20 1590 203 

MI-25 
Jan-89 5.0 U 200 9.0 
Jul-89 5.0 U 74 16.0 

MW-2R 

Jan-89 5.0 U Trace U 5.0 U 
Jul-89 5.0 U 41 5.0 U 

9/30/1998 2.0 U 26 5.9 
4/26/2004 2.0 U 45 11 
11/9/2006 7.0 62 17 
6/18/2008 - 29  -
6/19/2008 - 131 -

11/17/2008 7.3 130 31 
5/29/2009 20 U 96 22 
10/6/2009 20 U 130 32 

11/16/2010 2.4 93 29 
11/7/2011 3.2 82 40 

MW-4B 

Jan-89 5.0 U 5.0 U 5.0 U 
Jul-89 5.0 U 5.0 U 5.0 U 
Dec-89 5.0 U 8 5.0 U 
Apr-90 5.0 U 5.0 U 5.0 U 

MW-4R 
Jan-89 5.0 U 5.0 U 5.0 U 
Jul-89 5.0 U 5.0 U 5.0 U 

MW-11R 

Jan-89 - 110 23 
12/6/1994 NA 150 21 
3/27/1995 NA 290 27 
9/1/1995 NA 260 22 
7/1/1996 NA 280 26 

12/7/1998 27 480 37 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

MW-11R 
(continued) 

5/17/1999 NA 420 37 J 
6/10/1999 NA 460 31 J 
7/13/1999 NA 590 37 J 
8/12/1999 NA 670 47 J 
9/8/1999 NA 670 49 J 

10/12/1999 26 J 500 41 
11/10/1999 22 J 420 36 J 
6/19/2000 27 J 610 42 J 
9/6/2001 30 540 41 

11/19/2003 36 100 25 
8/1/2004 - 940 67 
9/6/2005 59 690 49 

12/22/2005 52 480 42 
4/12/2006 43 460 40 
7/26/2006 37 460 40 
11/8/2006 32 420 40 
4/26/2007 35 410 44 
8/14/2007 36 480 44 
12/4/2007 46 540 55 
1/30/2008 38.4 570 53.5 
3/25/2008 40.2 579 53.4 
9/3/2008 29.8 368 38.8 

12/9/2008 27.4 370 36.8 
6/29/2009 22 210 30 
12/2/2009 27 340 38 
6/28/2010 21 180 32 
12/8/2010 28 310 38 
6/22/2011 18 240 32 
3/6/2012 23 290 38 

6/25/2012 21 250 41 
1/16/2013 19 270 39 

MW-14R 

Jan-89 5.0 U 310 5.0 U 
12/12/1994 NA 940 77 
3/28/1995 NA 1500 110 
8/31/1995 NA 1100 86 J 
9/6/1995 NA 1200 100 

7/18/1996 NA 380 38 
12/11/1998 6 J 110 17 
5/14/1999 9 J 170 29 
7/13/1999 10 J 290 32 
9/8/1999 9 J 240 36 

11/10/1999 11 J 190 31 
6/14/2000 10 180 32 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

MW-14R 
(continued) 

9/13/2001 6 84 24 
11/19/2003 27 93 46 
8/27/2004 29 220 55 
1/10/2006 25 440 63 
4/13/2006 33 230 68 
7/27/2006 30 260 68 
11/9/2006 30 220 60 
4/27/2007 27 180 55 
8/16/2007 19 190 40 
12/5/2007 26 180 51 
2/4/2008 21.6 192 43.7 

3/26/2008 21.6 162 42.6 
9/4/2008 19.2 194 39.4 

12/11/2008 17.6 172 35.5 
6/30/2009 18 200 36 

11/30/2009 15 280 32 
6/28/2010 13 110 27 
12/8/2010 9.8 110 21 
6/21/2011 11 190 25 
3/7/2012 10 140 21 

6/25/2012 9 95 20 
1/17/2013 10 100 23 

MW-15B 
Jan-89 5.0 U Trace 5.0 U 
Jul-89 5.0 U 5.0 U 5.0 U 

MW-16R 

5/27/1997 - 510 53 
12/18/1997 43 330 41 
5/13/1998 48 390 48 

11/30/1998 44 300 34 
5/13/1999 56 470 61 
6/10/1999 51 330 55 
7/16/1999 38 320 44 
7/30/1999 32 78 25 
7/30/1999 38 110 29 
7/30/1999 35 180 32 
7/30/1999 110 110 49 
8/12/1999 38 160 33 
9/10/1999 41 210 36 

10/28/1999 140 260 56 
10/28/1999 43 270 37 
10/28/1999 98 310 66 
10/28/1999 110 340 83 
10/28/1999 190 630 98 

5/9/2000 420 70 54 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

MW-16R 
(continued) 

11/14/2000 140 110 64 
5/30/2001 140 140 57 
11/7/2001 73 120 42 
6/4/2002 140 110 49 

11/12/2002 180 220 50 
4/28/2003 137 141 40 
4/21/2004 114 128 29 
8/12/2004 73 109 21 
4/19/2005 94 169 33 
10/6/2005 62 176 25 
4/20/2006 52 147 22 

10/24/2006 46 171 21 
2/28/2007 83 370 21 
6/5/2007 48 188 21 

11/14/2007 62 U 277 21 
6/19/2008 49 166 18 
6/19/2008 33 459 47 
6/1/2009 35 620 54 

10/6/2009 27 490 49 

MW-19B 

Jul-89 5.0 U 41 5.0 U 
12/2/1994 NA 99 6 J 
3/22/1995 NA 81 7 J 
9/1/1995 NA 140 7 J 

7/18/1996 NA 150 9 J 
12/7/1998 3 J 85 5 J 
6/7/2000 2 J 76 4 J 
9/4/2001 3 93 6 

8/20/2004 2 U 1.6 J 2 U 
12/22/2005 2.2 51 4.9 
4/11/2006 1.2 J 32 3.1 
7/25/2006 1 J 39 3 
11/7/2006 1.2 J 29 2.9 
4/26/2007 2 U 13 1 J 
8/15/2007 2 44 4.4 
1/31/2008 2.22 44.7 5.92 
9/3/2008 11.2 39.6 5.29 

12/10/2008 15.4 24.8 3.03 
11/30/2009 3.6 15 3.6 
12/8/2010 1.8 25 4.6 
3/5/2012 1.1 35 3.5 

1/15/2013 0.5 U 3.5 1.1 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

MW-31R 

1/10/2006 3 2 U 4.8 
4/13/2006 2 2 U 4.4 
7/27/2006 1.6 J 2 U 4 
11/9/2006 3.1 2 U 3 
4/27/2007 1.1 J 1.7 U 4.2 
2/4/2008 2.8 2 U 2.45 

12/9/2010 1.8 0.5 U 2 

MW-116R 

1/10/2006 2 U 2 U 2 U 
4/13/2006 2 U 2 U 2 U 
7/27/2006 2 U 2 U 2 U 
11/9/2006 2 U 2 U 2 U 
4/27/2007 2 U 2 U 2 U 
8/16/2007 2 U 2 U 2 U 
2/4/2008 2 U 2 U 2 U 

PW-2R 

5/20/1998 2.1 36 6.2 
12/4/1998 2.0 U 20 3.6 
5/13/1999 2.0 U 29 4.4 
6/10/1999 2.0 U 28 5.1 
9/10/1999 2.0 U 38 4.0 

10/29/1999 2.7 16 2.5 
10/29/1999 2.0 U 44 4.6 
5/10/2000 2.0 U 9.0 2.1 

11/15/2000 2.0 U 17 3.9 
5/31/2001 2.0 U 28 6.0 

11/13/2001 3.6 52 12 
6/7/2002 2.7 38 10 

11/7/2002 5.5 77 20 
5/6/2003 10 128 30 

4/27/2004 18 242 44 
8/13/2004 17 198 37 
4/20/2005 17 241 38 
10/5/2005 17 228 35 
4/21/2006 19 282 39 

10/26/2006 40 686 80 
2/13/2007 50 U 1100 94 
6/14/2007 22 376 35 

11/14/2007 150 U 474 17 
6/17/2008 282 
6/19/2008 461 

10/15/2008 50 U 360 38 
6/1/2009 20 U 590 42 

10/6/2009 21 650 49 
11/18/2010 13 426 24 
11/7/2011 11 395 25 
11/5/2012 8.9 346 21 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

PW-5R 

12/8/1998 9.6 95 14 
5/13/1999 15 170 21 
6/10/1999 16 170 24 
9/10/1999 13 190 22 
11/4/1999 8.9 34 7.8 
11/4/1999 12 200 20 
5/12/2000 5.8 37 9.4 

11/20/2000 5.2 49 10 
5/31/2001 5.2 54 10 

11/13/2001 4.8 44 9.0 
6/5/2002 4.0 38 8.2 

11/7/2002 3.2 42 7.5 
5/6/2003 3.8 46 8.6 

4/26/2004 2.7 45 6.4 
8/18/2004 2.3 32 4.7 
4/21/2005 2.1 36 5.2 
10/7/2005 2.0 U 28 4.0 
10/7/2005 2.0 U 30 4.5 
4/21/2006 2.1 37 4.8 

10/26/2006 2.0 U 26 3.4 
6/26/2007 2.0 U 22 2.7 
6/18/2008 2.0 U 14 2.0 U 

10/15/2008 1.0 U 32 0.50 U 
5/28/2009 2.0 U 22 2.2 
10/6/2009 2.0 U 36 3.1 

11/16/2010 2.0 U 34 2.2 
11/7/2011 2.0 U 28 2.3 
11/5/2012 2.0 U 27 2 U 

PW-6R 

12/10/1998 20 U 940 43 
5/13/1999 30 1200 62 
6/10/1999 20 U 1600 64 
9/10/1999 40 U 2000 47 
11/1/1999 20 U 510 26 
11/1/1999 50 U 2100 64 
5/11/2000 6.7 230 16 

11/15/2000 4.5 250 15 
6/1/2001 6.1 250 19 

11/14/2001 6.5 320 24 
6/11/2002 5.3 260 24 

11/12/2002 10 U 650 43 
5/2/2003 5.6 436 35 
9/3/2003 8.1 920 70 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

PW-6R 
(continued) 

4/23/2004 10 U 565 42 
8/17/2004 10 U 441 37 
4/19/2005 2.0 U 683 53 

10/11/2005 2.0 U 223 24 
4/24/2006 4.1 109 23 

10/31/2006 3.8 140 26 
6/11/2007 4.1 201 25 

11/13/2007 57 U 159 24 
6/17/2008 3.1 148 21 

10/14/2008 50 U 170 40 
5/28/2009 20 U 300 3.3 
10/6/2009 20 U 760 11 

11/16/2010 10 U 496 10 U 
11/7/2011 10 U 604 10 U 

PW-12R 

5/15/1998 110 1200 89 
11/25/1998 120 870 340 

4/8/1999 130 530 380 
5/13/1999 350 260 480 
6/10/1999 210 330 680 
7/16/1999 280 280 560 
8/12/1999 570 46 490 
9/10/1999 490 53 760 

10/26/1999 280 620 250 
10/26/1999 620 89 650 

5/8/2000 280 650 300 
11/9/2000 250 510 250 
5/17/2001 130 690 120 
6/7/2001 110 480 95 

11/7/2001 330 190 100 
6/3/2002 130 290 110 

11/5/2002 160 260 110 
4/29/2003 96 340 71 
4/21/2004 79 282 60 
8/12/2004 56 234 42 
4/19/2005 44 184 33 
10/4/2005 62 212 44 
4/20/2006 67 173 39 

10/27/2006 46 193 30 
2/20/2007 60 U 200 23 
6/4/2007 39 147 19 

11/13/2007 77 U 173 7.3 
6/19/2008 65 112 15 
5/29/2009 93 240 57 
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Table 1-3
 

Historical Bedrock Groundwater Analytical Results for COCs
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Station 
Date Sample 

Collected 

Analyte 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
TCE 

NHDES AGQS 70 5 5 

PW-12R 
(continued) 

10/6/2009 380 120 39 
11/16/2010 190 55 16 
11/7/2011 298 71 20 
11/5/2012 216 66 23 

Notes: 
U= Compound not detected 
J=Estimated concentration 
NA=Not analyzed 
NHDES=New Hampshire Department of Environmental Services 
AGQS = Ambient Groundwater Quality Standards 
cis-1,2-DCE = cis-1,2-dichloroethene 
µg/L = micrograms per liter 
PCE = tetrachloroethene 
TCE = trichloroethene 
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Table 1-4
 

Tapwater Screening and Associated Cancer Risks and Hazard Quotients
 
Concentrated Bedrock Plume Area 


Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

COPCs 

Federal 
MCL 

(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Tapwater RSL (µg/L) 
or Hazard Quotient (HQ) 

Associated Cancer Risk (CR) Average 
Detected 

Concentration 
(µg/L) 

or Hazard Quotient (HQ) 
Associated Cancer Risk (CR) 

(TR, 1E-06) 

Cancer 

(THQ, 1.0) 

Noncancer 
SLCR based 

on RSL 
SLHQ based on 

RSL 
SLCR based 

on RSL 
SLHQ based 

on RSL 

Concentrated Bedrock Plume Area 

BR-2 

cis-1,2-Dichloroethene 5 55 -- 28 (36) n -- 2.0 55 -- 2.0 
Tetrachloroethylene 70 14,000 9.7 (11) c 35 (41) n 1.4E-03 400 9,662 1.0E-03 276 
Trichloroethylene 5 3,290 0.44 (0.49) c 2.6 (2.8) n 7.5E-03 1,265 1,857 4.2E-03 714 

BR-2 SLCR total 9E-03 5E-03 
BR-2 SLHI 2E+03 1E+03 

BR-3 

1,1-Dichloroethene 7 22 -- 260 (280) n -- 0.08 22 -- 0.08 
cis-1,2-Dichloroethene 70 68 -- 28 (36) n -- 2.4 32 -- 1.2 
Tetrachloroethylene 5 19,000 9.7 (11) c 35 (41) n 2.0E-03 543 5,118 5.3E-04 146 
Toluene 1000 16 -- 860 (1,100) n -- 0.02 13 -- 0.02 
Trichloroethylene 5 2,700 0.44 (0.49) c 2.6 (2.8) n 6.1E-03 1,038 881 2.0E-03 339 

BR-3 SLCR total 8E-03 3E-03 
BR-3 SLHI 2E+03 5E+02 

BR-5 

Tetrachloroethylene 5 44,000 9.7 (11) c 35 (41) n 4.5E-03 1,257 11,158 1.2E-03 319 
Trichloroethylene 5 850 0.44 (0.49) c 2.6 (2.8) n 1.9E-03 327 310 7.0E-04 119 

BR-5 SLCR total 6E-03 2E-03 
BR-5 SLHI 2E+03 4E+02 

BR-6 

1,1,1,2-Tetrachloroethane 70 60 0.5 (0.57) c 370 (480) n 1.2E-04 0.16 60 1.2E-04 0.16 
1,1,1-Trichloroethane 200 57 -- 7500 (8000) n -- 0.01 48 -- 0.006 
1,1-Dichloroethane 81 28 2.4 (2.7) c 2900 (3800) n 1.2E-05 0.01 28 1.2E-05 0.01 
1,1-Dichloroethene 7 100 -- 260 (280) n -- 0.38 71 -- 0.27 
cis-1,2-Dichloroethene 70 95 -- 28 (36) n -- 3.4 64 -- 2.3 
Tetrachloroethylene 5 100,000 9.7 (11) c 35 (41) n 1.0E-02 2,857 75,125 7.7E-03 2,146 
Trichloroethylene 5 6,300 0.44 (0.49) c 2.6 (2.8) n 1.4E-02 2,423 4,038 9.2E-03 1,553 

BR-6 SLCR total 2E-02 2E-02 
BR-6 SLHI 5E+03 4E+03 
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Table 1-4
 

Tapwater Screening and Associated Cancer Risks and Hazard Quotients
 
Concentrated Bedrock Plume Area 


Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

COPCs 

Federal 
MCL 

(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Tapwater RSL (µg/L) 
or Hazard Quotient (HQ) 

Associated Cancer Risk (CR) Average 
Detected 

Concentration 
(µg/L) 

or Hazard Quotient (HQ) 
Associated Cancer Risk (CR) 

(TR, 1E-06) 

Cancer 

(THQ, 1.0) 

Noncancer 
SLCR based 

on RSL 
SLHQ based on 

RSL 
SLCR based 

on RSL 
SLHQ based 

on RSL 

Source Area 

1,1,1,2-Tetrachloroethane 70 60 0.5 (0.57) c 370 (480) n 1.2E-04 0.16 60 1.2E-04 0.16 
1,1,1-Trichloroethane 200 57 -- 7500 (8000) n -- 0.01 48 -- 0.006 
1,1-Dichloroethane 81 28 2.4 (2.7) c 2900 (3800) n 1.2E-05 0.01 28 1.2E-05 0.01 
1,1-Dichloroethene 7 100 -- 260 (280) n -- 0.38 63 -- 0.24 
cis-1,2-Dichloroethene 70 95 -- 28 (36) n -- 3.4 45 -- 1.6 
Tetrachloroethylene 5 100,000 9.7 (11) c 35 (41) n 1.0E-02 2,857 26,004 2.7E-03 743 
Toluene 1,000 16 -- 860 (1,100) n -- 0.02 13 -- 0.02 
Trichloroethylene 5 6,300 0.44 (0.49) c 2.6 (2.8) n 1.4E-02 2,423 1,896 4.3E-03 729 

Concentrated Bedrock Plume Area SLCR total 2E-02 7E-03 
Concentrated Bedrock Plume Area SLHI 5E+03 1E+03 

Notes: 

BOLD SLCR or SLHI indicates a risk above respective point of departure (>1E-06 for SLCR and >1.0 for SLHI). Total risk estimates presented as one significant figure per EPA RAGS.  Shading indicates upper end of risk 
management range (>1E-04) for SLCR and (>1) for SLHI was exceeded. 

SLCR = (site concentration/cancer RSL for ELCR=1E-06) x 1E-06 
SLHQ = site concentration/(noncancer RSL for HQ=1) 
Groundwater units in micrograms per liter (µg/L). 
HQ = Hazard Quotient 
RSL = Regional Screening Level from USEPA November 2013 (updated values from November 2014 list are provided in parentheses). The November 2013 values were used in the calculations. 
SLCR = Screening level cancer risk 
SLHI = Screening level hazard index 
THQ = target hazard quotient at 1 
TR = target risk at 1E-06 
EPA = U.S. Environmental Protection Agency 
RAGS = Risk Assessment Guidance for Superfund 
COPC = contaminants of potential concern 
MCL = Maximum Contaminant Level 
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Table 1-5
 

Tapwater Screening and Associated Cancer Risks and Hazard Quotients
 
Dilute Bedrock Plume South of River 


Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

COPCs 

Federal 
MCL 
(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Tapwater RSL (µg/L) 
Associated Cancer Risk (CR) or 

Hazard Quotient (HQ) 
Average Detected 

Concentration
 (µg/L) 

Associated Cancer Risk (CR) or Hazard 
Quotient (HQ) 

(TR, 1E-06) 

Cancer 

(THQ, 1.0) 

Noncancer 

SLCR based 
on RSL 

SLHQ based on 
RSL SLCR based on RSL SLHQ based on RSL 

SOUTH OF RIVER 

BR-1 

cis-1,2-Dichloroethene 70 15 -- 28 (36) n -- 0.54 11 -- 0.39 
Tetrachloroethylene 5 330 9.7 (11) c 35 (41) n 3.4E-05 9.4 237 2.4E-05 6.8 
Trichloroethylene 5 35 0.44 (0.49) c 2.6 (2.8) n 8.0E-05 13 25 5.7E-05 9.6 

BR-1 SLCR total 1E-04 8E-05 
BR-1 SLHI 2E+01 2E+01 

BR-9 
Toluene 1,000 12 -- 860 (1,100) n -- 0.014 9.1 -- 0.01 

BR-9 SLCR total --- ---
BR-9 SLHI 1E-02 1E-02 

BR-10 
Toluene 1,000 12 -- 860 (1,100) n -- 0.014 6.7 -- 0.01 

BR-10 SLCR total --- ---
BR-10 SLHI 1E-02 8E-03 

BR-12 

cis-1,2-Dichloroethene 70 28 -- 28 (36) n -- 1.0 19 -- 0.66 
Tetrachloroethylene 5 448 9.7 (11) c 35 (41) n 4.6E-05 13 287 3.0E-05 8.2 
Toluene 1,000 15 -- 860 (1,100) n -- 0.02 6.9 -- 0.01 
Trichloroethylene 5 39 0.44 (0.49) c 2.6 (2.8) n 8.9E-05 15 26 5.9E-05 9.9 

BR-12 SLCR total 1E-04 9E-05 
BR-12 SLHI 3E+01 2E+01 

BR-14 
Tetrachloroethylene 5 7.7 9.7 (11) c 35 (41) n 7.9E-07 0.22 7.7 7.9E-07 0.22 

BR-14 SLCR total 8E-07 8E-07 
BR-14 SLHI 2E-01 2E-01 

BR-15 

Tetrachloroethylene 5 56 9.7 (11) c 35 (41) n 5.8E-06 1.6 21 2.2E-06 0.60 
Toluene 1,000 6.0 -- 860 (1,100) n -- 0.007 4.3 -- 0.005 
Trichloroethylene 5 4.4 0.44 (0.49) c 2.6 (2.8) n 1.0E-05 1.7 3.7 8.3E-06 1.4 

BR-15 SLCR total 2E-05 1E-05 
BR-15 SLHI 3E+00 2E+00 
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Table 1-5
 

Tapwater Screening and Associated Cancer Risks and Hazard Quotients
 
Dilute Bedrock Plume South of River 


Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

COPCs 

Federal 
MCL 
(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Tapwater RSL (µg/L) 
Associated Cancer Risk (CR) or 

Hazard Quotient (HQ) 
Average Detected 

Concentration
 (µg/L) 

Associated Cancer Risk (CR) or Hazard 
Quotient (HQ) 

(TR, 1E-06) 

Cancer 

(THQ, 1.0) 

Noncancer 

SLCR based 
on RSL 

SLHQ based on 
RSL SLCR based on RSL SLHQ based on RSL 

BR-16 

Tetrachloroethylene 5 13 9.7 (11) c 35 (41) n 1.3E-06 0.36 11 1.1E-06 0.30 
Toluene 5 4.4 -- 860 (1,100) n -- 0.005 4.4 -- 0.01 

BR-16 SLCR total 1E-06 1E-06 
BR-16 SLHI 4E-01 3E-01 

MW-16R 

cis-1,2-Dichloroethene 70 44 -- 28 (36) n -- 1.6 44 -- 1.6 
Tetrachloroethylene 5 1,500 9.7 (11) c 35 (41) n 1.5E-04 43 574 5.9E-05 16 
Trichloroethylene 5 95 0.44 (0.49) c 2.6 (2.8) n 2.2E-04 37 39 8.8E-05 15 

MW-16R SLCR total 4E-04 1E-04 
MW-16R SLHI 8E+01 3E+01 

South of River 

cis-1,2-Dichloroethene 70 44 -- 28 (36) n -- 1.6 17 -- 0.61 
Tetrachloroethylene 5 1,500 9.7 (11) c 35 (41) n 1.5E-04 43 219 2.3E-05 6.3 
Toluene 1,000 15 -- 860 (1,100) n -- 0.017 6.0 -- 0.01 
Trichloroethylene 5 95 0.44 (0.49) c 2.6 (2.8) n 2.2E-04 37 25 5.8E-05 9.8 

South of River Area SLCR total 4E-04 8E-05 
South of River Area SLHI 8E+01 2E+01 

Notes: 
BOLD SLCR or SLHI indicates a risk above respective point of departure (>1E-06 for SLCR and >1.0 for SLHI). Total risk estimates presented as one significant figure per EPA RAGS.  Shading indicates upper end of risk 
management range (>1E-04) for SLCR and (>1) for SLHI was exceeded. 

SLCR = (site concentration/cancer RSL for ELCR=1E-06) x 1E-06 
SLHQ = site concentration/(noncancer RSL for HQ=1) 
Groundwater units in micrograms per liter (µg/L). 
HQ = Hazard Quotient 
RSL = Regional Screening Level from USEPA November 2013 (updated values from November 2014 list are provided in parentheses). The November 2013 values were used in the calculations. 

SLCR = Screening level cancer risk 
SLHI = Screening level hazard index 
THQ = target hazard quotient at 1 
TR = target risk at 1E-06 
EPA = U.S. Environmental Protection Agency 
RAGS = Risk Assessment Guidance for Superfund 
COPC = contaminants of potential concern 
MCL = Maximum Contaminant Level 
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Table 1-6
 

Tapwater Screening and Associated Cancer Risks and Hazard Quotients
 
Dilute Bedrock Plume North of River
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

COPCs 

Federal 
MCL 

(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Tapwater RSL (µg/L) Associated Cancer Risk (CR) 
or Hazard Quotient (HQ) 

Average 
Detected 

Concentration (µg/L) 

Associated Cancer Risk (CR) 
or Hazard Quotient (HQ) 

(TR, 1E-06) 

Cancer 

(THQ, 1.0) 

Noncancer 

SLCR based 
on RSL 

SLHQ based on 
RSL SLCR based on RSL SLHQ based on RSL 

NORTH OF RIVER 

BR-4- all wells were nondetected 

BR-7 - all wells were nondetected 

BR-8 

Toluene 1,000 0.60 -- 860 (1,100) n -- 7E-04 0.60 -- 7E-04 

BR-8 SLCR total --- ---
BR-8 SLHI 7E-04 7E-04 

BR-11 

cis-1,2-Dichloroethene 70 6.1 -- 28 (36) n -- 2E-01 5.1 -- 2E-01 
Tetrachloroethylene 5 67 9.7 (11) c 35 (41) n 7E-06 2E+00 59 6E-06 2E+00 
Toluene 1,000 2.3 -- 860 (1,100) n -- 3E-03 2.3 -- 3E-03 
Trichloroethylene 5 64 0.44 (0.49) c 2.6 (2.8) n 1E-04 2E+01 53 1E-04 2E+01 

BR-11 SLCR total 2E-04 1E-04 
BR-11 SLHI 3E+01 2E+01 

BR-13 

Tetrachloroethylene 5 15 9.7 (11) c 35 (41) n 2E-06 4E-01 15 2E-06 4E-01 
Trichloroethylene 5 3.4 0.44 (0.49) c 2.6 (2.8) n 8E-06 1E+00 3.4 8E-06 1E+00 

BR-13 SLCR total 9E-06 9E-06 
BR-13 SLHI 2E+00 1E+01 

MW-30 

Tetrachloroethylene 5 45 9.7 (11) c 35 (41) n 5E-06 1E+00 18 2E-06 5E-01 
Toluene 1,000 21 -- 860 (1,100) n -- 2E-02 13 -- 2E-02 
Trichloroethylene 5 37 0.44 (0.49) c 2.6 (2.8) n 8E-05 1E+01 14 3E-05 5E+00 

MW-30 SLCR total 9E-05 3E-05 
MW-30 SLHI 2E+01 6E+00 
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Table 1-6
 

Tapwater Screening and Associated Cancer Risks and Hazard Quotients
 
Dilute Bedrock Plume North of River
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

COPCs 

Federal 
MCL 

(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Tapwater RSL (µg/L) Associated Cancer Risk (CR) 
or Hazard Quotient (HQ) 

Average 
Detected 

Concentration (µg/L) 

Associated Cancer Risk (CR) 
or Hazard Quotient (HQ) 

(TR, 1E-06) 

Cancer 

(THQ, 1.0) 

Noncancer 

SLCR based 
on RSL 

SLHQ based on 
RSL SLCR based on RSL SLHQ based on RSL 

North of River 

cis-1,2-Dichloroethene 70 6.1 -- 28 (36) n -- 2E-01 5.1 -- 2E-01 

Tetrachloroethylene 5 67 9.7 (11) c 35 (41) n 7E-06 2E+00 30 3E-06 9E-01 

Toluene 1,000 21 -- 860 (1,100) n -- 2E-02 9.2 -- 1E-02 

Trichloroethylene 5 64 0.44 (0.49) c 2.6 (2.8) n 1E-04 2E+01 24 6E-05 9E+00 

North of River Area SLCR total 2E-04 6E-05 
North of River Area SLHI 3E+01 1E+01 

Notes: 
BOLD SLCR or SLHI indicates a risk above respective point of departure (>1E-06 for SLCR and >1.0 for SLHI). Total risk estimates presented as one significant figure Per EPA RAGS.  Shading indicates upper end of 
risk management range (>1E-04) for SLCR and (>1) for SLHI was exceeded. 

SLCR = (site concentration/cancer RSL for ELCR=1E-06) x 1E-06 
SLHQ = site concentration/(noncancer RSL for HQ=1) 
Groundwater units in micrograms per liter (µg/L) 
HQ = Hazard Quotient 
RSL = Regional Screening Level from USEPA November 2013 (updated values from November 2014 list are provided in parentheses). The November 2013 values were used in the calculations. 
SLCR = Screening level cancer risk 
SLHI = Screening level hazard index 
THQ = target hazard quotient at 1 
TR = target risk at 1E-06 
EPA = U.S. Environmental Protection Agency 
RAGS = Risk Assessment Guidance for Superfund 
COPC = contaminants of potential concern 
MCL = Maximum Contaminant Level 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document May 2015\Tables\Table 1-4 thru 1-6 RA.xls 2 of 2 6/30/2015 



Table 2-1
 

Summary of Remediation Goals and Performance Standards
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Chemical 

EPA Tapwater Criteria1 

NHDES 
AGQS 
(µg/L) 

EPA MCL 
(µg/L) 

RG/PS 
(µg/L) 

Basis for 
RG/PS 

TI Zone Overburden Groundwater TI Zone Bedrock Groundwater 
Groundwater Cleanup Area 
Overburden Groundwater 

Groundwater Cleanup Area Bedrock 
Groundwater 

Cancer Risk 
= 10E-6 (µg/L) 

Noncancer HQ = 
1 (µg/L) 

Maximum Detected 
Concentration (µg/L) 

Average Detected 
Concentration 

(µg/L) 

Maximum Detected 
Concentration 

(µg/L) 

Average Detected 
Concentration 

(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Average Detected 
Concentration 

(µg/L) 

Maximum Detected 
Concentration 

(µg/L) 
Average Detected 

Concentration (µg/L) 

1,1,1,2-Tetrachloroethane 
0.57 480 70 None 70 AGQS ND ND 60 60 ND ND ND ND 

1,1,1-Trichloroethane NA 8,000 200 200 200 AGQS/MCL 120 18 57 15 ND ND ND ND 

1,1-Dichloroethane 2.7 3,800 81 None 81 AGQS 5 2 28 28 ND ND ND ND 

1,1-Dichloroethene NA 280 7 7 7 AGQS/MCL 3 1 100 45 ND ND ND ND 

cis-1,2-Dichloroethene NA 36 70 70 70 AGQS/MCL 1,820 127 ND ND ND ND ND ND 

Tetrachloroethene 11 41 5 5 5 AGQS/MCL 41,000 1,035 100,000 9,246 0.35 0.27 131 57 

Toluene NA 1,100 1000 1000 1000 AGQS/MCL 4 2 38 11 ND ND 21 8.0 

Trichloroethene 0.49 2.8 5 5 5 AGQS/MCL 3,600 134 6,300 645 ND ND 64 23 

Notes: 

ND = chemical not detected above method detection limits 

NA = not available 

NS = none selected 

µg/L = microgram per liter 

Shading indicates exceedance of Candidate PRGs 

AGQS = Ambient Groundwater Quality Standard 

MCL =Maximum Contaminant Level 

RG = Remediation Goal 

PS = Performance Standard 

NHDES = New Hampshire Department of Environmental Services 

EPA = U.S. Environmental Protection Agency 

HQ = Hazard Quotient 
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Table 3-1
 

General Response Actions and Technologies
 
for Bedrock Contamination
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

General Response Action Technology Process Options 

No Action None Not Applicable 

Monitoring Monitored Natural Attenuation 
Monitoring Wells/Analysis of Groundwater Samples for Contaminants and Parameters 
indicative of Degradation of Contaminants 

Institutional Controls 
Land and/or Groundwater Use 
Restrictions 

Deed Covenants 

Town Ordinance 

Hydraulic Containment Groundwater Withdrawal Bedrock Extraction Wells 

Ex Situ Treatment Physical and Chemical Treatment 

Air Stripping/Carbon Vapor Treatment 

Air Stripping/Cat-Ox Vapor Treatment 

Advanced Oxidation 

Physical Containment Vertical and Horizontal Barriers 

Vertical Barrier - Grout injected into borings in bedrock under pressure. 

Horizontal Barrier - Low permeability clay cap 

Horizontal Barrier - Synthetic Geotextile Cap 

In Situ Treatment 

In Situ Chemical Oxidation (ISCO) 

Sodium Permanganate 

Potassium Permanganate 

Peroxide/Ozone 

Sodium Persulfate 

In Situ Chemical Reduction (ISCR) 
Nano or Micro-Scale Zero Valent Iron (ZVI) 

Calcium Polysulfate 

In Situ Biological Treatment (ISB) Commercially available oil or carbohydrate based amendments. 

In Situ Thermal Treatment 

Thermal Conductivity Heating (TCH) 

Electrical Resistivity Heating (ERH) 

Steam Injection 

Permeable Reactive Barrier 

ZVI Permeable Reactive Barrier 

BioWall - mulch 

ZVI + carbon 
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Table 3-2
 

Area and Volume Estimates for Contaminated Media
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 
Parameter Value Units Notes 

Bedrock > 50 mg/L PCE Zone 

Concentration Boundary 50 mg/L PCE in Bedrock 

Area with Concentration > 50 mg/L 50,000 ft2 

Average Thickness 500 ft 

Conservative estimate based on the deepest observed VOC contamination at BR-6; 
and is 100 ft deeper than the deepest residential well. 

Total Bedrock Area Matrix Volume 25,000,000 ft3 

ft3/yd3 
27 Unit Conversion 

Total Bedrock Area Matrix Volume 930,000 yd3 
Unit Conversion 

Bedrock Porosity 0.5% 

Storativity (specific yield) is <0.1% based on 2014 RI Report 0.5% is used to 
conservative estimate to account for storage in the bedrock matrix 

Total Bedrock Groundwater Volume 125,000 ft3 
With concentration > 50 mg/L PCE in Bedrock 

Gallons/ft3 
7.48 Unit Conversion 

Total Bedrock Groundwater Volume 935,000 gallons Unit Conversion 

Bedrock >15 mg/L PCE Zone 

Concentration Boundary 15 mg/L PCE in Bedrock 

Area with Concentration > 15 mg/L 105,000 ft2 

Average Thickness 500 ft 

Conservative estimate based on the deepest observed VOC contamination at BR-6; 
and is 100 ft deeper than the deepest residential well. 

Total Bedrock Area Matrix Volume 52,500,000 ft3 

Total Bedrock Area Matrix Volume 1,940,000 yd3 
Unit Conversion 

Bedrock Porosity 0.5% 

Storativity (specific yield) is <0.1% based on 2014 RI Report 0.5% is used to 
conservative estimate to account for storage in the bedrock matrix 

Total Bedrock Groundwater Volume 262,500 ft3 
With concentration > 15 mg/L PCE in Bedrock 

Total Bedrock Groundwater Volume 1,960,000 gallons Unit Conversion 
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Table 3-2
 

Area and Volume Estimates for Contaminated Media
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 
Parameter Value Units Notes 

Bedrock >1.5 mg/L PCE Zone 

Concentration Boundary 1.5 mg/L PCE in Bedrock 

Area with Concentration > 1.5 mg/L 300,000 ft2 

Average Thickness 500 ft 
Conservative estimate based on the deepest observed VOC contamination at BR-6; 
and is 100 ft deeper than the deepest residential well. 

Total Bedrock Area Matrix Volume 150,000,000 ft3 

Total Bedrock Area Matrix Volume 5,560,000 yd3 
Unit Conversion 

Bedrock Porosity 0.5% 
Storativity (specific yield) is <0.1% based on 2014 RI Report 0.5% is used to 
conservative estimate to account for storage in the bedrock matrix 

Total Bedrock Groundwater Volume 750,000 ft3 
With concentration > 1.5 mg/L PCE in Bedrock 

Total Bedrock Groundwater Volume 5,610,000 gallons With concentration > 1.5 mg/L PCE in Bedrock 

Entire Bedrock Plume 

Proposed Remediation Goal (PRG) 5 µg/L PCE 

Area with Concentration > PRG 10,200,000 ft2 Based on the entire plume, including both Bedrock DNAPL Zones from above 

Average Thickness 120 ft 
The average thickness of the contaminated bedrock groundwater exceeding the 
PRG was estimated based on the cross sections contained in the 2014 RI Report 

Total Bedrock Area Matrix Volume 1,220,000,000 ft3 

Total Bedrock Area Matrix Volume 45,000,000 yd3 
Unit Conversion 

Bedrock Porosity 0.5% 
Storativity (specific yield) is <0.1% based on 2014 RI Report 0.5% is used to 
conservative estimate to account for storage in the bedrock matrix 

Total Bedrock Groundwater Volume 6,100,000 ft3 

Gallons/ft3 
7.48 Units Conversion 

Total Bedrock Groundwater Volume 45,600,000 gallons Unit Conversion 
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Table 3-2
 

Area and Volume Estimates for Contaminated Media
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 
Parameter Value Units Notes 

Overburden > 1.5 mg/L PCE Zone 

Concentration Boundary 1.5 mg/L PCE in Overburden 

West Lobe of Contamination 

Area 1,500 ft2 Estimated from 3-D model of overburden contamination within the slurry wall 

Average thickness 6 ft Estimated from 3-D model of overburden contamination within the slurry wall 

Matrix Volume 9,000 ft3 

300 yd3 
Unit Conversion 

East Lobe of Contamination 

Area 7,000 ft2 Estimated from 3-D model of overburden contamination within the slurry wall 

Average thickness 10 ft Estimated from 3-D model of overburden contamination within the slurry wall 

Matrix Volume 70,000 ft3 

2,600 yd3 
Unit Conversion 

Total Overburden Area > 1.5 mg/L 8,500 ft2 

Total Overburden Matrix Volume 79,000 ft3 

Average thickness 9 ft 

Total Overburden Matrix Volume 2,900 yd3 
Unit Conversion 

Total Porosity 35% Conservative value based on pumping tests conducted by USGS 

Total Overburden Groundwater Volume 205,000 gallons With concentration > 1.5 mg/L PCE in Overburden 
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Table 3-2
 

Area and Volume Estimates for Contaminated Media
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 
Parameter Value Units Notes 

Entire Overburden within Slurry Wall 

PRG 5 µg/L PCE 
Area with concentration > PRG within the 
slurry wall 100,000 ft2 

The entire area inside the slurry wall, including the Overburden Potential DNAPL 
Zone 

Average thickness 60 ft Average thickness of the overburden within the slurry wall 

Total Overburden Matrix Volume 6,000,000 ft3 

Total Overburden Matrix Volume 220,000 yd3 
Unit Conversion 

Overburden porosity 35% Conservative value based on pumping tests conducted by USGS 

Total OB GW volume 2,100,000 ft3 
Entire plume in slurry wall 

Gallons/ft3 
7.48 Units Conversion 

Total Overburden Groundwater Volume 15,700,000 gallons With concentration > PRG in Overburden 

Notes: 

mg/L = milligrams per liter 

µg/L = micrograms per liter 

ft2 = square feet 

ft3 = cubic feet 

yd3 = cubic yard 

BR = bedrock 

ft = feet 

VOC = volatile organic compounds 

DNAPL = dense nonaqueous phase liquid 

RI = Remedial Investigation 

USGS = U.S. Geological Survey 
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Table 3-3
 

Process Option Screening
 
for Bedrock Contamination
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

Technology Description Process Options 

Retained as 
Representative 

Process Option? Alternative for Initial Screening 

No Action 
No Action must be considered 
to provide a base-line for 
comparison 

Not Applicable Yes 
Will be included as a stand-alone alternative to 
provide a base-line for comparison of other 
alternatives. 

Monitored Natural 
Attenuation (MNA) 

Monitor for parameters to 
demonstrate natural attenuation 
is occurring 

Monitoring Wells/Chemical 
Analysis 

Yes 
MNA to be evaulated as an alternative only for the 
Groundwater Cleanup Area. 

Land and/or 
Groundwater Use 
Restrictions 
(Institutional Controls: 
ICs) 

Must be included to prevent use 
of groundwater in any 
alternatives that do not achieve 
cleanup goals (MCLs) 

Deed Covenants Yes ICs will be included as component in all alternatives 
to mitigate exposure until the cleanup goals are 
achieved. Deed covenants or town ordinance would 
both be effective.Town Ordinance Yes 

Hydraulic Containment 
Pump impacted groundwater 
using extraction wells 

Bedrock Extraction Wells Yes 
Hydraulic containment will be combined with ex 
situ treatment to be included as a stand alone 
alternative for the TI Zone; and as a component with 
other technologies to control migration. All process 
options would be effective, but Air Stripping with 
Carbon Vapor Treatment is the most cost effective 
for contaminants and concentrations at the Site. 

Air Stripping/Carbon Vapor 
Treatment 

Yes 

Ex Situ Treatment 
Treatment and discharge of 
extracted groundwater 

Air Stripping/Cat-Ox Vapor 
Treatment 

No 

Advanced Oxidation No 
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Table 3-3
 

Process Option Screening
 
for Bedrock Contamination
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

Technology Description Process Options 

Retained as 
Representative 

Process Option? Alternative for Initial Screening 

Vertical Barrier - Grout 
injected into borings in 
bedrock under pressure. 

Yes 
Both horizontal and vertical barriers (surface cap 
and grout curtain in bedrock) will be included as a 
stand alone alternative to isolate a portion of the TI 
Zone. Vertical barriers in bedrock (without cap) will 
be included as a component to contain the majority 
of the TI Zone and combined with continued 
hydraulic containment in overburden. Barriers could 
be combined with ISCO or ISCR if needed to 
manage migration at the TI Zone compliance 
boundary. Vertical barriers created by injecting 
grout into bedrock boreholes is a proven technology 
in the construction of dams to prevent underflow 
through bedrock. Synthetic geotextile caps are the 
most common technology used for landfill and 
hazardous waste site closure. 

Vertical and Horizontal 
Barriers 

Inject bentonite grout into a 
series of bedrock borings that 
extend hundreds of feet into 
bedrock and place suface cap 
over area inside existing slurry 
wall 

Horizontal Barrier - Low 
permeability clay cap 

Yes 

Horizontal Barrier - Synthetic 
Geotextile Cap 

Yes 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document May 2015\Tables\Table 3-1 thru 4-2.xlsx 2 of 5 6/30/2015 



Table 3-3
 

Process Option Screening
 
for Bedrock Contamination
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

Technology Description Process Options 

Retained as 
Representative 

Process Option? Alternative for Initial Screening 

Sodium Permanganate Yes 
ISCO will be included as a stand alone alternative 
for mass reduction in the TI Zone as well as for 
management of migration at the TI Zone complaince 
boundary. It will also be combined with other 
technologies for management of migration. Sodium 
permanganate was chosen as the process option due 
to ease of application and proven effectiveness 
during previous ISCO operations conducted in the 
overburden within the slurry wall. 

In Situ Chemical 
Oxidation (ISCO) 

Injection of oxidant into 
bedrock aquifer to destroy 
contaminants 

Potassium Permanganate No 

Peroxide/Ozone No 

Sodium Persulfate No 

In Situ Chemical 
Reduction (ISCR) 

Injection of chemical reductant 
into bedrock aquifer to destroy 
contaminants 

Nano or Micro-Scale Zero 
Valent Iron (ZVI) 

Yes To be included as stand alone alternative for mass 
reduction in the TI Zone as well as for management 
of migration at the TI Zone compliance boundary.Calcium Polysulfate No 

In Situ Biological 
Treatment (ISB) 

Injection of amendments to 
stimulate biological degradation 
of contaminants in bedrock 
aquifer 

Commercially available oil or 
carbohydrate based 
amendments. 

No 

Concentrations in portions of the TI Zone are too 
high for ISB, but it may be an appropriate 
complimentary technology for other more-
aggressive technologies. 
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Table 3-3
 

Process Option Screening
 
for Bedrock Contamination
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

Technology Description Process Options 

Retained as 
Representative 

Process Option? Alternative for Initial Screening 

Thermal Conductivity 
Heating (TCH) 

Yes 

Thermal treatment will be included for a portion of 
the TI Zone and for the overburden inside the slurry 
wall where high concentrations remain. Thermal 
treatment in the TI Zone will be combined with 
other technologies (such as ISCO) to manage 
migration at the TI Zone compliance boundary. TCH 
requires heating of the entire 
soil/bedrock/groundwater matrix and may work best 
in the bedrock and therefore, is the selected process 
option for bedrock. ERH heats the water directly by 
electrical resistance and would be more efficient 
than TCH in the overburden where there is good 
hydraulic conductivity, but less effective in bedrock 
where there are limited interconnecting fractures. 
ERH is the selected process option for overburden 
groundwater treatment because of its reliable and 
effective implementation at multiple Superfund 
Sites. 

In Situ Thermal 
Treatment 

Groundwater and soil/bedrock 
are heated to volatilize 
contaminants so they can be 
collected and destroyed. 

Electric Resisitivity Heating 
(ERH) 

Yes 

Steam Injection Yes 
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Table 3-3
 

Process Option Screening
 
for Bedrock Contamination
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

Technology Description Process Options 

Retained as 
Representative 

Process Option? Alternative for Initial Screening 

A permeable barrier is 
constructed perpendicular to ZVI PRB Yes This technology will be included as a migration 

control technology for the overburden plume in the 
TI Zone, installed as a gate in the slurry wall to 
prevent groundwater mounding within the slurry 
wall so that hydraulic containment in the overburden 
can be discontinued. Overburden groundwater 
exiting the slurry wall would be treated as it passed 
through the PRB. ZVI PRBs are a proven, cost-
effective technology for treatment of chlorinated 
VOCs at Superfund Sites. 

Permeable Reactive 
Barrier (PRB) 

groundwater flow and filled 
with a reactive media. As 
contaminated groundwater 
flows through the barrier 
contaminants are treated by 
stimulated biological 
degradation within the wall, or 
abiotic reactions with the 
reactive materials inside the 
wall. 

BioWall - mulch No 

Permanganate Yes 

ZVI + carbon No 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-1 "ROD Remedy" 

Areas 1 Technical 

Approach 2 Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 3 Major Costing Assumptions 

TI Zone Bedrock Monitoring 

1. No active treatment of bedrock groundwater in the TI 
Zone 

2. Rely on natural processes for mass removal and to 
prevent migration of contaminants beyond TI Zone. 

BR: $0.4M-$0.6M 
OB: $4.6M-$7.5M 
Total: $5.0M-$8.1M 

1. Annual monitoring of VOCs to assess compliance. 

2. Five-year reviews would be implemented for 30-year period. 

Overburden 
Within Slurry 
Wall 

P&T/IC 
1. Continue P&T to maintain hydraulic containment of 
contamination in slurry wall and achieve some mass 
removal (continue to implement ROD Remedy). 

1. P&T duration of 30 years. 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-2 "Physical Containment" 

Areas 
Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 
Major Costing Assumptions 

TI Zone Bedrock 
Vertical and 

Horizontal Barriers IC 

1. Install grout curtain in bedrock directly beneath 
existing overburden slurry wall to encapsulate the 
highest concentrations within the TI Zone. 

These components 
included in costs for 
Options A & B below. 

1. Grout curtain would be installed beneath existing slurry wall for a 
perimeter of 1,500 ft to a depth of 600 ft which is coincident with the deepest 
bedrock well (BR-6). Area of grout curtain is approximately 

170,000 ft2 . 

2. Spacing of primary grout injection points (IPs) is 20 ft, spacing of secondary IPs is 
20 ft for 50% of the perimeter. 

3. A pilot study, QA drilling, and pumping test are assumed. 

TI Zone Bedrock 
Short-Term ISCO 

Barrier 

1. Inject permanganate slightly upgradient of the TI 
Zone compliance boundary to treat groundwater outside 
the grout curtain and prevent migration of contamination 
outside of the TI Zone. 

1. ISCO injection points would be installed upgradient of the TI Zone compliance 
boundary for perimeter of 1,500 ft, with an IP spacing of 
50 ft. Thickness of treatment zone is assumed at 500 ft. 

2. Three injection rounds are assumed over a 5-year period. 

3. NaMnO4 would be used and MnO4 target level in groundwater is 0.5%. 

Overburden 
Within Slurry 
Wall 

Option A -
P&T/IC 

1. Continue P&T to maintain hydraulic containment of 
contamination in slurry wall and achieve some mass 
removal (continue to implement ROD Remedy). 

BR: $25M-$40M 
OB: $$4.6M-$7.5M 
Total: $30M-$48M 

1. P&T duration of 30 years. 

Option B -
CAP/IC 

1. Install a horizontal impemeable layer (cap) over the 
area inside slurry wall to prevent infiltration of 
precipitation, and continue monitoring. 

2. Discontinue P&T. 

BR: $25M-$40M 
OB: $2.5M-$4.5M 
Total: $26.5M-$44.5M 

1. Surface cap consists of vegetative layer, sand/gravel, geomembrane, 
and compacted clay. 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-3 "Hydraulic Containment" 

Areas 
Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 
Major Costing Assumptions 

TI Zone Bedrock P&T/IC 
1. Extract and treat groundwater from bedrock to 
maintain hydraulic containment and achieve some mass 
removal. 

These components 
included in costs for 
Options A and B below. 

1. Area of bedrock treatment is based on >50 mg/L area and is approximately 50,000 

ft2. Assumed thickness of bedrock treatment zone 
is 500 ft. 

2. Existing GWTP is used to treat groundwater from both overburden and bedrock 
using air stripping and activated carbon (AC). 

3. Off-gas treatment using AC is assumed for 3 years and off-gas is assumed to later 
meet de minimus discharge requirement when influent concentrations decrease. AC 
change frequency is 4 times/year. AC would be regenerated 
off-site. 

4. Extraction rate in bedrock would be 15 gpm to prevent contaminants from 
migrating to areas downgradient of the TI Zone compliance boundary. 

5. Neutralization of residual permanganate from prior overburden ISCO injections is 
assumed for 5-year operation. 

6. PRB gate would involve removal of a section of the slurry wall and placement of a 
high-permeability reactive substrate such as ZVI to treat groundwater as it flows out 
of the slurry wall containment area. 

Overburden 
Within Slurry 
Wall 

Option A -
P&T/IC 

1. Continue P&T in overburden to maintain hydraulic 
containment of contamination inside slurry wall and 
achieve some mass removal. (continue to implement 
ROD Remedy) 

BR: $9M-$12M 
OB: $4.6M-$7.5M 
Total: $14M-$20M 

Option B -
PRB/IC 

1. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

2. Discontinue P&T. 

BR: $9M-$12M 
OB: $5M-$7.5M 
Total: $14M-$20M 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-4 "ISCR" 

Areas 

Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) Major Costing Assumptions 

TI Zone Bedrock ISCR/PRB/IC 

1. Apply in-situ chemical reduction (ISCR) using mZVI 
and nZVI to remove chlorinated VOCs and reduce PCE 
concentrations to be below 1.5 mg/L for BR. 

2. Rely on injected ZVI for long-term contamination 
migration control from secondary fractures and mass 
removal. 

3. Inject ISCR compounds slightly upgradient of the TI 
Zone complaince boundary to manage migration of 
contamination outside of TI Zone. 

These components 
included in costs for 
Options A, B, & C 
below. 

1. Area of bedrock treatment is based on >50 mg/L PCE area and is approximately 

50,000 ft2. Assumed thickness of bedrock treatment zone is 500 ft. Bedrock IP 
spacing is 50 ft. Three initial large-scale injections followed by smaller maintenance 
injections every 2 years. 

2. ISCR injection points would be installed upgradient of the TI Zone compliance 
boundary for perimeter of 1,500 ft, with an IP spacing of 
50 ft. Thickness of treatment zone is assumed at 500 ft. Three injection rounds are 
assumed over a 5-year period. 

3. ZVI target level in bedrock fractures is 5%, and ZVI serves as PRB 
and significantly reduces contaminant flow through fractures. 

4. Area of ISCR treatment in overburden is 8,500 ft2. Thickness of overburden 
treatment ranges from 6 to 9 ft. 

5. Overburden ISCR injection spacing is 30 ft x 30 ft; MnO4 neutralization injection 
is assumed prior ISCR. 

6. PRB gate would involve removal of a section of the slurry wall and placement a 
high-permeability reactive substrate such as ZVI to treat groundwater as it flows out 
of the slurry wall containment area. 

Overburden 
Within Slurry 
Wall 

Option A -
P&T/IC 

1. Continue P&T to maintain hydraulic containment of 
contamination in slurry wall. (continue to implement 
ROD Remedy) 

BR: $9M-$15M 
OB: $4.6M-$7.5M 
Total: $14M-$23M 

Option B -
PRB/IC 

1. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

2. Discontinue P&T. 

BR: $9M-$15M 
OB: $5M-$7.5M 
Total: $13.6M-$22.5M 

1. Apply ISCR using ZVI, with prior neutralization of 
oxidants, to reduce PCE concentration in overburden to 

Option C -
ISCR/PRB/IC 

be below 1.5 mg/L. 

2. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

3. Discontinue P&T. 

BR: $9M-$15M 
OB: $6.3M-$9.8M 
Total: $15M-$25M 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-5 "ISCO" 

Areas 
Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 
Major Costing Assumptions 

TI Zone Bedrock ISCO/IC 

1. Apply in-situ chemical oxidation (ISCO) using 
permanganate to remove VOCs and reduce PCE 
concentration to be below 1.5 mg/L area, relying on 
persistence of permanganate and additional injections to 
control contamination release and migration from 
secondary fractures and rock matrix. 

2. Inject permanganate slightly upgradient of the TI 
Zone compliance boundary to manage migration of 
contamination outside of the TI Zone. 

These components 
included in costs for 
Options A, B, & C 
below. 

1. Area of treatment is based on >50 mg/L PCE area and is approximately 50,000 ft2 . 
Assumed thickness of bedrock treatment zone is 500 ft. Bedrock IP spacing is 50 ft. 
Five total ISCO injection events over 15 years. 

2. Area of ISCO treatment in overburden is 8,500 ft2. Thickness of overburden 
treatment ranges from 6 to 9 ft. Three injection rounds are assumed over 4 years. 

3. ISCO injection points would be installed upgradient of the TI Zone compliance 
boundary for perimeter of 1,500 ft, with an IP spacing of 50 ft. Thickness of 
treatment zone is assumed at 500 ft. Three injection rounds are assumed over a 5-
year period 

4. NaMnO4 would be used and MnO4 target level in groundwater is 1.0% in source 
area and 0.1% for MOM. 

5. PRB could be ZVI if MnO4 from prior injections has been depleted, or KMnO4 if 
residual MnO4 remains in the treated area. 

Overburden 
Within Slurry 
Wall 

Option A -
P&T/IC 

1. Continue P&T to maintain hydraulic containment of 
contamination within slurry wall. (continue to implement 
ROD Remedy) 

BR: $9M-$15M 
OB: $4.6M-$7.5M 
Total: $13.6M-$23M 

Option B -
PRB/IC 

1. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

2. Discontinue P&T. 

BR: $9M-$15M 
OB: $2.5M-$4.5M 
Total: $12.5M-$20M 

Option C -
ISCO/PRB/IC 

1. Apply ISCO using permanganate to treat VOCs 
within >1.5 mg/L area. 

2. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

3. Disontinue P&T. 

BR: $9M-$15M 
OB: $5M-$8M 
Total: $14M-$23M 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-6 "Thermal" 

Areas 
Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 
Major Costing Assumptions 

TI Zone Bedrock Thermal/IC 

1. Apply in situ thermal treatment to reduce PCE 
concentration to be below 1.5 mg/L area for bedrock, 
achieving VOC removal from both primary and 
secondary fractures. 

These components 
included in costs for 
Options A, B, & C 
below. 

1. Area of bedrock treatment is based on >50 mg/L PCE area and is approximately 

50,000 ft2. Assumed thickness of bedrock treatment zone is 500 ft. 

2. Bedrock treatment consists of thermal treatment of bedrock matrix, heating for 2-
yr duration. The in situ thermal treatment technology for bedrock will be selected 
during the detailed analysis of alternatives. 

3. Vapor is collected at vapor collection wells or heating cells, condensed and treated 
above ground using AC. 

4. Area of thermal treatment in overburden is 8,500 ft2. Thickness of overburden 
treatment ranges from 6 to 9 ft. 

TI Zone Bedrock 
Short-Term ISCO 

Barrier 

1. Inject permanganate slightly upgradient of the TI 
Zone compliance boundary to treat groundwater outside 
the grout curtain and manage migration of 
contamination outside of the TI Zone. 

1. ISCO injection points would be installed upgradient of the TI Zone compliance 
boundary for perimeter of 1,500 ft, with an IP spacing of 50 ft. Thickness of 
treatment zone is assumed at 500 ft. 

2. Three injection rounds are assumed over a 5-year period. 

3. NaMnO4 would be used and MnO4 target level in groundwater is 0.5%. 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Alternative TI-6 "Thermal" (Continued) 

Areas 
Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 
Major Costing Assumptions 

Overburden 
Within Slurry 
Wall 

Option A -
P&T/IC 

1. Continue P&T to maintain hydraulic containment of 
contamination within slurry wall. (continue to implement 
ROD Remedy) 

BR: $65M-$85M 
OB: $4.6M-$7.5M 
Total: $70M-$93M 

1. P&T duration of 30 years. 

Option B -
PRB/IC 

1. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

2. Discontinue P&T. 

BR: $65M-$85M 
OB: $5M-$7.5M 
Total: $70M-$94M 

1. PRB uses ZVI with prior MnO4 neutralization injections. 

Option C -
ERH/PRB/IC 

1. Apply thermal treatment using ERH to remove VOCs 
and reduce PCE concentration to be below the 1.5 mg/L 
area for overburden. 

2. Install PRB "gate" through slurry wall to control 
plume migration and achieve some mass removal. 

3. Discontinue P&T. 

BR: $65M-$85M 
OB: $7M-$11M 
Total: $73M-$96M 

1. PRB uses ZVI with prior MnO4 neutralization injections. 
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Table 4-1
 

Remedial Alternatives Screening for TI Zone
 
Savage Municipal Water Supply Well Superfund Site
 

Milford, New Hampshire
 

Notes: 

1. TI Zone Bedrock refers to the area of PCE concentration in bedrock within the proposed Technical Impracticability Waiver Zone as shown on Figure 2-1.

   Overburden Within Slurry Wall refers to the area of PCE concentration inside the slurry wall in OU1 that is designated >1.5 mg/L PCE on Figure 2-1. 

2. 	IC is a common component for all alternatives (although not expanded to include bedrock for the ROD Remedy alternative) to prevent exposure risks to human health before cleanup levels are achieved. 

Five-year review is required for all alternatives per CERCLA regulations. 
3. The concentration of tetrachloroethene (PCE) used for establishing implementation of remedial technologies was 1.5 milligrams per liter (mg/L) PCE in groundwater; 

4. All costs are rough order of magnitude costs.

 O&M costs are based on 30-year duration even though many alternatives will require O&M for a much longer duration. 

KMnO4 = potassium permanganate ERH = electrical resistivity heating O&M = operation and maintenance 

ppm = parts per million ISCO = In-situ chemical oxidation Conc. = concentration 

OB = overburden DNAPL = dense non-aqueous phase liquid ft. bgs = feet below ground surface 

IC = institutional controls BR = bedrock QA = quality assurance 

ft2 = square feet PRB = permeable reactive barrier ISCR = In situ chemical reduction 

MnO4 = permanganate P&T = pump and treat GWTP = groundwater treatment plant 

NaMnO4 = sodium permanganate ZVI = Zero Valent Iron VOC = volatile organic compound 

CERCLA = Comprehensive Environmental Response, Compensation, and LiabilityAct 
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Table 4-2
 

Remedial Alternatives Screening for Groundwater Cleanup Area
 
Savage Municipal Water Supply Superfund Site
 

Milford, New Hampshire
 

Alternative GC-1 "ROD Remedy" 

Areas 1 Technical 

Approach 2 Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 3 Major Costing Assumptions 

Groundwater 
Cleanup Area 

No Action 

1. No active treatment or monitoring of bedrock groundwater in the 
Groundwater Cleanup Area 

2. Rely on natural processes for mass removal and concentration 
reduction to achieve MCLs in the bedrock. 

BR: $0.8M-1.0M 
OB: $0.28M-0.45M 
Total: $1.1M-1.5M 

1. Existing ICs and monitoring program prevent exposure to overburden 
groundwater. 

2. Five-year reviews would be implemented for 30-year period. 

Alternative GC-2 "Monitored Natural Attenuation" 

Areas 
Technical 
Approach 

Description 
Total Cost (Capital 

Cost + 30 yrs O&M) 
Major Costing Assumptions 

Groundwater 
Cleanup Area 

MNA/IC 

1. Rely on MNA for mass removal and concentration reduction to 
achieve MCLs in the bedrock. 

2. Expand overburden IC's to include the bedrock groundwater. 

BR: $1.7M-$2.1M 
OB: $0.15M-$0.3M 
Total: $1.9M-$2.4M 

1. An MNA Study will be performed after the first 10 years to verify that 
MNA is achieving the predicted reduction in concentrations. 

2. MNA annual monitoring and reporting for 30-year period. 

3. ICs would be implemented for the bedrock for a 30-year period. 

4. Five-year reviews would be implemented for 30-year period. 

Notes 

1. Groundwater Cleanup Area refers to the area of PCE contamination in bedrock above cleanup goals within OU1 that is outside of the TI Zone, as shown on Figure 2-1. 

2. All MNA alternatives would include monitoring of VOCs and biodegradation parameters to evaluate the efficacy of the technology and document cleanup progress. 

3. All costs are rough order of magnitude costs.


    IC is a common component for all alternatives (although not expanded to include bedrock for the ROD Remedy alternative) to prevent exposure risks to human health before MCLs are achieved. 


Five-year review is a common component for all alternatives per CERCLA requirement.

 O&M costs are based on 30-year duration for comparative purposes. 

Most alternatives will require O&M for a much longer duration.
 

MNA = monitored natural attenuation BR = bedrock
 

IC = institutional controls OB = Overburden
 

MCL = Maximum Contaminant Level O&M = operation and maintenance
 

VOC = volatile organic compound
 

CERCLA = Comprehensive Environmental Response, Compensation, and LiabilityAct
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Table 4-3 


Comprehensive Remedial Alternatives for Detailed Analysis 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


TI Zone Alternatives 
Contaminated Groundwater South of Souhegan River within OU1 

Alternative No.  
and Name 

Contaminated 
Medium Remedial Approach 

TI-1 

ROD Remedy 

Bedrock Groundwater No action other than limited monitoring of bedrock groundwater 
that is a component of existing OU1 remedy 

Overburden 
Groundwater 

Continue P&T within slurry wall only. Continue performance 
monitoring and ICs. 

TI-2 

Physical 
Containment with 
ISCO 

Bedrock Groundwater Physical containment of majority of source contamination using 
grout curtain for the area within the slurry wall. Use a line of ISCO 
injection wells along TI Zone boundary to prevent contaminant 
migration across the compliance boundary. Implement performance 
monitoring. Extend ICs to include bedrock. 

Overburden 
Groundwater 

Discontinue P&T. Construct composite surface cap over the area 
contained by the slurry wall. Continue performance monitoring and 
ICs. 

TI-3 

Hydraulic 
Containment 

Bedrock Groundwater Use bedrock extraction wells to attain hydraulic control in bedrock 
within the TI Zone and prevent contaminant migration across the 
compliance boundary as well as reducing source mass. Upgrade 
existing groundwater treatment plant to accept water from bedrock 
and overburden. Implement performance monitoring. Extend ICs to 
include bedrock. 

Overburden 
Groundwater 

Continue existing P&T for the overburden within the slurry wall. 
Continue performance monitoring and ICs. 

TI-4 

In Situ Chemical 
Reduction 

Bedrock Groundwater Apply ISCR treatment to the >50 mg/L PCE Area via injection well 
grid.  Use line of ISCR injection wells along TI Zone boundary to 
prevent contaminant migration across the compliance boundary. 
Implement performance monitoring.  Extend ICs to include 
bedrock. 

Overburden 
Groundwater 

Discontinue P&T. Construct ZVI PRB gate in the slurry wall to 
prevent groundwater from mounding within the slurry wall area. 
Continue performance monitoring and ICs. 

TI-5 

In Situ Chemical 
Oxidation 

Bedrock Groundwater Apply ISCO treatment to the >50 mg/L PCE Area via injection well 
grid. Use line of ISCO injection wells along TI Zone boundary to 
prevent contaminant migration across the compliance boundary. 
Implement performance monitoring.  Extend ICs to include 
bedrock. 

Overburden 
Groundwater 

Discontinue P&T. Construct ISCO PRB gate in the slurry wall to 
prevent groundwater from mounding within the slurry wall. 
Continue performance monitoring and ICs. 
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Table 4-3 


Comprehensive Remedial Alternatives for Detailed Analysis 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


TI Zone Alternatives 
Contaminated Groundwater South of Souhegan River within OU1 

(continued) 

Alternative No.  
and Name 

Contaminated 
Medium Remedial Approach 

TI-6 

Thermal Treatment 
with ISCO 

Bedrock Groundwater Thermal treatment of the >50 mg/L PCE Area to reduce 
contaminant mass. Implement line of ISCO injection wells along TI 
Zone boundary to prevent contaminant migration across the 
compliance boundary. Implement performance monitoring.  Extend 
ICs to include bedrock. 

Overburden 
Groundwater 

Discontinue P&T. Thermal treatment of the overburden >1.5 mg/L 
PCE Area to the extent practicable to reduce source mass and 
facilitate use of PRB. Construct PRB gate in the slurry wall to treat 
overburden groundwater upgradient of the TI Zone compliance 
boundary. Continue performance monitoring and ICs. 

Groundwater Cleanup Area Alternatives 
Contaminated Groundwater North of Souhegan River within OU1 

Alternative No.  
and Name 

Contaminated 
Medium Remedial Approach 

GC-1 

ROD Remedy 

Bedrock Groundwater No action other than natural attenuation and limited compliance 
monitoring of bedrock groundwater that is a component of existing 
OU1 remedy 

Overburden 
Groundwater 

Continue compliance monitoring and ICs. 

GC-2 

Monitored Natural 
Attenuation 

Bedrock Groundwater Implement MNA monitoring program in bedrock. Extend ICs to 
include bedrock. 

Overburden 
Groundwater 

Continue compliance monitoring and ICs. 

Notes: 
IC = Institutional controls 
ISCO = In situ chemical oxidation 
ISCR = In situ chemical reduction 
MNA = Monitored Natural Attenuation 
P&T = pump and treat 
PRB = permeable reactive barrier 
ZVI = zero-valent iron 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document May 2015\Tables\Table 4-3.docx 30 June 2015 

2 of 2 



 

 

  

  

     

 

 

   
 

  

 

 

  
 

 

 
 

 
 

 

 
 

 
 

 

 

 

Table 5-1 


Summary of Measures under Alternative TI-1  

to Meet Remedial Action Objectives at the Site 


Savage Municipal Water Supply Well Superfund Site 

Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Prevent ingestion of groundwater that 
exceeds ARARs and/or exhibits a total HI 
greater than 1 and/or a total lifetime 
cancer risk (LCR) greater than EPA’s 
acceptable range of 10-6 to 10-4 . 

ICs will be implemented to prevent ingestion of 
contaminated bedrock groundwater. 

2 Prevent further/continued migration of 
contaminants beyond the compliance 
boundary for the TI Zone. 

Natural attenuation to prevent migration of contaminants 
beyond the compliance boundary in the overburden. 

No measures will be implemented to prevent continued 
migration of contaminants beyond the compliance boundary 
in the bedrock. 

3 Remove and/or contain DNAPL and other 
groundwater contaminants, to the extent 
practicable, as a source control measure 
to inhibit contaminant migration from the 
TI Zone. 

No measures will be implemented to remove or contain 
DNAPL and the dissolved contaminant plume in the 
bedrock. 

Pump and treat/slurry wall will be used to contain source 
material in the overburden. 

Notes: 

ARAR = Applicable or Relevant and Appropriate Requirements 
DNAPL = Dense non-aqueous phase liquid 
EPA = U.S. Environmental Protection Agency 
HI = Hazard index 
IC = institutional controls 
MOM = management of migration 
RAO = Remedial Action Objectives 
TI = Technical Impracticability 
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Table 5-2 


Alternative TI-1 – Cost Estimate Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative TI-1 Bedrock Overburden Total Cost 

Capital Cost $0 $0 $0 

O&M Cost $440,000 $6,200,000 $6,600,000 

Total Cost $440,000 $6,200,000 $6,600,000 

O&M Net present value $160,000 $2,500,000 $2,700,000 

Total Present Value $160,000 $2,500,000 $2,700,000 

Notes:
 

O&M = Operation and maintenance
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Table 5-3 


Major Components of Alternative TI-2
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Plume Area Remedial Approach 

Bedrock Groundwater 

Grout Curtain for Source Containment of the Area 
within the Footprint of the Slurry Wall. 

ISCO for MOM along the TI Zone Compliance 
Boundary. 

IC. 

Overburden Groundwater 

Capping for Source Containment Inside the Slurry 
Wall. 

Discontinuation of P&T. 

Natural Attenuation for MOM along the TI Zone 
Compliance Boundary. 

ICs. 

Notes: 

1.	 The underscored components are first described in this alternative and may be referenced with minor changes as 
components of other alternatives. 

2.	 The area of the Concentrated Bedrock Plume within the vertical projection of the overburden slurry wall is targeted for 
containment under Alternative TI-2. The bedrock grout curtain will be constructed based upon the areal extent of the 
existing slurry wall. 

IC = Institutional controls 
ISCO = in situ chemical oxidation 
MOM = management of migration 
P&T = pump and treat 
TI = Technical Impracticability 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final Final FS Document\Figures and tables_modified\Table 5-1 thru 5-22_27July2015.docx 27 July 2015 

1 of 1 



 

 

  

  

     

 

  

 

 
  

 
 

 
 

   

 
 

 

  
 

 

 
 

 

 

Table 5-4 


Summary of Measures under Alternative TI-2 to Meet RAOs for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Prevent ingestion of groundwater that 
exceeds ARARs standards and/or exhibits a 
total HI greater than 1 and/or a total lifetime 
cancer risk (LCR) greater than EPA’s 
acceptable range of 10-6 to 10-4 . 

Implement ICs. 

2 Prevent further/continued migration of 
contaminants beyond the compliance 
boundary for the TI Zone. 

Containment structure consisting of existing overburden 
slurry wall combined with a bedrock grout curtain and 
impermeable cap over the slurry wall will contain the 
most highly contaminated bedrock and overburden zones. 
This containment will minimize the mass of contaminants 
migrating from the source area to the TI Zone compliance 
boundary. 

MOM ISCO will be implemented near the TI Zone 
compliance boundary in the bedrock to prevent migration 
of contaminants away from the TI Zone. 

3 Remove and/or contain DNAPL and other 
groundwater contaminants, to the extent 
practicable, as a source control measure to 
inhibit contaminant migration from the TI 
Zone. 

Grout curtain will permanently contain DNAPL in the 
bedrock within slurry wall footprint. 

Slurry Wall will be used to contain source material in the 
overburden. 

Notes: 
ARAR = Applicable or Relevant and Appropriate Requirements 
DNAPL = Dense non-aqueous phase liquid 
EPA = U.S. Environmental Protection Agency 
HI = Hazard index 
IC = Institutional controls 
ISCO = in situ chemical oxidation 
MOM = management of migration 
RAO = Remedial Action Objectives 
TI = Technical Impracticability 
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Table 5-5 


Alternative TI-2 – Cost Estimate Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative TI-2 Bedrock Overburden Overall Cost 

Capital Cost $27,700,000 $1,400,000 $29,100,000 

O&M Cost $5,600,000 $1,900,000 $7,500,000 

Total Cost $33,300,000 $3,300,000 $36,600,000 

O&M Net Present Value $2,600,000 $760,000 $3,400,000 

Total Net Present Value $30,300,000 $2,100,000 $32,500,000 

Notes: 

O&M = Operation and maintenance 
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Table 5-6 


Alternative TI-2 – Physical Containment Cost Sensitivity Analysis Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Containment Thickness in Bedrock 

100 ft 300 ft 500 ft 700 ft 900 ft 1100 ft 

Total Cost of the 
Alternative $17,800,000 $27,300,000 $36,600,000 $46,200,000 $55,700,000 $65,300,000 

Bedrock Cost of 
the Alternative $14,500,000 $24,000,000 $33,300,000 $42,900,000 $52,500,000 $62,100,000 

Notes: 

ft = feet 
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Table 5-7 


Major Components of Alternative TI-3
 
Savage Municipal Water Supply Well Supply Superfund Site 


Milford, New Hampshire 


Plume Area Alternative Description 

Bedrock Groundwater Hydraulic Containment (P&T) for both Source Containment 
and MOM. 

ICs. 

Overburden Groundwater P&T/Slurry Wall (current remedy) for Source Containment. 

Natural attenuation for MOM along the TI Zone Compliance 
Boundary; and ICs. 

Note: 

(1) 	 The underscored components are original to this alternative, and the remaining components are common to other 
alternatives and have been described previously. 

IC = Institutional controls 
MOM = management of migration 
P&T = pump and treat 
TI = Technical Impracticability 
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Table 5-8 


Summary of Measures under Alternative TI-3 to Meet RAOs for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Prevent ingestion of groundwater that exceeds 
ARARs and/or exhibits a total HI greater than 
1 and/or a total lifetime cancer risk (LCR) 
greater than EPA’s acceptable range of 10-6 to 
10-4 . 

Implement ICs. 

2 Prevent further/continued migration of 
contaminants to areas beyond the TI Zone 
compliance boundary. 

In the bedrock, P&T will establish a capture zone that 
will prevent migration of contaminants to areas beyond 
the TI Zone compliance boundary. 

In the overburden, the slurry wall and continued P&T will 
contain the source material and truncate the plume. 
Natural attenuation will address the detached overburden 
plume outside of the slurry wall in the eastern portion of 
the TI Zone in order to prevent migration of contaminants 
to areas beyond the TI Zone compliance boundary. 

3 Remove and/or contain DNAPL and other 
groundwater contaminants, to the extent 
practicable, as a source control measure to 
inhibit contaminant migration from the TI 
Zone. 

P&T will provide only minimal removal of DNAPL. 

Long-term P&T will contain the source material 
effectively in the bedrock and overburden. 

Notes: 

ARAR = Applicable or Relevant and Appropriate Requirements 
DNAPL = Dense non-aqueous phase liquid 
EPA = U.S. Environmental Protection Agency 
HI = Hazard index 
IC = Institutional controls 
MOM = management of migration 
RAO = Remedial Action Objectives 
TI = Technical Impracticability 
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Table 5-9 


Alternative TI-3 – Cost Estimate Summary
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative TI-3 Bedrock Overburden Overall Cost 

Capital Cost $1,600,000 $0 $1,580,000 

O&M Cost $8,900,000 $4,400,000 $13,300,000 

Total Cost $10,470,000 $4,400,000 $14,900,000 

O&M Net Present Value $3,800,000 $1,900,000 $5,700,000 

Total Net Present Value $5,400,000 $1,900,000 $7,300,000 

Notes: 


O&M = Operation and maintenance
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Table 5-10 


Alternative TI-3 - Cost Sensitivity Analysis Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Time Duration of Pump 
and Treat 

30 Years 

(Base Case) 
60 Years 90 Years 120 Years 

Total Cost $14,900,000 $23,000,000 $31,200,000 $39,400,000 

Total Net Present Value $7,300,000 $7,700,000 $7,800,000 $7,800,000 
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Table 5-11 


Major Components of Alternative TI-4
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Plume Area Alternative Description 

Bedrock Groundwater 

ISCR for Source Material Removal in >50 mg/L PCE 
treatment area. 

ISCR to establish a PRB for MOM along TI Zone compliance 
boundary. 

IC. 

Overburden Groundwater 

ZVI PRB gate through the slurry wall. 

Natural attenuation for MOM along the TI Zone Compliance 
Boundary. 

Discontinuation of P&T. 

ICs. 

Note: 

(1) 	 The underscored components are original to this alternative, and the remaining components are common to other 
alternatives and have been described previously. 

IC = Institutional controls 
ISCR = In situ chemical reduction 
MOM = management of migration 
PRB = permeable reactive barrier 
P&T = pump and treat 
TI = Technical Impracticability 
ZVI = zero-valent iron 
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Table 5-12 


Summary of Measures under Alternative TI-4 to Meet RAOs for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Prevent ingestion of groundwater that exceeds 
ARARs and/or exhibits a total HI greater than 
1 and/or a total lifetime cancer risk (LCR) 
greater than EPA’s acceptable range of 10-6 to 
10-4 . 

Implement ICs. 

2 Prevent further/continued migration of 
contaminants beyond the compliance 
boundary for the TI Zone. 

ISCR in the bedrock source zone (>50 mg/L PCE Area) 
will significantly reduce the amount of groundwater 
contaminants migrating towards the TI Zone boundary. 

The MOM ISCR program will establish a PRB along the 
TI Zone compliance boundary to prevent bedrock 
groundwater contaminants from migrating away from the 
TI Zone. 

The overburden PRB in combination with the slurry wall 
will continue to truncate the overburden plume at the 
slurry wall. (This portion of the remedy is currently 
being performed by the P&T system and slurry wall.) 

Natural attenuation will address the detached plume in 
the eastern portion of the TI Zone to prevent migration of 
contaminants beyond the compliance boundary in the 
overburden. 

3 Remove and/or contain DNAPL and other 
groundwater contaminants, to the extent 
practicable, as a source control measure to 
inhibit contaminant migration from the TI 
Zone. 

ISCR in the bedrock source zone will treat the source 
material in the bedrock to the extent practicable. 

Notes: 

ARAR = Applicable or Relevant and Appropriate Requirements 
DNAPL = Dense non-aqueous phase liquid 
EPA = U.S. Environmental Protection Agency 
HI = Hazard index 
IC = Institutional controls 
ISCR = In situ chemical reduction 
MOM = management of migration 
RAO = Remedial Action Objectives 
PRB = permeable reactive barrier 
TI = Technical Impracticability 
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Table 5-13 


Alternative TI-4 – Cost Estimate Summary
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative TI-4 Bedrock Overburden Overall Cost 

Capital Cost $9,500,000 $2,400,000 $11,900,000 

O&M Cost $3,400,000 $3,900,000 $7,300,000 

Total Cost $12,900,000 $6,300,000 $19,200,000 

O&M Net Present Value $1,460,000 $1,400,000 $2,900,000 

Total Net Present Value $10,940,000 $3,900,000 $14,800,000 

Notes: 


O&M = Operation and maintenance 
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Table 5-14 


Alternative TI-4 Cost Sensitivity Analysis Summary
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Treatment Area Treatment Thickness in Bedrock 

100 ft 300 ft 500 ft 700 ft 

Area of >50 ppm PCE $17,600,000 $18,300,000 $19,200,000 $20,100,000 

Area of >15 ppm PCE $21,700,000 $23,000,000 $24,200,000 $25,400,000 

Area of >1.5 ppm PCE $34,500,000 $36,800,000 $39,000,000 $41,300,000 

Notes: 

ft = feet 
PCE = tetrachloroethene 
ppm = parts per million 
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Table 5-15 


Major Components of Alternative TI-5
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Plume Area Remedial Approach 

Bedrock Groundwater 

ISCO for Source Material Removal in the >50 mg/L 
PCE Area. 

ISCO to establish reactive zone for MOM along TI 
Zone compliance boundary. 

IC. 

Overburden Groundwater 

Oxidizing PRB gate through the slurry wall. 

Natural attenuation for MOM along the TI Zone 
Compliance Boundary. 

Discontinuation of P&T. 

ICs. 

Note: 

(1) 	 The underscored components are original to this alternative, and the remaining components are common to other 
alternatives and have been described previously. 

DNAPL = Dense non-aqueous phase liquid 
IC = Institutional controls 
ISCO = in situ chemical oxidation 
mg/L = milligrams per liter 
MOM = management of migration 
P&T = pump and treat 
PCE = tetrachloroethene 
PRB = permeable reactive barrier 
TI = Technical Impracticability 
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Table 5-16 


Summary of Measures under Alternative TI-5 to Meet RAOs for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Prevent ingestion of groundwater that exceeds 
ARARs and/or exhibits a total HI greater than 
1 and/or a total lifetime cancer risk (LCR) 
greater than EPA’s acceptable range of 10-6 to 
10-4 . 

Implement ICs. 

2 Prevent further/continued migration of 
contaminants beyond the compliance 
boundary for the TI Zone. 

ISCO in the bedrock source zone (>50 mg/L PCE 
Area) will significantly reduce the amount of 
groundwater contaminants migrating towards the TI 
Zone boundary. 

The MOM ISCO program will establish a reactive zone 
along the TI Zone compliance boundary to achieve 
MOM in the bedrock. 

The overburden PRB in combination with the slurry 
wall will continue to truncate the overburden plume at 
the slurry wall. (This portion of the remedy is currently 
being performed by the P&T system and slurry wall.) 

Natural attenuation will address the detached 
overburden plume in the eastern portion of the TI Zone 
to prevent migration of contaminants to areas beyond 
the compliance boundary in the overburden. 

3 Remove and/or contain DNAPL and other 
groundwater contaminants, to the extent 
practicable, as a source control measure to 
inhibit contaminant migration from the TI 
Zone. 

ISCO in the bedrock source zone will treat the source 
material in the bedrock to the extent practicable. 

Notes: 

ARAR = Applicable or Relevant and Appropriate Requirements 
DNAPL = Dense non-aqueous phase liquid 
EPA = U.S. Environmental Protection Agency 
HI = Hazard index 
IC = Institutional controls 
MOM = management of migration 
PRB = permeable reactive barrier 
RAO = Remedial Action Objectives 
ISCO = In situ chemical oxidation 
TI = Technical Impracticability 
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Table 5-17 


Alternative TI-5 – Cost Estimate Summary
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Alternative TI-5 Bedrock Overburden Overall Cost 

Capital Cost $5,280,000 $1,500,000 $6,800,000 

O&M Cost $6,320,000 $1,990,000 $8,300,000 

Total Cost $11,600,000 $3,480,000 $15,100,000 

O&M Net Present Value $3,200,000 $870,000 $4,100,000 

Total Net Present Value $8,460,000 $2,350,000 $10,800,000 

Notes: 


O&M = Operations and maintenance 
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Table 5-18 


Alternative TI-5 - Cost Sensitivity Analysis Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Treatment Area Treatment Thickness in Bedrock 

100 ft 300 ft 500 ft 700 ft 

Area of >50 ppm PCE $11,600,000 $13,300,000 $15,100,000 $16,600,000 

Area of >15 ppm PCE $12,400,000 $14,700,000 $16,800,000 $18,800,000 

Area of >1.5 ppm PCE $15,200,000 $18,900,000 $22,500,000 $26,000,000 

Notes: 
ft = feet 
PCE = tetrachloroethene 
ppm = parts per million 
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Table 5-19 


Major Components of Alternative TI-6
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Plume Area Alternative Description 

Bedrock Groundwater 

ISTT for Source Material Removal in the >50 mg/L PCE 
treatment. 

ISCO to establish reactive zone for MOM along TI Zone 
compliance boundary. 

IC. 

Overburden Groundwater 

ISTT for Source Material Removal in the >1.5 mg/L PCE 
Area. 

ZVI PRB gate through the slurry wall. 

Natural attenuation for MOM along the TI Zone Compliance 
Boundary.  

Discontinuation of P&T. 

ICs. 

Note: 

The underscored components are original to this alternative, and the remaining components are common to other 
alternatives and have been described previously. 

IC = Institutional controls 
ISCO = In situ chemical oxidation 
ISTT = In situ thermal treatment 
MOM = management of migration 
PRB = permeable reactive barrier 
P&T = pump and treat 
TI = Technical Impracticability 
ZVI = zero-valent iron 
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Table 5-20 


Summary of Measures under Alternative TI-6 to Meet RAOs for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Prevent ingestion of groundwater that 
exceeds ARARs and/or exhibits a total HI 
greater than 1 and/or a total lifetime cancer 
risk (LCR) greater than EPA’s acceptable 
range of 10-6 to 10-4 . 

Implement ICs. 

2 Prevent further/continued migration of 
contaminants beyond the compliance 
boundary for the TI Zone. 

ISTT in the bedrock source zone (>50 mg/L PCE Area) 
will significantly reduce the amount of groundwater 
contaminants migrating towards the TI Zone boundary. 

The MOM ISCO program will establish reactive zone 
along the TI Zone compliance boundary to achieve MOM 
in the bedrock. 

ISTT will treat the overburden source material and the 
overburden PRB in combination with the slurry wall will 
continue to truncate the overburden plume at the slurry 
wall. (This portion of the remedy is currently being 
performed by the P&T system and slurry wall.) 

Natural attenuation will address the detached overburden 
plume in the eastern portion of the TI Zone to prevent 
migration of contaminants to areas beyond the compliance 
boundary in the overburden. 

. 

3 Remove and/or contain DNAPL and other 
groundwater contaminants, to the extent 
practicable, as a source control measure to 
inhibit contaminant migration from the TI 
Zone. 

ISTT will treat the source material in the bedrock to the 
extent practicable.  

ISTT will treat the source material in the overburden to the 
extent practicable. 

Notes: 

ARAR = Applicable or Relevant and Appropriate Requirements 
DNAPL = Dense non-aqueous phase liquid 
EPA = U.S. Environmental Protection Agency 
HI = Hazard index 
IC = Institutional controls 
ISCO = in situ thermal oxidation 
ISTT = In situ thermal treatment 
MOM = management of migration 
PRB = Permeable reactive barrier 
RAO = Remedial Action Objectives 
TI = Technical Impracticability 
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Table 5-21 


Alternative TI-6 – Cost Estimate Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative TI-6 Bedrock Overburden Overall Cost 

Capital Cost $68,400,000 $4,200,000 $72,600,000 

O&M Cost $5,300,000 $4,700,000 $10,000,000 

Total Cost $73,700,000 $8,900,000 $82,600,000 

O&M Net Present Value $2,600,000 $1,800,000 $4,400,000 

Total Net Present Value $71,000,000 $6,000,000 $77,000,000 

Notes: 


O&M = Operations and maintenance 
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Table 5-22 


Alternative TI-6 - Cost Sensitivity Analysis Summary 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

Treatment Area Treatment Thickness in Bedrock 

100 ft 300 ft 500 ft 700 ft 

Area of >50 ppm PCE $29,600,000 $56,000,000 $82,600,000 $109,200,000  

Area of >15 ppm PCE $39,900,000 $88,100,000 $136,200,000  $184,200,000  

Area of >1.5 ppm PCE $70,200,000 $179,300,000  $288,300,000  $397,100,000  

Notes: 

ft = feet 
PCE = tetrachloroethene 
ppm = parts per million 
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Table 6-1 


Summary of Measures under Alternative GC-1  

to Meet Remedial Action Objectives at the Site 


Savage Municipal Water Supply Well Superfund Site 

Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Restore groundwater quality to beneficial 
use. 

OB: RAOs have been attained. 

BR: Through natural attenuation within an estimated 
100 years provided that effective MOM is 
implemented in the TI Zone. 

2 Prevent ingestion of groundwater until 
groundwater cleanup standards are 
achieved. 

Implement ICs. 

3 Reduce the migration of contaminated 
groundwater from OU1 into OU2 until 
groundwater cleanup standards are 
achieved. 

OB: RAOs have been attained. 

BR: Through natural attenuation within an estimated 
100 years provided that effective MOM is 
implemented in the TI Zon. 

Notes: 

BR = bedrock 
IC = institutional controls 
OB = overburden 
RAO = Remedial Action Outcome 

G:\PROJECTS\20118016\Feasibility Study\FS Document\Final FS Document May 2015\Tables\Table 6-1 thru 6-5_18June2015.docx 30 June 2015 

1 of 1 



 
 

   

  

 

 

 

 

 

 

 

Table 6-2 


Alternative GC-1 – Cost Estimate Summary
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative TI-1 Bedrock Overburden Overall Cost 

Capital Cost $70,000 $0 $100,000 

O&M Cost $830,000 $300,000 $1,100,000 

Total Cost $910,000 $300,000 $1,200,000 

O&M Present Value $360,000 $110,000 $500,000 

Total Present Value $430,000 $110,000 $500,000 

Notes:
 

O&M = Operation and maintenance
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Table 6-3 


Ratios of Daughter Products to Parent Compounds in  

Source Area and Downgradient Wells 


Savage Municipal Water Supply Well Superfund Site 

Milford, New Hampshire 


Bedrock Well ID BR-6 BR-3 BR-11 

Average [PCE] (µmol/L) 453 31 0.42 

Average [TCE] (µmol/L) 31 7.0 0.12 

Average [cis-1,2-DCE] (µmol/L) 0.66 0.36 0.048 

Average [PCE]/[TCE] ratio 15 4.3 1.1 

Average [TCE]/[cis-1,2-DCE] ratio 60 17 7.1 

Note: 
Groundwater samples were taken from multiple intervals in each of these three wells, and 
therefore, the average of the detected concentrations from these intervals in each well were used 
to calculate the ratio. 
µmol/L = micromoles per liter 
DCE = dichloroethene 
PCE = tetrachloroethene 
TCE = trichloroethene 
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Table 6-4 


Summary of Measures under Alternative GC-2 to Meet RAOs at the Site 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


RAO RAO Description Measures Used in this Alternative to Meet RAO 

1 Restore groundwater quality to beneficial 
use. 

OB: already achieve long-term cleanup goal. 

BR: through monitored natural attenuation within an 
estimated 100 years. 

2 Prevent ingestion of groundwater until 
groundwater cleanup standards are 
achieved. 

Implement ICs. 

3 Reduce the migration of contaminated 
groundwater from OU1 into OU2 until 
groundwater cleanup standards are 
achieved. 

OB: already achieve long-term cleanup standards. 

BR: through monitored natural attenuation within an 
estimated 100 years. 

Notes: 
BR = bedrock 
IC = institutional controls 
OB = overburden 
RAO = Remedial Action Objectives 
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Table 6-5 


Alternative GC-2 – Cost Estimate Summary
 
Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire 


Alternative GC-2 Bedrock Overburden Overall Cost 

Capital Cost $360,000 $0 $360,000 

O&M Cost $1,500,000 $190,000 $1,700,000 

Total Cost $1,900,000 $190,000 $2,100,000 

O&M Present Value $660,000 $80,000 $740,000 

Total Present Value $1,000,000 $80,000 $1,100,000 

Notes: 

O&M = Operation and maintenance 
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Table 7-1 


Summary of Comparative Analysis of Alternatives for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

EVALUATION 
CRITERIA 

ALT TI-1 – ROD 
REMEDY 

ALT TI-2 - PHYSICAL 
CONTAINMENT 

ALT TI-3 - HYDRAULIC 
CONTAINMENT ALT TI-4 - ISCR ALT TI-5 - ISCO ALT TI-6 - ISTT 

Overall Protection of Uses ICs to attain Will provide protection by using ICs Will provide protection by using Will provide protection by using Will provide protection by using ICs and by Will provide protection by using ICs and by 
Human Health and the protection. Will not and by preventing further migration ICs and by preventing further ICs and by preventing further preventing further migration of contaminants preventing further migration of contaminants 
Environment prevent migration of of contaminants to the Groundwater migration of contaminants to the migration of contaminants to the to the Groundwater Cleanup Area. Will to the Groundwater Cleanup Area. Will 

bedrock contaminants to Cleanup Area. Containment of most Groundwater Cleanup Area. Will Groundwater Cleanup Area. Will provide additional protection by treating provide additional protection by the use of 
Groundwater Cleanup highly-contaminated areas will provide only minimal removal of provide additional protection by bedrock contaminants with ISCO and by using ISTT for significant removal of contaminants 
Area. provide additional protection. Will contaminant source materials. treating bedrock contaminants with ISCO PRB in the overburden. in the bedrock and overburden source areas. 

provide only minimal removal of ISCR and by using ISCR PRB in Overburden PRB will provide supplemental 
contaminant source materials the overburden. protection.  

Compliance with ARARs Will comply in terms of 
preventing contact with 
contaminated 
groundwater, but will not 
meet TI Waiver 
requirement to stop 
migration of contaminants 
to the Groundwater 
Cleanup Area. 

Will comply with ARARs as 
modified by the TI waiver. 

Will comply with ARARs as 
modified by the TI waiver. 

Controls needed on air stripper 
exhaust to comply with NH 
hazardous air emissions 
regulations. 

Will comply with ARARs as 
modified by the TI waiver. 

Will comply with ARARs as modified by the 
TI waiver. 

Will comply with ARARs as modified by the 
TI waiver. 

Emissions from volatilized contaminants will 
need to be captured and treated to comply 
with NH hazards air emissions rules. 

Long-Term Effectiveness ICs will permanently ICs will permanently prevent contact ICs will permanently prevent ICs will permanently prevent ICs will permanently prevent contact with ICs will permanently prevent contact with 
and Permanence prevent contact with with contaminated groundwater. Will contact with contaminated contact with contaminated contaminated groundwater. ISCO will reduce contaminated groundwater. ISTT will reduce 

contaminated effectively cut off vertical flow into groundwater. Hydraulic groundwater. ISCR will reduce source area contaminant concentrations and source area contaminant concentrations most 
groundwater in TI Zone. overburden and horizontal flow out containment will prevent source area contaminant thereby minimize long-term risk if ICs fail. significantly and thereby very significantly 
Will not prevent of the containment area for the migration of contaminants away concentrations and thereby MOM and PRB components will prevent minimize long-term risk if ICs fail. Long-term 
contaminated bedrock foreseeable future. Long-term from TI Zone. Will not materially minimize long-term risk if ICs fail. migration of contaminants away from TI Zone O&M of MOM and PRB components will 
groundwater from operation of MOM ISCO component reduce source area contaminant MOM and PRB components will but will require O&M for approximately 30 likely be minimize because of aggressive 
migrating away from the may be necessary to prevent concentrations and therefore long- prevent migration of contaminants years. source area treatment via ISTT. 
TI Zone. migration of contaminants away from term risks are present if GWTP or away from TI Zone but will require 

TI Zone. ICs fail. O&M for approximately 30 years. 

Reduction of Toxicity, Existing overburden Some reduction in toxicity and Will reduce TMV of groundwater Will reduce TMV through ISCR in Will reduce TMV through ISCO in bedrock, Will significantly reduce TMV through 
Mobility, or Volume treatment system will volume by the MOM ISCO in the contaminants processed through bedrock, and will materially reduce and will materially reduce the amount of aggressive ISTT treatment of the most highly 
through Treatment provide minimal bedrock. Would reduce mobility but the GWTP as long as air stripper the amount of DNAPL. However, DNAPL. However, some contaminant source contaminated area of the site. Minimal 

additional reduction in not the toxicity or volume of exhaust is treated. A significant some contaminant source materials materials will likely remain in place. contaminant source materials will remain in 
TMV, especially since air contaminants inside the containment portion of the contaminant source will likely remain in place. Overburden PRB and MOM ISCO place. PRB and MOM components will 
stripper exhaust is area. materials, including DNAPL will Overburden PRB and MOM ISCO components will prevent expansion of the prevent expansion of the overburden and 
discharged untreated. remain in place. components will prevent expansion bedrock plume to areas outside of the TI bedrock plumes to areas outside of the TI 
Bedrock plume will likely of the bedrock plume to areas Zone. Zone. 
continue to expand. outside of the TI Zone. 

Short-Term Effectiveness No short-term effects. Significant impacts during 
construction include noise, heavy 
equipment, increased traffic and dust. 
Likely significant challenge to fully 
mitigate floodplain impacts. 

Minimal impacts including noise 
and dust related to drilling of 3 
new BR extraction wells and 
construction of associated 
pipelines, and upgrading the 
treatment plant. 

Impacts related to drilling injection 
wells and constructing PRB trench, 
including noise, dust, and minimal 
traffic. 

Impacts related to drilling injection wells and 
constructing PRB trench, including noise, 
dust, and minimal traffic. 

Risks to workers associated with handling of 
permanganate. 

Short term impacts include noise and traffic, 
related to mobilizing equipment to the site, 
drilling injection and recovery wells, and 
operating air handling and treatment 
equipment. 
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Table 7-1 


Summary of Comparative Analysis of Alternatives for the TI Zone 

Savage Municipal Water Supply Well Superfund Site 


Milford, New Hampshire
 

EVALUATION 
CRITERIA 

ALT TI-1 – ROD 
REMEDY 

ALT TI-2 - PHYSICAL 
CONTAINMENT 

ALT TI-3 - HYDRAULIC 
CONTAINMENT ALT TI-4 - ISCR ALT TI-5 - ISCO ALT TI-6 - ISTT 

Implementability No implementation Issues Capping easily implemented. Many 
contractors and materials available. 

Grouting of bedrock will require 
bidding to specialized contractors 
with specialty equipment. 

Significant approvals from multiple 
stakeholders and agencies because of 
work within floodplain and adjacent 
to Designated River. 

Easily implemented. Many 
contractors available for well 
installation. Suppliers available 
for treatment plant upgrades and 
installation. 

Uncertainty related to ability to 
inject ZVI into bedrock fractures to 
attain the required zone of 
influence 

PRB trench will require significant 
engineering to safely excavate in 
Site soils to depths 15 ft below 
water table. 

Uncertainty related to ability of permanganate 
to migrate into all necessary fractures. 
Number of additional applications of ISCO is 
uncertain. 

PRB trench will require significant 
engineering to safely excavate in site sands to 
depths 15 ft below water table. 

ISTT has never been performed in deep 
bedrock. Therefore, there are likely 
unforeseen challenges that will arise. 

Limited number of contractors available to 
perform ISTT at the site. 

ISTT would be relatively easily implemented 
in the overburden. 

COST 

Total Cost $6,600,000 $36,600,000 $14,900,000 $19,200,000 $15,100,000 $82,600,000 

Bedrock Capital $0 $27,700,000 $1,600,000 $9,500,000 $5,300,000 $68,400,000 

Bedrock O&M $440,000 $5,600,000 $8,900,000 $3,400,000 $6,300,000 $5,300,000 

Overburden Capital $0 $1,400,000 $0 $2,400,000 $1,500,000 $4,200,000 

Overburden O&M $6,200,000 $1,900,000 $4,400,000 $3,900,000 $2,000,000 $4,700,000 

Total NPV $2,700,000 $32,500,000 $7,300,000 $14,800,000 $10,800,000 $77,000,000 

Bedrock Capital NPV $0 $27,700,000 $1,600,000 $9,500,000 $5,280,000 $68,400,000 

Bedrock O&M NPV $160,000 $2,600,000 $3,800,000 $1,500,000 $3,180,000 $2,600,000 

OB Capital NPV $0 $1,400,000 $0 $2,400,000 $1,490,000 $4,199,000 

OB O&M NPV $2,500,000 $800,000 $1,900,000 $1,400,000 $870,000 $1,800,000 

Notes: 
ARAR = Applicable or Relevant and Appropriate Requirements AGQS = Ambient Groundwater Quality Standards 
BR = bedrock DNAPL = dense non-aqueous phase liquid 
ERH = Electrical Resistivity Heating ft = feet 
GW = groundwater IC = institutional controls 
ISCR= In situ chemical reduction ISCO = In situ chemical oxidation 
ISTT = In situ thermal treatment MCL = maximum contaminant level 
O&M = Operation & maintenance OB = overburden 
NPV = net present value PRB = Permeable Reactive Barrier 
TCH = Thermal Conductive Heating TMV = Toxicity, mobility, and volume 
ZVI = Zero valent iron 
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Table A-1: Alternative TI-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Federal 

Requirements 
EPA Risk Reference To Be Dose levels developed by EPA to These standards have been This TBC guidance from the ROD is 
Dose (RfDs) Considered protect sensitive individuals over 

the course of a life-time.  RfDs 
reflect a daily exposure level likely 
to be without appreciable risk of 
adverse health effects. 

considered in the determination 
of cleanup levels. 

waived based on the technical 
impracticability of achieving these 
standards. 
There standards are moved to the 
action-specific table as groundwater 
monitoring standards and as the 
basis for requiring ICs to be 
established to prevent contact/ 
ingestion of groundwater. 

EPA Carcinogenicity To Be Slope factors are developed by These standards have been This TBC guidance from the ROD is 
Slope Factor Considered EPA from Health Effects 

Assessments and present the 
most up-to-date information on 
cancer risk potency.  Slope 
factors are developed by EPA 
from Health Effects Assessments 
by the Carcinogenic Assessment 
Group. 

considered in the determination 
of cleanup levels. 

waived based on the technical 
impracticability of achieving these 
standards. 
There standards are moved to the 
action-specific table as groundwater 
monitoring standards and as the 
basis for requiring ICs to be 
established to prevent contact/ 
ingestion of groundwater. 

Safe Drinking Water Relevant Establishes maximum MCLs will be attained in the This ARAR from the ROD is waived 
Act (42 U.S.C. §300f and contaminant levels (MCLs) for groundwater based on the technical 
et seq.); National Appropriate common organic and inorganic impracticability of achieving these 
primary drinking contaminants applicable to public standards.  
water regulations drinking water supplies.  Used as There standards are moved to the 
(40 C.F.R. 141, relevant and appropriate cleanup action-specific table as groundwater 
Subpart B and G) standards for aquifers and 

surface water bodies that are 
potential drinking water sources. 

monitoring standards and as the 
basis for requiring ICs to be 
established to prevent contact/ 
ingestion of groundwater. 
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Table A-1: Alternative TI-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations 
(40 C.F.R. 141, 
Subpart F) 

Relevant 
and 
Appropriate 
for non-
zero 
MCLGs 
only; 
MCLGs set 
as zero are 
To Be 
Considered 

Establishes maximum 
contaminant level goals (MCLGs) 
for public water supplies.  MCLGs 
are health goals for drinking water 
sources.  These unenforceable 
health goals are available for a 
number of organic and inorganic 
compounds. 

Since MCLs exist for the 
contaminants of concern in the 
groundwater and those MCLs 
will be attained by the 
implementation of the remedy 
within 25 to 90 years, the 
MCLGs at 0 will not be attained  

This ARAR from the ROD is waived 
based on the technical 
impracticability of achieving these 
standards.   
There standards are moved to the 
action-specific table as groundwater 
monitoring standards and as the 
basis for requiring ICs to be 
established to prevent contact/ 
ingestion of groundwater. 

Clean Water Act, 
Ambient Water 
Quality Criteria 
(AWQC)(33 U.S.C. 
304(a)(1) 

Relevant 
and 
Appropriate 

AWQC are health-based criteria 
developed for chemical 
constituents in surface water.  
They have been developed to 
protect aquatic life and human 
health from harmful effects due to 
exposure to chemically impacted 
surface water.  AWQC can be 
more stringent than MCLs if it is 
necessary to protect aquatic 
organisms.  The more stringent 
AWQC for aquatic life will be 
relevant and appropriate under 
certain circumstances. 

The more stringent AWQC for 
aquatic life will be relevant and 
appropriate under certain 
circumstances. 

These standards have been moved 
to the action-specific table, as they 
pertain to surface water/sediment 
monitoring standards rather than to 
groundwater cleanup standards. 

Clean Air Act – Relevant Define levels of air quality The on-site air stripper will have Removed.  Clean Air Act, National 
National Ambient Air and necessary to protect public health its off-gas treated to ensure that Emission Standards for Hazardous 
Quality Standards Appropriate with an adequate margin of any discharge to the ambient Air Pollutants (NESHAPs) rather 
(40 C.F.R. Part 50 safety. Secondary standards 

define levels of air quality 
necessary to protect public 
welfare from any known or 
anticipated adverse effects of a 
pollutant. 

air meets pertinent regulations. than the NAAQS are cited as the 
applicable action-specific standards 
pertaining to permitted discharge 
levels for the air-stripper. 
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Table A-1: Alternative TI-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
State 

Requirements 
Drinking Water Relevant State MCLs and MCLGs establish Allowable levels will be attained This ARAR from the ROD is waived 
Quality Standards: and maximum contaminant levels in the effluent discharge from based on the technical 
NH Admin. Code Appropriate permitted in public water supplies the groundwater treatment impracticability of achieving these 
Env-Ws 315-317 for MCLs 

and non-
zero 
MCLGs 
only; 
MCLGs set 
as zero are 
To Be 
Considered 

and are the basis of State 
Ambient Groundwater Quality 
Standards (AGQS) that are 
applicable to site groundwater.  
The regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDWA).  

system. Allowable levels will 
be attained in the aquifer within 
25-50 years. 

standards. 
There standards are moved to the 
action-specific table as groundwater 
monitoring standards and as the 
basis for requiring ICs to be 
established to prevent contact/ 
ingestion of groundwater. 

New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS) (Env-Ws 
410.05(e)) 

Relevant 
and 
Appropriate 

Establishes maximum 
concentration levels for regulated 
contaminants in groundwater 
which result from human 
operations or activities.  NH 
AGQS are equivalent to MCLs for 
contaminants that have MCLs.   
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses.  
The NH AGQS will be used for 
site contaminants where MCLs 
are not currently established. 

Require remedial action to 
eliminate discharge of 
substances which may be 
harmful to health or the 
environment, and which may 
include substances exceeding 
the 10 -6 cancer risk health 
advisory limits established by 
DPHS. 

This ARAR from the ROD is waived 
based on the technical 
impracticability of achieving these 
standards. 
There standards are moved to the 
action-specific table as groundwater 
monitoring standards and as the 
basis for requiring ICs to be 
established to prevent contact/ 
ingestion of groundwater. 
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Table A-1: Alternative TI-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Criteria for 
Groundwater 
Discharges (Env-Ws 
410.09)  

Applicable Establishes groundwater 
discharge criteria which include 
MCLs and MCLGs adopted by the 
Water Supply and Pollution 
Control Division. 

Require remedial action to 
eliminate discharge of 
contaminants including VOCs 
and inorganic contaminants 
resulting in groundwater 
contamination above State 
MCL and MCLG levels. 

These standards have been moved 
to the action-specific table, as they 
pertain discharge standards for the 
treatment plant rather than to 
groundwater cleanup standards. 

Surface Water Applicable Establish water quality criteria for Discharges to surface water in These standards have been moved 
Quality Standards toxic substances.  The criteria are or adjacent to the site must to the action-specific table, as they 
(Env-Ws 432) essentially the same as the 

federal AWQC.  Criteria are 
established for fresh and marine 
waters. 

meet these standards. pertain to surface water/sediment 
monitoring standards rather than to 
groundwater cleanup standards. 

Ambient Air Quality 
Standards (Env-A 
300, Parts 303 and 
304) 

Relevant 
and 
Appropriate 

Set primary and secondary 
ambient air quality standards 
equivalent to federal standards. 
These standards do not allow 
significant deterioration of existing 
air quality in any portion of the 
state for particulate matter, 
sulphur dioxide, carbon 
monoxide, nitrogen dioxide, 
ozone, hydrocarbons, lead, and 
fluoride. 

The on-site air stripper will have 
its off-gas treated to ensure that 
any discharge to the ambient 
air meets pertinent regulations. 

These standards have been moved 
to the action-specific table, as they 
pertain to air discharge standards for 
the treatment plant. 

Toxic Air Pollutants Applicable Establishes ambient air limits for Any discharge to the ambient These standards have been moved 
(Env-A 1300 74 chemicals. Ambient air limits 

(AALS) are levels at or below 
which ambient air concentrations 
of a respective air contaminant 
will not adversely affect human 
health. 

air from the on-site air stripper 
will meet the pertinent 
regulations. 

to the action-specific table, as they 
pertain to air discharge standards for 
the treatment plant. 
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Table A-2: Alternative TI-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of water 
or wetland requires consultation with 
the U.S. Fish and Wildlife Service 
and the appropriate state wildlife 
agency to develop measures to 
prevent, mitigate, or compensate for 
losses of fish and wildlife.   

Contact with appropriate 
federal agencies will be 
maintained during 
construction and operation of 
the on-site treatment system 
and any other components of 
the remedy that may alter 
protected resource areas   

No change. 
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Table A-2: Alternative TI-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and 
responsibilities to implement and 
enforce Executive Order 11988 
(Floodplain Management) and 
Executive Order 11990 (Protection 
of Wetlands). Prohibits activities that 
adversely affect a federally-
regulated wetland unless there is no 
practicable alternative and the 
proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result 
from such use.  Requires the 
avoidance of impacts associated 
with the occupancy and modification 
of federally-designated 100-year 
and 500-year floodplain and to avoid 
development within floodplain 
wherever there is a practicable 
alternative. An assessment of 
impacts to 500-year floodplain is 
required for critical actions – which 
includes siting hazardous waste 
facilities in a floodplain.  Requires 
public notice when proposing any 
action in or affecting floodplain or 
wetlands. 

If there is no practicable 
alternative method to work in 
federal jurisdictional wetlands 
then all practicable measures 
will be taken to minimize and 
mitigate any adverse impacts.   
Erosion and sedimentation 
control measures would be 
adopted during construction, 
O&M, and restoration 
activities within federal 
jurisdictional wetlands. 
Standards for O&M of any 
components of the alternative 
or monitoring well installation 
in federal jurisdictional 
wetlands or the 500-year 
floodplain will be attained 
based on a determination that 
(a) there is no practical 
alternative method that will 
achieve cleanup objectives 
with less adverse impact; (b) 
all practical measures would 
be taken to minimize and 
mitigate any adverse impacts 
from the work; (c) there would 
be no likely impact on federal 
threatened or endangered 
(T&E) species; (d) actions 
would be taken to minimize 
impact of hydrologic changes 
during the work; (e) after 
completion of the work, there 
would be no significant net 
loss of flood storage capacity, 

Former wetland and floodplain 
regulations cited in the ROD that 
incorporated Executive Orders 
11988 and 11990 at 40 C.F.R. Part 
6, Appendix A no longer exist so 
have been replaced by regulatory 
requirements to meet the Executive 
Order standards at 44 C.F.R. § 9. 
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Table A-2: Alternative TI-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
and no significant net 
increase in flood stage or 
velocities; and (f) river and 
riverbanks would be restored 
and habitat will be improved.  
Public comment will be 
solicited as part of the 
Proposed Plan concerning 
any proposed alteration to 
wetlands and floodplain. 
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Table A-2: Alternative TI-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Clean Water Applicable For discharge of dredged or fill Under this alternative O&M of The ROD only cited part of the 
Act, Section material into federal jurisdictional the treatment system, slurry applicable regulations at 40 C.F.R. 
404 (33 U.S.C. water bodies or wetlands, there wall, and monitoring wells, as Part 230. 
§ 1344); must be no practical alternative with well as the construction of any 
Section less adverse impact on aquatic new wells that will result in the 
404(b)(1) ecosystem; discharge cannot cause dredging or filling of federal 
Guidelines for or contribute to violation of state jurisdictional wetlands would 
Specification of water quality standard or toxic be subject to these 
Disposal Sites effluent standard or jeopardize requirements. Activities must 
for Dredged or federal T&E species; discharge be conducted in accordance 
Fill Material (40 cannot significantly degrade waters with these requirements 
C.F.R. Part of U.S.; must take practicable steps including, but not limited to, 
230, 231 and to minimize and mitigate adverse mitigation and/or restoration. 
33 C.F.R. Parts impacts; must evaluate impacts on EPA will determine which 
320-323) flood level, flood velocity, and flood 

storage capacity. Sets standards for 
restoration and mitigation required 
as a result of unavoidable impacts 
to aquatic resources. EPA must 
determine which alternative is the 
“Least Environmentally Damaging 
Practicable Alternative” (LEDPA) to 
protect wetland and aquatic 
resources. 

alternative is the LEDPA  
because (a) there is no 
practical alternative method 
that will achieve cleanup 
objectives with less adverse 
impact and (b) all practical 
measures would be taken to 
minimize and mitigate any 
adverse impacts from the 
work. Public comment will be 
solicited on EPA’s LEDPA 
finding in the Proposed Plan. 
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Table A-2: Alternative TI-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
State 
Requirements 
Criteria and 
Conditions for 
Fill and Dredge 
In Wetlands: 
RSA Ch. 482-A 
and NH Admin. 
Code Env-Wt 
Parts 100-900 

Applicable These standards regulate filling and 
other activities in or adjacent to 
wetlands, and establish criteria for 
the protection of wetlands from 
adverse impacts on fish, wildlife, 
commerce, and public recreation. 

All activities within on-site 
State jurisdictional wetlands 
and floodplain areas will 
comply with these wetland 
protection requirements.   

ROD citation (Env-Wm 300-400 and 
600) changed to Env-Wt 100-900 by 
the State. 

Siting Relevant and Flood control measures must be Siting and O&M of the ROD citation (He-P 1905.09) 
requirements Appropriate identified for any facility within the treatment facility will be done changed to Env-Ws 304.08 and 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

100-year floodplain.  Similarly, new 
facilities located within 3,000 feet of 
faults displaced in Holocene times 
must show that no faults pass within 
200 feet of the facility. 

in accordance with these 
regulations. 

304.09 by the State. 

Native Plant Applicable Prohibits damaging plant species Any remedial action that may Not cited in the ROD. 
Protection Act, listed as endangered in the State. damage state-listed 
R.S.A. 217-A endangered plants will need 

to meet these standards. 
Endangered Applicable Prohibits the taking of State-listed Any remedial action that may Not cited in the ROD. 
Species endangered species and regulates take state-listed species will 
Conservation such activities with regard to State- need to meet these 
Act, R.S.A. listed threatened species. standards. 
212-A 
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Table A-2: Alternative TI-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 1996 

ESD 
Terrain 
Alteration, Env-
Wq 1500  and 
RSA 485-A:17 

Applicable The purpose of these rules is to 
protect drinking water, surface water 
and groundwater from degradation 
resulting from any activity which 
significantly alters terrain or occurs 
in or on the border of the surface 
waters of the state. Env-Wq 1505.04 
specifically addresses Stormwater 
Management and Erosion and 
Sediment Control. 

Any significant excavation in 
or around the Souhegan River 
or other surface water bodies 
on-site as part of the remedial 
action will be conducted in 
compliance with the 
substantive requirements of 
these standards. 

ROD citation (Env-Ws 415) changed 
to Env-Wq 1500 by the State. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal 

Requirement 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by appropriate 
test methods.  If found to be hazardous 
wastes, then they will be managed in 
accordance with the substantive 
requirements of the State hazardous 
waste regulations. Wastes that may 
be generated include: investigation 
derived waste from monitoring 
activities and contaminated media 
produced during the operation and 
maintenance of the treatment system 
and other components of the remedy. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

Clean Water Act 
(CWA), Section 402, 
33 U.S.C. § 1342; 40 
C.F.R. 450 
Discharge of 
Pollutants 

Applicable These standards establish 
stormwater standards for 
construction and development 
projects that are over one acre. 

Any remedial action that will disturb 
one acre or more, including future 
maintenance or eventual 
demobilization of the treatment 
system, will meet these stormwater 
standards. 

As cited in the ROD 
except the ROD only cited 
section 122 and did not 
include stormwater 
standards at 40 C.F.R. 
Part 450. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R. 141, Subpart 
B and G) 

Relevant and 
Appropriate 

Establishes maximum 
contaminant levels (MCLs) for 
common organic and inorganic 
contaminants applicable to public 
drinking water supplies.  Used as 
relevant and appropriate 
monitoring standards for aquifers 
and surface water bodies that are 
potential drinking water sources. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R.. 141, Subpart 
F) 

Relevant and 
Appropriate 
for non-zero 
MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

Establishes maximum 
contaminant level goals (MCLGs) 
for public water supplies. MCLGs 
are health goals for drinking water 
sources.  These unenforceable 
health goals are available for a 
number of organic and inorganic 
compounds. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Health Advisories To Be Health Advisories are estimates Used to establish Performance The ROD does not cite 
(EPA Office of Considered of risk due to consumption of Standards for monitoring groundwater this guidance. 
Drinking Water) contaminated drinking water; they 

consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that 
may be used for drinking water 
where the standard is more 
conservative than either federal or 
state statutory or regulatory 
standards.  The Health Advisory 
standard for manganese is 0.3 
mg/l. 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

This alternative does not include MNA 
components for assessing the 
attenuation of deep bedrock 
groundwater. Contaminant levels in 
the deep groundwater may not 
attenuate enough to prevent 
groundwater contaminants from 
migrating beyond the TI Zone 
compliance boundary. 

The ROD does not cite 
this guidance. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Due to the Technical Impracticability 
Waiver groundwater within the TI Zone 
does not have to achieve groundwater 
standards. Beyond the TI Zone 
compliance boundary groundwater 
must achieve federal drinking water 
and risk-based standards or more 
stringent State groundwater standards 
Inside of the compliance boundary 
groundwater use restrictions will be in 
place for as long as the TI waiver 
remains in effect. Groundwater 
monitoring using these standards will 
be used to make sure groundwater 
exceeding these standards does not 
migrate beyond the compliance 
boundary. Exceedance of these 
standards within the compliance 
boundary is a basis for establishing 
prohibitions on the use of groundwater 
within the compliance boundary. An 
additional buffer zone beyond the 
compliance boundary to prevent 
groundwater wells from being installed 
that would draw contaminated 
groundwater beyond the compliance 
boundary may also be stablished, if 
required. 

The ROD does not cite 
this guidance. 

Page 4 of 14 



  
   

 
 

 

  
 

      
  

 

 
 

  
 

  

 

 
  

 

  
 

 

 
 

 
 

 
 

 

  
  

 
  

 
   

 
  

 

 

  
 

 

 
 

 
 
 

 
 

 

  
   

 
 

  
    

  
 

 

 

  
 

 

    
  

 
  

 
   

 
  

 
 

 
 

Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
National Emission 
Standards for 
Hazardous Air 
Pollutants, 40 C.F.R. 
61 

Applicable Establishes standards for 
emissions of designated 
hazardous air pollutants. 

Emissions from the on-site air stripper 
will comply with all pertinent standards 

As cited in the ROD. 

RCRA, Air Emission Applicable, if RCRA emissions standards not Emissions from the on-site air stripper Not cited in the ROD. 
Standards for VOC delegated to the State. will comply with these pertinent 
Process Vents, 40 emissions Standards for process vents that standards. 
C.F.R. Part 264, over10 ppm treat RCRA wastes that have total 
Subpart AA or greater; 

Relevant and 
Appropriate, 
if less than 
10 ppm 

organic concentrations of 10 ppm 
or greater. 

RCRA, Air Emission 
Standards for 
Equipment Leaks, 40 
C.F.R. Part 264, 
Subpart BB 

Applicable, if 
organic 
concentration 
s of at least 
10% by 
weight; 
Relevant and 
Appropriate, 
if less than 
10% 

RCRA emissions standards not 
delegated to the State. Air 
emission standards for equipment 
that contains or contacts RCRA 
waste with organic concentrations 
of 10 ppm or greater. 

The treatment system will be operated 
and maintained to prevent equipment 
leaks. 

Not cited in the ROD. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying federal installation of discharge or collection moved to the Location-
Waters of the United statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table 
States, 33 C.F.R. River with comply with these under Clean Water Act, 
Parts 320-329 regulations. Section 404 (33 U.S.C. § 

1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation groundwater within the TI Zone. Section Env-Ws 410.26 
600: Part 607, of measures to restore the Groundwater use restrictions will be changed to Env-Or 607.05 
Groundwater groundwater quality, and requires established to prevent human by the State. 
Management an evaluation of the effectiveness exposure to contaminated 
Permits; Part 608, of the measures.  Part 608 groundwater.  Groundwater monitoring The ROD does not cite the 
Activity and Use establishes standards for setting will be required permanently and other regulatory 
Restrictions; Part institutional controls to protect therefore monitoring wells will be requirements of Env-Or 
610, Monitoring human health and components of 

the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

installed, operated, and 
decommissioned under these 
standards. Contaminated media 
generated from installation of wells, 
operation and maintenance of the 
treatment system, and any other 
remedial activity will be managed in 
compliance with these standards. 
Activity and use restrictions will be 
established to prevent disturbance to 
the components of the remedy 
(including monitoring wells, slurry wall, 
and treatment system). There will be 
at least yearly compliance monitoring 
to ensure groundwater use and activity 
restrictions remain in place and are 
enforced. 

600, including standards 
for activity and use 
restrictions. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500. Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the operation and maintenance of the 
treatment system and other 
components of the remedy. Materials 
that are listed waste or exceed TCLP 
hazardous waste thresholds will be 
disposed off-site in a RCRA Subtitle C 
facility.  Non-hazardous materials will 
be disposed appropriately. 

regulations were not 
identified in the ROD. 

Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at 
Env-Wm 500, as well as 
specific provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Owners and 
Operators of 
Hazardous Waste 
Facilities/Hazardous 
Waste Transfer 
Facilities, N.H. 
Admin. Code Env-Hw 
700: including 
§ 702.09 General 
Design 
Requirements; 
§ 702.11 Other 
Monitoring; Part 706, 
Emergency/Remedial 
Actions 

Applicable This regulation establishes 
requirements for owners or 
operators of hazardous waste 
treatment, storage or disposal 
facilities. Part 708 incorporates by 
reference the federal 
requirements under 40 C.F.R. 
Part 264, including but not limited 
to Subpart G (closure/post 
closure). 

The groundwater treatment facility will 
be operated and maintained in 
compliance with these standards. 

The specific State 
hazardous waste facility 
owner/operator regulations 
were not identified in the 
ROD. 

Drinking Water Relevant and State MCLs and MCLGs establish Used to establish Performance Not identified as action-
Quality Standards: Appropriate maximum contaminant levels Standards for monitoring groundwater specific groundwater 
NH Admin. Code for MCLs and permitted in public water supplies at the Technical Impracticability Zone monitoring standards in 
Env-Dw 700 non-zero 

MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

and are the basis of State 
Ambient Groundwater Quality 
Standards (AGQS) that are 
applicable to site ground water. 
The regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDW A). 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS): Env-Or 
603.03, Table 600-1. 

Relevant and 
Appropriate 

Establishes maximum 
concentration levels for regulated 
contaminants in groundwater 
which result from human 
operations or activities.  NH 
AGQS are equivalent to MCLs for 
contaminants that have MCLs. 
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses. 
The NH AGQS will be used for 
site contaminants where MCLs 
are not currently established. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Groundwater Quality Applicable Wm-Or 603.01(a), (b) and (c) Used to establish Performance Not identified as action-
Criteria: NH Admin. provide that groundwater shall be Standards for monitoring groundwater specific groundwater 
Code Env-Or suitable for use as drinking water at the Technical Impracticability Zone monitoring standards in 
603.01(a),(b),and (c) without treatment; shall not 

contain any regulated 
contaminant in concentrations 
greater than ambient groundwater 
quality standards established in 
Env-Or 603.03; and shall not 
contain any regulated 
contaminant at a concentration 
such that the natural discharge of 
that groundwater to surface water 
will cause a violation of a surface 
water quality standard 
established in Env-Wq 1700. 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Nondegradation of 
Groundwater to 
Protect Surface 
Water: NH Admin. 
Code Env-Or 603.01 
(c) 

Applicable Wm-Or 603.01(c) provides that, 
unless naturally occurring, 
groundwater shall not contain any 
contaminants at concentrations 
such that groundwater to surface 
water results in a violation of 
surface water standards in any 
surface water body within or 
adjacent to the site. Env-Or 
603.01 (c) therefore incorporates 
surface water standards set forth 
at Env-Ws 1700. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8). and 
compliance criteria (Env-Wq 
402.22), 

Discharges to groundwater from the 
treatment system or any other 
component of the alternative will meet 
discharge standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water must comply with these 
standards. 

As cited in the ROD. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Sewage and 
Wastewater 
Treatment Systems: 
Env-Wq 700; and 
Best Available 
Technology: Env-Dw 
722 

Relevant and 
Appropriate 

Requires use of best available 
technology when treating organic 
and inorganic contaminants in 
wastewaters. 

The treatment system will be operated 
to achieve required discharge 
standards based on best available 
technology. 

The ROD cited waste 
water treatment system 
regulations at Env-Ws 700 
that have been changed to 
Env-Wq 700 by the State. 
The ROD also cited best 
available technology 
regulations at Env-Ws 
346-367 that have been 
changed to Env-Dw 722 
by the State. 

Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and water wells; relocated, and/or abandoned compliance with these standards. Well 604. 
Abandonment of Relevant and according to these regulations. restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions incorporated into institutional controls 
Code We 600 for monitoring 

wells 
on location wells in contaminated 
areas. 

to prevent groundwater use within the 
TI Zone. 

Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of the As identified in the ROD. 
RSA Ch. 125-C; requirements. treatment system, monitoring, or other 
Specific regulations remedial actions cause a release of 
at Env-A cited below. contaminants into the air, emissions 

controls will be included in the 
remedial design to control emissions. 

Ambient Air Quality 
Standards, NH 
Admin. Code Env-A 
300 

Applicable These regulations set primary and 
secondary ambient air quality 
standards (equivalent to federal 
standards).  The standards do not 
allow significant deterioration of 
existing air quality in any portion 
of the state for: particulate matter, 
sulfur dioxide, carbon monoxide, 
nitrogen dioxide, ozone 
hydrocarbons and lead. 

If there are remedial processes that 
result in releases of contaminants into 
the air (particularly operation of the air 
stripper), air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD 
(specifically Parts 303 and 
304) as a chemical-
specific standard, 
however, these are action-
specific standards 
addressing the control of 
air emissions. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Air Pollution Control: Relevant and Substantive provisions within Substantive standards for discharges As cited in the ROD. 
Env-A 604-606 Appropriate State air permitting regulations 

establish standards for the 
release of air emissions, including 
VOCs and hazardous air 
pollutants. Applicable standards 
include the most stringent of the 
following requirements:  (1) New 
Source Performance Standards, 
(40 C.F.R. Part 60); (2) National 
Emissions Standards for 
Hazardous Air Pollutants (40 
C.F.R. Part 61); and (3) New 
Hampshire State Implementation 
Plan limits.  See RSA 125-C:6 

of contaminants to the air from 
treatment operations.  Discharges shall 
be restricted and treated to ensure that 
no regulatory air discharge limits are 
exceeded. 

Testing and 
Monitoring 
Procedures: Env-A 
800 

Applicable Require emission testing and 
ambient air quality monitoring. 
Establish procedures for VOC 
testing and continuous emission 
monitoring. 

Remedial measures generating air 
emissions will be tested to ensure the 
attainment of pertinent standards 

As cited in the ROD. 

Owners and Operator 
Obligations: Env-A 
900 

Applicable Require owners and operators of 
sources discharging air pollutants 
to keep records of quantities of 
pollutants emitted.  Identify 
general and VOC record keeping 
requirements. 

Operational records for the treatment 
facility will be maintained. 

Removed, since these are 
administrative standards, 
rather than substantive, 
environmental standards. 
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Table A-3: Alternative TI-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as maintenance of 
the treatment system and monitoring 
well installation. 

As cited in the ROD. 

Volatile Organic Applicable Specifies VOC emission control Controls will be placed on all air Remove since the 
Compounds (VOCs), methods and establishes emissions from the treatment threshold for applicability 
Reasonably Available limitations on VOC emissions for equipment to minimize VOC emissions for miscellaneous sources 
Control Technology various process categories. to the ambient air.  Precautions will be is emissions equal or 
(RACT): Env-A 1200 taken during any maintenance of the 

slurry wall or O&M of the monitoring 
wells to minimize VOC emissions. 

exceed 50 tons of VOC in 
any consecutive 12-month 
period. Cited in the ROD 
as Env-A 1204 and 
entitled Stationary Sources 
of Volatile Organic 
Compounds (VOCs).  The 
regulations have been 
readopted and 
renumbered as Env-A 
1200 by the State. 

Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261.  High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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Table A-4: Alternative TI-2 – Physical Containment/ISCO 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status 
Requirement 

Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 

ROD & 1996 ESD 

There are no chemical‐specific ARARs, because of invoking the Technical Impracticability Waiver. 



 

 

 

 
 

 

    
   

 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table A-5: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of water or 
wetland requires consultation with the 
U.S. Fish and Wildlife Service and the 
appropriate state wildlife agency to 
develop measures to prevent, 
mitigate, or compensate for losses of 
fish and wildlife.  

Contact with appropriate federal 
agencies will be maintained during 
construction and operation of the cap, 
slurry wall/grout curtain, ISCO 
treatment well and monitoring system, 
and any other components of the 
remedy that may alter protected 
resource areas 

No change. 
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Table A-5: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant 
and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and responsibilities 
to implement and enforce Executive 
Order 11988 (Floodplain 
Management) and Executive Order 
11990 (Protection of Wetlands). 
Prohibits activities that adversely 
affect a federally-regulated wetland 
unless there is no practicable 
alternative and the proposed action 
includes all practicable measures to 
minimize harm to wetlands that may 
result from such use.  Requires the 
avoidance of impacts associated with 
the occupancy and modification of 
federally-designated 100-year and 
500-year floodplain and to avoid 
development within floodplain 
wherever there is a practicable 
alternative. An assessment of impacts 
to 500-year floodplain is required for 
critical actions – which includes siting 
hazardous waste facilities in a 
floodplain. Requires public notice 
when proposing any action in or 
affecting floodplain or wetlands. 

If there is no practicable alternative 
method to work in federal jurisdictional 
wetlands then all practicable measures 
will be taken to minimize and mitigate 
any adverse impacts.  Erosion and 
sedimentation control measures would 
be adopted during construction and 
restoration activities within federal 
jurisdictional wetlands.  Standards for 
constructing the cap and grout curtain, 
as well as any ISCO treatment and 
monitoring well installation within 
regulated floodplain will be attained 
based on a determination that (a) there 
is no practical alternative method that 
will achieve cleanup objectives with 
less adverse impact; (b) all practical 
measures would be taken to minimize 
and mitigate any adverse impacts from 
the work; (c) there would be no likely 
impact on federal threatened or 
endangered (T&E) species; (d) actions 
would be taken to minimize impact of 
hydrologic changes during the work; 
(e) after completion of the work, there 
would be no significant net loss of flood 
storage capacity, and no significant net 
increase in flood stage or velocities; 
and (f) river and riverbanks would be 
restored and habitat will be improved.  
Public comment will be solicited as part 
of the Proposed Plan concerning the 
proposed alteration to wetlands and 
floodplain. 

Former wetland and 
floodplain regulations cited 
in the ROD that incorporated 
Executive Orders 11988 and 
11990 at 40 C.F.R. Part 6, 
Appendix A, no longer exist 
so have been replaced by 
regulatory requirements to 
meet the Executive Order 
standards at 44 C.F.R. § 9. 
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Table A-5: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Clean Water Applicable For discharge of dredged or fill Under this alternative construction and The ROD only cited part of 
Act, Section material into federal jurisdictional O&M of the cap, grout curtain, ISCO the applicable regulations at 
404 (33 U.S.C. water bodies or wetlands, there must treatment wells, and monitoring wells 40 C.F.R. Part 230. 
§ 1344); be no practical alternative with less that will result in the dredging or filling 
Section adverse impact on aquatic ecosystem; of federal jurisdictional wetlands would 
404(b)(1) discharge cannot cause or contribute be subject to these requirements.  
Guidelines for to violation of state water quality Activities must be conducted in 
Specification of standard or toxic effluent standard or accordance with these requirements 
Disposal Sites jeopardize federal T&E species; including, but not limited to, mitigation 
for Dredged or discharge cannot significantly degrade and/or restoration. EPA will determine 
Fill Material (40 waters of U.S.; must take practicable which alternative is the LEDPA 
C.F.R. Part steps to minimize and mitigate because (a) there is no practical 
230, 231 and adverse impacts; must evaluate alternative method that will achieve 
33 C.F.R. Parts impacts on flood level, flood velocity, cleanup objectives with less adverse 
320-323) and flood storage capacity. Sets 

standards for restoration and 
mitigation required as a result of 
unavoidable impacts to aquatic 
resources.  EPA must determine 
which alternative is the “Least 
Environmentally Damaging 
Practicable Alternative” (LEDPA) to 
protect wetland and aquatic 
resources. 

impact and (b) all practical measures 
would be taken to minimize and 
mitigate any adverse impacts from the 
work. Public comment will be solicited 
on EPA’s LEDPA finding in the 
Proposed Plan. 
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Table A-5: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
State 
Requirements 
Criteria and 
Conditions for 
Fill and Dredge 
In Wetlands: 
RSA Ch. 482-A 
and NH Admin. 
Code Env-Wt 
Parts 100-900 

Applicable These standards regulate filling and 
other activities in or adjacent to State 
jurisdictional wetlands, and establish 
criteria for the protection of wetlands 
from adverse impacts on fish, wildlife, 
commerce, and public recreation. 

All activities within on-site State 
jurisdictional wetlands and floodplain 
areas will comply with these wetland 
protection requirements.   

ROD citation (Env-Wm 300-
400 and 600) changed to 
Env-Wt 100-900 by the 
State. 

Siting Relevant Flood control measures must be Siting and O&M of the cap and slurry ROD citation (He-P 1905.09) 
requirements and identified for any facility within the wall/grout curtain system will be done changed to Env-Ws 304.08 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

Appropriate 100-year floodplain.  Similarly, new 
facilities located within 3,000 feet of 
faults displaced in Holocene times 
must show that no faults pass within 
200 feet of the facility. 

in accordance with these regulations. and 304.09 by the State. 

Native Plant 
Protection Act, 
R.S.A. 217-A 

Applicable Prohibits damaging plant species 
listed as endangered in the State. 

Any remedial action that may damage 
state-listed endangered plants will 
need to meet these standards. 

Not cited in the ROD. 

Endangered Applicable Prohibits the taking of State-listed Any remedial action that may take Not cited in the ROD. 
Species endangered species and regulates state-listed species will need to meet 
Conservation such activities with regard to State- these standards. 
Act, R.S.A. listed threatened species. 
212-A 
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Table A-5: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Terrain 
Alteration, Env-
Wq 1500  and 
RSA 485-A:17 

Applicable The purpose of these rules is to 
protect drinking water, surface water 
and groundwater from degradation 
resulting from any activity which 
significantly alters terrain or occurs in 
or on the border of the surface waters 
of the state. Env-Wq 1505.04 
specifically addresses Stormwater 
Management and Erosion and 
Sediment Control. 

Any significant excavation in or around 
the Souhegan River or other surface 
water bodies on-site as part of the 
remedial action will be conducted in 
compliance with the substantive 
requirements of these standards. 

ROD citation (Env-Ws 415) 
changed to Env-Wq 1500 by 
the State. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal 

Requirement 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any other wastes generated by 
remedial activity will be analyzed by 
appropriate test methods. If found to 
be a hazardous wastes, then they will 
be managed in accordance with the 
substantive requirements of the State 
hazardous waste regulations. Wastes 
that may be generated include: 
investigation derived waste from 
monitoring activities and contaminated 
media produced during the operation 
and maintenance of the treatment 
system and other components of the 
remedy. The cap under this alternative 
will meet relevant and appropriate 
impermeability standards. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

Clean Water Act Applicable These standards address water If a discharge from the remedial action, As cited in the ROD 
(CWA), Section 402, discharges which may be directed including construction and O&M of the except the ROD only cited 
33 U.S.C. § 1342; 40 to surface water. Also establishes grout curtain and cap, is directed to section 122 and did not 
C.F.R.122,125, 131, stormwater standards for surface water the discharge will be include stormwater 
136, 450 - Discharge construction and development treated, if necessary, so that these standards at 40 C.F.R. 
of Pollutants projects that are over one acre. standards will be achieved.  Monitoring 

may be performed, if required to 
determine whether operation and 
maintenance of the remedy could 
potentially affect nearby surface water 
bodies, in accordance with Env-Or-607 
(see below). Any remedial action that 
will disturb one acre or more, including 
cap construction and O&M, as well as 
demobilization of the treatment 
system, will meet these stormwater 
standards. 

Part 450. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
CW A, National 
Recommended 
Water Quality Criteria 
(NRWQC), 40 C.F.R. 
122.44 

Relevant and 
Appropriate 

Federal NRWQC are health-
based and ecologically based 
criteria developed for 
carcinogenic and non
carcinogenic compounds. 

Used to establish monitoring standards 
for surface waters and sediments, if 
required for the remedial action.  
Surface water and sediment may be 
monitored to determine whether the 
remedial action is effective in 
protecting wetlands and waterways 
from the migration of Site groundwater 
contaminants. 

The statutory citation for 
these standards cited as a 
chemical specific ARAR in 
the ROD (called Ambient 
Water Quality Criteria 
(FWQC)). For this 
alternative these 
standards are action-
specific since they are to 
be used for monitoring 
standards, rather than as 
cleanup standards for 
water (surface water is not 
being remediated under 
the CERCLA remedy). 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R. 141, Subpart 
B and G) 

Relevant and 
Appropriate 

Establishes maximum 
contaminant levels (MCLs) for 
common organic and inorganic 
contaminants applicable to public 
drinking water supplies.  Used as 
relevant and appropriate 
monitoring standards for aquifers 
and surface water bodies that are 
potential drinking water sources. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R.. 141, Subpart 
F) 

Relevant and 
Appropriate 
for non-zero 
MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

Establishes maximum 
contaminant level goals (MCLGs) 
for public water supplies. MCLGs 
are health goals for drinking water 
sources.  These unenforceable 
health goals are available for a 
number of organic and inorganic 
compounds. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Health Advisories To Be Health Advisories are estimates Used to establish Performance The ROD does not cite 
(EPA Office of Considered of risk due to consumption of Standards for monitoring groundwater this guidance. 
Drinking Water) contaminated drinking water; they 

consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that 
may be used for drinking water 
where the standard is more 
conservative than either federal or 
state statutory or regulatory 
standards.  The Health Advisory 
standard for manganese is 0.3 
mg/l. 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

Contaminants outside of the grout wall 
will attenuate after installation of the 
wall and ISCO treatment.  The 
alternative is expected to meet 
Performance Standards for preventing 
migration of contaminants beyond the 
TI Zone compliance boundary. 

The ROD does not cite 
this guidance. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Due to the Technical Impracticability 
Waiver groundwater within the TI Zone 
does not have to achieve groundwater 
standards. Beyond the TI Zone 
compliance boundary groundwater 
must achieve federal drinking water 
and risk-based standards or more 
stringent State groundwater standards 
Inside of the compliance boundary 
groundwater use restrictions will be in 
place for as long as the TI waiver 
remains in effect. Groundwater 
monitoring using these standards will 
be used to make sure groundwater 
exceeding these standards does not 
migrate beyond the compliance 
boundary. Exceedance of these 
standards within the compliance 
boundary is a basis for establishing 
prohibitions on the use of groundwater 
within the compliance boundary. An 
additional buffer zone beyond the 
compliance boundary to prevent 
groundwater wells from being installed 
that would draw contaminated 
groundwater beyond the compliance 
boundary may also be stablished, if 
required. 

The ROD does not cite 
this guidance. 

National Emission 
Standards for 
Hazardous Air 
Pollutants, 40 C.F.R. 
61 

Applicable Establishes standards for 
emissions of designated 
hazardous air pollutants. 

Emissions from any dust containing 
regulated air contaminants will be 
controlled during construction and 
O&M activities to comply with all 
pertinent standards 

As cited in the ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Underground Applicable Regulations established to assure The ISCO injection component to this Not cited in the ROD 
Injection Control that underground injection will not alternative will be implemented in 
Program, 40 C.F.R. endanger drinking water sources. compliance with these standards to 
144, 146, 147 protect drinking water sources outside 
(Subpart EE) of the TI Zone. 
RCRA, Interim Status 
Treatment, Storage, 
and Disposal Facility 
Standards, Chemical, 
Physical and 
Biological Treatment: 
40 C.F.R. Part 265 
Subpart Q 

Relevant and 
Appropriate 

Standards for operating chemical, 
physical and biological treatment 
systems, including the proper 
handling of reagents, system 
maintenance, and closure 
procedures. 

The ISCO treatment component to this 
alternative will be implemented, 
including the handling/management of 
treatment reagents, in compliance with 
these standards. 

Not cited in the ROD. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying federal installation of discharge or collection moved to the Location-
Waters of the United statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table 
States, 33 C.F.R. River with comply with these under Clean Water Act, 
Parts 320-329 regulations. Section 404 (33 U.S.C. § 

1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation groundwater within the TI Zone. Section Env-Ws 410.26 
600: Part 607, of measures to restore the Groundwater use restrictions will be changed to Env-Or 607.05 
Groundwater groundwater quality, and requires established to prevent human by the State. 
Management an evaluation of the effectiveness exposure to contaminated 
Permits; Part 608, of the measures.  Part 608 groundwater.  Groundwater monitoring The ROD does not cite the 
Activity and Use establishes standards for setting will be required permanently and other regulatory 
Restrictions; Part institutional controls to protect therefore monitoring wells will be requirements of Env-Or 
610, Monitoring human health and components of 

the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

installed, operated, and 
decommissioned under these 
standards. Contaminated media 
generated from the installation and 
O&M of the cap, slurry wall/ground 
curtain, and monitoring/treatment 
wells; operation and maintenance of 
the ISCO system; and any other 
remedial activity will be managed in 
compliance with these standards. 
Activity and use restrictions will be 
established to prevent disturbance to 
the components of the remedy 
(including monitoring wells, cap, slurry 
wall/grout curtain, and ISCO treatment 
system). There will be at least yearly 
compliance monitoring to ensure 
groundwater use and activity 
restrictions remain in place and are 
enforced. 

600, including standards 
for activity and use 
restrictions. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500.  Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 

Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the construction or O&M of the cap 
and slurry wall/grout curtain, and other 
components of the remedy. Materials 
that are listed waste or exceed TCLP 
hazardous waste thresholds will be 
disposed off-site in a RCRA Subtitle C 
facility.  Non-hazardous materials will 
be disposed appropriately. 

regulations were not 
identified in the ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
50,0 including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at 
Env-Wm 500, as well as 
specific provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 

Requirements for 
Owners and 
Operators of 
Hazardous Waste 
Facilities/Hazardous 
Waste Transfer 
Facilities, N.H. 
Admin. Code Env-Hw 
700: including 
§ 702.09 General 
Design 
Requirements; § 
702.10 Groundwater 
Monitoring; § 702.11 
Other Monitoring; 
Part 706, 
Emergency/ 
Remedial Actions;    
§ 708.02 Operation 
Requirements; and § 
708.03 Tech. Reqs. 

Relevant and 
Appropriate 

This regulation establishes 
requirements for owners or 
operators of hazardous waste 
treatment, storage or disposal 
facilities. Part 708 incorporates by 
reference the federal 
requirements under 40 C.F.R. 
Part 264, including but not limited 
to Subpart G (closure/post 
closure) and Subpart N (landfills). 

The landfill cap will be constructed and 
maintained  to meet relevant and 
appropriate impermeability standards 
for hazardous waste landfills in order 
to prevent surface water infiltration that 
could contribute to the migration of 
DNAPL from the TI Zone. 

The specific State 
hazardous waste facility 
owner/operator regulations 
were not identified in the 
ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Drinking Water Relevant and State MCLs and MCLGs establish Used to establish Performance Not identified as action-
Quality Standards: Appropriate maximum contaminant levels Standards for monitoring groundwater specific groundwater 
NH Admin. Code for MCLs and permitted in public water supplies at the Technical Impracticability Zone monitoring standards in 
Env-Dw 700 non-zero 

MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

and are the basis of State 
Ambient Groundwater Quality 
Standards (AGQS) that are 
applicable to site ground water. 
The regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDW A). 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 

New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS): Env-Or 
603.03, Table 600-1. 

Relevant and 
Appropriate 

Establishes maximum 
concentration levels for regulated 
contaminants in groundwater 
which result from human 
operations or activities.  NH 
AGQS are equivalent to MCLs for 
contaminants that have MCLs. 
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses. 
The NH AGQS will be used for 
site contaminants where MCLs 
are not currently established. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Groundwater Quality Applicable Wm-Or 603.01(a), (b) and (c) Used to establish Performance Not identified as action-
Criteria: NH Admin. provide that groundwater shall be Standards for monitoring groundwater specific groundwater 
Code Env-Or suitable for use as drinking water at the Technical Impracticability Zone monitoring standards in 
603.01(a),(b),and (c) without treatment; shall not 

contain any regulated 
contaminant in concentrations 
greater than ambient groundwater 
quality standards established in 
Env-Or 603.03; and shall not 
contain any regulated 
contaminant at a concentration 
such that the natural discharge of 
that groundwater to surface water 
will cause a violation of a surface 
water quality standard 
established in Env-Wq 1700. 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 

Nondegradation of 
Groundwater to 
Protect Surface 
Water: NH Admin. 
Code Env-Or 603.01 
(c) 

Applicable Wm-Or 603.01(c) provides that, 
unless naturally occurring, 
groundwater shall not contain any 
contaminants at concentrations 
such that groundwater to surface 
water results in a violation of 
surface water standards in any 
surface water body within or 
adjacent to the site. Env-Or 
603.01 (c) therefore incorporates 
surface water standards set forth 
at Env-Ws 1700. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8), and 
compliance criteria (Env-Wq 
402.22). 

Discharges to groundwater from the 
construction and O&M of the cap and 
slurry wall/grout curtain or any other 
component of the alternative will meet 
discharge standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Underground Applicable State standards established to The ISCO injection component to this Not cited in the ROD 
Injection Controls: supplement federal underground alternative will be implemented in 
Env-Wq 404 injection standards that assure 

that underground injection will not 
endanger drinking water sources. 

compliance with these standards to 
protect drinking water sources outside 
of the TI Zone. 

Surface Water Applicable These rules establish water Standards will be used for monitoring The Surface Water Quality 
Quality Regulations, quality standards for the state’s to measure the performance and regulations (Env-Ws 432) 
NH Admin. Code surface waters. Water quality effectiveness of the remedial action in listed as chemical-specific 
Env-Wq 1700 criteria for toxic substances are 

established. [See Part Env-Wq 
1703 W ater Quality Standards 
and Env-W q 1704 Alternative Site 
Specific Criteria]. Antidegradation 
standards are included in Env-W q 
1708. These rules are applicable 
to point or non-point discharge(s) 
of pollutants to surface waters. 

preventing contaminated groundwater 
from degrading nearby surface waters. 

Antidegradation standards require 
beneficial uses and the water quality to 
sustain existing beneficial uses to be 
maintained and protected by requiring 
discharges to surface water to meet 
the standards. 

ARARs in the ROD are 
incorporated into Env-Wq 
1703 by the State.  For the 
remedy these standards 
are action-specific since 
they are to be used for 
monitoring. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water must comply with these 
standards. 

As cited in the ROD. 

Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and water wells; relocated, and/or abandoned compliance with these standards. Well 604. 
Abandonment of Relevant and according to these regulations. restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions incorporated into institutional controls 
Code We 600 for monitoring 

wells 
on location wells in contaminated 
areas. 

to prevent groundwater use within the 
TI Zone. 

Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of the As identified in the ROD. 
RSA Ch. 125-C; requirements. cap, slurry wall/grout curtain, 
Specific regulations treatment/monitoring wells, or other 
at Env-A cited below. remedial actions cause a release of 

contaminants into the air, emissions 
controls will be included in the 
remedial design to control emissions. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as installation and 
maintenance of the cap, slurry 
wall/grout curtain, and 
treatment/monitoring wells. 

As cited in the ROD. 
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Table A-6: Alternative TI-2 – Physical Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Volatile Organic Applicable Specifies VOC emission control Precautions will be taken during the Env-A 1204 entitled 
Compounds (VOCs), methods and establishes construction and O&M of the cap, Stationary Sources of 
Reasonably Available limitations on VOC emissions for slurry wall/grout curtain and treatment/ Volatile Organic 
Control Technology various process categories. monitoring wells to minimize VOC Compounds (VOCs), as 
(RACT): Env-A 1200 emissions. cited in the ROD have 

been readopted and 
renumbered as Env-A 
1200 by the State. 
. 

Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261.  High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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Table A-7: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status 
Requirement 

Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 

ROD & 1996 ESD 

There are no chemical‐specific ARARs, due to invoking the Technical Impracticability Waiver. 



 

 
 

 

 

 

 

                       

 

Table A-7: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status 
Requirement 

Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 

ROD & 1996 ESD 

There are no chemical‐specific ARARs, due to invoking the Technical Impracticability Waiver. 



 

 

 
 

 

    
  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table A-8: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of 
water or wetland requires 
consultation with the U.S. Fish 
and Wildlife Service and the 
appropriate state wildlife 
agency to develop measures to 
prevent, mitigate, or 
compensate for losses of fish 
and wildlife.   

Contact with appropriate federal 
agencies will be maintained during 
construction and O&M of the 
extraction/monitoring wells and on-site 
treatment system and any other 
components of the remedy that may 
alter protected resource areas  

No change. 
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Table A-8: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth 
the policy, procedure and 
responsibilities to implement 
and enforce Executive Order 
11988 (Floodplain 
Management) and Executive 
Order 11990 (Protection of 
Wetlands). Prohibits activities 
that adversely affect a federally-
regulated wetland unless there 
is no practicable alternative and 
the proposed action includes all 
practicable measures to 
minimize harm to wetlands that 
may result from such use.  
Requires the avoidance of 
impacts associated with the 
occupancy and modification of 
federally-designated 100-year 
and 500-year floodplain and to 
avoid development within 
floodplain wherever there is a 
practicable alternative.  An 
assessment of impacts to 500-
year floodplain is required for 
critical actions – which includes 
siting hazardous waste facilities 
in a floodplain.  Requires public 
notice when proposing any 
action in or affecting floodplain 
or wetlands. 

If there is no practicable alternative 
method to work in federal jurisdictional 
wetlands then all practicable measures 
will be taken to minimize and mitigate 
any adverse impacts.  Erosion and 
sedimentation control measures would 
be adopted during construction, O&M, 
and restoration activities within federal 
jurisdictional wetlands.  Standards for 
construction and O&M of any 
components of the alternative, including 
extraction and monitoring wells, in 
federal jurisdictional wetlands or the 
500-year floodplain will be attained 
based on a determination that (a) there 
is no practical alternative method that 
will achieve cleanup objectives with less 
adverse impact; (b) all practical 
measures would be taken to minimize 
and mitigate any adverse impacts from 
the work; (c) there would be no likely 
impact on federal threatened or 
endangered (T&E) species; (d) actions 
would be taken to minimize impact of 
hydrologic changes during the work; (e) 
after completion of the work, there 
would be no significant net loss of flood 
storage capacity, and no significant net 
increase in flood stage or velocities; and 
(f) river and riverbanks would be 
restored and habitat will be improved.  
Public comment will be solicited as part 
of the Proposed Plan concerning any 
proposed alteration to wetlands and 
floodplain. 

Former wetland and floodplain 
regulations cited in the ROD 
that incorporated Executive 
Orders 11988 and 11990 at 
40 C.F.R. Part 6, Appendix A 
no longer exist so have been 
replaced by regulatory 
requirements to meet the 
Executive Order standards at 
44 C.F.R. § 9. 
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Table A-8: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Clean Water Applicable For discharge of dredged or fill Under this alternative upgrades and The ROD only cited part of 
Act, Section material into federal O&M of the treatment system, slurry the applicable regulations at 
404 (33 U.S.C. jurisdictional water bodies or wall, and monitoring wells, as well as 40 C.F.R. Part 230. 
§ 1344); wetlands, there must be no the construction of new extraction and 
Section practical alternative with less monitoring wells that will result in the 
404(b)(1) adverse impact on aquatic dredging or filling of federal jurisdictional 
Guidelines for ecosystem; discharge cannot wetlands would be subject to these 
Specification of cause or contribute to violation requirements. Activities must be 
Disposal Sites of state water quality standard conducted in accordance with these 
for Dredged or or toxic effluent standard or requirements including, but not limited 
Fill Material (40 jeopardize federal T&E species; to, mitigation and/or restoration. EPA 
C.F.R. Part discharge cannot significantly will determine which alternative is the 
230, 231 and degrade waters of U.S.; must LEDPA because (a) there is no 
33 C.F.R. Parts take practicable steps to practical alternative method that will 
320-323) minimize and mitigate adverse 

impacts; must evaluate impacts 
on flood level, flood velocity, 
and flood storage capacity. Sets 
standards for restoration and 
mitigation required as a result 
of unavoidable impacts to 
aquatic resources.  EPA must 
determine which alternative is 
the “Least Environmentally 
Damaging Practicable 
Alternative” (LEDPA) to protect 
wetland and aquatic resources. 

achieve cleanup objectives with less 
adverse impact and (b) all practical 
measures would be taken to minimize 
and mitigate any adverse impacts from 
the work. Public comment will be 
solicited on EPA’s LEDPA finding in the 
Proposed Plan. 
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Table A-8: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
State 
Requirements 
Criteria and Applicable These standards regulate filling All activities within on-site State ROD citation (Env-Wm 300-
Conditions for and other activities in or jurisdictional wetlands and floodplain 400 and 600) changed to Env-
Fill and Dredge adjacent to wetlands, and areas will comply with these wetland Wt 100-900 by the State. 
In Wetlands: establish criteria for the protection requirements.   
RSA Ch. 482-A protection of wetlands from 
and NH Admin. adverse impacts on fish, 
Code Env-Wt wildlife, commerce, and public 
Parts 100-900 recreation. 
Siting Relevant and Flood control measures must Siting and O&M of the extraction wells ROD citation (He-P 1905.09) 
requirements Appropriate be identified for any facility or the treatment facility will be done in changed to Env-Ws 304.08 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

within the 100-year floodplain.  
Similarly, new facilities located 
within 3,000 feet of faults 
displaced in Holocene times 
must show that no faults pass 
within 200 feet of the facility. 

accordance with these regulations. and 304.09 by the State. 

Native Plant 
Protection Act, 
R.S.A. 217-A 

Applicable Prohibits damaging plant 
species listed as endangered in 
the State. 

Any remedial action that may damage 
state-listed endangered plants will need 
to meet these standards. 

Not cited in the ROD. 

Endangered Applicable Prohibits the taking of State- Any remedial action that may take state- Not cited in the ROD. 
Species listed endangered species and listed species will need to meet these 
Conservation regulates such activities with standards. 
Act, R.S.A. regard to State-listed 
212-A threatened species. 
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Table A-8: Alternative TI-3 – Hydraulic Containment 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Terrain 
Alteration, Env-
Wq 1500  and 
RSA 485-A:17 

Applicable The purpose of these rules is to 
protect drinking water, surface 
water and groundwater from 
degradation resulting from any 
activity which significantly alters 
terrain or occurs in or on the 
border of the surface waters of 
the state. Env-Wq 1505.04 
specifically addresses 
Stormwater Management and 
Erosion and Sediment Control. 

Any significant excavation in or around 
the Souhegan River or other surface 
water bodies on-site as part of the 
remedial action will be conducted in 
compliance with the substantive 
requirements of these standards. 

ROD citation (Env-Ws 415) 
changed to Env-Wq 1500 by 
the State. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Federal 

Requirement 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by appropriate 
test methods.  If found to be hazardous 
wastes, then they will be managed in 
accordance with the substantive 
requirements of the State hazardous 
waste regulations. Wastes that may 
be generated include: investigation 
derived waste from monitoring 
activities, and contaminated media 
produced during the operation and 
maintenance of the treatment system 
and other components of the remedy. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

Clean Water Act 
(CWA), Section 402, 
33 U.S.C. § 1342; 40 
C.F.R. 450 
Discharge of 
Pollutants 

Applicable These standards address water 
discharges which may be directed 
to surface water. Also establishes 
stormwater standards for 
construction and development 
projects that are over one acre. 

Any remedial action that will disturb 
one acre or more, including future 
maintenance or eventual 
demobilization of the treatment 
system, will meet these stormwater 
standards. 

As cited in the ROD 
except the ROD only 
cited section 122 and did 
not include stormwater 
standards at 40 C.F.R. 
Part 450. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R. 141, Subpart 
B and G) 

Relevant and 
Appropriate 

Establishes maximum 
contaminant levels (MCLs) for 
common organic and inorganic 
contaminants applicable to public 
drinking water supplies.  Used as 
relevant and appropriate 
monitoring standards for aquifers 
and surface water bodies that are 
potential drinking water sources. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R.. 141, Subpart 
F) 

Relevant and 
Appropriate 
for non-zero 
MCLGs only; 
MCLGs set as 
zero are To 
Be 
Considered. 

Establishes maximum 
contaminant level goals (MCLGs) 
for public water supplies. MCLGs 
are health goals for drinking water 
sources.  These unenforceable 
health goals are available for a 
number of organic and inorganic 
compounds. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Health Advisories To Be Health Advisories are estimates of Used to establish Performance The ROD does not cite 
(EPA Office of Considered risk due to consumption of Standards for monitoring groundwater this guidance. 
Drinking Water) contaminated drinking water; they 

consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that 
may be used for drinking water 
where the standard is more 
conservative than either federal or 
state statutory or regulatory 
standards.  The Health Advisory 
std. for Mn is 0.3 mg/l. 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

Contaminants outside of the slurry wall 
will attenuate after installation of the 
hydraulic containment.  The alternative 
is expected to meet Performance 
Standards for preventing migration of 
contaminants beyond the TI Zone 
compliance boundary. 

The ROD does not cite 
this guidance. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Due to the Technical Impracticability 
Waiver groundwater within the TI Zone 
does not have to achieve groundwater 
standards. Beyond the TI Zone 
compliance boundary groundwater 
must achieve federal drinking water 
and risk-based standards or more 
stringent State groundwater standards 
Inside of the compliance boundary 
groundwater use restrictions will be in 
place for as long as the TI waiver 
remains in effect. Groundwater 
monitoring using these standards will 
be used to make sure groundwater 
exceeding these standards does not 
migrate beyond the compliance 
boundary. Exceedance of these 
standards within the compliance 
boundary is a basis for establishing 
prohibitions on the use of groundwater 
within the compliance boundary. An 
additional buffer zone beyond the 
compliance boundary to prevent 
groundwater wells from being installed 
that would draw contaminated 
groundwater beyond the compliance 
boundary may also be stablished, if 
required. 

The ROD does not cite 
this guidance. 

National Emission 
Standards for 
Hazardous Air 
Pollutants, 40 C.F.R. 
61 

Applicable Establishes standards for 
emissions of designated 
hazardous air pollutants. 

Emissions from the on-site air stripper 
will comply with all pertinent standards 

As cited in the ROD. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
RCRA, Air Emission Applicable, if RCRA emissions standards not Emissions from the on-site air stripper Not cited in the ROD. 
Standards for VOC delegated to the State. Standards will comply with these pertinent 
Process Vents, 40 emissions for process vents that treat RCRA standards. 
C.F.R. Part 264, over10 ppm or wastes that have total organic 
Subpart AA greater; 

Relevant and 
Appropriate, if 
less than 10 
ppm 

concentrations of 10 ppm or 
greater. 

RCRA, Air Emission 
Standards for 
Equipment Leaks, 40 
C.F.R. Part 264, 
Subpart BB 

Applicable, if 
organic 
concentrations 
of at least 
10% by 
weight; 
Relevant and 
Appropriate, if 
less than 10% 

RCRA emissions standards not 
delegated to the State. Air 
emission standards for equipment 
that contains or contacts RCRA 
waste with organic concentrations 
of 10 ppm or greater. 

The treatment system will be operated 
and maintained to prevent equipment 
leaks. 

Not cited in the ROD. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying federal installation of discharge or collection moved to the Location-
Waters of the United statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table 
States, 33 C.F.R. River with comply with these under Clean Water Act, 
Parts 320-329 regulations. Section 404 (33 U.S.C. § 

1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material 

Page 5 of 14 



   
   

   
 

 

  
 

      
 

 
     

 

 
 
 

 
 

  

   
 

 

 
 

  
 

    

 

   

  

 
 

  
  

   
 

  
  

  

 
  

 
    

   

 

 
  
 

 
 

 

 
 

 

Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation of groundwater within the TI Zone. Section Env-Ws 410.26 
600: Part 607, measures to restore the Groundwater use restrictions will be changed to Env-Or 
Groundwater groundwater quality, and requires established to prevent human 607.05 by the State. 
Management an evaluation of the effectiveness exposure to contaminated 
Permits; Part 608, of the measures.  Part 608 groundwater.  Groundwater monitoring The ROD does not cite 
Activity and Use establishes standards for setting will be required permanently and the other regulatory 
Restrictions; Part institutional controls to protect therefore monitoring wells will be requirements of Env-Or 
610, Monitoring human health and components of 

the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

installed, operated, and 
decommissioned under these 
standards. Contaminated media 
generated from installation of wells, 
operation and maintenance of the 
treatment system, and any other 
remedial activity will be managed in 
compliance with these standards. 
Activity and use restrictions will be 
established to prevent disturbance to 
the components of the remedy 
(including monitoring/injection wells, 
slurry wall, and treatment system). 
There will be at least yearly 
compliance monitoring to ensure 
groundwater use and activity 
restrictions remain in place and are 
enforced. 

600, including standards 
for activity and use 
restrictions. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500.  Env-
Wm 100-1100 was 
changed to Env-Hw 100
1100 by the State. 

Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify the activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the operation and maintenance of the 
treatment system and other 
components of the remedy. Materials 
that are listed waste or exceed TCLP 
hazardous waste thresholds will be 
disposed off-site in a RCRA Subtitle C 
facility.  Non-hazardous materials will 
be disposed appropriately. 

regulations were not 
identified in the ROD. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the 
general generator 
standards at Env-Wm 
500, as well as specific 
provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, 
environmental provisions 
of these regulations are 
ARARs. 

Requirements for 
Owners and 
Operators of 
Hazardous Waste 
Facilities/Hazardous 
Waste Transfer 
Facilities, N.H. 
Admin. Code Env-Hw 
700: including 
§ 702.09 General 
Design 
Requirements; 
§ 702.11 Other 
Monitoring; Part 706, 
Emergency/Remedial 
Actions 

Applicable This regulation establishes 
requirements for owners or 
operators of hazardous waste 
treatment, storage or disposal 
facilities. Part 708 incorporates by 
reference the federal 
requirements under 40 C.F.R. 
Part 264, including but not limited 
to Subpart G (closure/post 
closure). 

The groundwater treatment facility will 
be operated and maintained in 
compliance with these standards. 

The specific State 
hazardous waste facility 
owner/operator 
regulations were not 
identified in the ROD. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Drinking Water Relevant and State MCLs and MCLGs establish Used to establish Performance Not identified as action-
Quality Standards: Appropriate maximum contaminant levels Standards for monitoring groundwater specific groundwater 
NH Admin. Code for MCLs and permitted in public water supplies at the Technical Impracticability Zone monitoring standards in 
Env-Dw 700 non-zero 

MCLGs only; 
MCLGs set as 
zero are To 
Be 
Considered. 

and are the basis of State 
Ambient Groundwater Quality 
Standards (AGQS) that are 
applicable to site ground water. 
The regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDW A). 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 

New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS): Env-Or 
603.03, Table 600-1. 

Relevant and 
Appropriate 

Establishes maximum 
concentration levels for regulated 
contaminants in groundwater 
which result from human 
operations or activities.  NH 
AGQS are equivalent to MCLs for 
contaminants that have MCLs. 
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses. 
The NH AGQS will be used for 
site contaminants where MCLs 
are not currently established. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Groundwater Quality Applicable Wm-Or 603.01(a), (b) and (c) Used to establish Performance Not identified as action-
Criteria: NH Admin. provide that groundwater shall be Standards for monitoring groundwater specific groundwater 
Code Env-Or suitable for use as drinking water at the Technical Impracticability Zone monitoring standards in 
603.01(a),(b),and (c) without treatment; shall not 

contain any regulated contaminant 
in concentrations greater than 
ambient groundwater quality 
standards established in Env-Or 
603.03; and shall not contain any 
regulated contaminant at a 
concentration such that the 
natural discharge of that 
groundwater to surface water will 
cause a violation of a surface 
water quality standard established 
in Env-Wq 1700. 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 

Nondegradation of 
Groundwater to 
Protect Surface 
Water: NH Admin. 
Code Env-Or 603.01 
(c) 

Applicable Wm-Or 603.01(c) provides that, 
unless naturally occurring, 
groundwater shall not contain any 
contaminants at concentrations 
such that groundwater to surface 
water results in a violation of 
surface water standards in any 
surface water body within or 
adjacent to the site. Env-Or 
603.01 (c) therefore incorporates 
surface water standards set forth 
at Env-Ws 1700. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8). and 
compliance criteria (Env-Wq 
402.22), 

Discharges to groundwater from the 
treatment system or any other 
component of the alternative will meet 
discharge standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water must comply with these 
standards. 

As cited in the ROD. 

Sewage and 
Wastewater 
Treatment Systems: 
Env-Wq 700; and 
Best Available 
Technology: Env-Dw 
722 

Relevant and 
Appropriate 

Requires use of best available 
technology when treating organic 
and inorganic contaminants in 
wastewaters. 

The treatment system will be operated 
to achieve required discharge 
standards based on best available 
technology. 

The ROD cited waste 
water treatment system 
regulations at Env-Ws 
700 that have been 
changed to Env-Wq 700 
by the State.  The ROD 
also cited best available 
technology regulations at 
Env-Ws 346-367 that 
have been changed to 
Env-Dw 722 by the State. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking water be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and wells; relocated, and/or abandoned compliance with these standards. Well 604. 
Abandonment of Relevant and according to these regulations. restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions on incorporated into institutional controls 
Code We 600 for monitoring 

wells 
location wells in contaminated 
areas. 

to prevent groundwater use within the 
TI Zone. 

Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of the As identified in the ROD. 
RSA Ch. 125-C; requirements. treatment system, monitoring/ 
Specific regulations extraction wells, or other remedial 
at Env-A cited below. actions cause a release of 

contaminants into the air, emissions 
controls will be included in the 
remedial design to control emissions. 

Ambient Air Quality 
Standards, NH 
Admin. Code Env-A 
300 

Applicable These regulations set primary and 
secondary ambient air quality 
standards (equivalent to federal 
standards).  The standards do not 
allow significant deterioration of 
existing air quality in any portion 
of the state for: particulate matter, 
sulfur dioxide, carbon monoxide, 
nitrogen dioxide, ozone 
hydrocarbons and lead. 

If there are remedial processes that 
result in releases of contaminants into 
the air (particularly operation of the air 
stripper), air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD 
(specifically Parts 303 
and 304) as a chemical-
specific standard, 
however, these are 
action-specific standards 
addressing the control of 
air emissions. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Air Pollution Control: Relevant and Substantive provisions within Substantive standards for discharges As cited in the ROD. 
Env-A 604-606 Appropriate State air permitting regulations 

establish standards for the release 
of air emissions, including VOCs 
and hazardous air pollutants. 
Applicable standards include the 
most stringent of the following 
requirements:  (1) New Source 
Performance Standards, (40 
C.F.R. Part 60); (2) National 
Emissions Standards for 
Hazardous Air Pollutants (40 
C.F.R. Part 61); and (3) New 
Hampshire State Implementation 
Plan limits.  See RSA 125-C:6 

of contaminants to the air from 
treatment operations.  Discharges shall 
be restricted and treated to ensure that 
no regulatory air discharge limits are 
exceeded. 

Testing and 
Monitoring 
Procedures: Env-A 
800 

Applicable Require emission testing and 
ambient air quality monitoring. 
Establish procedures for VOC 
testing and continuous emission 
monitoring. 

Remedial measures generating air 
emissions will be tested to ensure the 
attainment of pertinent standards 

As cited in the ROD. 

Owners and Operator 
Obligations: Env-A 
900 

Applicable Require owners and operators of 
sources discharging air pollutants 
to keep records of quantities of 
pollutants emitted.  Identify 
general and VOC record keeping 
requirements. 

Operational records for the treatment 
facility will be maintained. 

Removed, since these 
are administrative 
standards, rather than 
substantive, 
environmental standards. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as maintenance of 
the treatment system and 
monitoring/extraction well installation. 

As cited in the ROD. 
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Table A-9: Alternative TI-3 – Hydraulic Containment
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Volatile Organic Applicable Specifies VOC emission control Controls will be placed on all air Remove since the 
Compounds (VOCs), methods and establishes emissions from the treatment threshold for applicability 
Reasonably Available limitations on VOC emissions for equipment to minimize VOC emissions for miscellaneous 
Control Technology various process categories. to the ambient air.  Precautions will be sources is emissions 
(RACT): Env-A 1200 taken during any maintenance of the 

slurry wall or O&M of the 
monitoring/extraction wells to minimize 
VOC emissions. 

equal or exceed 50 tons 
of VOC in any 
consecutive 12-month 
period. Cited in the ROD 
as Env-A 1204 and 
entitled Stationary 
Sources of Volatile 
Organic Compounds 
(VOCs).  The regulations 
have been readopted and 
renumbered as Env-A 
1200 by the State. 

Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261.  High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-
specific ARAR. 
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Table A-10: Alternative TI-4 – ISCR 

Savage Municipal Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status 
Requirement 

Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 

ROD & 1996 ESD 

There are no chemical‐specific ARARs, due to invoking the Technical Impracticability Waiver. 



 

 

 
 

 

    
    

 

 

 
  

 

 

 

 

Table A-11: Alternative TI-4 – ISCR 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Federal 

Requirements 
Fish and Applicable Any modification of a body of water or Contact with appropriate federal No change. 
Wildlife wetland requires consultation with the agencies will be maintained during 
Coordination U.S. Fish and Wildlife Service and the construction and O&M of the 
Act (16 U.S.C. appropriate state wildlife agency to injection/monitoring wells and PRB and 
§661 et seq.) develop measures to prevent, mitigate, or 

compensate for losses of fish and 
wildlife. 

any other components of the remedy 
that may alter protected resource areas  

Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and responsibilities to 
implement and enforce Executive Order 
11988 (Floodplain Management) and 
Executive Order 11990 (Protection of 
Wetlands). Prohibits activities that 
adversely affect a federally-regulated 
wetland unless there is no practicable 
alternative and the proposed action 
includes all practicable measures to 
minimize harm to wetlands that may 
result from such use.  Requires the 
avoidance of impacts associated with the 
occupancy and modification of federally-
designated 100-year and 500-year 
floodplain and to avoid development 
within floodplain wherever there is a 
practicable alternative.  An assessment 
of impacts to 500-year floodplain is 
required for critical actions – which 
includes siting hazardous waste facilities 
in a floodplain.  Requires public notice 

If there is no practicable alternative 
method to work in federal jurisdictional 
wetlands then all practicable measures 
will be taken to minimize and mitigate 
any adverse impacts.  Erosion and 
sedimentation control measures would 
be adopted during construction, O&M, 
and restoration activities within federal 
jurisdictional wetlands.  Standards for 
construction and O&M of any 
components of the alternative, including 
injection/monitoring wells and the PRB, 
in federal jurisdictional wetlands or the 
500-year floodplain will be attained 
based on a determination that (a) there 
is no practical alternative method that 
will achieve cleanup objectives with less 
adverse impact; (b) all practical 
measures would be taken to minimize 
and mitigate any adverse impacts from 
the work; (c) there would be no likely 
impact on federal threatened or 

Former wetland and 
floodplain regulations 
cited in the ROD that 
incorporated Executive 
Orders 11988 and 
11990 at 40 C.F.R. 
Part 6, Appendix A no 
longer exist so have 
been replaced by 
regulatory 
requirements to meet 
the Executive Order 
standards at 44 C.F.R. 
§ 9. 
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Table A-11: Alternative TI-4 – ISCR 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
when proposing any action in or affecting 
floodplain or wetlands. 

endangered (T&E) species; (d) actions 
would be taken to minimize impact of 
hydrologic changes during the work; (e) 
after completion of the work, there 
would be no significant net loss of flood 
storage capacity, and no significant net 
increase in flood stage or velocities; and 
(f) river and riverbanks would be 
restored and habitat will be improved.  
Public comment will be solicited as part 
of the Proposed Plan concerning any 
proposed alteration to wetlands and 
floodplain. 

Clean Water Applicable For discharge of dredged or fill material Under this alternative construction and The ROD only cited 
Act, Section into federal jurisdictional water bodies or O&M of the PRB, slurry wall, and part of the applicable 
404 (33 U.S.C. wetlands, there must be no practical injection/monitoring wells that will result regulations at 40 
§ 1344); alternative with less adverse impact on in the dredging or filling of federal C.F.R. Part 230. 
Section aquatic ecosystem; discharge cannot jurisdictional wetlands would be subject 
404(b)(1) cause or contribute to violation of state to these requirements.  Activities must 
Guidelines for water quality standard or toxic effluent be conducted in accordance with these 
Specification of standard or jeopardize federal T&E requirements including, but not limited 
Disposal Sites species; discharge cannot significantly to, mitigation and/or restoration. EPA 
for Dredged or degrade waters of U.S.; must take will determine which alternative is the 
Fill Material (40 practicable steps to minimize and LEDPA because (a) there is no 
C.F.R. Part mitigate adverse impacts; must evaluate practical alternative method that will 
230, 231 and impacts on flood level, flood velocity, and achieve cleanup objectives with less 
33 C.F.R. Parts flood storage capacity. Sets standards for adverse impact and (b) all practical 
320-323) restoration and mitigation required as a 

result of unavoidable impacts to aquatic 
resources.  EPA must determine which 
alternative is the “Least Environmentally 
Damaging Practicable Alternative” 
(LEDPA) to protect wetland and aquatic 
resources. 

measures would be taken to minimize 
and mitigate any adverse impacts from 
the work. Public comment will be 
solicited on EPA’s LEDPA finding in the 
Proposed Plan. 
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Table A-11: Alternative TI-4 – ISCR 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
State 
Requirements 
Criteria and 
Conditions for 
Fill and Dredge 
In Wetlands: 
RSA Ch. 482-A 
and NH Admin. 
Code Env-Wt 
Parts 100-900 

Applicable These standards regulate filling and other 
activities in or adjacent to wetlands, and 
establish criteria for the protection of 
wetlands from adverse impacts on fish, 
wildlife, commerce, and public recreation. 

All activities within on-site State 
jurisdictional wetlands and floodplain 
areas will comply with these wetland 
protection requirements.   

ROD citation (Env-Wm 
300-400 and 600) 
changed to Env-Wt 
100-900 by the State. 

Siting 
requirements 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

Relevant and 
Appropriate 

Flood control measures must be 
identified for any facility within the 100-
year floodplain.  Similarly, new facilities 
located within 3,000 feet of faults 
displaced in Holocene times must show 
that no faults pass within 200 feet of the 
facility. 

Siting and O&M of the ISCR injection 
wells or the PRB will be done in 
accordance with these regulations. 

ROD citation (He-P 
1905.09) changed to 
Env-Ws 304.08 and 
304.09 by the State. 

Native Plant 
Protection Act, 
R.S.A. 217-A 

Applicable Prohibits damaging plant species listed 
as endangered in the State. 

Any remedial action that may damage 
state-listed endangered plants will need 
to meet these standards. 

Not cited in the ROD. 

Endangered Applicable Prohibits the taking of State-listed Any remedial action that may take Not cited in the ROD. 
Species endangered species and regulates such state-listed species will need to meet 
Conservation activities with regard to State-listed these standards. 
Act, R.S.A. threatened species. 
212-A 
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Table A-11: Alternative TI-4 – ISCR 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Terrain 
Alteration, Env-
Wq 1500  and 
RSA 485-A:17 

Applicable The purpose of these rules is to protect 
drinking water, surface water and 
groundwater from degradation resulting 
from any activity which significantly alters 
terrain or occurs in or on the border of 
the surface waters of the state. Env-Wq 
1505.04 specifically addresses 
Stormwater Management and Erosion 
and Sediment Control. 

Any significant excavation in or around 
the Souhegan River or other surface 
water bodies on-site as part of the 
remedial action will be conducted in 
compliance with the substantive 
requirements of these standards. 

ROD citation (Env-Ws 
415) changed to Env-
Wq 1500 by the State. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal Requirement 
Resource 
Conservation and 
Recovery Act (RCRA), 
42 U.S.C. §§ 6901, et 
seq., 40 C.F.R. Parts 
261, 262 and 264 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by appropriate 
test methods.  If found to be hazardous 
wastes, then they will be managed in 
accordance with the substantive 
requirements of the State hazardous 
waste regulations. Wastes that may 
be generated include: investigation 
derived waste from monitoring 
activities and contaminated media 
produced during the construction and 
future operation and maintenance of 
the PRB and other components of the 
remedy. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

Clean Water Act Applicable These standards address water If a discharge from the remedial action, As cited in the ROD 
(CWA), Section 402, discharges which may be directed including construction and O&M of the except the ROD only cited 
33 U.S.C. § 1342; 40 to surface water. Also establishes PRB, is directed to surface water the section 122 and did not 
C.F.R.122,125, 131, stormwater standards for discharge will be treated, if necessary, include stormwater 
136, 450 - Discharge construction and development so that these standards will be standards at 40 C.F.R. 
of Pollutants projects that are over one acre. achieved.  Monitoring may be 

performed, if required to determine 
whether operation and maintenance of 
the remedy could potentially affect 
nearby surface water bodies, in 
accordance with Env-Or-607 (see 
below). Any remedial action that will 
disturb one acre or more, including 
construction and O&M of the PRB, as 
well as demobilization of the treatment 
system, will meet these stormwater 
standards. 

Part 450. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Safe Drinking Water Relevant and Establishes maximum Used to establish Performance Not identified as action-
Act (42 U.S.C. §300f Appropriate contaminant levels (MCLs) for Standards for monitoring groundwater specific groundwater 
et seq.); National common organic and inorganic at the Technical Impracticability Zone monitoring standards in 
primary drinking water contaminants applicable to public compliance boundary to ensure there the ROD. 
regulations (40 C.F.R. drinking water supplies.  Used as is no migration of contaminated 
141, Subpart B and G) relevant and appropriate 

monitoring standards for aquifers 
and surface water bodies that are 
potential drinking water sources. 

groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Safe Drinking Water Relevant and Establishes maximum Used to establish Performance Not identified as action-
Act (42 U.S.C. §300f Appropriate contaminant level goals (MCLGs) Standards for monitoring groundwater specific groundwater 
et seq.); National for non-zero for public water supplies. MCLGs at the Technical Impracticability Zone monitoring standards in 
primary drinking water MCLGs only; are health goals for drinking water compliance boundary to ensure there the ROD. 
regulations (40 C.F.R.. MCLGs set sources.  These unenforceable is no migration of contaminated 
141, Subpart F) as zero are 

To Be 
Considered. 

health goals are available for a 
number of organic and inorganic 
compounds. 

groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Health Advisories To Be Health Advisories are estimates Used to establish Performance The ROD does not cite 
(EPA Office of Considered of risk due to consumption of Standards for monitoring groundwater this guidance. 
Drinking Water) contaminated drinking water; they 

consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that 
may be used for drinking water 
where the standard is more 
conservative than either federal or 
state statutory or regulatory 
standards.  The Health Advisory 
standard for manganese is 0.3 
mg/l. 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

Contaminants outside of the slurry 
wall/PRB will attenuate after 
installation of the PRB and ISCR 
treatment.  The alternative is expected 
to meet Performance Standards for 
preventing migration of contaminants 
beyond the TI Zone compliance 
boundary. 

The ROD does not cite 
this guidance. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA CERCLA 
Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Because of the Technical 
Impracticability Waiver groundwater 
within the TI Zone does not have to 
achieve groundwater standards. 
Beyond the TI Zone compliance 
boundary groundwater must achieve 
federal drinking water and risk-based 
standards or more stringent State 
groundwater standards Inside of the 
compliance boundary groundwater 
use restrictions will be in place for as 
long as the TI waiver remains in effect. 
Groundwater monitoring using these 
standards will be used to make sure 
groundwater exceeding these 
standards does not migrate beyond 
the compliance boundary. 
Exceedance of these standards within 
the compliance boundary is a basis for 
establishing prohibitions on the use of 
groundwater within the compliance 
boundary. An additional buffer zone 
beyond the compliance boundary to 
prevent groundwater wells from being 
installed that would draw 
contaminated groundwater beyond the 
compliance boundary may also be 
stablished, if required. 

The ROD does not cite 
this guidance. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
National Emission 
Standards for 
Hazardous Air 
Pollutants, 40 C.F.R. 
61 

Applicable Establishes standards for 
emissions of designated 
hazardous air pollutants. 

Emissions from any dust containing 
regulated air contaminants will be 
controlled during construction and 
O&M of the PRB and any other 
components of the alternative to 
comply with all pertinent standards 

As cited in the ROD. 

Underground Injection 
Control Program, 40 
C.F.R. 144, 146, 147 
(Subpart EE) 

Applicable Regulations established to assure 
that underground injection will not 
endanger drinking water sources. 

The ISCR injection component to this 
alternative will be implemented in 
compliance with these standards to 
protect drinking water sources outside 
of the TI Zone. 

Not cited in the ROD 

RCRA, Interim Status 
Treatment, Storage, 
and Disposal Facility 
Standards, Chemical, 
Physical and 
Biological Treatment: 
40 C.F.R. Part 265 
Subpart Q 

Relevant and 
Appropriate 

Standards for operating chemical, 
physical and biological treatment 
systems, including the proper 
handling of reagents, system 
maintenance, and closure 
procedures. 

The ISCR treatment and PRB 
components to this alternative will be 
implemented, including the 
handling/management of treatment 
reagents, in compliance with these 
standards. 

Not cited in the ROD. 

Regulation of Activities Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Affecting Waters of the permit program identifying federal installation of discharge or collection moved to the Location-
United States, 33 statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table 
C.F.R. Parts 320-329 River with comply with these 

regulations. 
under Clean Water Act, 
Section 404 (33 U.S.C. § 
1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site 
Management, NH 
Admin. Code Env-Or 
600: Part 607, 
Groundwater 
Management Permits; 
Part 608, Activity and 
Use Restrictions; Part 
610, Monitoring 

Applicable Env-Or Part 607 requires 
monitoring of the groundwater 
quality, requires implementation 
of measures to restore the 
groundwater quality, and requires 
an evaluation of the effectiveness 
of the measures.  Part 608 
establishes standards for setting 
institutional controls to protect 
human health and components of 
the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

ICs will be established to protect 
against use of contaminated 
groundwater within the TI Zone. 
Groundwater use restrictions will be 
established to prevent human 
exposure to contaminated 
groundwater.  Groundwater monitoring 
will be required permanently and 
therefore monitoring wells will be 
installed, operated, and 
decommissioned under these 
standards. Contaminated media 
generated from the installation and 
O&M of the PRB and monitoring/ 
treatment wells; ISCR system; and any 
other remedial activity will be managed 
in compliance with these standards. 
Activity and use restrictions will be 
established to prevent disturbance to 
the components of the remedy 
(including monitoring/treatment wells, 
slurry wall/PRB, and ISCR system). 
There will be at least yearly 
compliance monitoring to ensure 
groundwater use and activity 
restrictions remain in place and are 
enforced. 

ROD contains general 
citation to Env-Ws 410. 
Section Env-Ws 410.26 
changed to Env-Or 607.05 
by the State. 

The ROD does not cite the 
other regulatory 
requirements of Env-Or 
600, including standards 
for activity and use 
restrictions. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA Ch. 
147-A, Env- Hw 100
1100 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500.  Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the construction or O&M of the PRB 
and other components of the remedy. 
Materials that are listed waste or 
exceed TCLP hazardous waste 
thresholds will be disposed off-site in a 
RCRA Subtitle C facility.  Non
hazardous materials will be disposed 
appropriately. 

regulations were not 
identified in the ROD. 

Page 8 of 14 



    
   

 
 

 

  
 

      
  

 
 

 

  

 
 

    

   
 

 
 

 
  

 
 

  
   

 

 

 
 

 

 
 

  
 

 
 

   
 

 
 

 
 

  
           

  
 
 

  
 
 

 

 
 

 
 
 

 
 

 
 

 
 

 
  

  

  

 
 

 
  

 
 

 

Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at 
Env-Wm 500, as well as 
specific provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 

Requirements for 
Owners and Operators 
of Hazardous W aste 
Facilities/Hazardous 
Waste Transfer 
Facilities, N.H. Admin. 
Code Env-Hw 700: 
including § 
702.09 General 
Design Requirements; 
§ 702.10 Groundwater 
Monitoring; § 702.11 
Other Monitoring; Part 
706, Emergency/ 
Remedial Actions;    § 
708.02 Operation 
Requirements; and § 
708.03 Technical 
Requirements 

Relevant and 
Appropriate 

This regulation establishes 
requirements for owners or 
operators of hazardous waste 
treatment, storage or disposal 
facilities. Part 708 incorporates by 
reference the federal 
requirements under 40 C.F.R. 
Part 264, including but not limited 
to Subpart G (closure/post 
closure) and Subpart X 
(miscellaneous units). 

The PRB and ISCR treatment system 
will be constructed and maintained to 
meet relevant and appropriate 
hazardous waste treatment system 
standards. 

The specific State 
hazardous waste facility 
owner/operator regulations 
were not identified in the 
ROD. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Drinking Water Quality Relevant and State MCLs and MCLGs establish Used to establish Performance Not identified as action-
Standards: NH Admin. Appropriate maximum contaminant levels Standards for monitoring groundwater specific groundwater 
Code Env-Dw 700 for MCLs and 

non-zero 
MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

permitted in public water supplies 
and are the basis of State 
Ambient Groundwater Quality 
Standards (AGQS) that are 
applicable to site ground water. 
The regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDW A). 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

monitoring standards in 
the ROD. 

New Hampshire Relevant and Establishes maximum Used to establish Performance Not identified as action-
Ambient Groundwater Appropriate concentration levels for regulated Standards for monitoring groundwater specific groundwater 
Quality Standards (NH contaminants in groundwater at the Technical Impracticability Zone monitoring standards in 
AGQS): Env-Or which result from human compliance boundary to ensure there the ROD. 
603.03, Table 600-1. operations or activities.  NH 

AGQS are equivalent to MCLs for 
contaminants that have MCLs. 
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses. 
The NH AGQS will be used for 
site contaminants where MCLs 
are not currently established. 

is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Groundwater Quality Applicable Wm-Or 603.01(a), (b) and (c) Used to establish Performance Not identified as action-
Criteria: NH Admin. provide that groundwater shall be Standards for monitoring groundwater specific groundwater 
Code Env-Or suitable for use as drinking water at the Technical Impracticability Zone monitoring standards in 
603.01(a),(b),and (c) without treatment; shall not 

contain any regulated 
contaminant in concentrations 
greater than ambient groundwater 
quality standards established in 
Env-Or 603.03; and shall not 
contain any regulated 
contaminant at a concentration 
such that the natural discharge of 
that groundwater to surface water 
will cause a violation of a surface 
water quality standard 
established in Env-Wq 1700. 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 

Nondegradation of 
Groundwater to 
Protect Surface W ater: 
NH Admin. Code Env-
Or 603.01 (c) 

Applicable Wm-Or 603.01(c) provides that, 
unless naturally occurring, 
groundwater shall not contain any 
contaminants at concentrations 
such that groundwater to surface 
water results in a violation of 
surface water standards in any 
surface water body within or 
adjacent to the site. Env-Or 
603.01 (c) therefore incorporates 
surface water standards set forth 
at Env-Ws 1700. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Protection of 
Groundwater: R.S.A. 
485-A: 13, NH Admin. 
Code Env-W q 402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8), and 
compliance criteria (Env-Wq 
402.22). 

Discharges to groundwater from the 
construction and O&M of the PRB, 
ISCR system, or any other component 
of the alternative will meet discharge 
standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Underground Injection Applicable State standards established to The ISCR injection component to this Not cited in the ROD 
Controls:  Env-Wq 404 supplement federal underground 

injection standards that assure 
that underground injection will not 
endanger drinking water sources. 

alternative will be implemented in 
compliance with these standards to 
protect drinking water sources outside 
of the TI Zone. 

Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water from the construction or O&M of 
the PRB or other components of the 
remedy must comply with these 
standards. 

As cited in the ROD. 

Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and water wells; relocated, and/or abandoned compliance with these standards. Well 604. 
Abandonment of Relevant and according to these regulations. restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions incorporated into institutional controls 
Code We 600 for monitoring 

wells 
on location wells in contaminated 
areas. 

to prevent groundwater use within the 
TI Zone. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of the As identified in the ROD. 
RSA Ch. 125-C; requirements. PRB or other remedial actions cause a 
Specific regulations at release of contaminants into the air, 
Env-A cited below. emissions controls will be included in 

the remedial design to control 
emissions. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as installation and 
O&M of the PRB and treatment/ 
monitoring wells. 

As cited in the ROD. 

Volatile Organic Applicable Specifies VOC emission control Precautions will be taken during the Remove since the 
Compounds (VOCs), methods and establishes construction and O&M of the PRB and threshold for applicability 
Reasonably Available limitations on VOC emissions for treatment/ monitoring wells to minimize for miscellaneous sources 
Control Technology various process categories. VOC emissions. is emissions equal or 
(RACT): Env-A 1200 exceed 50 tons of VOC in 

any consecutive 12-month 
period. Cited in the ROD 
as Env-A 1204 and 
entitled Stationary Sources 
of Volatile Organic 
Compounds (VOCs).  The 
regulations have been 
readopted and 
renumbered as Env-A 
1200 by the State. 
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Table A-12: Alternative TI-4 – ISCR
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Regulated Toxic Air 
Pollutants, NH Admin. 
Code Env-A Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261.  High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, in particular the construction 
and O&M of the PRB and other 
components of the alternative, air 
quality standards will be complied with 
during remedial activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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Table A-13: Alternative TI-5 – ISCO 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status 
Requirement 

Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 

ROD & 1996 ESD 

There are no chemical‐specific ARARs, due to invoking the Technical Impracticability Waiver. 



 

 

 
 

 

    
   

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table A-14: Alternative TZ-5 – ISCO 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 

1996 ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of water or 
wetland requires consultation with the 
U.S. Fish and Wildlife Service and the 
appropriate state wildlife agency to 
develop measures to prevent, mitigate, 
or compensate for losses of fish and 
wildlife. 

Contact with appropriate federal 
agencies will be maintained during 
construction and O&M of the 
injection/monitoring wells and PRB, 
as well as any other components of 
the remedy that may alter protected 
resource areas 

No change. 
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Table A-14: Alternative TZ-5 – ISCO 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 

1996 ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and responsibilities to 
implement and enforce Executive Order 
11988 (Floodplain Management) and 
Executive Order 11990 (Protection of 
Wetlands). Prohibits activities that 
adversely affect a federally-regulated 
wetland unless there is no practicable 
alternative and the proposed action 
includes all practicable measures to 
minimize harm to wetlands that may 
result from such use.  Requires the 
avoidance of impacts associated with 
the occupancy and modification of 
federally-designated 100-year and 500-
year floodplain and to avoid 
development within floodplain wherever 
there is a practicable alternative.  An 
assessment of impacts to 500-year 
floodplain is required for critical actions 
– which includes siting hazardous waste 
facilities in a floodplain.  Requires public 
notice when proposing any action in or 
affecting floodplain or wetlands. 

If there is no practicable alternative 
method to work in federal 
jurisdictional wetlands then all 
practicable measures will be taken 
to minimize and mitigate any 
adverse impacts.  Erosion and 
sedimentation control measures 
would be adopted during 
construction, O&M, and restoration 
activities within federal jurisdictional 
wetlands.  Standards for 
construction and O&M of any 
components of the alternative, 
including injection/monitoring wells 
and the PRB, in federal 
jurisdictional wetlands or the 500-
year floodplain will be attained 
based on a determination that (a) 
there is no practical alternative 
method that will achieve cleanup 
objectives with less adverse impact; 
(b) all practical measures would be 
taken to minimize and mitigate any 
adverse impacts from the work; (c) 
there would be no likely impact on 
federal threatened or endangered 
(T&E) species; (d) actions would be 
taken to minimize impact of 
hydrologic changes during the work; 
(e) after completion of the work, 
there would be no significant net 
loss of flood storage capacity, and 
no significant net increase in flood 
stage or velocities; and (f) river and 

Former wetland and 
floodplain regulations cited 
in the ROD that incorporated 
Executive Orders 11988 and 
11990 at 40 C.F.R. Part 6, 
Appendix A no longer exist 
so have been replaced by 
regulatory requirements to 
meet the Executive Order 
standards at 44 C.F.R. § 9. 
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Table A-14: Alternative TZ-5 – ISCO 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 

1996 ESD 
riverbanks would be restored and 
habitat will be improved.  Public 
comment will be solicited as part of 
the Proposed Plan concerning any 
proposed alteration to wetlands and 
floodplain. 

Clean Water Applicable For discharge of dredged or fill material Under this alternative construction The ROD only cited part of 
Act, Section into federal jurisdictional water bodies and O&M of the PRB, slurry wall, the applicable regulations at 
404 (33 U.S.C. or wetlands, there must be no practical and injection/monitoring wells that 40 C.F.R. Part 230. 
§ 1344); alternative with less adverse impact on will result in the dredging or filling of 
Section aquatic ecosystem; discharge cannot federal jurisdictional wetlands would 
404(b)(1) cause or contribute to violation of state be subject to these requirements.  
Guidelines for water quality standard or toxic effluent Activities must be conducted in 
Specification of standard or jeopardize federal T&E accordance with these 
Disposal Sites species; discharge cannot significantly requirements including, but not 
for Dredged or degrade waters of U.S.; must take limited to, mitigation and/or 
Fill Material (40 practicable steps to minimize and restoration. EPA will determine 
C.F.R. Part mitigate adverse impacts; must which alternative is the LEDPA  
230, 231 and evaluate impacts on flood level, flood because (a) there is no practical 
33 C.F.R. Parts velocity, and flood storage capacity. alternative method that will achieve 
320-323) Sets standards for restoration and 

mitigation required as a result of 
unavoidable impacts to aquatic 
resources.  EPA must determine which 
alternative is the “Least Environmentally 
Damaging Practicable Alternative” 
(LEDPA) to protect wetland and aquatic 
resources. 

cleanup objectives with less 
adverse impact and (b) all practical 
measures would be taken to 
minimize and mitigate any adverse 
impacts from the work. Public 
comment will be solicited on EPA’s 
LEDPA finding in the Proposed 
Plan. 

Page 3 of 5 



 

 

 
 

 

 
    

 

 
 

 

   

 

 
 

 

 
 
 

 

 
 

 

 

 

 

 
 
 

Table A-14: Alternative TZ-5 – ISCO 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 

1996 ESD 
State 
Requirements 
Criteria and 
Conditions for 
Fill and Dredge 
In Wetlands: 
RSA Ch. 482-A 
and NH Admin. 
Code Env-Wt 
Parts 100-900 

Applicable These standards regulate filling and 
other activities in or adjacent to 
wetlands, and establish criteria for the 
protection of wetlands from adverse 
impacts on fish, wildlife, commerce, and 
public recreation. 

All activities within on-site State 
jurisdictional wetlands and 
floodplain areas will comply with 
these wetland protection 
requirements. 

ROD citation (Env-Wm 300-
400 and 600) changed to 
Env-Wt 100-900 by the 
State. 

Siting Relevant and Flood control measures must be Siting and O&M of the treatment ROD citation (He-P 1905.09) 
requirements Appropriate identified for any facility within the 100- wells [and PRB] will be done in changed to Env-Ws 304.08 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

year floodplain.  Similarly, new facilities 
located within 3,000 feet of faults 
displaced in Holocene times must show 
that no faults pass within 200 feet of the 
facility. 

accordance with these regulations. and 304.09 by the State. 

Native Plant Applicable Prohibits damaging plant species listed Any remedial action that may Not cited in the ROD. 
Protection Act, as endangered in the State. damage state-listed endangered 
R.S.A. 217-A plants will need to meet these 

standards. 
Endangered Applicable Prohibits the taking of State-listed Any remedial action that may take Not cited in the ROD. 
Species endangered species and regulates such state-listed species will need to 
Conservation activities with regard to State-listed meet these standards. 
Act, R.S.A. threatened species. 
212-A 
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Table A-14: Alternative TZ-5 – ISCO 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 ROD & 

1996 ESD 
Terrain 
Alteration, Env-
Wq 1500  and 
RSA 485-A:17 

Applicable The purpose of these rules is to protect 
drinking water, surface water and 
groundwater from degradation resulting 
from any activity which significantly 
alters terrain or occurs in or on the 
border of the surface waters of the 
state. Env-Wq 1505.04 specifically 
addresses Stormwater Management 
and Erosion and Sediment Control. 

Any significant excavation in or 
around the Souhegan River or other 
surface water bodies on-site as part 
of the remedial action will be 
conducted in compliance with the 
substantive requirements of these 
standards. 

ROD citation (Env-Ws 415) 
changed to Env-Wq 1500 by 
the State. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal 

Requirement 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by 
appropriate test methods. If found to 
be hazardous wastes, then they will 
be managed in accordance with the 
substantive requirements of the State 
hazardous waste regulations. Wastes 
that may be generated include: 
investigation derived waste from 
monitoring activities and 
contaminated media produced during 
the construction and future operation 
and maintenance of the PRB and 
other components of the remedy. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal standard. 

Clean Water Act Applicable These standards address water If a discharge from the remedial As cited in the ROD except 
(CWA), Section 402, discharges which may be directed action, including construction and the ROD only cited section 
33 U.S.C. § 1342; 40 to surface water. Also establishes O&M of the PRB, is directed to 122 and did not include 
C.F.R.122,125, 131, stormwater standards for surface water the discharge will be stormwater standards at 40 
136, 450 - Discharge construction and development treated, if necessary, so that these C.F.R. Part 450. 
of Pollutants projects that are over one acre. standards will be achieved. 

Monitoring may be performed, if 
required to determine whether 
operation and maintenance of the 
remedy could potentially affect nearby 
surface water bodies, in accordance 
with Env-Or-607 (see below). Any 
remedial action that will disturb one 
acre or more, including construction 
and O&M of the PRB, as well as 
demobilization of the treatment 
system, will meet these stormwater 
standards. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R. 141, Subpart 
B and G) 

Relevant and 
Appropriate 

Establishes maximum 
contaminant levels (MCLs) for 
common organic and inorganic 
contaminants applicable to public 
drinking water supplies.  Used as 
relevant and appropriate 
monitoring standards for aquifers 
and surface water bodies that are 
potential drinking water sources. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in the 
ROD. 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R.. 141, Subpart 
F) 

Relevant and 
Appropriate 
for non-zero 
MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

Establishes maximum 
contaminant level goals (MCLGs) 
for public water supplies. MCLGs 
are health goals for drinking water 
sources.  These unenforceable 
health goals are available for a 
number of organic and inorganic 
compounds. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in the 
ROD. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Health Advisories To Be Health Advisories are estimates Used to establish Performance The ROD does not cite this 
(EPA Office of Considered of risk due to consumption of Standards for monitoring groundwater guidance. 
Drinking Water) contaminated drinking water; they 

consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that 
may be used for drinking water 
where the standard is more 
conservative than either federal or 
state statutory or regulatory 
standards.  The Health Advisory 
standard for manganese is 0.3 
mg/l. 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

Contaminants outside of the slurry 
wall/PRB will attenuate after 
installation of the PRB and ISCO 
treatment.  The alternative is 
expected to meet Performance 
Standards for preventing migration of 
contaminants beyond the TI Zone 
compliance boundary. 

The ROD does not cite this 
guidance. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Due to the Technical Impracticability 
Waiver groundwater within the TI 
Zone does not have to achieve 
groundwater standards. Beyond the 
TI Zone compliance boundary 
groundwater must achieve federal 
drinking water and risk-based 
standards or more stringent State 
groundwater standards Inside of the 
compliance boundary groundwater 
use restrictions will be in place for as 
long as the TI waiver remains in 
effect. Groundwater monitoring using 
these standards will be used to make 
sure groundwater exceeding these 
standards does not migrate beyond 
the compliance boundary. 
Exceedance of these standards 
within the compliance boundary is a 
basis for establishing prohibitions on 
the use of groundwater within the 
compliance boundary. An additional 
buffer zone beyond the compliance 
boundary to prevent groundwater 
wells from being installed that would 
draw contaminated groundwater 
beyond the compliance boundary 
may also be stablished, if required. 

The ROD does not cite this 
guidance. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
National Emission 
Standards for 
Hazardous Air 
Pollutants, 40 C.F.R. 
61 

Applicable Establishes standards for 
emissions of designated 
hazardous air pollutants. 

Emissions from any dust containing 
regulated air contaminants will be 
controlled during construction and 
O&M of the PRB and any other 
components of the alternative to 
comply with all pertinent standards 

As cited in the ROD. 

Underground Applicable Regulations established to assure The ISCO injection component to this Not cited in the ROD 
Injection Control that underground injection will not alternative will be implemented in 
Program, 40 C.F.R. endanger drinking water sources. compliance with these standards to 
144, 146, 147 protect drinking water sources outside 
(Subpart EE) of the TI Zone. 
RCRA, Interim Status 
Treatment, Storage, 
and Disposal Facility 
Standards, Chemical, 
Physical and 
Biological Treatment: 
40 C.F.R. Part 265 
Subpart Q 

Relevant and 
Appropriate 

Standards for operating chemical, 
physical and biological treatment 
systems, including the proper 
handling of reagents, system 
maintenance, and closure 
procedures. 

The ISCO treatment and PRB 
components to this alternative will be 
implemented, including the 
handling/management of treatment 
reagents, in compliance with these 
standards. 

Not cited in the ROD. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying federal installation of discharge or collection moved to the Location-
Waters of the United statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table under 
States, 33 C.F.R. River with comply with these Clean Water Act, Section 
Parts 320-329 regulations. 404 (33 U.S.C. § 1344); 

Section 404(b)(1) 
Guidelines for Specification 
of Disposal Sites for 
Dredged or Fill Material. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation groundwater within the TI Zone. Section Env-Ws 410.26 
600: Part 607, of measures to restore the Groundwater use restrictions will be changed to Env-Or 607.05 
Groundwater groundwater quality, and requires established to prevent human by the State. 
Management an evaluation of the effectiveness exposure to contaminated 
Permits; Part 608, of the measures.  Part 608 groundwater.  Groundwater The ROD does not cite the 
Activity and Use establishes standards for setting monitoring will be required other regulatory 
Restrictions; Part institutional controls to protect permanently and therefore monitoring requirements of Env-Or 
610, Monitoring human health and components of 

the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

wells will be installed, operated, and 
decommissioned under these 
standards. Contaminated media 
generated from the installation and 
O&M of the PRB and monitoring/ 
treatment wells; ISCO system; and 
any other remedial activity will be 
managed in compliance with these 
standards. Activity and use 
restrictions will be established to 
prevent disturbance to the 
components of the remedy (including 
monitoring/treatment wells, slurry 
wall/PRB, and ISCO system).  There 
will be at least yearly compliance 
monitoring to ensure groundwater use 
and activity restrictions remain in 
place and are enforced. 

600, including standards for 
activity and use restrictions. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the 
remedial action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations at 
Env-Wm 500.  Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 

Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be 
generated include: investigation 
derived waste from monitoring 
activities and contaminated media 
produced during the construction or 
O&M of the PRB and other 
components of the remedy. Materials 
that are listed waste or exceed TCLP 
hazardous waste thresholds will be 
disposed off-site in a RCRA Subtitle C 
facility.  Non-hazardous materials will 
be disposed appropriately. 

regulations were not 
identified in the ROD. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at Env-
Wm 500, as well as specific 
provisions of these 
regulations pertaining to 
manifesting, recordkeeping, 
packaging and labelling.  
Env-Wm 500 has since 
been changed to Env-Hw 
500 by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 

Requirements for 
Owners and 
Operators of 
Hazardous Waste 
Facilities/Hazardous 
Waste Transfer 
Facilities, N.H. 
Admin. Code Env-Hw 
700: including 
§ 702.09 General 
Design 
Requirements; § 
702.10 Groundwater 
Monitoring; § 702.11 
Other Monitoring; 
Part 706, 
Emergency/ 
Remedial Actions;    
§ 708.02 Operation 
Requirements; and § 
708.03 Technical 
Requirements 

Relevant and 
Appropriate 

This regulation establishes 
requirements for owners or 
operators of hazardous waste 
treatment, storage or disposal 
facilities. Part 708 incorporates by 
reference the federal 
requirements under 40 C.F.R. 
Part 264, including but not limited 
to Subpart G (closure/post 
closure) and Subpart X 
(miscellaneous units). 

The PRB and ISCO treatment system 
will be constructed and maintained to 
meet relevant and appropriate 
hazardous waste treatment system 
standards. 

The specific State 
hazardous waste facility 
owner/operator regulations 
were not identified in the 
ROD. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Drinking Water Relevant and State MCLs and MCLGs establish Used to establish Performance Not identified as action-
Quality Standards: Appropriate maximum contaminant levels Standards for monitoring groundwater specific groundwater 
NH Admin. Code for MCLs and permitted in public water supplies at the Technical Impracticability Zone monitoring standards in the 
Env-Dw 700 non-zero 

MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

and are the basis of State 
Ambient Groundwater Quality 
Standards (AGQS) that are 
applicable to site ground water. 
The regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDW A). 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

ROD. 

New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS): Env-Or 
603.03, Table 600-1. 

Relevant and 
Appropriate 

Establishes maximum 
concentration levels for regulated 
contaminants in groundwater 
which result from human 
operations or activities.  NH 
AGQS are equivalent to MCLs for 
contaminants that have MCLs. 
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses. 
The NH AGQS will be used for 
site contaminants where MCLs 
are not currently established. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in the 
ROD. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Groundwater Quality Applicable Wm-Or 603.01(a), (b) and (c) Used to establish Performance Not identified as action-
Criteria: NH Admin. provide that groundwater shall be Standards for monitoring groundwater specific groundwater 
Code Env-Or suitable for use as drinking water at the Technical Impracticability Zone monitoring standards in the 
603.01(a),(b),and (c) without treatment; shall not 

contain any regulated 
contaminant in concentrations 
greater than ambient groundwater 
quality standards established in 
Env-Or 603.03; and shall not 
contain any regulated 
contaminant at a concentration 
such that the natural discharge of 
that groundwater to surface water 
will cause a violation of a surface 
water quality standard 
established in Env-Wq 1700. 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

ROD. 

Nondegradation of 
Groundwater to 
Protect Surface 
Water: NH Admin. 
Code Env-Or 603.01 
(c) 

Applicable Wm-Or 603.01(c) provides that, 
unless naturally occurring, 
groundwater shall not contain any 
contaminants at concentrations 
such that groundwater to surface 
water results in a violation of 
surface water standards in any 
surface water body within or 
adjacent to the site. Env-Or 
603.01 (c) therefore incorporates 
surface water standards set forth 
at Env-Ws 1700. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, 
ICs will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in the 
ROD. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8), and 
compliance criteria (Env-Wq 
402.22). 

Discharges to groundwater from the 
construction and O&M of the PRB, 
ISCO system, or any other 
component of the alternative will meet 
discharge standards. 

ROD included the statutory 
citation and the regulatory 
citation at Env-Ws 410. 
The statutory citation has 
not changed, but Env-Ws 
410 has been changed to 
Env-Wq 402 by the State. 

Underground Applicable State standards established to The ISCO injection component to this Not cited in the ROD 
Injection Controls: supplement federal underground alternative will be implemented in 
Env-Wq 404 injection standards that assure 

that underground injection will not 
endanger drinking water sources. 

compliance with these standards to 
protect drinking water sources outside 
of the TI Zone. 

Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water from the construction or O&M of 
the PRB or other components of the 
remedy must comply with these 
standards. 

As cited in the ROD. 

Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and water wells; relocated, and/or abandoned compliance with these standards. 604. 
Abandonment of Relevant and according to these regulations. Well restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions incorporated into institutional controls 
Code We 600 for monitoring 

wells 
on location wells in contaminated 
areas. 

to prevent groundwater use within the 
TI Zone. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of the As identified in the ROD. 
RSA Ch. 125-C; requirements. PRB or other remedial actions cause 
Specific regulations a release of contaminants into the air, 
at Env-A cited below. emissions controls will be included in 

the remedial design to control 
emissions. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as installation 
and O&M of the PRB and treatment/ 
monitoring wells. 

As cited in the ROD. 

Volatile Organic Applicable Specifies VOC emission control Precautions will be taken during the Remove since the threshold 
Compounds (VOCs), methods and establishes construction and O&M of the PRB and for applicability for 
Reasonably Available limitations on VOC emissions for treatment/ monitoring wells to miscellaneous sources is 
Control Technology various process categories. minimize VOC emissions. emissions equal or exceed 
(RACT): Env-A 1200 50 tons of VOC in any 

consecutive 12-month 
period. Cited in the ROD 
as Env-A 1204 and entitled 
Stationary Sources of 
Volatile Organic 
Compounds (VOCs).  The 
regulations have been 
readopted and renumbered 
as Env-A 1200 by the 
State. 
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Table A-15: Alternative TI-5 – ISCO
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261.  High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, in particular the construction 
and O&M of the PRB and other 
components of the alternative, air 
quality standards will be complied with 
during remedial activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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Table A-16: Alternative TI-6 – ISTT 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status 
Requirement 

Synopsis 
Action to be Taken to Attain 

ARAR 
Changes from 1991 

ROD & 1996 ESD 

There are no chemical‐specific ARARs, due to invoking the Technical Impracticability Waiver. 



 

 

 
 

 

    
   

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table A-17: Alternative TI-7 – ISTT 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of water or 
wetland requires consultation with the 
U.S. Fish and Wildlife Service and the 
appropriate state wildlife agency to 
develop measures to prevent, 
mitigate, or compensate for losses of 
fish and wildlife.  

Contact with appropriate federal 
agencies will be maintained during 
construction and O&M of the 
heater/monitoring wells and PRB, as 
well as any other components of the 
remedy that may alter protected 
resource areas 

No change. 
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Table A-17: Alternative TI-7 – ISTT 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and responsibilities 
to implement and enforce Executive 
Order 11988 (Floodplain 
Management) and Executive Order 
11990 (Protection of Wetlands). 
Prohibits activities that adversely 
affect a federally-regulated wetland 
unless there is no practicable 
alternative and the proposed action 
includes all practicable measures to 
minimize harm to wetlands that may 
result from such use.  Requires the 
avoidance of impacts associated with 
the occupancy and modification of 
federally-designated 100-year and 
500-year floodplain and to avoid 
development within floodplain 
wherever there is a practicable 
alternative. An assessment of impacts 
to 500-year floodplain is required for 
critical actions – which includes siting 
hazardous waste facilities in a 
floodplain. Requires public notice 
when proposing any action in or 
affecting floodplain or wetlands. 

If there is no practicable alternative 
method to work in federal jurisdictional 
wetlands then all practicable measures 
will be taken to minimize and mitigate 
any adverse impacts.  Erosion and 
sedimentation control measures would 
be adopted during construction, O&M, 
and restoration activities within federal 
jurisdictional wetlands.  Standards for 
construction and O&M of any 
components of the alternative, 
including heater/monitoring wells and 
the PRB, in federal jurisdictional 
wetlands or the 500-year floodplain will 
be attained based on a determination 
that (a) there is no practical alternative 
method that will achieve cleanup 
objectives with less adverse impact; (b) 
all practical measures would be taken 
to minimize and mitigate any adverse 
impacts from the work; (c) there would 
be no likely impact on federal 
threatened or endangered (T&E) 
species; (d) actions would be taken to 
minimize impact of hydrologic changes 
during the work; (e) after completion of 
the work, there would be no significant 
net loss of flood storage capacity, and 
no significant net increase in flood 
stage or velocities; and (f) river and 
riverbanks would be restored and 
habitat will be improved.  Public 
comment will be solicited as part of the 
Proposed Plan concerning any 
proposed alteration to wetlands and 

Former wetland and 
floodplain regulations cited 
in the ROD that incorporated 
Executive Orders 11988 and 
11990 at 40 C.F.R. Part 6, 
Appendix A no longer exist 
so have been replaced by 
regulatory requirements to 
meet the Executive Order 
standards at 44 C.F.R. § 9. 
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Table A-17: Alternative TI-7 – ISTT 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
floodplain. 

Clean Water Applicable For discharge of dredged or fill Under this alternative construction and The ROD only cited part of 
Act, Section material into federal jurisdictional O&M of the PRB, slurry wall, and the applicable regulations at 
404 (33 U.S.C. water bodies or wetlands, there must heater/monitoring wells that will result 40 C.F.R. Part 230. 
§ 1344); be no practical alternative with less in the dredging or filling of federal 
Section adverse impact on aquatic ecosystem; jurisdictional wetlands would be subject 
404(b)(1) discharge cannot cause or contribute to these requirements.  Activities must 
Guidelines for to violation of state water quality be conducted in accordance with these 
Specification of standard or toxic effluent standard or requirements including, but not limited 
Disposal Sites jeopardize federal T&E species; to, mitigation and/or restoration. EPA 
for Dredged or discharge cannot significantly degrade will determine which alternative is the 
Fill Material (40 waters of U.S.; must take practicable LEDPA because (a) there is no 
C.F.R. Part steps to minimize and mitigate practical alternative method that will 
230, 231 and adverse impacts; must evaluate achieve cleanup objectives with less 
33 C.F.R. Parts impacts on flood level, flood velocity, adverse impact and (b) all practical 
320-323) and flood storage capacity. Sets 

standards for restoration and 
mitigation required as a result of 
unavoidable impacts to aquatic 
resources.  EPA must determine 
which alternative is the “Least 
Environmentally Damaging 
Practicable Alternative” (LEDPA) to 
protect wetland and aquatic 
resources. 

measures would be taken to minimize 
and mitigate any adverse impacts from 
the work. Public comment will be 
solicited on EPA’s LEDPA finding in the 
Proposed Plan. 

State 
Requirements 
Criteria and Applicable These standards regulate filling and All activities within on-site State ROD citation (Env-Wm 300-
Conditions for other activities in or adjacent to jurisdictional wetlands and floodplain 400 and 600) changed to 
Fill and Dredge wetlands, and establish criteria for the areas will comply with these wetland Env-Wt 100-900 by the 
In Wetlands: protection of wetlands from adverse protection requirements.   State. 
RSA Ch. 482-A impacts on fish, wildlife, commerce, 
and NH Admin. and public recreation. 
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Table A-17: Alternative TI-7 – ISTT 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Code Env-Wt 
Parts 100-900 
Siting Relevant and Flood control measures must be Siting and O&M of the heater wells, ROD citation (He-P 1905.09) 
requirements Appropriate identified for any facility within the treatment facility and PRB will be done changed to Env-Ws 304.08 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

100-year floodplain.  Similarly, new 
facilities located within 3,000 feet of 
faults displaced in Holocene times 
must show that no faults pass within 
200 feet of the facility. 

in accordance with these regulations. and 304.09 by the State. 

Native Plant 
Protection Act, 
R.S.A. 217-A 

Applicable Prohibits damaging plant species 
listed as endangered in the State. 

Any remedial action that may damage 
state-listed endangered plants will 
need to meet these standards. 

Not cited in the ROD. 

Endangered Applicable Prohibits the taking of State-listed Any remedial action that may take Not cited in the ROD. 
Species endangered species and regulates state-listed species will need to meet 
Conservation such activities with regard to State- these standards. 
Act, R.S.A. listed threatened species. 
212-A 
Terrain Applicable The purpose of these rules is to Any significant excavation in or around ROD citation (Env-Ws 415) 
Alteration, Env- protect drinking water, surface water the Souhegan River or other surface changed to Env-Wq 1500 by 
Wq 1500  and and groundwater from degradation water bodies on-site as part of the the State. 
RSA 485-A:17 resulting from any activity which 

significantly alters terrain or occurs in 
or on the border of the surface waters 
of the state. Env-Wq 1505.04 
specifically addresses Stormwater 
Management and Erosion and 
Sediment Control. 

remedial action will be conducted in 
compliance with the substantive 
requirements of these standards. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal 

Requirement 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate for 
remedial 
actions where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA 
standards through its state 
hazardous waste management 
regulations (Env-Hw 100-1100).  
These provisions have been 
adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by appropriate 
test methods.  If found to be hazardous 
wastes, then they will be managed in 
accordance with the substantive 
requirements of the State hazardous 
waste regulations. Wastes that may 
be generated include: investigation 
derived waste from monitoring 
activities and contaminated media 
produced during the construction and 
future operation and maintenance of 
the PRB and other components of the 
remedy. The cap under this alternative 
will meet relevant and appropriate 
impermeability standards. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

RCRA, Air Emission Applicable, if RCRA emissions standards not Emissions from the on-site thermal Not cited in the ROD. 
Standards for VOC emissions delegated to the State. treatment system will comply with 
Process Vents, 40 over10 ppm or Standards for process vents these pertinent standards. 
C.F.R. Part 264, greater; that treat RCRA wastes that 
Subpart AA Relevant and 

Appropriate, if 
less than 10 
ppm 

have total organic 
concentrations of 10 ppm or 
greater. 

RCRA, Air Emission 
Standards for 
Equipment Leaks, 40 
C.F.R. Part 264, 
Subpart BB 

Applicable, if 
organic 
concentrations 
of at least 10% 
by weight; 
Relevant and 
Appropriate, if 
less than 10% 

RCRA emissions standards not 
delegated to the State. Air 
emission standards for 
equipment that contains or 
contacts RCRA waste with 
organic concentrations of 10 
ppm or greater. 

The thermal treatment system will be 
operated and maintained to prevent 
equipment leaks. 

Not cited in the ROD. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Clean Water Act Applicable These standards address water If a discharge from the remedial action, As cited in the ROD 
(CWA), Section 402, discharges which may be including construction and O&M of the except the ROD only cited 
33 U.S.C. § 1342; 40 directed to surface water. Also PRB and discharges from the ISTT section 122 and did not 
C.F.R.122,125, 131, establishes stormwater system, are directed to surface water include stormwater 
136, 450 - Discharge standards for construction and the discharge will be treated, if standards at 40 C.F.R. 
of Pollutants development projects that are 

over one acre. 
necessary, so that these standards will 
be achieved.  Monitoring may be 
performed, if required to determine 
whether operation and maintenance of 
the remedy could potentially affect 
nearby surface water bodies, in 
accordance with Env-Or-607 (see 
below). Any remedial action that will 
disturb one acre or more, including 
construction and O&M of the PRB and 
ISTT system will meet these 
stormwater standards. 

Part 450. 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R. 141, Subpart 
B and G) 

Relevant and 
Appropriate 

Establishes maximum 
contaminant levels (MCLs) for 
common organic and inorganic 
contaminants applicable to 
public drinking water supplies. 
Used as relevant and 
appropriate monitoring 
standards for aquifers and 
surface water bodies that are 
potential drinking water 
sources. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations (40 
C.F.R.. 141, Subpart 
F) 

Relevant and 
Appropriate for 
non-zero 
MCLGs only; 
MCLGs set as 
zero are To Be 
Considered. 

Establishes maximum 
contaminant level goals 
(MCLGs) for public water 
supplies. MCLGs are health 
goals for drinking water 
sources.  These unenforceable 
health goals are available for a 
number of organic and 
inorganic compounds. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Health Advisories To Be Health Advisories are estimates Used to establish Performance The ROD does not cite 
(EPA Office of Considered of risk due to consumption of Standards for monitoring groundwater this guidance. 
Drinking Water) contaminated drinking water; 

they consider non-carcinogenic 
effects only.  To be considered 
for contaminants in 
groundwater that may be used 
for drinking water where the 
standard is more conservative 
than either federal or state 
statutory or regulatory 
standards.  The Health 
Advisory standard for 
manganese is 0.3 mg/l. 

at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the 
use of monitored natural 
attenuation for the cleanup of 
contaminated soil and 
groundwater. In particular, a 
reasonable time frame for 
achieving cleanup standard 
though monitored attenuation 
would be comparable to that 
which could be achieved 
through active restoration. 

Contaminants outside of the slurry 
wall/PRB will attenuate after 
installation of the PRB and ISTT 
treatment.  The alternative is expected 
to meet Performance Standards for 
preventing migration of contaminants 
beyond the TI Zone compliance 
boundary. 

The ROD does not cite 
this guidance. 

Page 4 of 14 



    
   

 
 

 

  
 

      
  

 
 

 
 

  
 

 
   

  
   

  
  

 

 
  

  

 
 

 
 

  
 

 

 
 

  
  
 

 
 
 
 
 

 
 

 

Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Because of the Technical 
Impracticability Waiver groundwater 
within the TI Zone does not have to 
achieve groundwater standards. 
Beyond the TI Zone compliance 
boundary groundwater must achieve 
federal drinking water and risk-based 
standards or more stringent State 
groundwater standards Inside of the 
compliance boundary groundwater 
use restrictions will be in place for as 
long as the TI waiver remains in effect. 
Groundwater monitoring using these 
standards will be used to make sure 
groundwater exceeding these 
standards does not migrate beyond 
the compliance boundary. 
Exceedance of these standards within 
the compliance boundary is a basis for 
establishing prohibitions on the use of 
groundwater within the compliance 
boundary. An additional buffer zone 
beyond the compliance boundary to 
prevent groundwater wells from being 
installed that would draw 
contaminated groundwater beyond the 
compliance boundary may also be 
stablished, if required. 

The ROD does not cite 
this guidance. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
National Emission 
Standards for 
Hazardous Air 
Pollutants, 40 C.F.R. 
61 

Applicable Establishes standards for 
emissions of designated 
hazardous air pollutants. 

Emissions from any dust containing 
regulated air contaminants will be 
controlled during construction and 
O&M of the PRB and any other 
components of the alternative or from 
emissions from the ISTT system will 
comply with all pertinent standards 

As cited in the ROD. 

RCRA, Interim Status 
Thermal Treatment: 
40 C.F.R. Part 265 
Subpart ) 

Relevant and 
Appropriate 

Standards for thermal treatment 
systems, other than enclosed 
devices using controlled flame 
combustion.  Addresses 
general operating requirements, 
monitoring, and closure 
procedures. 

The ISTT treatment components to this 
alternative will be implemented, 
including the handling/management of 
wastes generated from the thermal 
process, in compliance with these 
standards. 

Not cited in the ROD. 

RCRA, Interim Status 
Treatment, Storage, 
and Disposal Facility 
Standards, Chemical, 
Physical and 
Biological Treatment: 
40 C.F.R. Part 265 
Subpart Q 

Relevant and 
Appropriate 

Standards for operating 
chemical, physical and 
biological treatment systems, 
including the proper handling of 
reagents, system maintenance, 
and closure procedures. 

The PRB components to this 
alternative will be implemented, 
including the handling/management of 
treatment reagents, in compliance with 
these standards. 

Not cited in the ROD. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying installation of discharge or collection moved to the Location-
Waters of the United federal statutes, policies and pipes conducted along the Souhegan specific ARARs table 
States, 33 C.F.R. procedures. River with comply with these under Clean Water Act, 
Parts 320-329 regulations. Section 404 (33 U.S.C. § 

1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation groundwater within the TI Zone. Section Env-Ws 410.26 
600: Part 607, of measures to restore the Groundwater use restrictions will be changed to Env-Or 607.05 
Groundwater groundwater quality, and established to prevent human by the State. 
Management requires an evaluation of the exposure to contaminated 
Permits; Part 608, effectiveness of the measures. groundwater.  Groundwater monitoring The ROD does not cite the 
Activity and Use Part 608 establishes standards will be required permanently and other regulatory 
Restrictions; Part for setting institutional controls therefore monitoring wells will be requirements of Env-Or 
610, Monitoring to protect human health and 

components of the remedy. 
Part 610 establishes standards 
for monitoring groundwater, 
including requirements and 
criteria for constructing, 
developing, and 
decommissioning monitoring 
wells. 

installed, operated, and 
decommissioned under these 
standards. Contaminated media 
generated from the installation and 
O&M of the PRB and monitoring/ 
treatment wells; ISTT system; and any 
other remedial activity will be managed 
in compliance with these standards. 
Activity and use restrictions will be 
established to prevent disturbance to 
the components of the remedy 
(including monitoring/treatment wells, 
slurry wall/PRB, and ISTT system). 
There will be at least yearly 
compliance monitoring to ensure 
groundwater use and activity 
restrictions remain in place and are 
enforced. 

600, including standards 
for activity and use 
restrictions. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate for 
remedial 
actions where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport 
and disposal of hazardous 
waste and the closure of 
hazardous waste facilities. 
New Hampshire has been 
delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500.  Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 

Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the 

waste would be a RCRA 
characteristic waste.  The 
analytical test set out in 
Appendix II of 40 C.F.R. Part 
261 is referred to as the 
Toxicity Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 
261 are incorporated by 
reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the construction or O&M of the PRB, 
ISTT sytem, and other components of 
the remedy. Materials that are listed 
waste or exceed TCLP hazardous 
waste thresholds will be disposed off-
site in a RCRA Subtitle C facility.  Non
hazardous materials will be disposed 
appropriately. 

regulations were not 
identified in the ROD. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing 
such materials on site prior to 
shipment off site.  The federal 
requirements 40 C.F.R. Part 
262 are incorporated by 
reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at 
Env-Wm 500, as well as 
specific provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Owners and 
Operators of 
Hazardous Waste 
Facilities/Hazardous 
Waste Transfer 
Facilities, N.H. 
Admin. Code Env-Hw 
700: including 
§ 702.09 General 
Design 
Requirements; § 
702.10 Groundwater 
Monitoring; § 702.11 
Other Monitoring; 
Part 706, 
Emergency/ 
Remedial Actions;    
§ 708.02 Operation 
Requirements; and § 
708.03 Technical 
Requirements 

Relevant and 
Appropriate 

This regulation establishes 
requirements for owners or 
operators of hazardous waste 
treatment, storage or disposal 
facilities. Part 708 incorporates 
by reference the federal 
requirements under 40 C.F.R. 
Part 264, including but not 
limited to Subpart G 
(closure/post closure) and 
Subpart X (miscellaneous 
units). 

The PRB and ISTT treatment systems 
will be constructed and maintained to 
meet relevant and appropriate 
hazardous waste treatment system 
standards. 

The specific State 
hazardous waste facility 
owner/operator regulations 
were not identified in the 
ROD. 

Drinking Water Relevant and State MCLs and MCLGs Used to establish Performance Not identified as action-
Quality Standards: Appropriate for establish maximum Standards for monitoring groundwater specific groundwater 
NH Admin. Code MCLs and non- contaminant levels permitted in at the Technical Impracticability Zone monitoring standards in 
Env-Dw 700 zero MCLGs 

only; MCLGs 
set as zero are 
To Be 
Considered. 

public water supplies and are 
the basis of State Ambient 
Groundwater Quality Standards 
(AGQS) that are applicable to 
site ground water.  The 
regulations are generally 
equivalent to the Federal Safe 
Drinking Water Act (SDW A). 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 

Page 10 of 14 



    
   

 
 

 

  
 

      
  

 

 
 

 

 

 
 
 

 
  

   

 

 
  

  
 

 
 

 

  
 

 

 
 

 
   

 
 

 

 
  

 

  
 

  

  
 

 

 

 
  

 

  
  

  
 

 

 
 

 
   

 

 

Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS): Env-Or 
603.03, Table 600-1. 

Relevant and 
Appropriate 

Establishes maximum 
concentration levels for 
regulated contaminants in 
groundwater which result from 
human operations or activities. 
NH AGQS are equivalent to 
MCLs for contaminants that 
have MCLs.   NH AGQS have 
been established for site 
groundwater contaminants for 
which no MCLs are established, 
and are derived to be protective 
for drinking water uses.  The 
NH AGQS will be used for site 
contaminants where MCLs are 
not currently established. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Groundwater Quality Applicable Wm-Or 603.01(a), (b) and (c) Used to establish Performance Not identified as action-
Criteria: NH Admin. provide that groundwater shall Standards for monitoring groundwater specific groundwater 
Code Env-Or be suitable for use as drinking at the Technical Impracticability Zone monitoring standards in 
603.01(a),(b),and (c) water without treatment; shall 

not contain any regulated 
contaminant in concentrations 
greater than ambient 
groundwater quality standards 
established in Env-Or 603.03; 
and shall not contain any 
regulated contaminant at a 
concentration such that the 
natural discharge of that 
groundwater to surface water 
will cause a violation of a 
surface water quality standard 
established in Env-Wq 1700. 

compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

the ROD. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Nondegradation of 
Groundwater to 
Protect Surface 
Water: NH Admin. 
Code Env-Or 603.01 
(c) 

Applicable Wm-Or 603.01(c) provides that, 
unless naturally occurring, 
groundwater shall not contain 
any contaminants at 
concentrations such that 
groundwater to surface water 
results in a violation of surface 
water standards in any surface 
water body within or adjacent to 
the site. Env-Or 603.01 (c) 
therefore incorporates surface 
water standards set forth at 
Env-Ws 1700. 

Used to establish Performance 
Standards for monitoring groundwater 
at the Technical Impracticability Zone 
compliance boundary to ensure there 
is no migration of contaminated 
groundwater exceeding these 
standards beyond the boundary.  
Inside of the compliance boundary, ICs 
will be required to prevent 
contact/ingestion of groundwater that 
exceeds these standards. 

Not identified as action-
specific groundwater 
monitoring standards in 
the ROD. 

Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8), and 
compliance criteria (Env-Wq 
402.22). 

Discharges to groundwater from the 
construction and O&M of the PRB, 
ISTT system, or any other component 
of the alternative will meet discharge 
standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Sewage and 
Wastewater 
Treatment Systems: 
Env-Wq 700; and 
Best Available 
Technology: Env-Dw 
722 

Relevant and 
Appropriate 

Requires use of best available 
technology when treating 
organic and inorganic 
contaminants in wastewaters. 

The ISTT treatment system will be 
operated to achieve required discharge 
standards based on best available 
technology. 

The ROD cited waste 
water treatment system 
regulations at Env-Ws 700 
that have been changed to 
Env-Wq 700 by the State. 
The ROD also cited best 
available technology 
regulations at Env-Ws 
346-367 that have been 
changed to Env-Dw 722 
by the State. 
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Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater 
or surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water from the construction or O&M of 
the PRB, ISTT system, or other 
components of the remedy must 
comply with these standards. 

As cited in the ROD. 

Standards for Applicable for This provision requires that Wells used for the remedy will be The ROD only cited well 
Construction, drinking water wells be constructed, created, operated, and closed in abandonment section We 
Maintenance and wells; Relevant maintained, relocated, and/or compliance with these standards. Well 604. 
Abandonment of and abandoned according to these restriction standards shall be 
Wells, NH Admin. Appropriate for regulations. We 602.05 address incorporated into institutional controls 
Code We 600 monitoring 

wells 
restrictions on location wells in 
contaminated areas. 

to prevent groundwater use within the 
TI Zone. 

Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of the As identified in the ROD. 
RSA Ch. 125-C; requirements. PRB, ISTT system, or other remedial 
Specific regulations actions cause a release of 
at Env-A cited below. contaminants into the air, emissions 

controls will be included in the 
remedial design to control emissions. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to 
prevent, abate and control 
fugitive dust during specified 
activities, including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as installation and 
O&M of the PRB, ISTT system, and 
monitoring wells. 

As cited in the ROD. 

Page 13 of 14 



    
   

 
 

 

  
 

      
  

 
 

 
 

 
 

   
 

   
  

 
 

   
   

 
  

 

   
 

 
 

 

    
 

 

 

  
 

   
 

   

 
 

 

 

 

 
 

  

 
 

   

 

 

Table A-18: Alternative TZ-6 – ISTT
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Volatile Organic Applicable Specifies VOC emission control Precautions will be taken during the Remove since the 
Compounds (VOCs), methods and establishes construction and O&M of the PRB and threshold for applicability 
Reasonably Available limitations on VOC emissions treatment/ monitoring wells to minimize for miscellaneous sources 
Control Technology for various process categories. VOC emissions. is emissions equal or 
(RACT): Env-A 1200 exceed 50 tons of VOC in 

any consecutive 12-month 
period. Cited in the ROD 
as Env-A 1204 and 
entitled Stationary Sources 
of Volatile Organic 
Compounds (VOCs).  The 
regulations have been 
readopted and 
renumbered as Env-A 
1200 by the State. 

Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic 
air pollutants to be regulated. 
These pollutants are also listed 
by EPA in 40 CFR 261.  High, 
moderate and low Toxicity 
Classifications are established. 
Air toxics in these 
classifications are regulated 
when they occur in 
concentrations that cause 
adverse health effects including 
increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, in particular the construction 
and O&M of the PRB, ISTT system, 
and other components of the 
alternative, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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Table A-19: Alternative GC-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Federal 

Requirements 
EPA Risk Reference To Be Dose levels developed by EPA to It is unclear whether risk-based standards No change. 
Dose (RfDs) Considered protect sensitive individuals over 

the course of a life-time.  RfDs 
reflect a daily exposure level likely 
to be without appreciable risk of 
adverse health effects. 

developed using this guidance can be 
achieved with the current ROD remedy 
since the natural attenuation of 
contaminated deep bedrock groundwater 
has not been adequately assessed. 

EPA Carcinogenicity To Be Slope factors are developed by It is unclear whether risk-based standards No change. 
Slope Factor Considered EPA from Health Effects 

Assessments and present the 
most up-to-date information on 
cancer risk potency.  Slope factors 
are developed by EPA from Health 
Effects Assessments by the 
Carcinogenic Assessment Group. 

developed using this guidance can be 
achieved with the current ROD remedy 
since the natural attenuation of 
contaminated deep bedrock groundwater 
has not been adequately assessed. 

Guidelines for To Be Guidance for assessing cancer It is unclear whether risk-based standards The ROD does not cite 
Carcinogen Risk Considered risk. developed using this guidance can be this risk guidance. 
Assessment     achieved with the current ROD remedy 
EPA/630/P-03/001F since the natural attenuation of 
(March 2005) contaminated deep bedrock groundwater 

has not been adequately assessed. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure 
to Carcinogens 
EPA/630/R-03/003F 
(March 2005)  

To Be 
Considered 

Guidance of assessing cancer 
risks to children. 

It is unclear whether risk-based standards 
developed using this guidance can be 
achieved with the current ROD remedy 
since the natural attenuation of 
contaminated deep bedrock groundwater 
has not been adequately assessed. 

The ROD does not cite 
this risk guidance. 
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Table A-19: Alternative GC-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Safe Drinking Water Relevant Establishes maximum contaminant It is unclear whether MCLs can be The ROD cites 40 C.F.R 
Act (42 U.S.C. §300f and levels (MCLs) for common organic achieved with the current ROD remedy 141.11-16, however 40 
et seq.); National Appropriate and inorganic contaminants since the natural attenuation of C.F.R. Subpart B now 
primary drinking applicable to public drinking water contaminated deep bedrock groundwater only consists of 40 
water regulations supplies.  Used as relevant and has not been adequately assessed. C.F.R. 141.11-13 and 
(40 C.F.R. 141, appropriate cleanup standards for there is no 141.14-16.    
Subpart B and G) aquifers and surface water bodies 

that are potential drinking water 
sources. 

All of Subpart G is cited 
for this amended 
remedy alternative (40 
C.F.R. 141.60-66). 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations 
(40 C.F.R. 141, 
Subpart F) 

Relevant 
and 
Appropriate 
for non-
zero 
MCLGs 
only; 
MCLGs set 
as zero are 
To Be 
Considered 

Establishes maximum contaminant 
level goals (MCLGs) for public 
water supplies.  MCLGs are health 
goals for drinking water sources.  
These unenforceable health goals 
are available for a number of 
organic and inorganic compounds. 

It is unclear whether MCLGs can be 
achieved with the current ROD remedy 
since the natural attenuation of 
contaminated deep bedrock groundwater 
has not been adequately assessed. 

The ROD cites 40 
C.F.R. 141.50-51 as the 
MCLG regulation citation 
but the MCLGs are now 
within Subpart F, which 
incorporates 40 C.F.R. 
141.50-55. 

Health Advisories To Be Health Advisories are estimates of It is unclear whether risk-based standards The ROD does not cite 
(EPA Office of Considered risk due to consumption of developed using this guidance can be this risk guidance. 
Drinking Water) contaminated drinking water; they 

consider non-carcinogenic effects 
only. To be considered for 
contaminants in groundwater that 
may be used for drinking water 
where the standard is more 
conservative than either federal or 
state statutory or regulatory 
standards.  The Health Advisory 
standard for manganese is 0.3 
mg/l. 

achieved with the current ROD remedy 
since the natural attenuation of 
contaminated deep bedrock groundwater 
has not been adequately assessed. 
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Table A-19: Alternative GC-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Clean Air Act – Relevant Define levels of air quality The on-site air stripper will have its off-gas Removed.  Although 
National Ambient Air and necessary to protect public health treated to ensure that any discharge to the cited in the ROD, the air 
Quality Standards Appropriate with an adequate margin of safety.  ambient air meets pertinent regulations. stripper is not a 
(40 C.F.R. Part 50 Secondary standards define levels 

of air quality necessary to protect 
public welfare from any known or 
anticipated adverse effects of a 
pollutant. 

component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

State 
Requirements 

Drinking Water Relevant State MCLs and MCLGs establish It is unclear whether State MCLs and ROD citation (Env-Ws 
Quality Standards: and maximum contaminant levels MCLGs can be achieved with the current 315 - 317) changed to 
NH Admin. Code Appropriate permitted in public water supplies ROD remedy since the natural attenuation Env-Dw 700 by the 
Env-Dw 700 for MCLs 

and non-
zero 
MCLGs 
only; 
MCLGs set 
as zero are 
To Be 
Considered 

and are the basis of State Ambient 
Groundwater Quality Standards 
(AGQS) that are applicable to site 
groundwater.  The regulations are 
generally equivalent to the Federal 
Safe Drinking Water Act (SDWA).   

of contaminated deep bedrock 
groundwater has not been adequately 
assessed. 

State. 
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Table A-19: Alternative GC-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS) (Env-Or 
603.03, Table 600-
1) 

Relevant 
and 
Appropriate 

Establishes maximum 
concentration levels for regulated 
contaminants in groundwater 
which result from human 
operations or activities.  NH AGQS 
are equivalent to MCLs for 
contaminants that have MCLs.   
NH AGQS have been established 
for site groundwater contaminants 
for which no MCLs are 
established, and are derived to be 
protective for drinking water uses.  
The NH AGQS will be used for site 
contaminants where MCLs are not 
currently established. 

It is unclear whether these State 
groundwater standards can be achieved 
with the current ROD remedy since the 
natural attenuation of contaminated deep 
bedrock groundwater has not been 
adequately assessed. 

ROD citation (Env-Ws 
410.05) changed to Env-
Or 603.03, Table 600-1 
by the State. 

Criteria for 
Groundwater 
Discharges (Env-Ws 
410.09)  

Applicable Establishes groundwater discharge 
criteria which include MCLs and 
MCLGs adopted by the Water 
Supply and Pollution Control 
Division. 

Require remedial action to eliminate 
discharge of contaminants including VOCs 
and inorganic contaminants resulting in 
groundwater contamination above State 
MCL and MCLG levels. 

Removed.  Although 
cited in the ROD, the 
treatment plant 
discharge is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

Surface Water Applicable Establish water quality criteria for Discharges to surface water in or adjacent Removed.  Although 
Quality Standards toxic substances.  The criteria are to the site must meet these standards. cited in the ROD, the 
(Env-Ws 432) essentially the same as the federal 

AWQC.  Criteria are established 
for fresh and marine waters. 

monitoring of surface 
water/sediments is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 
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Table A-19: Alternative GC-1 - ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Ambient Air Quality 
Standards (Env-A 
300, Parts 303 and 
304) 

Relevant 
and 
Appropriate 

Set primary and secondary 
ambient air quality standards 
equivalent to federal standards. 
These standards do not allow 
significant deterioration of existing 
air quality in any portion of the 
state for particulate matter, sulphur 
dioxide, carbon monoxide, nitrogen 
dioxide, ozone, hydrocarbons, 
lead, and fluoride. 

The on-site air stripper will have its off-gas 
treated to ensure that any discharge to the 
ambient air meets pertinent regulations. 

Removed.  Although 
cited in the ROD, the air 
stripper is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

Toxic Air Pollutants Applicable Establishes ambient air limits for Any discharge to the ambient air from the Removed.  Although 
(Env-A 1300 74 chemicals. Ambient air limits 

(AALS) are levels at or below 
which ambient air concentrations 
of a respective air contaminant will 
not adversely affect human health. 

on-site air stripper will meet the pertinent 
regulations. 

cited in the ROD, the air 
stripper is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 
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Table A-20: Alternative GC-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of water 
or wetland requires consultation 
with the U.S. Fish and Wildlife 
Service and the appropriate state 
wildlife agency to develop measures 
to prevent, mitigate, or compensate 
for losses of fish and wildlife.  

Contact with appropriate federal 
agencies will be maintained during 
construction and O&M of any monitoring 
wells or other remedial infrastructure 
that may alter protected resource areas  

No change. 
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Table A-20: Alternative GC-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and 
responsibilities to implement and 
enforce Executive Order 11988 
(Floodplain Management) and 
Executive Order 11990 (Protection 
of Wetlands). Prohibits activities that 
adversely affect a federally-
regulated wetland unless there is no 
practicable alternative and the 
proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result 
from such use.  Requires the 
avoidance of impacts associated 
with the occupancy and modification 
of federally-designated 100-year 
and 500-year floodplain and to 
avoid development within floodplain 
wherever there is a practicable 
alternative. An assessment of 
impacts to 500-year floodplain is 
required for critical actions – which 
includes siting hazardous waste 
facilities in a floodplain.  Requires 
public notice when proposing any 
action in or affecting floodplain or 
wetlands. 

If there is no practicable alternative 
method to work in federal jurisdictional 
wetlands then all practicable measures 
will be taken to minimize and mitigate 
any adverse impacts.  Erosion and 
sedimentation control measures would 
be adopted during construction, O&M, 
and restoration activities within federal 
jurisdictional wetlands.  Standards for 
construction or O&M of any monitoring 
wells or other remedial infrastructure in 
federal jurisdictional wetlands or the 
500-year floodplain will be attained 
based on a determination that (a) there 
is no practical alternative method that 
will achieve cleanup objectives with less 
adverse impact; (b) all practical 
measures would be taken to minimize 
and mitigate any adverse impacts from 
the work; (c) there would be no likely 
impact on federal threatened or 
endangered (T&E) species; (d) actions 
would be taken to minimize impact of 
hydrologic changes during the work; (e) 
after completion of the work, there would 
be no significant net loss of flood 
storage capacity, and no significant net 
increase in flood stage or velocities; and 
(f) river and riverbanks would be 
restored and habitat will be improved.  
Public comment will be solicited as part 
of the Proposed Plan concerning any 
proposed alteration to wetlands and 
floodplain. 

Former wetland and 
floodplain regulations 
cited in the ROD that 
incorporated Executive 
Orders 11988 and 11990 
at 40 C.F.R. Part 6, 
Appendix A no longer 
exist so have been 
replaced by regulatory 
requirements to meet the 
Executive Order 
standards at 44 C.F.R. § 
9. 
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Table A-20: Alternative GC-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Clean Water Applicable For discharge of dredged or fill Under this alternative construction and The ROD only cited part 
Act, Section material into federal jurisdictional O&M of the monitoring wells and any of the applicable 
404 (33 U.S.C. water bodies or wetlands, there other remedial infrastructure that will regulations at 40 C.F.R. 
§ 1344); must be no practical alternative with result in the dredging or filling of federal Part 230. 
Section less adverse impact on aquatic jurisdictional wetlands would be subject 
404(b)(1) ecosystem; discharge cannot cause to these requirements.  Activities must 
Guidelines for or contribute to violation of state be conducted in accordance with these 
Specification of water quality standard or toxic requirements including, but not limited 
Disposal Sites effluent standard or jeopardize to, mitigation and/or restoration. EPA 
for Dredged or federal T&E species; discharge will determine which alternative is the 
Fill Material (40 cannot significantly degrade waters LEDPA because (a) there is no 
C.F.R. Part of U.S.; must take practicable steps practical alternative method that will 
230, 231 and to minimize and mitigate adverse achieve cleanup objectives with less 
33 C.F.R. Parts impacts; must evaluate impacts on adverse impact and (b) all practical 
320-323) flood level, flood velocity, and flood 

storage capacity. Sets standards for 
restoration and mitigation required 
as a result of unavoidable impacts 
to aquatic resources. EPA must 
determine which alternative is the 
“Least Environmentally Damaging 
Practicable Alternative” (LEDPA) to 
protect wetland and aquatic 
resources. 

measures would be taken to minimize 
and mitigate any adverse impacts from 
the work. Public comment will be 
solicited on EPA’s LEDPA finding in the 
Proposed Plan. 

State 
Requirements 
Criteria and 
Conditions for 
Fill and Dredge 
In Wetlands: 
RSA Ch. 482-A 
and NH Admin. 
Code Env-Wt 
Parts 100-900 

Applicable These standards regulate filling and 
other activities in or adjacent to 
wetlands, and establish criteria for 
the protection of wetlands from 
adverse impacts on fish, wildlife, 
commerce, and public recreation. 

All activities within on-site State 
jurisdictional wetlands and floodplain 
areas will comply with these wetland 
protection requirements.   

ROD citation (Env-Wm 
300-400 and 600) 
changed to Env-Wt 100-
900 by the State. 
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Table A-20: Alternative GC-1 – ROD Remedy 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Siting 
requirements 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

Relevant and 
Appropriate 

Flood control measures must be 
identified for any facility within the 
100-year floodplain.  Similarly, new 
facilities located within 3,000 feet of 
faults displaced in Holocene times 
must show that no faults pass within 
200 feet of the facility. 

Siting and O&M of the treatment facility 
will be done in accordance with these 
regulations. 

Removed.  Although 
cited in the ROD, there 
are no hazardous waste 
facilities that are a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

Native Plant 
Protection Act, 
R.S.A. 217-A 

Applicable Prohibits damaging plant species 
listed as endangered in the State. 

Any remedial action that may damage 
state-listed endangered plants will need 
to meet these standards. 

Not cited in the ROD. 

Endangered Applicable Prohibits the taking of State-listed Any remedial action that may take state- Not cited in the ROD. 
Species endangered species and regulates listed species will need to meet these 
Conservation such activities with regard to State- standards. 
Act, R.S.A. listed threatened species. 
212-A 
Terrain Applicable The purpose of these rules is to Any significant excavation in or around ROD citation (Env-Ws 
Alteration, Env- protect drinking water, surface water the Souhegan River or other surface 415) changed to Env-Wq 
Wq 1500  and and groundwater from degradation water bodies on-site as part of the 1500 by the State. 
RSA 485-A:17 resulting from any activity which 

significantly alters terrain or occurs 
in or on the border of the surface 
waters of the state. Env-Wq 
1505.04 specifically addresses 
Stormwater Management and 
Erosion and Sediment Control. 

remedial action will be conducted in 
compliance with the substantive 
requirements of these standards. 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal 

Requirement 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by appropriate 
test methods.  If found to be hazardous 
wastes, then they will be managed in 
accordance with the substantive 
requirements of the State hazardous 
waste regulations. Wastes that may 
be generated include: investigation 
derived waste from monitoring 
activities and contaminated media 
produced during the O&M of the 
monitoring wells, and other 
components of the remedy. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

This alternative does not include MNA 
components for assessing the 
attenuation of deep bedrock 
groundwater. Contaminant levels in 
the deep groundwater may not 
attenuate sufficiently to achieve 
groundwater cleanup standards within 
a reasonable time period. 

The ROD does not cite 
this guidance. 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Beyond the TI Zone compliance 
boundary, within the Groundwater 
Cleanup Area, groundwater must 
achieve federal drinking water and 
risk-based standards or more stringent 
State groundwater standards. 
Groundwater use restrictions will be in 
place for as long as the groundwater 
exceeds cleanup standards. 
Groundwater monitoring using these 
standards will be used to determine 
where ICs are required and to 
document if cleanup standards are 
achieved. 

The ROD does not cite 
this guidance. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying federal installation of discharge or collection moved to the Location-
Waters of the United statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table 
States, 33 C.F.R. River with comply with these under Clean Water Act, 
Parts 320-329 regulations. Section 404 (33 U.S.C. § 

1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation groundwater until groundwater cleanup Section Env-Ws 410.26 
600: Part 607, of measures to restore the standards are achieved. Groundwater changed to Env-Or 607.05 
Groundwater groundwater quality, and requires monitoring will be required until by the State. 
Management an evaluation of the effectiveness cleanup standards are achieved and 
Permits; Part 608, of the measures.  Part 608 therefore monitoring wells will be The ROD does not cite the 
Activity and Use establishes standards for setting installed, operated, and other regulatory 
Restrictions; Part institutional controls to protect decommissioned under these requirements of Env-Or 
610, Monitoring human health and components of 

the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

standards. Contaminated media 
generated from installation of wells, 
and any other remedial activity will be 
managed in compliance with these 
standards. Activity and use restrictions 
will be established to prevent 
disturbance to the components of the 
remedy (including monitoring wells). 
There will be at least yearly 
compliance monitoring to ensure 
groundwater use and activity 
restrictions remain in place and are 
enforced. 

600, including standards 
for activity and use 
restrictions. 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500.  Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 

Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the operation and maintenance of the 
monitoring well system and other 
components of the remedy. Materials 
that are listed waste or exceed TCLP 
hazardous waste thresholds will be 
disposed off-site in a RCRA Subtitle C 
facility.  Non-hazardous materials will 
be disposed appropriately. 

regulations were not 
identified in the ROD. 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If remedial activity generates 
hazardous wastes, then they will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at 
Env-Wm 500, as well as 
specific provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 

Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8). and 
compliance criteria (Env-Wq 
402.22), 

Discharges to groundwater from any 
component of the alternative will meet 
discharge standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water must comply with these 
standards. 

As cited in the ROD. 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and water wells; relocated, and/or abandoned compliance with these standards. Well 604. 
Abandonment of Relevant and according to these regulations. restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions incorporated into institutional controls 
Code We 600 for monitoring 

wells 
on location wells in contaminated 
areas. 

to prevent groundwater use within the 
Groundwater Cleanup Area until 
cleanup standards are achieved. 

Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of As identified in the ROD. 
RSA Ch. 125-C; requirements. monitoring wells or other remedial 
Specific regulations actions cause a release of 
at Env-A cited below. contaminants into the air, emissions 

controls will be included in the 
remedial design to control emissions. 

Ambient Air Quality 
Standards, NH 
Admin. Code Env-A 
300 

Applicable These regulations set primary and 
secondary ambient air quality 
standards (equivalent to federal 
standards).  The standards do not 
allow significant deterioration of 
existing air quality in any portion 
of the state for: particulate matter, 
sulfur dioxide, carbon monoxide, 
nitrogen dioxide, ozone 
hydrocarbons and lead. 

If remedial processes, including the 
monitoring well system, result in 
releases of contaminants into the air, 
air quality standards will be complied 
with during remedial activities. 

Cited in the ROD 
(specifically Parts 303 and 
304) as a chemical-
specific standard, 
however, these are action-
specific standards 
addressing the control of 
air emissions. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as maintenance of 
the treatment system and monitoring 
well installation. 

As cited in the ROD. 
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Table A-21: Alternative GC-1 – ROD Remedy
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261.  High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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Table A-22: Alternative GC-2 – Monitored Natural Attenuation 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Federal 

Requirements 
EPA Risk Reference To Be Dose levels developed by EPA to Risk-based standards developed No change. 
Dose (RfDs) Considered protect sensitive individuals over the 

course of a life-time.  RfDs reflect a 
daily exposure level likely to be without 
appreciable risk of adverse health 
effects. 

using this guidance will be achieved 
through Monitored Natural 
Attenuation based on achieving risk-
based groundwater standards within 
approximately 100 years. 

EPA Carcinogenicity To Be Slope factors are developed by EPA Risk-based standards developed No change. 
Slope Factor Considered from Health Effects Assessments and 

present the most up-to-date information 
on cancer risk potency.  Slope factors 
are developed by EPA from Health 
Effects Assessments by the 
Carcinogenic Assessment Group. 

using this guidance will be achieved 
through Monitored Natural 
Attenuation based on achieving risk-
based groundwater standards within 
approximately100 years. 

Guidelines for To Be Guidance for assessing cancer risk. Risk-based standards developed The ROD does not cite 
Carcinogen Risk Considered using this guidance will be achieved this risk guidance. 
Assessment     through Monitored Natural 
EPA/630/P-03/001F Attenuation based on achieving risk-
(March 2005) based groundwater standards within 

approximately 100 years. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure 
to Carcinogens 
EPA/630/R-03/003F 
(March 2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Risk-based standards developed 
using this guidance will be achieved 
through Monitored Natural 
Attenuation based on achieving risk-
based groundwater standards within 
approximately 100 years. 

The ROD does not cite 
this risk guidance. 
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Table A-22: Alternative GC-2 – Monitored Natural Attenuation 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Safe Drinking Water Relevant Establishes maximum contaminant MCLs will be achieved through The ROD cites 40 C.F.R 
Act (42 U.S.C. §300f and levels (MCLs) for common organic and Monitored Natural Attenuation within 141.11-16, however 40 
et seq.); National Appropriate inorganic contaminants applicable to approximately 100 years. C.F.R. Subpart B now 
primary drinking public drinking water supplies.  Used as only consists of 40 
water regulations relevant and appropriate cleanup C.F.R. 141.11-13 and 
(40 C.F.R. 141, standards for aquifers and surface there is no 141.14-16.    
Subpart B and G) water bodies that are potential drinking 

water sources. 
All of Subpart G is cited 
for this amended 
remedy alternative (40 
C.F.R. 141.60-66). 

Safe Drinking Water 
Act (42 U.S.C. §300f 
et seq.); National 
primary drinking 
water regulations 
(40 C.F.R. 141, 
Subpart F) 

Relevant 
and 
Appropriate 
for non-
zero 
MCLGs 
only; 
MCLGs set 
as zero are 
To Be 
Considered 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

MCLGs will be achieved through 
Monitored Natural Attenuation within 
approximately 100 years. 

The ROD cites 40 
C.F.R. 141.50-51 as the 
MCLG regulation citation 
but the MCLGs are now 
within Subpart F, which 
incorporates 40 C.F.R. 
141.50-55. 

Health Advisories To Be Health Advisories are estimates of risk Risk-based standards developed The ROD does not cite 
(EPA Office of Considered due to consumption of contaminated using this guidance will be achieved this risk guidance. 
Drinking Water) drinking water; they consider non-

carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water where the standard is 
more conservative than either federal 
or state statutory or regulatory 
standards.  The Health Advisory 
standard for manganese is 0.3 mg/l. 

through Monitored Natural 
Attenuation based on achieving risk-
based groundwater standards within 
approximately 100 years. 
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Table A-22: Alternative GC-2 – Monitored Natural Attenuation 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Clean Water Act, 
Ambient Water 
Quality Criteria 
(AWQC)(33 U.S.C. 
304(a)(1) 

Relevant 
and 
Appropriate 

AWQC are health-based criteria 
developed for chemical constituents in 
surface water.  They have been 
developed to protect aquatic life and 
human health from harmful effects due 
to exposure to chemically impacted 
surface water.  AWQC can be more 
stringent than MCLs if it is necessary to 
protect aquatic organisms.  The more 
stringent AWQC for aquatic life will be 
relevant and appropriate under certain 
circumstances. 

The more stringent AWQC for 
aquatic life will be relevant and 
appropriate under certain 
circumstances. 

Removed.  Although 
cited in the ROD, the 
monitoring of surface 
water/sediments is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

Clean Air Act – Relevant Define levels of air quality necessary to The on-site air stripper will have its Removed.  Although 
National Ambient Air and protect public health with an adequate off-gas treated to ensure that any cited in the ROD, the air 
Quality Standards Appropriate margin of safety.  Secondary standards discharge to the ambient air meets stripper is not a 
(40 C.F.R. Part 50 define levels of air quality necessary to 

protect public welfare from any known 
or anticipated adverse effects of a 
pollutant. 

pertinent regulations. component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 
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Table A-22: Alternative GC-2 – Monitored Natural Attenuation 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
State 

Requirements 
Drinking Water Relevant State MCLs and MCLGs establish State MCLs and MCLGs will be ROD citation (Env-Ws 
Quality Standards: and maximum contaminant levels permitted achieved through Monitored Natural 315 - 317) changed to 
NH Admin. Code Appropriate in public water supplies and are the Attenuation within approximately 100 Env-Dw 700 by the 
Env-Dw 700 for MCLs 

and non-
zero 
MCLGs 
only; 
MCLGs set 
as zero are 
To Be 
Considered 

basis of State Ambient Groundwater 
Quality Standards (AGQS) that are 
applicable to site groundwater.  The 
regulations are generally equivalent to 
the Federal Safe Drinking Water Act 
(SDWA). 

years. State. 

New Hampshire 
Ambient 
Groundwater Quality 
Standards (NH 
AGQS) (Env-Or 
603.03, Table 600-
1) 

Relevant 
and 
Appropriate 

Establishes maximum concentration 
levels for regulated contaminants in 
groundwater which result from human 
operations or activities.  NH AGQS are 
equivalent to MCLs for contaminants 
that have MCLs. NH AGQS have 
been established for site groundwater 
contaminants for which no MCLs are 
established, and are derived to be 
protective for drinking water uses.  The 
NH AGQS will be used for site 
contaminants where MCLs are not 
currently established. 

These State groundwater standards 
will be achieved through Monitored 
Natural Attenuation within 
approximately 100 years. 

ROD citation (Env-Ws 
410.05) changed to Env-
Or 603.03, Table 600-1 
by the State. 

Criteria for 
Groundwater 
Discharges (Env-Ws 
410.09)  

Applicable Establishes groundwater discharge 
criteria which include MCLs and 
MCLGs adopted by the Water Supply 
and Pollution Control Division. 

Require remedial action to eliminate 
discharge of contaminants including 
VOCs and inorganic contaminants 
resulting in groundwater 
contamination above State MCL and 
MCLG levels. 

Removed.  Although 
cited in the ROD, the 
treatment plant 
discharge is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 
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Table A-22: Alternative GC-2 – Monitored Natural Attenuation 

Savage Municipal Water Supply Well Superfund Site 


Chemical-Specific ARARs 


Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 

ROD & 1996 ESD 
Surface Water Applicable Establish water quality criteria for toxic Discharges to surface water in or Removed.  Although 
Quality Standards substances.  The criteria are essentially adjacent to the site must meet these cited in the ROD, the 
(Env-Ws 432) the same as the federal AWQC.  

Criteria are established for fresh and 
marine waters. 

standards. monitoring of surface 
water/sediments not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

Ambient Air Quality 
Standards (Env-A 
300, Parts 303 and 
304) 

Relevant 
and 
Appropriate 

Set primary and secondary ambient air 
quality standards equivalent to federal 
standards.  These standards do not 
allow significant deterioration of existing 
air quality in any portion of the state for 
particulate matter, sulphur dioxide, 
carbon monoxide, nitrogen dioxide, 
ozone, hydrocarbons, lead, and 
fluoride. 

The on-site air stripper will have its 
off-gas treated to ensure that any 
discharge to the ambient air meets 
pertinent regulations. 

Removed.  Although 
cited in the ROD, the air 
stripper is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 

Toxic Air Pollutants Applicable Establishes ambient air limits for 74 Any discharge to the ambient air Removed.  Although 
(Env-A 1300 chemicals.  Ambient air limits (AALS) 

are levels at or below which ambient air 
concentrations of a respective air 
contaminant will not adversely affect 
human health. 

from the on-site air stripper will meet 
the pertinent regulations. 

cited in the ROD, the air 
stripper is not a 
component of the ROD 
remedy within the 
Groundwater Cleanup 
Area. 
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Table A-23: Alternative GC-2 – MNA 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Federal 

Requirements 
Fish and 
Wildlife 
Coordination 
Act (16 U.S.C. 
§661 et seq.) 

Applicable Any modification of a body of water 
or wetland requires consultation 
with the U.S. Fish and Wildlife 
Service and the appropriate state 
wildlife agency to develop 
measures to prevent, mitigate, or 
compensate for losses of fish and 
wildlife. 

Contact with appropriate federal 
agencies will be maintained during 
construction and O&M of any monitoring 
wells or other remedial infrastructure 
that may alter protected resource areas  

No change. 
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Table A-23: Alternative GC-2 – MNA 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Floodplain 
Management 
and 
Protection of 
Wetlands 
(44 C.F.R. § 9) 

Relevant and 
Appropriate 

FEMA regulations that set forth the 
policy, procedure and 
responsibilities to implement and 
enforce Executive Order 11988 
(Floodplain Management) and 
Executive Order 11990 (Protection 
of Wetlands). Prohibits activities 
that adversely affect a federally-
regulated wetland unless there is 
no practicable alternative and the 
proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result 
from such use.  Requires the 
avoidance of impacts associated 
with the occupancy and 
modification of federally-
designated 100-year and 500-year 
floodplain and to avoid 
development within floodplain 
wherever there is a practicable 
alternative. An assessment of 
impacts to 500-year floodplain is 
required for critical actions – which 
includes siting hazardous waste 
facilities in a floodplain.  Requires 
public notice when proposing any 
action in or affecting floodplain or 
wetlands. 

If there is no practicable alternative 
method to work in federal jurisdictional 
wetlands then all practicable measures 
will be taken to minimize and mitigate 
any adverse impacts.  Erosion and 
sedimentation control measures would 
be adopted during construction, O&M, 
and restoration activities within federal 
jurisdictional wetlands.  Standards for 
construction or O&M of any monitoring 
wells or other remedial infrastructure in 
federal jurisdictional wetlands or the 
500-year floodplain will be attained 
based on a determination that (a) there 
is no practical alternative method that 
will achieve cleanup objectives with less 
adverse impact; (b) all practical 
measures would be taken to minimize 
and mitigate any adverse impacts from 
the work; (c) there would be no likely 
impact on federal threatened or 
endangered (T&E) species; (d) actions 
would be taken to minimize impact of 
hydrologic changes during the work; (e) 
after completion of the work, there 
would be no significant net loss of flood 
storage capacity, and no significant net 
increase in flood stage or velocities; and 
(f) river and riverbanks would be 
restored and habitat will be improved.  
Public comment will be solicited as part 
of the Proposed Plan concerning any 
proposed alteration to wetlands and 
floodplain. 

Former wetland and 
floodplain regulations cited 
in the ROD that incorporated 
Executive Orders 11988 and 
11990 at 40 C.F.R. Part 6, 
Appendix A no longer exist 
so have been replaced by 
regulatory requirements to 
meet the Executive Order 
standards at 44 C.F.R. § 9. 
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Table A-23: Alternative GC-2 – MNA 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Clean Water Applicable For discharge of dredged or fill Under this alternative construction and The ROD only cited part of 
Act, Section material into federal jurisdictional O&M of the monitoring wells and any the applicable regulations at 
404 (33 U.S.C. water bodies or wetlands, there other remedial infrastructure that will 40 C.F.R. Part 230. 
§ 1344); must be no practical alternative result in the dredging or filling of federal 
Section with less adverse impact on jurisdictional wetlands would be subject 
404(b)(1) aquatic ecosystem; discharge to these requirements.  Activities must 
Guidelines for cannot cause or contribute to be conducted in accordance with these 
Specification of violation of state water quality requirements including, but not limited 
Disposal Sites standard or toxic effluent standard to, mitigation and/or restoration. EPA 
for Dredged or or jeopardize federal T&E species; will determine which alternative is the 
Fill Material (40 discharge cannot significantly LEDPA because (a) there is no 
C.F.R. Part degrade waters of U.S.; must take practical alternative method that will 
230, 231 and practicable steps to minimize and achieve cleanup objectives with less 
33 C.F.R. Parts mitigate adverse impacts; must adverse impact and (b) all practical 
320-323) evaluate impacts on flood level, 

flood velocity, and flood storage 
capacity. Sets standards for 
restoration and mitigation required 
as a result of unavoidable impacts 
to aquatic resources. EPA must 
determine which alternative is the 
“Least Environmentally Damaging 
Practicable Alternative” (LEDPA) to 
protect wetland and aquatic 
resources. 

measures would be taken to minimize 
and mitigate any adverse impacts from 
the work. Public comment will be 
solicited on EPA’s LEDPA finding in the 
Proposed Plan. 
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Table A-23: Alternative GC-2 – MNA 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
State 
Requirements 
Criteria and 
Conditions for 
Fill and Dredge 
In Wetlands: 
RSA Ch. 482-A 
and NH Admin. 
Code Env-Wt 
Parts 100-900 

Applicable These standards regulate filling 
and other activities in or adjacent 
to wetlands, and establish criteria 
for the protection of wetlands from 
adverse impacts on fish, wildlife, 
commerce, and public recreation. 

All activities within on-site State 
jurisdictional wetlands and floodplain 
areas will comply with these wetland 
protection requirements.   

ROD citation (Env-Wm 300-
400 and 600) changed to 
Env-Wt 100-900 by the 
State. 

Siting 
requirements 
for hazardous 
waste facilities 
and variances, 
Env-Hw 304.08 
(Existing 
facilities) and 
304.09 (New 
facilities). 

Relevant and 
Appropriate 

Flood control measures must be 
identified for any facility within the 
100-year floodplain.  Similarly, new 
facilities located within 3,000 feet 
of faults displaced in Holocene 
times must show that no faults 
pass within 200 feet of the facility. 

Siting and O&M of the treatment facility 
will be done in accordance with these 
regulations. 

Removed.  Although cited in 
the ROD, there are no 
hazardous waste facilities 
that are a component of the 
ROD remedy within the 
Groundwater Cleanup Area. 

Native Plant 
Protection Act, 
R.S.A. 217-A 

Applicable Prohibits damaging plant species 
listed as endangered in the State. 

Any remedial action that may damage 
state-listed endangered plants will need 
to meet these standards. 

Not cited in the ROD. 

Endangered Applicable Prohibits the taking of State-listed Any remedial action that may take state- Not cited in the ROD. 
Species endangered species and regulates listed species will need to meet these 
Conservation such activities with regard to State- standards. 
Act, R.S.A. listed threatened species. 
212-A 
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Table A-23: Alternative GC-2 – MNA 

Savage Municipal Water Supply Well Superfund Site 


Location-Specific ARARs 


Requirements Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD & 

1996 ESD 
Terrain 
Alteration, Env-
Wq 1500  and 
RSA 485-A:17 

Applicable The purpose of these rules is to 
protect drinking water, surface 
water and groundwater from 
degradation resulting from any 
activity which significantly alters 
terrain or occurs in or on the border 
of the surface waters of the state. 
Env-Wq 1505.04 specifically 
addresses Stormwater 
Management and Erosion and 
Sediment Control. 

Any significant excavation in or around 
the Souhegan River or other surface 
water bodies on-site as part of the 
remedial action will be conducted in 
compliance with the substantive 
requirements of these standards. 

ROD citation (Env-Ws 415) 
changed to Env-Wq 1500 by 
the State. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Federal 

Requirements 
Resource 
Conservation and 
Recovery Act 
(RCRA), 42 U.S.C. 
§§ 6901, et seq., 40 
C.F.R. Parts 261, 
262 and 264 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

New Hampshire has been 
delegated the authority to 
administer these RCRA standards 
through its state hazardous waste 
management regulations (Env-Hw 
100-1100).  These provisions 
have been adopted by the State. 

Any wastes generated by remedial 
activity will be analyzed by appropriate 
test methods.  If found to be hazardous 
wastes, then they will be managed in 
accordance with the substantive 
requirements of the State hazardous 
waste regulations. Wastes that may 
be generated include: investigation 
derived waste from monitoring 
activities and contaminated media 
produced during the O&M of the 
monitoring wells and other 
components of the remedy. 

The ROD only cites 40 
C.F.R. Part 262 as an 
applicable federal 
standard. 

Use of Monitored 
Natural 
Attenuation at 
Superfund, 
RCRA Corrective 
Action, and 
Underground Storage 
Tank Sites, OSW ER 
Directive 9200.4-17P 
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use 
of monitored natural attenuation 
for the cleanup of contaminated 
soil and groundwater. In 
particular, a reasonable time 
frame for achieving cleanup 
standard though monitored 
attenuation would be comparable 
to that which could be achieved 
through active restoration. 

Based on the source control measures 
to be taken within the TI Zone and 
monitoring data to date EPA has 
calculated, based on this MNA 
guidance, that groundwater cleanup 
standards can be achieved within 100 
years. 

The ROD does not cite 
this guidance. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Summary of Key 
Existing EPA 
CERCLA Policies for 
Groundwater 
Restoration June 26, 
2009 
OSW ER Directive 
9283.1-33 

To Be 
Considered 

Guidance on developing 
groundwater remedies at 
CERCLA sites. 

Beyond the TI Zone compliance 
boundary groundwater within the 
Groundwater Cleanup Area must 
achieve federal drinking water and 
risk-based standards or more stringent 
State groundwater standards. 
Groundwater use restrictions will be in 
place for as long as the groundwater 
exceeds cleanup standards. 
Groundwater monitoring using these 
standards will be used to determine 
where ICs are required and to 
document if cleanup standards are 
achieved. 

The ROD does not cite 
this guidance. 

Regulation of Applicable U.S. Army Corps of Engineers Any remedial activities such as the These regulations are 
Activities Affecting permit program identifying federal installation of discharge or collection moved to the Location-
Waters of the United statutes, policies and procedures. pipes conducted along the Souhegan specific ARARs table 
States, 33 C.F.R. River with comply with these under Clean Water Act, 
Parts 320-329 regulations. Section 404 (33 U.S.C. § 

1344); Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
State Requirements 

Contaminated Site Applicable Env-Or Part 607 requires ICs will be established to protect ROD contains general 
Management, NH monitoring of the groundwater against use of contaminated citation to Env-Ws 410. 
Admin. Code Env-Or quality, requires implementation groundwater until groundwater cleanup Section Env-Ws 410.26 
600: Part 607, of measures to restore the standards are achieved. Groundwater changed to Env-Or 607.05 
Groundwater groundwater quality, and requires monitoring will be required until by the State. 
Management an evaluation of the effectiveness cleanup standards are achieved and 
Permits; Part 608, of the measures.  Part 608 therefore monitoring wells will be The ROD does not cite the 
Activity and Use establishes standards for setting installed, operated, and other regulatory 
Restrictions; Part institutional controls to protect decommissioned under these requirements of Env-Or 
610, Monitoring human health and components of 

the remedy. Part 610 establishes 
standards for monitoring 
groundwater, including 
requirements and criteria for 
constructing, developing, and 
decommissioning monitoring 
wells. 

standards. Contaminated media 
generated from installation of wells, 
and any other remedial activity will be 
managed in compliance with these 
standards. Activity and use restrictions 
will be established to prevent 
disturbance to the components of the 
remedy (including monitoring wells). 
There will be at least yearly 
compliance monitoring to ensure 
groundwater use and activity 
restrictions remain in place and are 
enforced. 

600, including standards 
for activity and use 
restrictions. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Hazardous Waste 
Management Act and 
Hazardous Waste 
Regulations, RSA 
Ch. 147-A, Env- Hw 
100-1100 

Applicable for 
remedial 
actions 
where 
hazardous 
waste will be 
moved and 
Relevant and 
Appropriate 
for remedial 
actions 
where 
hazardous 
waste left in 
place. 

Establishes standards for the 
treatment, storage, transport and 
disposal of hazardous waste and 
the closure of hazardous waste 
facilities. New Hampshire has 
been delegated the authority to 
administer the federal RCRA 
standards through these state 
hazardous waste management 
regulations. 

Management of hazardous wastes as 
part of the remedial action must 
comply with the substantive 
requirements of these regulations. 
Some of the specific sections of the 
regulations that pertain to the remedial 
action are cited below. 

The ROD only includes a 
citation to part of the 
hazardous waste 
management regulations 
at Env-Wm 500.  Env-Wm 
100-1100 was changed to 
Env-Hw 100-1100 by the 
State. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Identification and Applicable These standards list particular Any wastes generated by remedial The specific State 
Listing of Hazardous hazardous wastes and identify activity will be analyzed under these identification and listing of 
Wastes, N.H. Admin. the maximum concentration of standards to determine whether they hazardous waste 
Code Env-Hw 400 contaminants for which the waste 

would be a RCRA characteristic 
waste.  The analytical test set out 
in Appendix II of 40 C.F.R. Part 
261 is referred to as the Toxicity 
Characteristic Leaching 
Procedure (TCLP).  The federal 
requirements 40 C.F.R. Part 261 
are incorporated by reference. 

are listed or characteristic hazardous 
waste. Wastes that may be generated 
include: investigation derived waste 
from monitoring activities and 
contaminated media produced during 
the operation and maintenance of the 
monitoring well system and other 
components of the remedy. Materials 
that are listed waste or exceed TCLP 
hazardous waste thresholds will be 
disposed off-site in a RCRA Subtitle C 
facility.  Non-hazardous materials will 
be disposed appropriately. 

regulations were not 
identified in the ROD. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Requirements for 
Hazardous Waste 
Generators, N.H. 
Admin. Code Env-Hw 
500, including Part 
507 Storage 
Requirements; Part 
513 Emergency/ 
Remedial Actions 

Applicable Requires a determination as to 
whether waste materials are 
hazardous and, if so, 
requirements for managing such 
materials on site prior to shipment 
off site.  The federal requirements 
40 C.F.R. Part 262 are 
incorporated by reference. 

If any remedial activity generates 
hazardous wastes, then it will be 
managed in accordance with the 
substantive requirements of these 
regulations. 

The ROD cited the general 
generator standards at 
Env-Wm 500, as well as 
specific provisions of these 
regulations pertaining to 
manifesting, 
recordkeeping, packaging 
and labelling. Env-Wm 
500 has since been 
changed to Env-Hw 500 
by the State. Only the 
substantive, environmental 
provisions of these 
regulations are ARARs. 

Protection of 
Groundwater: R.S.A. 
485-A: 13, NH 
Admin. Code Env-Wq 
402 

Applicable These regulations establish 
substantive requirements for 
discharges to groundwater, 
including prohibited discharges 
(Env-q 402.07), water quality 
sampling (Env-W q 402.8). and 
compliance criteria (Env-Wq 
402.22), 

Discharges to groundwater from any 
component of the alternative will meet 
discharge standards. 

ROD included the 
statutory citation and the 
regulatory citation at Env-
Ws 410. The statutory 
citation has not changed, 
but Env-Ws 410 has been 
changed to Env-Wq 402 
by the State. 

Enforcement of 
Classification, R.S.A. 
485-A:12 

Applicable Any discharge to groundwater or 
surface water that lowers the 
quality of the water below its 
classification is prohibited. 

Remedial alternatives involving the 
discharge to groundwater or surface 
water must comply with these 
standards. 

As cited in the ROD. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Standards for Applicable for This provision requires that wells Wells used for the remedy will be The ROD only cited well 
Construction, drinking be constructed, maintained, created, operated, and closed in abandonment section We 
Maintenance and water wells; relocated, and/or abandoned compliance with these standards. Well 604. 
Abandonment of Relevant and according to these regulations. restriction standards shall be 
Wells, NH Admin. Appropriate We 602.05 address restrictions incorporated into institutional controls 
Code We 600 for monitoring 

wells 
on location wells in contaminated 
areas. 

to prevent groundwater use within the 
within the Groundwater Cleanup Area 
until groundwater cleanup standards 
are achieved. 

Air Pollution Control: Applicable Air pollution control statutory If operation and maintenance of As identified in the ROD. 
RSA Ch. 125-C; requirements. monitoring wells or other remedial 
Specific regulations actions cause a release of 
at Env-A cited below. contaminants into the air, emissions 

controls will be included in the 
remedial design to control emissions. 

Ambient Air Quality 
Standards, NH 
Admin. Code Env-A 
300 

Applicable These regulations set primary and 
secondary ambient air quality 
standards (equivalent to federal 
standards).  The standards do not 
allow significant deterioration of 
existing air quality in any portion 
of the state for: particulate matter, 
sulfur dioxide, carbon monoxide, 
nitrogen dioxide, ozone 
hydrocarbons and lead. 

If there are remedial processes, 
including the monitoring well system, 
that result in releases of contaminants 
into the air, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD 
(specifically Parts 303 and 
304) as a chemical-
specific standard, 
however, these are action-
specific standards 
addressing the control of 
air emissions. 

Fugitive Dust, N.H. 
Admin. Code Env-A 
Part 1002 

Applicable Requires precautions to prevent, 
abate and control fugitive dust 
during specified activities, 
including excavation, 
maintenance, and construction. 

Precautions to control fugitive dust 
emissions will be required during site 
remediation activities that could 
generate dust, such as installation and 
maintenance of the monitoring well 
system. 

As cited in the ROD. 
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Table A-24: Alternative GC-2 – MNA
 
Savage Municipal Water Supply Well Superfund Site
 

Action-Specific ARARs
 

Requirement Status Requirement Synopsis Action to be Taken to Attain ARAR 
Changes from 1991 ROD 

& 1996 ESD 
Regulated Toxic Air 
Pollutants, NH 
Admin. Code Env-A 
Part 1400 

Applicable This regulation identifies toxic air 
pollutants to be regulated. These 
pollutants are also listed by EPA 
in 40 CFR 261. High, moderate 
and low Toxicity Classifications 
are established.  Air toxics in 
these classifications are regulated 
when they occur in concentrations 
that cause adverse health effects 
including increased cancer risk. 

If there are remedial processes that 
result in releases of contaminants into 
the air, air quality standards will be 
complied with during remedial 
activities. 

Cited in the ROD’s 
chemical-specific ARAR 
table as Env-A 1300. 
Current citation is Env-A 
1400 as an action-specific 
ARAR. 
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1. INTRODUCTION 

On behalf of the New Hampshire Department of Environmental Services (NHDES), 

Weston Solutions, Inc. (WESTON®) has prepared this Technical Impracticability (TI) Evaluation 

Report for groundwater contamination within Operable Unit 1 (OU1) at the Savage Municipal 

Water Supply Well Superfund Site (Site) in Milford, New Hampshire (NH) (see Figures 1-1, 1-2, 

and 1-3). This evaluation is based on site information contained in the 2014 Remedial 

Investigation Report (RI Report) for OU1 prepared by WESTON (WESTON, 2014). The 2014 

RI Report summarizes and interprets data from investigations performed by WESTON, Gradient 

Corporation (Gradient) and several other consultants/agencies, including historical data from 

HMM Associates (HMM), the United States Geological Survey, and the United States 

Environmental Protection Agency (EPA). A Conceptual Site Model (CSM) is presented in this 

report that incorporates site data and interpretation from the 2014 RI Report. The CSM forms the 

basis of the evaluation of whether groundwater restoration is technically impractical and will be 

used by EPA in a TI waiver determination under the National Contingency Plan (NCP) 

regulations, 40 Code of Federal Regulation (C.F.R.) Part 300, promulgated under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA, also 

referred to as “Superfund”), 42 U.S.C. §§ 9601 et seq. This evaluation is consistent with EPA’s 

Guidance for Evaluating the Technical Impracticability of Groundwater Restoration, Interim 

Final (EPA, 1993). 

This TI Evaluation Report is intended as a supplemental attachment to the Feasibility Study 

Report and evaluates the practicability of returning groundwater within all or parts of OU1 to its 

beneficial use, as established by applicable or relevant and appropriate requirements (ARARs), 

or by risk-based standards where no ARARs exist. As identified in the EPA TI Guidance, the 

NCP provides the regulatory framework for the Superfund program and states at 40 C.F.R. § 

300.430 that: 

“EPA expects to return usable ground waters to their beneficial uses wherever 
practicable, within a timeframe that is reasonable given the particular 
circumstance of the site.” 

Under Superfund, restoration cleanup levels are established by ARARs, such as federal or state 

drinking water standards or by federal risk-based standards where no ARARs have been 
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promulgated for a particular groundwater contaminant. However, as explained in the EPA TI 

Guidance, EPA acknowledges that restoration to drinking water quality may not always be 

achievable due to the limitations of available remedial technologies. The EPA TI Guidance 

identifies three general categories of factors that may inhibit groundwater restoration:  

 Hydrogeologic limitations such as complex sedimentary deposits, aquifers of very 
low permeability, fractured bedrock aquifers and other factors that make extraction or 
in-situ treatment of contaminated groundwater extremely difficult. 

 Contaminant-related factors including properties that allow the contaminants to 
become sorbed onto or lodged within the soil or rock aquifer that may limit the 
success of an extraction or in-situ treatment process. The presence of dense 
non-aqueous phase liquids (DNAPL) is one example. 

 Inadequate remediation system design and implementation can inhibit groundwater 
restoration, but it is generally not considered by EPA to be sufficient justification for 
a determination of TI.  

Limitations related to the first two items exist within OU1 at the Site. Use of chlorinated solvents 

at the OK Tool Company (OK Tool) has resulted in releases of DNAPL to a hydrogeologically 

complex environment that includes a thick sequence of highly permeable overburden with 

embedded low permeability lenses, low permeability till, and fractured bedrock. Solvents 

including tetrachloroethene (PCE) and trichloroethene (TCE) and their breakdown-products have 

been detected in site groundwater at persistently-high concentrations that suggest the presence of 

DNAPL in both overburden and bedrock. Given the documented extreme difficulty of fully 

restoring DNAPL zones and associated dissolved-phase contamination in hydrogeologically 

complex environments to beneficial use (i.e., drinking water standards) (Interstate Technology & 

Regulatory Council, 2011), a waiver of ARARs and risk-based standards for groundwater in a 

section of OU1 where contaminant levels are highest (referred to as the “proposed TI Zone”) is 

warranted. 

WESTON has conducted a comprehensive review of the existing data and CSM in regard to the 

hydrogeologic and contaminant-related properties outlined in the EPA TI Guidance to assess the 

likelihood that site groundwater can be restored to beneficial use within a reasonable timeframe 

within the proposed TI Zone. The purpose of this report is to present the results of the TI 
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evaluation. Alternative protective remedial strategies are evaluated as part of the Feasibility 

Study Report to which this TI Evaluation Report is attached.  

1.1 PURPOSE AND ORGANIZATION OF THE REPORT  

The evaluation summarized in this TI Evaluation Report was conducted in accordance with the 

EPA TI Guidance (EPA, 1993). In general, the data and evaluations presented are based on site 

characterization data presented in the 2014 RI Report, which compiles and interprets data from 

site investigations performed by WESTON and other consultants under contract to NHDES. 

Further evaluation and interpretation has been performed here to evaluate the technical 

impracticability of restoring the site groundwater within a portion of OU1 in the proposed TI 

Zone. The TI Evaluation Report is structured as follows:  

 Section 1 provides a summary of background information and history of the Site, a 
more detailed description of which can be found in the 2014 RI Report.  

 Section 2 describes the groundwater chemical-specific ARARs and risk-based 
standards for site groundwater contaminants that would be waived if it is determined 
that it is technically impracticable to restore groundwater in portions of the Site.  

 Section 3 presents the CSM in terms of geology and hydrogeology, nature and extent 
of contamination, and contaminant fate and transport properties. Two-dimensional 
graphical representations of the CSM are presented.   

 Section 4 evaluates the groundwater restoration potential, including assessment of the 
remaining contaminant mass, evaluation of past remedial actions, factors precluding 
remediation of source areas, evaluation of potential remedial technologies including 
costs and protectiveness, and predicted analysis of cleanup time. Section 4 also 
defines the proposed area over which the TI Waiver would apply (proposed TI Zone).  

 Section 5 presents the conclusions of the TI Evaluation Report.  

 Section 6 provides references. 

1.2 SITE BACKGROUND INFORMATION 

1.2.1 Site Description and Setting 

The Site is located in Milford, NH approximately 2 miles west of the center of town as shown on 

Figure 1-1. The Site extends beyond the Souhegan River on the north and east and is roughly 

bounded on the south by Old Wilton Road and Tucker Brook (HMM, 1991a; EPA, 2011a). Site 

geology consists of an approximately 50- to 110-foot (ft)-thick, highly-transmissive sand and 
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gravel glacial outwash above a relatively thin discontinuous till layer that overlies fractured 

crystalline bedrock. The static water table at the Site ranges from approximately 5 to 15 ft below 

ground surface (bgs). Much of the Site lies within the floodplain of the Souhegan River and the 

dominant overburden groundwater flow direction is to the east, in the general direction of the 

Savage Municipal Water Supply Well (Savage Municipal Well). 

First developed in 1960, the Savage Municipal Well provided potable drinking water to 

approximately 10,000 residents in the Town of Milford, NH. In February 1983, as part of the 

first routine sampling of water supplies for organic compounds mandated by the Safe Drinking 

Water Act, the New Hampshire Water Supply and Pollution Control Commission (WSPCC) 

discovered volatile organic compounds (VOC) above drinking water standards in samples 

collected from the Savage Municipal Well. Chemicals identified in the water supply included 

PCE, TCE, 1,1,1-trichloroethane (1,1,1-TCA), trans-1,2-dichloroethene (trans-1,2-DCE), and 

1,1-dichloroethane (1,1-DCA). Several of these compounds were also detected in water samples 

collected from a separate water supply well for a nearby mobile home park. Use of both water 

supply wells was discontinued in 1983 and a replacement well for the Town of Milford was 

drilled outside the impacted area. EPA conducted an emergency removal action to connect the 

mobile home park to the municipal water supply system in 1984. The Site was added to the EPA 

National Priorities List on 1 September 1984 (40 C.F.R. § 300. [SWH-FRL-2646-2]). 

1.2.2 Site History 

Following discovery of the VOC contamination in the Savage Municipal Well, the 

New Hampshire WSPCC, in conjunction with the Division of Public Health Services, undertook 

regulatory inspection of industrial facilities located upgradient of the Savage Municipal Well in 

an effort to identify the source of the contamination. In 1985, WSPCC issued a report of their 

hydrogeologic study of the area, and EPA identified a group of local industries as Potentially 

Responsible Parties (PRP) consisting of OK Tool, Hitchiner Manufacturing Company, Hendrix 

Wire and Cable (Hendrix), and New England Steel Fabricators, Inc. The PRP Group agreed to 

conduct a Remedial Investigation/Feasibility Study (RI/FS) for the Site. The 1991 RI/FS study 

was performed by HMM and completed in June 1991 (HMM, 1991a; HMM, 1991b). The RI/FS 

focused largely on identifying and defining source-area soil contamination and groundwater 

contamination within the unconsolidated overburden aquifer. Based on the results of the RI/FS, a 
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Proposed Plan for cleanup of the Site was released in July 1991 (EPA, 1991a). Following a 

public comment period, EPA then issued the Record of Decision (ROD) in September 1991 

(EPA, 1991b). 

The 1991 FS conducted for the Site divided the plume into two zones: the Concentrated Plume 

and the Extended Plume. On 27 June 1994, a Consent Decree (CD) governing the cleanup of the 

Site was entered in federal court in NH as United States of America and State of New Hampshire 

v. Conductron Corporation d/b/a Hendrix Wire and Cable et al., Civil Action No. 94-174L, 

27 June 1994 (D.N.H., 1994). The Concentrated Plume near the former OK Tool facility is 

defined in detail in the CD. The Extended Plume is also defined in the CD and includes the 

remaining area of the Site where lower VOC concentrations are typically found.  

Under the terms of the CD, the Settling Defendants agreed to perform the remedy selected in the 

ROD in the area of the Extended Plume, and EPA and the State of NH agreed to perform the 

selected remedy in the area of the Concentrated Plume. Table 1-1 presents the Groundwater 

Contaminants of Concerns (COCs) identified in the ROD and the associated Interim Cleanup 

Levels (ICLs) developed in the ROD.1 The ROD ICLs were based on EPA’s Maximum 

Contaminant Levels (MCL) for drinking water at the time the ROD was signed. Those standards 

also met the NHDES Ambient Groundwater Quality Standards (AGQS), because the state 

standards at the time were equal to the MCLs. 

The selected remedy included extraction and treatment of contaminated groundwater from the 

aquifer and the natural attenuation of contaminated groundwater in the furthest downgradient 

portion of the plume. More specifically, the ROD identified five components of the selected 

remedy: extraction and treatment of the Concentrated Plume; extraction and treatment of a 

portion of the Extended Plume; natural attenuation; environmental monitoring; and institutional 

controls (ICs). Unsaturated soil was not identified in the 1991 RI as a media of concern and was 

not addressed in the ROD. 

1 Going forward as part of the Amended ROD or any other decision document, consistent with current Region 1 
practice, the term ICLs will be changed to Cleanup Levels (CLs). None of the numeric groundwater cleanup values 
identified in the ROD as ICLs will be changed. 
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In 1996, EPA issued an Explanation of Significant Differences (ESD) detailing changes to the 

selected remedy (EPA, 1996). The ESD divided the remedy into two operable units based upon 

the Concentrated Plume and the Extended Plume. The portion of the plume where the levels of 

groundwater contamination were the highest (i.e., the Concentrated Plume) was designated OU1 

and included the OK Tool Source Area (as defined in detail in the CD) and a portion of the 

Extended Plume to the north (see Figure 1-2). The remaining portion of the Extended Plume was 

designated OU2. The ESD only included changes to the selected remedy for OU1. Figure 1-2 is a 

Site Plan showing the entire Site and includes the OU1/OU2 boundary (note that OU2 includes 

all areas outside OU1 where contamination has migrated).  

The remedy at OU1, as modified by the ESD, included a subsurface slurry wall (constructed of 

soil-bentonite slurry) to isolate the areas that exhibited the highest concentrations of COCs, 

groundwater extraction wells (two inside and two outside the slurry wall) to provide hydraulic 

containment and accelerate remediation of groundwater outside the wall, treatment of the 

extracted groundwater via air stripping and carbon adsorption, soil vapor extraction (SVE) with 

air sparging (AS) to remove near-surface sources within the slurry wall, reinjection of treated 

groundwater via two injection wells and a recharge gallery, groundwater monitoring, and ICs. 

The remedial system was designed to maintain hydraulic containment of the impacted 

groundwater inside the slurry wall and within the underlying shallow bedrock via groundwater 

extraction from two interior wells (IW-1 and IW-2) screened across the deep overburden aquifer. 

Treated groundwater was injected inside the slurry wall to accelerate flushing of the 

contamination and to prevent the formation of stagnation zones within the barrier. Figure 1-3 

shows site details within OU1. 

Construction of the slurry wall was completed in 1998, and operation of the groundwater 

extraction, treatment, and reinjection system began in April 1999. The AS/SVE system was 

operated only intermittently from 1999 through 2008 due to high groundwater elevation 

conditions that limited the thickness of the unsaturated zone and thereby the effectiveness of the 

SVE system. Use of the AS/SVE was permanently discontinued in 2008 in lieu of in situ 

chemical oxidation (ISCO) as described below. Use of the exterior groundwater extraction wells 

was discontinued in 2007 when contaminant concentrations in overburden monitoring wells 
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outside the wall approached the ROD ICLs. The interior extraction wells and exterior recharge 

gallery remain in use at OU1 (although in a different configuration, as described further below). 

Two additional treatment technologies were implemented within the slurry wall to reduce 

contaminant mass and thereby enhance groundwater treatment inside the slurry wall. One 

treatment occurred in 2008/2009 and included excavation and on-site treatment of newly 

discovered soil contamination associated with a former leach field and drain pipe related to the 

former OK Tool facility that exceeded the NHDES Soil Remediation Standard of 2 milligrams 

per kilogram. Concentrations of site contaminants in vadose zone soils above the Soil 

Remediation Standards associated with these two areas were thought to represent an ongoing 

source of shallow overburden groundwater contamination.  

The other supplemental treatment was an ISCO program implemented between 2003 and 2010. 

The ISCO program has included the injection of approximately 32,000 pounds (lbs) of potassium 

permanganate and approximately 307,000 lbs of 40 percent (%) sodium permanganate inside the 

slurry wall. The ISCO injections targeted deep overburden areas with elevated concentrations of 

COCs and geologic lenses that exhibit lower hydraulic conductivities (which would therefore 

receive less treatment via the existing groundwater extraction system). The deep overburden was 

targeted to reduce contaminant mass and provide a passive treatment barrier between the 

overburden and bedrock aquifers within the area encompassed by the slurry wall. The 

overburden areas with lower hydraulic conductivity were targeted in order to reduce the potential 

for recurrent reverse matrix diffusion of contaminants. 

During the ISCO program, pumping of groundwater from inside the slurry wall was continued in 

order to minimize the risk that contaminated groundwater from inside the slurry wall would 

migrate to areas outside the slurry wall. In order to minimize the risk that permanganate

containing groundwater inside the wall would be drawn into the deep groundwater extraction 

wells, two new shallow overburden extraction wells (IW-1A and IW-2A) were installed in 2008 

inside the slurry wall. The two new wells are screened above the zones where permanganate was 

injected and replaced deep overburden extraction wells IW-1 and IW-2, which were screened in 

the ISCO treatment zone. A third shallow extraction well (IW-3A) was installed in 2012 because 

of the repeated presence of permanganate in the treatment system influent during periods of low 
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groundwater elevation. This additional well provided better hydraulic control within the slurry 

wall while reducing the intake of permanganate, which was causing fouling of the treatment 

process equipment. Extraction wells IW-1A, IW-2A, and IW3A remain in service, extracting a 

total of approximately 25 gallons per minute (gpm) in order to maintain inward gradients across 

the slurry wall and upward gradients between the overburden and bedrock inside the wall. 

Following treatment in the on-site facility, all extracted groundwater is recharged to the 

overburden via the recharge gallery located outside of the slurry wall. 

The remedy implemented at OU2 consists of groundwater extraction and treatment with 

re-injection of treated water combined with discharge to the Souhegan River, monitored natural 

attenuation (MNA), and ICs. The treatment system was constructed between 2004 and 2005. 

It includes extraction of approximately 400 gpm from three extraction wells, recharge via three 

injection wells, and discharge to the Souhegan River. The treatment system has operated 

continuously since January 2006, except for brief shutdowns for regular operation and 

maintenance (O&M) activities (Gradient, 2013). 

Volatile organic compound concentrations in shallow bedrock wells have historically been 

significantly lower than the concentrations detected in overburden wells. But as concentrations in 

the overburden decreased in response to the remedial efforts in both OU1 and OU2, a 

corresponding reduction in contaminant concentrations in bedrock, particularly in bedrock wells 

located outside the slurry wall, was not observed. In fact, VOC concentrations in some shallow 

bedrock monitoring wells have increased over time, even after implementation of the 

groundwater remedy within each OU at the Site. The observed increase in VOC concentrations 

in shallow bedrock at the Site and the lack of an adequate deep bedrock monitoring well network 

raised concerns that contamination from the Site could migrate through bedrock fractures to 

nearby residential wells. This concern prompted the bedrock investigations documented in the 

2014 RI Report. 

The 2014 RI consisted of four significant phases of investigation conducted between 2010 and 

2013 to investigate and characterize the nature and extent of contamination in the bedrock 

aquifer. The additional bedrock investigations supplemented the existing shallow bedrock 

monitoring well network installed during the 1991 RI, evaluated data gaps identified during 
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previous investigations conducted in both OU1 and OU2, and provided the necessary data to 

support an updated FS. The activities described in the 2014 RI included: 

 Installation or deepening of 18 bedrock monitoring wells in both OU1 and OU2 
 Borehole geophysical logging to map the bedrock fabric 
 Discrete interval (packer) sampling to assess vertical contaminant distribution 
 76-hour and 228-hour pumping tests to estimate aquifer properties 
 Tracer dye study to assess contaminant migration pathways and rates  

Results of the bedrock investigations indicate that contamination extends deep into the bedrock 

aquifer in portions of the Site within OU1, and to a lesser extent OU2. A CSM for the bedrock 

contamination developed based on data collected during the 2014 RI is provided in Section 3. 
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2. 	 SITE-SPECIFIC APPLICABLE OR RELEVANT  
AND APPROPRIATE REQUIREMENTS 

As required under Section 121 of the CERCLA, 42 U.S.C. § 9621, remedial actions carried out 

under CERCLA must be protective of human health and the environment and attain the levels or 

standards of control for hazardous substances, pollutants, or contaminants specified by the 

ARARs unless waivers are obtained. Site-specific Remedial Action Objectives (RAOs) were 

included in the original ROD. 

The only media of concern for OU1 is groundwater. The 1991 RI/FS evaluated overburden soil, 

overburden groundwater, shallow bedrock groundwater (typically less than 30 ft below the 

bedrock surface), surface water, and sediment, and concluded that site groundwater (overburden 

and shallow bedrock) was the only medium at the Site that presented unacceptable risks to 

human health. No risk to ecological receptors from any media was identified in the 1991 RI 

(HMM, 1991a). The ROD did not distinguish between the overburden and bedrock groundwater 

and identified the following RAOs: 

 Prevent Ingestion of contaminated groundwater that would pose an unacceptable risk 
to human health. 

 Restore groundwater quality to meet federal and state ARARs.  

In order to attain the RAOs and comply with the ARARs, media-specific Remediation Goals 

(RG) were developed in the ROD. Criteria used to develop the candidate RGs included EPA 

MCLs, NHDES AGQS, and EPA risk-based standards for carcinogenic and non-carcinogenic 

health effects. The risk-based standards were based on an individual contaminant risk of lifetime 

cancer risk >EPA’s acceptable range of 10-6 to 10-4 or a hazard index >1 to meet the remedial 

objective stated above. Both the cancer and noncancer risk-based standards were developed 

based on a residential use scenario.  The ROD’s chemical-specific ARARs that would be waived 

under a Technical Impracticability Waiver are: 
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Requirement Status Requirement Synopsis 

Federal Requirements 

EPA Risk Reference Dose 
(RfDs) 

To Be Considered Dose levels developed by EPA to protect sensitive individuals 
over the course of a life-time The RfDs reflect a daily 
exposure level likely to be without appreciable risk of adverse 
health effects. 

EPA Carcinogenicity Slope 
Factor 

To Be Considered Slope factors are developed by EPA from Health Effects 
Assessments and present the most up-to-date information on 
cancer risk potency. Slope factors are developed by EPA from 
Health Effects Assessments by the Carcinogenic Assessment 
Group. 

Guidelines for Carcinogen Risk 
Assessment EPA/630/P-03/001F 
(March 2005) 

To Be Considered Guidance for assessing cancer risk. 

Supplemental Guidance for 
Assessing Susceptibility from 
Early-Life Exposure to 
Carcinogens EPA/630/ 
R-03/003F (March 2005) 

To Be Considered Guidance of assessing cancer risks to children. 

Safe Drinking Water Act 
(42 U.S.C. §300f et seq.); 
National primary drinking water 
regulations (40 C.F.R. 141, 
Subpart B and G) 

Relevant and 
Appropriate 

Establishes maximum contaminant levels (MCLs) for common 
organic and inorganic contaminants applicable to public 
drinking water supplies. Used as relevant and appropriate 
cleanup standards for aquifers and surface water bodies that 
are potential drinking water sources. 

Safe Drinking Water Act 
(42 U.S.C. §300f et seq.); 
National primary drinking water 
regulations (40 C.F.R. 141, 
Subpart F) 

Relevant and 
Appropriate for 
non-zero MCLGs only; 
MCLGs set as zero are 
To Be Considered 

Establishes maximum contaminant level goals (MCLGs) for 
public water supplies. The MCLGs are health goals for 
drinking water sources. These unenforceable health goals are 
available for a number of organic and inorganic compounds. 

Health Advisories (EPA Office 
of Drinking Water) 

To Be Considered Health Advisories are estimates of risk due to consumption of 
contaminated drinking water; they consider non-carcinogenic 
effects only. To be considered for contaminants in 
groundwater that may be used for drinking water where the 
standard is more conservative than either federal or state 
statutory or regulatory standards. The Health Advisory 
standard for manganese is 0.3 milligrams per liter. 

State Requirements 

Drinking Water Quality 
Standards: NH Admin. Code 
Env-Dw 700 

Relevant and 
Appropriate for MCLs 
and non-zero MCLGs 
only; MCLGs set as 
zero are To Be 
Considered 

State MCLs and MCLGs establish maximum contaminant 
levels permitted in public water supplies and are the basis of 
State Ambient Groundwater Quality Standards (AGQS) that 
are applicable to site groundwater. The regulations are 
generally equivalent to the Federal Safe Drinking Water Act. 

New Hampshire Ambient 
Groundwater Quality Standards 
(NH AGQS) (Env-Or 603.03, 
Table 600-1) 

Relevant and 
Appropriate 

Establishes maximum concentration levels for regulated 
contaminants in groundwater which result from human 
operations or activities. NH AGQS are equivalent to MCLs for 
contaminants that have MCLs. NH AGQS have been 
established for site groundwater contaminants for which no 
MCLs are established, and are derived to be protective for 
drinking water uses. The NH AGQS will be used for site 
contaminants where MCLs are not currently established. 
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Four VOCs have been detected in groundwater within OU1 at concentrations that exceeded their 

respective RG concentrations. The RGs established for the four chemicals are as follows:  

Compound Remediation Goal Basis 

1,1-dichloroethene (1,1-DCE) 7 micrograms per liter (µg/L) MCL 

cis-1,2-dichloroethene (cis-1,2-DCE) 70 µg/L MCL 

PCE 5 µg/L MCL 

TCE 5 µg/L MCL 

Under a TI Waiver, EPA would be acknowledging that due to the hydrogeologic and 

contaminant-related constraints to remediation within the proposed TI Zone within OU1, that 

remediation of groundwater contamination to achieve ARAR standards, represented by the RGs, 

is not technically practicable using any known remedial technologies. The TI Waiver would 

apply only to the four compounds listed above that are known to exceed the MCLs within the 

proposed TI Zone. 
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3. CONCEPTUAL SITE MODEL 

3.1 SITE GEOLOGY AND HYDROGEOLOGY 

The regional geological and hydrogeological setting has been described in detail in previous 

documents (HMM, 1991a; WESTON, 2014) and is briefly summarized as part of the CSM in 

this TI Evaluation Report. A more detailed discussion of the regional geology and hydrogeology 

is provided in the 1991 and 2014 RI Reports. 

The Site is underlain by a sequence of unsaturated and saturated alluvium, glacial drift, and other 

unconsolidated deposits overlying the bedrock surface in the Souhegan River Valley. The 

overburden stratified glacial deposits that comprise the principal aquifer in the area, referred to 

as the Milford-Souhegan glacial drift (Harte, 1992), consist of a complex sequence of highly-

permeable fine to coarse sands and gravels interbedded with finer sand layers. The aquifer ranges 

in thickness from approximately 50 ft to a maximum thickness of greater than 130 ft. The 

deepest portion of the aquifer is located in OU1 between the eastern half of the slurry wall and 

the boundary between OU1 and OU2 where a bedrock trough is present. The Souhegan River 

partially penetrates the sand and gravel alluvium aquifer and passes through OU1 directly north 

of the former OK Tool Source Area that is encompassed by the slurry wall. The river is a major 

source of recharge to the OU1 portion of the Site; however, farther downstream within OU2, the 

relationship between the river and overburden aquifer changes and the river becomes a discharge 

point for the unconsolidated aquifer. 

The general direction of groundwater flow within the unconsolidated aquifer is from west to east. 

Prior to the implementation of the groundwater extraction remedies in both OU1 and OU2, the 

hydraulic gradient was relatively uniform (WESTON, 2011, and Gradient, 2011). The 

construction of the slurry wall and operation of the groundwater extraction system has had a 

particularly significant effect on both horizontal and vertical groundwater flow within the 

unconsolidated aquifer in OU1. Analysis of historical groundwater elevation data has indicated 

that the slurry wall and groundwater extraction system is effective in isolating groundwater 

within the slurry wall from the rest of the unconsolidated aquifer, but that overburden 

groundwater within the slurry wall area remains in hydraulic communication with the underlying 
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bedrock. The OU2 groundwater remediation system has had more localized effects on 

groundwater flow in downgradient portions of the Site.  

Groundwater within the bedrock aquifer at the Site exists primarily within joints and fractures 

(secondary porosity). The primary porosity of crystalline bedrock is generally less than 0.01% 

but the secondary porosity can be much higher depending on how fractured the rock is. The 

majority of secondary porosity is composed of dead-end and micro-fractures. Larger, 

interconnected hydraulically-active fractures typically make up only a small percentage of the 

total bedrock porosity. Based on pumping tests conducted at the Site, the overall bedrock 

porosity is estimated to be 0.5%.  

Borehole geophysical logging identified a moderate to steeply dipping fracture network with the 

majority of hydraulically active fractures dipping between 39 degrees (º) and 79º and striking to 

the northeast and north-northeast. A north to northeast trending fracture strike direction is typical 

of southern NH. Fractures were observed to be primarily dipping in a westerly direction with a 

lesser number of fractures dipping in an easterly direction. A review of borehole geophysical 

logs, including optical and acoustic televiewer results, indicates generally granitic and gneissic 

composition to the bedrock formation in the area. Foliation characteristic of the gneiss is easily 

visible in the logs for wells across the Site. Overall however, the bedrock is highly competent 

and fracture frequency generally decreases with depth. Most boreholes drilled deeper than 300 ft 

into the bedrock contained between 2 and 4 hydraulically-active fractures, most of which had 

very low yields (i.e., <1 gpm), and an average of 75 to 100 non-active (dead-end and micro-

fractures) fractures per 100 ft. The depth of the boreholes (300 to 550 ft into bedrock) was based 

on the depth of nearby residential water supply wells.   

Based on measured groundwater elevations in bedrock monitoring wells across the Site, the 

potentiometric surface suggests that groundwater flow is generally to the east, more or less 

parallel with flow in the unconsolidated aquifer, although there is an east-northeast component in 

areas north of the slurry wall. However, the primary fracture strike orientation trends to the 

north-northeast, which is consistent with the bedrock anisotropy depicted by the cone of 

depression during two pumping tests performed in support of the 2014 RI. Although the 

hydraulic head distribution suggests overall bedrock groundwater flow is generally to the east, 
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the direction of fracture strike and bedrock anisotropy facilitates movement of groundwater (and 

therefore contaminant migration), in a north-northeast direction as it migrates downgradient 

through the fracture network. 

Results from the installation of monitoring wells and packer interval sampling indicate a highly 

competent bedrock fabric at the Site. Those observations are consistent with low calculated 

transmissivity values for nearly all bedrock fractures evaluated and by the very low total well 

yield (<0.25 gpm) exhibited by many of the open-hole bedrock wells. Findings from the RI 

pumping tests indicate that when a stress is applied to the bedrock aquifer, the primary source of 

recharge is from the overburden aquifer through a network of shallow, steeply dipping fractures. 

Within the bedrock aquifer, the stress accentuates a lateral connection through deeper fractures 

with approximately four times greater flow rates along strike versus perpendicular to strike. 

These results suggest a propensity for flow in the north-northeast direction within deeper zones 

of the bedrock aquifer, which substantiates the north-northeast trending anisotropy. 

3.2 NATURE AND EXTENT OF CONTAMINATION 

The 1991 RI identified four major industrial facilities where process waters and wastes were 

released to the ground surface or to surface waters flowing through the Site beginning in the 

1940s and extending into the 1980s. The primary source of the contamination within OU1 was 

identified as the former OK Tool where a 1983 inspection of the facility identified potential 

releases of contaminants to floor drains, the ground surface, and the Souhegan River. For OU2, a 

discharge of manufacturing process water by the other settling parties to a discharge stream that 

flowed across Elm Street and into the Souhegan River north of the Savage Municipal Well was 

determined to be the primary source of contamination. The VOC compounds PCE, TCE, 

1,1,1-TCA, 1,1-DCA, and trans-1,2-DCE are the primary contaminants for this Site. This section 

of the report will summarize the extent of contamination predominantly within OU1. 

Processes used by the OK Tool to produce the metal cutting tools and tool hardware included 

machining, grinding, oxidizing, and heat treating. Those processes required the use of cutting 

fluids, lubricants, and cutting solvents. The primary cleaning solvent used by OK Tool was PCE. 

Waste from the manufacturing process included metal shavings, spent solvent, and sludge.   
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In 1983, a NHDES inspection of the OK Tool plant discovered the following: 

 A vapor-degreasing tank was directly connected to a drain in the plant floor.   

 Oily wastes and other materials were disposed of on the ground north of the plant. 

 Cooling water used within the facility flowed into an open tank located near the vapor 
degreaser before it was ultimately discharged to the Souhegan River under a National 
Pollution Discharge Elimination System (NPDES) permit. 

In 1983, NHDES ordered OK Tool to cease discharge of any waste and to begin an investigation 

to determine the extent of the soil and groundwater contamination. An unknown amount of 

contamination was released to the environment via the routes described above (HMM, 1991a). 

3.2.1 Soil 

Soil contamination consisting of VOCs was identified in the vicinity of the floor drain and in 

shallow soils north of the building. Concentrations of PCE as high as 1,150,000 micrograms per 

kilogram were measured in shallow soils. In 1985, soil remediation activities were completed 

inside the OK Tool building, including the removal and off-site disposal of approximately 

27 cubic yards (cy) of soil from the vicinity of the floor drain. The floor drain excavation was 

approximately 9 ft by 9 ft in area and extended down to groundwater (approximately 10.5 ft 

below grade). The remaining shallow soil contamination associated with the northern surface 

spill area was treated via SVE between 1999 and 2008.   

Residual soil contamination was discovered in the vicinity of a former leach field and a drainage 

pipe for the former OK Tool facility. Elevated concentrations of site contaminants in vadose 

zone soils associated with these two areas were thought to represent an ongoing source of 

shallow overburden groundwater contamination. Approximately 2,000 to 3,000 cy of shallow 

unsaturated soils exceeding the NHDES Soil Remediation Standards were excavated from the 

vicinity of the former leach field and stockpiled in late summer of 2008. In addition, 

approximately 59 cy of soil were removed from the vicinity of the drainage pipe. These soils 

were treated on-site during July 2009 using a combination of chemical oxidation (ozone and 

peroxide) and SVE. Confirmation samples were collected from the treated soils before they were 

returned to the excavation as backfill material. (EPA, 2011a) 

No significant vadose zone soil contamination is believed to remain within OU1. 
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3.2.2 Overburden Groundwater 

Four principal VOC contaminants have been detected in groundwater within the unconsolidated 

overburden aquifer: PCE, 1,1-DCE, TCE, and cis-1,2-DCE. Of these, PCE is the most prevalent 

and is found at the highest concentrations. Figure 3-1 shows the extent of the PCE plume in 

overburden groundwater as mapped in 1990. Installation of the slurry wall and operation of the 

OU1 groundwater extraction system since 1999 has significantly reduced VOC concentrations in 

the overburden groundwater outside the slurry wall in OU1. Figure 3-2 presents PCE 

concentration trends for selected monitoring wells located outside the slurry wall within OU1 

that illustrate the reduction, and supported shut down of the extraction wells outside the slurry 

wall in April 2007 (WESTON, 2011). Figure 3-3 shows the extent of PCE in shallow overburden 

groundwater within OU1 as mapped in 2013. It is evident from Figure 3-3 that the overburden 

plume has been effectively cut off from the source by the slurry wall and the OU1 groundwater 

extraction system. 

In general, the remedy for OU1 has resulted in significant reductions of contaminants in the 

overburden outside the slurry wall within OU1 with an observed 99% decrease in concentrations 

since implementation of the remedy (EPA, 2011a). However, significant PCE contamination 

remains in overburden groundwater within the slurry wall, particularly in the mid-level and 

deeper portions of the aquifer where concentrations as high as 19,000 µg/L have been detected as 

recently as October 2014. Figure 3-4 shows the extent of PCE contamination in the deep portion 

of the overburden within OU1. 

3.2.3 Shallow Bedrock Groundwater 

As in the overburden aquifer, the primary contaminant in the shallow bedrock is PCE, although 

the other VOCs discussed above are also present, but at lower concentrations. In contrast to the 

overburden however, VOC concentrations in the shallow bedrock, both within and beyond the 

confines of the slurry wall, have not been reduced since implementation of the remedies at both 

OU1 and OU2. The PCE concentrations in several shallow bedrock monitoring wells located in 

OU1 (MW-16R, PW-2R, and MW-2R) have generally increased since the construction of the 

slurry wall, while others (MW-14R, PW-5R and PW-6R) have fluctuated significantly and 

exhibited no distinct trend. Figure 3-5 presents PCE concentration trends for selected shallow 

bedrock monitoring wells within OU1 and OU2 that illustrate the trend variability. Measured 
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concentrations of PCE in the shallow bedrock are generally less than 1,000 µg/L, which is 

substantially lower than the concentrations observed in overburden during the 1991 RI. This 

explains why the bedrock investigation was not expanded to include the deep bedrock during the 

1991 RI. 

3.2.4 Deep Bedrock Groundwater 

The recent investigations into the deep bedrock aquifer beneath OU1 identified higher 

concentrations of PCE than those currently present in the overburden or shallow bedrock 

aquifers. Deep bedrock well BR-6 was drilled immediately downgradient from known release 

areas within OU1. Fractures in that well that were determined to be hydraulically-active 

exhibited the highest concentrations of PCE and TCE observed in bedrock at depths up to 400 ft 

into bedrock (500 ft below grade). The concentration of PCE in BR-6 ranges from 59,000 to 

100,000 µg/L, and the concentration of TCE ranges from 1,900 to 6,300 µg/L. The PCE and 

TCE concentrations were observed to increase with depth. Figure 3-6 shows the distribution of 

PCE in deep bedrock within OU1. Figure 3-7 shows the distribution of PCE in deep bedrock in 

all areas of the Site.  Figure 3-8 is a geologic cross-section illustrating the vertical distribution of 

PCE in bedrock. 

The increase in VOC concentration with depth observed at BR-6 suggests that there was a 

significant vertical component to PCE release at OK Tool and that the full vertical extent of 

impact to the bedrock aquifer has not been determined. The large vertical distribution of PCE is 

believed to be the result of downward DNAPL migration from the source area into the deep 

bedrock via steeply-dipping interconnected (hydraulically-active) fractures. Laterally, the 

concentrations of site COCs decreased by approximately one order of magnitude at wells BR-2 

and BR-3 relative to BR-6. Wells BR-2 and BR-3 are located approximately 300 ft to the east 

and north-northeast of BR-6, respectively. They are inferred to be directly downgradient of BR-6 

based on the eastern hydraulic gradients (BR-2) and along strike based on geophysical data and 

the observed aquifer anisotropy (BR-3). When compared to the vertical distribution at BR-6 

(very little variation in concentration over 400 ft in bedrock), the large lateral decline in 

contaminant concentrations (nearly three orders of magnitude reduction over 500 ft between 

BR-6 and BR-1) illustrates the dominant vertical component of contaminant migration at the site 

(see Figure 3-8). 
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To the north-northeast of well BR-3, the concentrations of site contaminants decrease by two 

orders of magnitude within approximately 300 ft. The north-northeast direction from BR-3 is 

cross-gradient based on the distribution of hydraulic head across the bedrock aquifer. However, 

monitoring wells BR-11, MW-2R, and MW-30, which are north-northeast from BR-3, appear to 

be hydraulically connected to the bedrock aquifer beneath the former OK Tool property via the 

primary fracture strike orientation, as identified during the 2010 and 2013 bedrock pumping 

tests. Because BR-11, MW-2R, and MW-30 are located in an area where the overburden aquifer 

is not impacted by site contamination, it is inferred that the contamination in these wells 

migrated laterally through bedrock fractures rather than downward from the overburden. The 

impact to these wells is inferred to be either the result of dissolved phase contamination being 

diverted along strike while attempting to follow the eastern hydraulic gradients within the 

aquifer, or the result of former hydraulic stresses that altered the historical direction of bedrock 

groundwater flow. 

No COCs were identified in monitoring wells located to the north of the former OK Tool area 

near several residential properties that obtain drinking water from individual bedrock supply 

wells. In addition, no COCs have been identified at any of the residential properties included in 

the drinking water monitoring program. The absence of impacts to the bedrock monitoring wells 

and the residential drinking water wells, the easterly hydraulic gradients, and the north-northeast 

fracture strike orientation and aquifer anisotropy, all suggest that the residential areas to the north 

and northwest are hydraulically upgradient. It is unlikely that those wells will become impacted 

with site-related contamination under the current hydrogeologic conditions. However, it is 

important to note that a change in the current hydrogeologic conditions, such as additional 

pumping from residential development on the property directly to the north of the former OK 

Tool area and Souhegan River, could alter the direction of hydraulic gradients to this area and 

thus result in the migration of impacted groundwater to areas located to the north and northwest. 

East of BR-2, concentrations of site COCs in the bedrock aquifer decrease by another order of 

magnitude in monitoring wells near the OU1/OU2 boundary. In addition, concentrations of PCE 

generally decrease with depth in the areas east of the former OK Tool area. That decrease is 

different than contaminant trends in the bedrock wells located closer to areas where releases are 

inferred to have occurred. Historically, elevated concentrations of PCE were present in the deep 
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overburden throughout areas to the east of the former OK Tool area. The shallow bedrock 

contamination in those areas is believed to have been at least partially the result of downward 

migration of dissolved phase contamination from the overburden aquifer. Although contaminant 

concentrations decrease with depth in each of the bedrock wells present in those areas, PCE was 

still observed at concentrations ranging between 190 and 300 µg/L in the deepest hydraulically 

active fractures encountered in the wells located near the OU1/OU2 boundary. Because of the 

fact that potentiometric head distribution indicates that those wells are positioned hydraulically 

downgradient from the former OK Tool property, it is possible that concentrations at depth in the 

wells located near the OU1/OU2 boundary are the result of both the vertical migration of 

dissolved phase contamination from the overburden and the lateral migration of contamination 

through a matrix of deep hydraulically active fractures. The reduction of concentrations by 

another order of magnitude with respect to those observed at BR-6 further corroborates the 

conclusion that the competent bedrock fabric has limited the lateral migration of impacted 

groundwater at the Site. 

Well BR-16 is located along the OU1/OU2 boundary immediately north of Elm Street. 

Groundwater quality data from that well provides an indication of the southern extent of impact 

to the deep bedrock aquifer with PCE concentrations ranging between 13 and 8.5 µg/L. Those 

values are more than an order of magnitude less than those observed in well MW-16R, which is 

located approximately 300 ft to the north. That data support the conclusion that the easterly 

hydraulic gradients and north-northeast anisotropy inhibited contaminant migration to the south. 

In conjunction with the data from well BR-9 located immediately to the south of the slurry wall, 

those results indicate that there is likely to be minimal, if any, impact to the bedrock aquifer 

south of Elm Street. 

The VOC concentrations in deep bedrock in OU2 are substantially less than those observed in 

OU1. Groundwater quality data collected in 2012 for the deep bedrock in OU2 showed 

concentrations of PCE ranging between 56 and 7.7 µg/L, or approximately one order of 

magnitude less than wells along the OU1/OU2 boundary. In contrast to OU1, the concentrations 

of VOCs in bedrock wells in OU2 decrease with depth. This incongruence suggests that the 

bedrock contamination in OU2 may be at least partially the result of downward migration of 
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dissolved contamination from the overburden aquifer, rather than solely from horizontal 

migration through fractures in the deep bedrock. This is particularly true for the shallow bedrock. 

The distribution of bedrock contamination across the entire Site can be directly attributed to the 

steeply dipping fracture network, the physical properties of the contaminants, and the two 

primary lateral migration pathways. The steeply dipping fracture network and the physical 

properties of the contaminants have facilitated the significant vertical migration of contamination 

from the areas where releases occurred to depths greater than 500 ft bgs, and also have facilitated 

the migration of impacted overburden groundwater into the bedrock aquifer in downgradient 

portions of the plume to the east. The north-northeast anisotropy of the bedrock aquifer and the 

overriding easterly hydraulic gradients are each clearly evident based on contaminant 

distribution; the contaminant plume extends in each direction away from the former OK Tool 

property. 

Although there are a limited number of hydraulically-active fractures in the bedrock, the 

combination of the expansive overburden plume, downward gradients between the overburden 

and the bedrock, and the physical properties of the COCs, has resulted in the distribution of low 

level concentrations of COCs throughout the bedrock aquifer beneath the Site. Higher 

concentrations are typically observed in the shallow bedrock fractures in the downgradient areas 

of the Site and are inferred to be the result of the downward migration of contamination from the 

overburden aquifer because of the fact that the overburden aquifer has historically exhibited 

higher concentrations of COCs.  

Although the extent of contamination in the deeper downgradient portions of the bedrock aquifer 

is limited as compared to the shallow bedrock and the overburden aquifers, it may be attributable 

to both lateral migration through the bedrock aquifer as well as downward migration from the 

overburden aquifer and shallow bedrock fractures that intercept the bedrock surface. The 

similarity of the areal extent of both the overburden and shallow bedrock plumes, and the 

minimal impact to the deep bedrock aquifer in the downgradient areas of OU2 is further 

evidence of the downward migration of impacted groundwater from the overburden into the 

bedrock. It is important to note that because of the competent bedrock, the actual number of 

hydraulically active fractures is limited; therefore, while the area of impact is large and 
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comparable to the overburden plume, the actual volume of impacted water, and the mass of 

contaminant, is relatively small when compared to that of the overburden aquifer. 

3.3 CONTAMINANT FATE AND TRANSPORT 

The 1991 and 2014 RIs evaluated the environmental fate and transport characteristics of the 

COCs at the Site. Fate and transport address the mobility, stability, volatility, and persistence of 

each substance. Mobility and persistence represent the potential for a chemical to migrate along a 

given pathway and how long a chemical will remain in the environment, and are therefore of 

primary importance. 

Compounds identified in overburden and bedrock groundwater above the ROD ICLs in OU-1 

include PCE, TCE, cis-1,2-DCE, and 1,1-DCE. Tetrachloroethene and to a lesser extent TCE are 

the most widely detected compounds in groundwater. The other two compounds are limited in 

extent and fall well within the boundary of the PCE plume. The physical properties of TCE, 

cis-1,2-DCE, and 1,1-DCE are similar in nature to PCE and they would behave in a similar 

fashion with regard to their fate and transport within groundwater. Therefore, any remedial 

action implemented to address PCE-impacted groundwater is inferred to result in a concomitant 

reduction of TCE, cis-1,2-DCE, and 1,1-DCE concentrations. 

The compound 1,4-dioxane is an emerging contaminant that was not identified as a COC at the 

time the original RI/FS was conducted. It was commonly used with 1,1,1-TCA as a stabilizer and 

corrosion inhibitor (EPA, 2009b). No ICL for 1,4-dioxane was included in the ROD, but the 

current NHDES AGQS for that compound is 3 µg/L. Because 1,1,1-TCA was included as a COC 

for the Site, groundwater in OU1 and OU2 has been periodically tested for 1,4-dioxane during 

selected monitoring rounds beginning in 2003. To date, 1,4-dioxane has not been found in 

groundwater samples collected from either overburden or bedrock monitoring wells located 

within OU1, although only two sampling rounds (May and October 2009) had detection levels 

that were below the AGQS of 3 µg/L. Other OU1 sampling rounds in 2003 and 2010 had 

elevated detection levels ranging from 50 to as high as 12,500 µg/L in well PW-06D. In contrast 

to the lack of 1,4-dioxane detections in OU-1, 1,4-dioxane was detected in OU2 groundwater 

monitoring rounds conducted in 2003, 2009, and 2010 at concentrations as high as 7.54 µg/L.    
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Based on observations during drilling and groundwater monitoring activities at the Site, no 

non-aqueous phase liquid has been directly identified in soils or on bedrock fracture surfaces to 

date. The highest concentration of PCE in groundwater was identified in the bedrock monitoring 

well BR-6, at levels of 100 milligrams per liter (mg/L). This represents approximately 67% of 

the solubility of PCE in water, which is 150 mg/L at standard temperature and pressure 

(Montgomery and Welkom, 1990), and indicates a high potential for free-phase PCE to exist. 

Free-phase chlorinated ethenes such as PCE and TCE are often referred to as DNAPL, meaning 

that they will tend to sink within the saturated zone (because their specific gravity is greater than 

1.0, the specific gravity of water) until they encounter a low-permeability layer in the formation 

at which point the DNAPL will flow laterally along the surface of the low-permeability 

formation and may diffuse into it.  

The DNAPL constituents (which, if present, are likely primarily PCE at this Site) will slowly 

dissolve into groundwater and migrate as part of the groundwater flow system, thereby creating a 

dissolved contaminant plume. Once the dissolved-phase contaminants have entered the 

groundwater flow system, they will be carried in the direction of groundwater flow by advection. 

Mechanical dispersion will tend to spread the plume perpendicular to the groundwater flow 

direction in the unconsolidated aquifer but will play a lesser role in the downgradient migration 

of contaminants through the bedrock because of the limited mixing that occurs in flow through 

fractures. Some dilution of the contaminants will occur as a result of clean water from 

precipitation that enters the overburden aquifer from above and as the fractures containing 

contaminants receive water from fractures with clean water in bedrock. Molecular diffusion will 

tend to move contaminants into low-permeability layers in the overburden aquifer and smaller 

fractures transverse to the primary direction of contaminant movement in bedrock, many of 

which may be dead-end fractures. This is important because reverse diffusion from low-

permeability layers in the overburden and dead-end/micro fractures in bedrock must be 

considered when evaluating potential remedial measures for the Site as they will tend to hold 

residual contamination long after the primary pathways have been cleaned up. In general, 

advection and dispersion are inferred to play the greatest roles in the transport of impacted 

groundwater at the Site. The distribution of the contaminant plume can be directly attributed to 

the effects from these two mechanisms.   
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3.4 	 CONTAMINANT MIGRATION PATHWAYS/ASSESSMENT  
OF SOURCE AREAS 

Chlorinated VOCs are the principal concern at the Site in terms of potential for migration off-site 

and potential exposures that could affect human health and the environment. Although 

groundwater, surface water, soil, and air are all potential exposure pathways, groundwater is 

considered the only complete migration pathway in OU1. The other migration pathways were 

each evaluated in the 1991 RI for the Site, and the ROD included a determination that no risk 

was posed by pathways other than groundwater. 

The configuration of the bedrock surface appears to have had a significant influence on the 

migration of contamination between the overburden and bedrock. The highest concentrations of 

PCE detected in the bedrock aquifer during the 2014 RI were in BR-6, a well installed 

downgradient from known overburden sources near the base of a slope in the bedrock surface 

within the OU1 slurry wall. It is likely that when DNAPL was released at the ground surface, it 

migrated down through the overburden under the force of both gravity and the hydraulic 

gradient, possibly encountering lower-permeability layers in the overburden and traveling 

laterally along them until able to resume downward migration. This process would continue until 

the DNAPL eventually reached the till/bedrock surface. The DNAPL then flowed eastward down 

along the top of the sloped till/bedrock surface, collecting in low spots. The variable thickness 

and discontinuous nature of the till at the Site and the nature of the bedrock surface facilitated 

infiltration of DNAPL into shallow bedrock fractures.  

Upon infiltrating the bedrock surface through gaps in the till and via fractures, DNAPL would 

have continued to flow vertically downward under its own positive head (overcoming pore entry 

pressures) and hydraulic gradients through the steeply dipping, interconnected fracture network 

until ultimately dissolving in groundwater or collecting in small troughs in primary fractures or 

dead end fractures. Dissolved phase contamination would have been carried via groundwater 

flow in a tortuous “zig-zag” pattern through the bedrock fracture network as it followed the 

hydraulic gradients and flow along the bedrock strike. The natural hydraulic flow of groundwater 

has resulted in the migration of dissolved phase PCE and TCE away from the former OK Tool 

property through bedrock fractures. However, concentrations of dissolved phase PCE and TCE 

in the bedrock decrease by two to three orders of magnitude within approximately 500 ft laterally 
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beyond the OU1 slurry wall. The large decline over such a short distance suggests that lateral 

migration is curtailed in the competent bedrock, unlike the overlying unconsolidated aquifer 

where expansive lateral migration was observed and the plume extends over 5,000 ft. 

Groundwater flow in bedrock at the Site is governed by two factors: 1) hydraulic gradients, 

which dictate bedrock groundwater flow must be to the east and east-northeast; and 2) the north-

northeast orientation of the fractures in the bedrock which limit the direction groundwater can 

physically move. As a result of those two influences, as impacted groundwater attempts to follow 

the easterly hydraulic gradient, the orientation of the bedrock fractures tends to push the 

groundwater off to the north-northeast. The north-northeast oriented fractures are one of the 

primary lateral contaminant migration pathways in the bedrock.  

The majority of fractures identified during the investigations conducted in support of the RI was 

moderate to steeply dipping and had a primary dip direction to the northwest with a lesser 

number of fractures dipping to the southeast. In general, the distribution of the heavily-

contaminated groundwater within OU1 at the Site is primarily the result of the vertical migration 

of DNAPL flowing vertically downward under the force of gravity. That is evidenced by the 

highest contaminant concentrations present almost directly beneath known release areas at the 

former OK Tool property.  

Current hydrogeologic conditions in the bedrock aquifer and historical contaminant levels in the 

overburden explain the migration of dissolved phase contamination to the east. The north-

northeast orientation of the bedrock anisotropy explains migration of contaminants from the 

former OK Tool property toward the north and northeast. However, the steeply dipping nature 

and low transmissivity of most hydraulically active fractures and the relatively low horizontal 

hydraulic gradient have limited the lateral migration of grossly-impacted groundwater in bedrock 

away from the area directly beneath the former OK Tool area, when compared to the expansive 

lateral migration of contamination to the east that has occurred in the overburden aquifer. 

3.5 CONCEPTUAL SITE MODEL SUMMARY 

A CSM was developed for the bedrock aquifer to form the basis for the evaluation of potential 

remedial measures. The conceptual model was developed to represent how the hydrological 

cycle interacts with the local geology, describing the presumed migration of water through the 
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system, and its corresponding effects on the migration of contamination based on contaminant 

transport mechanisms, migration rates, and degradation pathways. The CSM explains the 

primary contaminant migration pathways and provides insight into the observed distribution of 

contaminants in site media. The CSM for the Site is depicted graphically on Figure 3-9.  

Groundwater at the Site originates as precipitation falling onto the ground surface, collecting in 

river, streams, and impoundments such as the Souhegan River, and eventually infiltrating into 

the subsurface. Extensive groundwater elevation and river stage monitoring indicate a highly 

coupled flow system between the Souhegan River, the overburden aquifer, and the bedrock 

aquifer, as evidenced by a rapid coordinated response to precipitation events (Harte, 2006). 

Groundwater flows from areas of higher hydraulic head to areas of lower hydraulic head. That 

results in flow to the east within the overburden aquifer and to the east-northeast within the 

bedrock aquifer. In addition to moving horizontally, groundwater will also move vertically based 

on hydraulic head differences between subsurface materials and between the overburden and 

bedrock aquifers. The construction of the slurry wall and the groundwater extraction and 

treatment system within OU1 has curtailed horizontal overburden flow within the slurry wall and 

has had a particularly significant effect on the interaction between the overburden and bedrock 

aquifers in the proximity of the wall. Unless removed from the system by pumping, surface 

recharge of precipitation will increase the hydraulic head inside the wall, resulting in downward 

hydraulic gradients that force overburden groundwater into the bedrock aquifer by way of 

shallow fractures that intercept the bedrock surface. Outside the slurry wall, vertical gradients are 

primarily static within the overburden aquifer suggesting near-horizontal flow (EPA, 2011a).  

Groundwater movement in bedrock is restricted to open fractures. Therefore, groundwater 

follows those fractures as it moves downgradient in response to regional hydraulic head 

distributions. Groundwater movement in the bedrock aquifer at the Site is primarily controlled by 

two factors: 1) the east-northeast influence of hydraulic head differences and 2) the north-

northeast anisotropy of the bedrock. The dynamics of those two forces strongly manipulate the 

distribution of contamination that is observed throughout the Site.  
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At the OU1 portion of the Site, contaminants were historically released to the ground surface, the 

former leach field, subsurface discharge features such as floor drains and drainage pipes, and to 

surface water between the 1940s and 1980s.  

Once released to the ground at the former OK Tool area, DNAPL migrated vertically downward 

under gravity until eventually reaching the till/bedrock surface. The DNAPL that reached the 

till/bedrock surface interface then likely flowed downward along the top of the sloped surface of 

these units and collected in low spots. The variable thickness of the till and the nature of the 

bedrock surface facilitated infiltration of DNAPL into shallow bedrock fractures. Upon 

infiltrating the fractures at the bedrock surface, DNAPL continued to flow downward under 

gravity through the steeply dipping, interconnected fracture network in the bedrock formation 

until ultimately dissolving fully into groundwater or collecting in small troughs and dead end 

fractures. Residual DNAPL that likely remains in the bedrock fractures continues to dissolve into 

groundwater flowing through the bedrock fractures.  

Dissolved-phase contamination is transported in groundwater as it flows through the overburden 

and the bedrock fracture network. The direction of bedrock groundwater flow is impacted by the 

groundwater gradients and by the orientation of fracture strike. This combination of hydraulic 

gradient and physical characteristics of the bedrock has resulted in some dissolved-phase 

contamination migrating in an easterly, downgradient direction, and some being directed to the 

north-northeast along the fracture strike. The fact that the hydraulic gradients and bedrock 

anisotropy are nearly perpendicular, combined with the very low fracture density and steep dip 

of the few fractures that do exist, has tended to severely restrict lateral migration of dissolved 

contamination in the deep bedrock. The steeply dipping fracture network combined with the 

higher density of DNAPL resulted in the significant downward migration of contamination 

within the bedrock near the source area. Overburden groundwater flow is driven by hydraulic 

gradients and the distribution of lower-permeability zones and as a result generally follows a 

much less tortuous path as it migrates downgradient. 

The local hydraulic head distributions in fractured bedrock systems can be significantly altered 

by the withdrawal of groundwater such as the operation of water supply wells. In addition to 

altering the local hydraulic head distributions within the bedrock, pumping of bedrock wells can 
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increase the groundwater velocities through nearby fractures. A stress applied to the bedrock 

aquifer results in groundwater flowing from the overburden to the bedrock via the shallow 

steeply dipping fractures present at the Site. The stressed conditions also increase groundwater 

flow velocities dramatically, specifically along the orientation of fracture strike. In general, the 

data collected in support of the 2014 RI indicate that when a stress is placed upon the bedrock 

aquifer, the flow component in the north-northeast direction is greatly accentuated, and 

depending on the magnitude of the stress, becomes a significant contaminant migration pathway.  

As groundwater flows to the east through the overburden, the vertical hydraulic gradient is 

impacted by precipitation. As a result, there is a propensity for downward contaminant migration 

of the overburden groundwater into deeper portions of the overburden aquifer and into the 

bedrock aquifer where shallow fractures intercept the bedrock surface. Downward migration of 

impacted groundwater from the overburden into the bedrock aquifer is believed to have played a 

significant role in influencing the distribution of contamination in the shallow bedrock 

downgradient of OU1. The configuration of the shallow bedrock PCE/TCE plume mimics the 

historical distribution of contamination in the deep overburden across both OU1 and OU2, and 

concentrations of these contaminants in the bedrock aquifer decrease with depth in areas east of 

OU1. Currently, operation of the OU2 groundwater extraction system intercepts the easterly 

migration of the overburden plume. 
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4. EVALUATION OF RESTORATION POTENTIAL 

In order to assess the potential of restoring the impacted groundwater to beneficial use 

(i.e. meeting the RGs), an estimate of the remaining contaminant mass was developed, as well as 

a basic understanding of its disposition in the subsurface. Once the baseline understanding has 

been established, restoration potential is best evaluated through performance evaluation of past 

remedial actions, when available and relevant.  

There is a large amount of information regarding the effectiveness of remedial activities 

performed at OU1 (soil and overburden groundwater) including the installation of a slurry wall, 

permanganate injections to treat overburden groundwater, and a groundwater extraction and 

treatment system that has been operating since 1999. However, there have been no specific 

attempts to directly remediate the bedrock aquifer within OU1, although operation of the OU1 

treatment system was designed to induce upward gradients inside the slurry wall to prevent 

further migration of contaminants into the underlying bedrock. 

The evaluation of restoration potential for the groundwater within OU1 will rely on performance 

data from the existing remedial systems, current industry experience with respect to expected 

performance of remedial technologies on chlorinated solvents released to complex hydrogeologic 

settings such as those found in OU1 (DNAPL released to fractured bedrock), the ability 

(inability) to fully characterize the nature and extent of DNAPL present in the bedrock aquifer. 

4.1 ASSESSMENT OF MASS RELEASED 

A number of factors limit the accuracy of estimating the remaining mass of PCE in the bedrock. 

Records provided by OK Tool and documented in the 1991 RI Report suggest that at least 9,338 

gallons of PCE (approximately equivalent to 126,000 lbs) were purchased between 1977 and 

1985 (HMM 1991a). No records are available for the time period between when the facility first 

began operation in the 1940s and 1977 and as a result, the volume of chemicals used during the 

35+ years prior to 1977 is unknown. In addition, no records for the volume of TCE purchased are 

available, so it is uncertain what percentage of TCE present is associated with the original 

discharge versus that created from the natural biodegradation of PCE.  

G:\PROJECTS\20118016\TI Waiver\TI Waiver Document\Final\Final Savage TI Evaluation Report 27July2015.docx 27 July 2015 

4-1
 



 
 

   
 

 

  

 

 

 

 

 

 

Final Technical Impracticability Evaluation Report 
Savage Municipal Water Supply Well Superfund Site 
Operable Unit 1 

The ultimate fate of the total volume of PCE purchased is unknown because insufficient data are 

available, particularly with respect to how much DNAPL was released into the ground versus 

what may have been properly disposed off-site. The fate of the total PCE purchased by the 

facility can be described generally as: disposed off-site, volatilized to the air during use, 

discharged to the Souhegan River along with process water, and discharged to the ground surface 

via spills, floor drains, and the septic system. No records of off-site disposal of spent PCE were 

discovered while conducting the 1991 RI (HMM, 1991a).  

A portion of the PCE used at the facility may have been released directly to the Souhegan River 

during the years when OK Tool held a NPDES permit that allowed discharge of industrial 

wastewater; however, accurately estimating that quantity is not possible because neither the 

volume of the discharge nor the PCE concentration in the discharge are available. The mass of 

PCE released to the river was likely negligible given the very low discharge limit (copies of 

NPDES permits provided in 1991 RI that show a discharge limit of 9 parts per billion PCE). The 

total mass of PCE released directly to the river is likely to be no more than tens of lbs. 

A portion of the PCE used at the facility would likely have volatilized during use. While there is 

no accurate way to estimate this volume, it is again likely to have been on the order of tens of lbs 

of PCE. 

Therefore, the remaining volume is assumed to have been discharged to the ground, incidentally 

or intentionally. Without any reliable method to estimate the volume of PCE actually discharged 

into the ground, a range of volumes was developed. Ignoring any pre-1977 releases and 

assuming between 25% and 75% was actually discharged to the ground and entered groundwater 

either as dissolved phase or DNAPL (to account for the possibility of significant volatilization 

loss or undocumented off-site disposal), a mass of approximately 32,000 to 95,000 lbs is 

estimated. 

4.2 MASS REMOVAL BY PREVIOUS REMEDIAL ACTIONS 

Remedial actions designed to treat VOCs present in soil and groundwater at the Site have been 

ongoing since 1984. These remedial actions have focused largely on overburden soil and 

groundwater, although some may have had a minor impact on the shallow bedrock groundwater 

as well. 
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Remedial actions performed to date that included some mass removal/destruction include those 

listed below. Full coverage of remedial actions and the associated details can be found in the 

latest Five-Year Review Report (EPA, 2011a) and the series of Annual Reports for OU-1 

available for this Site: 

 Past Remedial Actions for Mass Removal Within OU-1: 

	 Removal of 27 cy of highly-impacted soil from the vicinity of the OK Tool facility in 
1984. 

	 Installation of SVE/AS system in the OK Tool source area in May 1998 to treat 
groundwater via in situ air stripping and carbon adsorption. The SVE/AS system was 
operated intermittently until 2004 when the AS component was dismantled. The SVE 
system was operated intermittently from 2006 to 2008. The SVE system was 
permanently removed from operation in 2008. 

	 Construction of slurry wall in October 1998 to prevent contamination migration in the 
overburden from the source area to the downgradient plume.  

	 Groundwater extraction and treatment for the overburden groundwater inside the 
slurry wall to maintain hydraulic control and facilitate contaminant mass removal. 
Full operation of the system commenced in May 1999 and is still ongoing.  

	 Excavation and ex situ oxidation of approximately 3,000 cy of soil from the vicinity 
of former leach field and PW-22 in 2009 to prevent continued leaching of 
contamination from the vadose zone. The treated soil was replaced in the original 
excavation as backfill.  

	 An ISCO treatment to reduce contaminant mass, accelerate groundwater cleanup 
inside the slurry wall, and/or prevent impacted groundwater from entering the shallow 
bedrock aquifer. A pilot study was performed in 2003, and full-scale injections were 
performed in 2004, 2008, 2009, and 2010.  

The treatment technologies listed above have removed or destroyed only a small portion of the 

PCE released into the environment. Remediation of overburden groundwater has been ongoing 

with AS and extraction and treatment for over 15 years. The SVE system removed 

approximately 800 lbs of VOCs between 1999 and 2007. An estimated 3,000 lbs of VOCs have 

been removed via the OU1 groundwater extraction and treatment system since 1999. Since 2009, 

the system has been removing approximately 50 lbs/year of total VOCs based on a pumping rate 

of roughly 25 gpm. Because only total VOC mass removal is typically provided in the annual 

reports for treatment plant operation, the PCE mass removal was estimated. A review of data in 
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the 2013 Annual Monitoring Report suggested that approximately 90% of the total VOC mass 

was attributable to PCE. Therefore, it is estimated that approximately 2,700 lbs of PCE have 

been removed by the OU1 treatment plant, with roughly 45 lbs of PCE currently being removed 

annually. Table 4-1 shows the annual mass removal by the OU1 groundwater extraction system.  

Additionally, approximately 2,500 to 3,500 cy of soil containing PCE was excavated and 

disposed off-site, or treated on-site via chemical oxidation and replaced. These soil treatments 

have removed an additional 20 lbs of PCE, assuming an average concentration of 2 milligrams 

per kilogram. 

The mass of PCE destroyed via ISCO treatments was approximated by estimating the volume of 

groundwater within the ISCO treatment zone (assumed the lower third of the area within the 

slurry wall) and applying the average reduction in PCE concentration that resulted from the 

treatment. Based on this, the total estimated mass destroyed via ISCO is approximately 125 lbs. 

Based on the above estimates, less than 3,000 lbs of PCE have been removed from the Site 

through remedial actions over the last 28 years, representing less than 10% of the lower end of 

the range of the total mass potentially available for release. Subtracting the mass removed from 

the total estimated mass potentially released (see above) suggests that the potential remaining 

mass of PCE present in the overburden and bedrock within OU1 (as sorbed phase, dissolved 

phase, mobile  DNAPL, and residual DNAPL), could be as high as 29,000 lbs to 92,000 lbs. This 

analysis demonstrates the limited success of the current remedy and its inability to attain RGs in 

a reasonable amount of time, if ever.   

4.3 FACTORS LIMITING REMEDIATION 

There are several factors specifically related to this Site that would limit the effectiveness of 

remedial technologies in achieving groundwater cleanup standards within the proposed TI Zone 

or at a minimum, require that remediation be conducted for an extended period of time2 . Factors 

2 Remediation may still be warranted to reduce the mass of contamination, particularly the DNAPL, inside of the 
proposed TI Waiver Zone and to manage the  migration of contaminated groundwater beyond the proposed TI 
Waiver Zone boundary. 
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that affect the groundwater restoration potential for this Site include hydrogeologic and 

contaminant-related factors. These factors include the following: 

1.	 The presence of DNAPL in fractured bedrock: One of the most significant factors 
within the proposed TI Zone that severely limits the ability to restore groundwater to 
drinking water standards is that the extremely high observed concentrations in deep 
bedrock strongly suggests that DNAPL is present in fractured bedrock that underlies 
the Site. The presence of large amounts of chlorinated VOCs, such as PCE, in both 
non-aqueous and dissolved phases in fractured bedrock has been recognized by 
scientists, engineers, and regulatory agencies as the most difficult situation to 
remediate [National Research Council (NRC), 1994, Table 7-1; EPA, 1993, Figure 1]. 
There are several reasons for this conclusion. Fractured bedrock is typically much 
more heterogeneous than unconsolidated porous media and the fractures create 
extreme variability in permeability over very short lateral distances. In addition, the 
contaminant migration pathways in bedrock fractures are much less predictable than 
in porous media because they are controlled by fracture distribution and orientation. 
As a result, the pathways tend to be highly tortuous routes between two points rather 
than a straight line.  This makes mapping of the pathways nearly impossible using the 
standard monitoring well approach. To further complicate matters at this Site, the 
extremely high concentrations observed at several deep bedrock wells (BR-2, BR-3, 
BR-5, and BR-6) suggest that DNAPL is likely present within fractures. The 
solubility limit for PCE is 150 mg/L. Dissolved concentrations as high as 100 mg/L 
have been measured in bedrock fractures at depths of 500 ft below grade. Current 
industry practice is that dissolved concentrations higher than 1% of the solubility 
limit are suggestive of potential DNAPL and that concentrations greater than 10% 
indicate that DNAPL is likely (probable DNAPL). The observed concentrations of 
PCE in deep bedrock at this Site are more than 65% of the solubility limit, meaning 
that the presence of DNAPL in the deep bedrock is nearly assured. Based on the 
estimated volume of PCE potentially spilled at the Site and the limited amount 
recovered, it is possible that a large volume of DNAPL could be present in the deep 
bedrock. If present, the DNAPL would be trapped within dead-end or micro fractures 
or at the bottom of hydraulically-active fractures where they pinch out at depth.     

2.	 The potential for slow back-diffusion of groundwater contaminants into the 
bedrock matrix and inaccessible fractures due to low matrix porosity and 
hydraulic conductivity: Dissolved-phase contamination located in this type of 
setting (fractured bedrock of low permeability) can be hydraulically inaccessible and, 
therefore, not readily removed, causing a long-term source of groundwater 
contamination through slow back diffusion of the contaminant into the groundwater. 
For example, DNAPL in lower permeability overburden formations and bedrock 
fractures will likely be hydraulically inaccessible to water for groundwater extraction 
and treatment. While injected oxidants, microbes, nutrients, and other in situ 
remediation amendments will eventually diffuse into these dead-end and micro 
fractures, it is an extremely slow process that requires maintaining a high 
concentration of the amendment in the primary hydraulically-active fractures for a 
very long time. This can be nearly impossible because the high rate of groundwater 
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flow through the active fractures tends to quickly flush out the amendment. Back-
diffusion of contamination from the rock matrix, dead-end fractures and micro-
fractures will significantly increase the time it takes to remediate groundwater to 
drinking water levels, which is often measured in terms of 100s or even 1,000s of 
years (Lipson et al, 2005; Chapman et. al., 2005). 

3.	 The difficulty of characterizing DNAPL location and extent: In order to 
effectively remediate the Site, it would be necessary to confirm the horizontal and 
vertical extent of the DNAPL zone. However, characterization of a DNAPL zone is 
very difficult, costly, and typically inconclusive in a heterogeneous environment such 
as fractured crystalline bedrock. Investigations are limited to drilled wells (more cost-
effective direct push drilling methods cannot be applied to bedrock) that are very 
expensive due to the great thickness of the overburden at this Site (50 to 110 ft) and 
its highly conductive nature. This type of drilling and the extreme depth of the 
contamination (exceeds 600 ft) requires highly-specialized equipment. Further, 
information on the bedrock structure that may be gained from each well is highly 
limited because of the severe heterogeneity of the rock, requiring a very high density 
of wells. As a result, adequate characterization of DNAPL zones within bedrock for 
the purpose of aquifer restoration is highly problematic and may not be attainable. 
Cost-effective site characterization is difficult, owing to the difficulty in determining 
the location of subsurface fractures and predicting the transport of contaminants 
through fracture systems. These characterization problems make it difficult to design 
monitoring and cleanup strategies for complete restoration. (Geosyntec, 2004). 

In summary, these hydrogeologic and contaminant characteristics within the proposed TI Zone 

combine to create what are known to be the most challenging conditions for remediation, given 

the current state of available technologies. 

4.4 SPATIAL EXTENT OF THE TECHNICAL IMPRACTICABILITY ZONE 

Previous remedial efforts in OU1 have had a range of results. As mentioned above, the OU1 

slurry wall combined with the groundwater extraction and treatment system was highly effective 

in restoring the overburden aquifer outside the slurry wall. However, similar efforts inside the 

slurry wall (where residual DNAPL presumably exists based on dissolved PCE concentrations 

greater than 10% of the solubility limit) have not been very effective and nor have other 

technologies such as SVE/AS and ISCO, although they have reduced the contaminant mass to 

some extent. This variation in effectiveness suggests that restoration of bedrock groundwater to 

RGs may be achievable in areas outside of the potential DNAPL area. As a result, a TI Zone is 

proposed to include the area where it is interpreted to be technically impractical to achieve the 

RGs due to the potential or probable presence of DNAPL in overburden or bedrock. EPA 

recognizes that the presence of DNAPL, particularly in a complex geologic medium such as 
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fractured bedrock, frequently makes the restoration of groundwater technically impracticable 

(EPA, 2011b). 

Determination of the extent of the proposed TI Zone is based on the extent of the potential and 

probable DNAPL zones, physical site boundaries including the Souhegan River and the existing 

overburden slurry wall, and the OU1 boundary. The borders of the proposed TI Zone to the east 

and north were generally based upon the results of solute transport modeling using the EPA 

“BIOCHLOR” software which concluded that dissolved concentrations less than approximately 

175 µg/L will naturally attenuate within a time period of approximately 100 years assuming that 

the upgradient source has been removed. A detailed description of the modeling is presented in 

Appendix A. Based on the approximate location of the current bedrock groundwater 

concentrations of 175 µg/L within OU1, a TI Zone boundary is proposed that is located along the 

northern bank of the Souhegan River, the OU1 boundary to the east, and the slurry wall to the 

south and west as shown on Figure 4-1. 

The proposed TI Zone encompasses the area shown in Figure 4-1 and extends vertically to 

include the full extent of the contamination (currently not defined, but extending to at least 600 ft 

below existing grade). The TI Zone corresponds to the area of highest bedrock contaminant 

concentrations and includes the area encompassed by the slurry wall as well as downgradient 

areas south of the Souhegan River, east to the OU1/OU2 boundary. The vertical extent of the TI 

Zone is depicted on Figure 4-2 (cross-section X-X’) and Figure 4-3 (cross-section Y-Y’). The 

DNAPL within this zone will continue to dissolve slowly into the groundwater maintaining 

dissolved concentrations exceeding the RGs for the foreseeable future (i.e., hundreds of years). 
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4.5 EVALUATION OF POTENTIAL REMEDIAL TECHNOLOGIES 

An evaluation of current and innovative remedial technologies was conducted to assess their 

applicability for treatment of groundwater within the TI Zone. To be successful, a candidate 

technology must be capable of reducing VOC contamination in fractured bedrock at depths 

greater than 600 ft by nearly five orders of magnitude (100,000 µg/L to <5 µg/L), within a 

reasonable timeframe3. Each technology was evaluated solely on its likely effectiveness in 

meeting the above criteria, its implementability, and timeliness. Cost was not considered for this 

evaluation because no technology was identified that could restore the groundwater within a 

reasonable timeframe at any cost.    

The general response actions, remedial technologies, and associated process options that were 

evaluated for applicability within the TI Zone are presented in Table 4-2. A detailed description 

of the technologies is presented in Appendix B. Technologies that are not capable of reducing 

contaminant mass, such as physical containment and ICs, were not included in the assessment 

because achievement of the RGs cannot occur without reducing contaminant mass. The 

identified technologies included MNA, groundwater extraction and treatment, excavation, and a 

variety of in situ technologies that use various methods to destroy and/or remove the VOCs.    

Table 4-3 provides the results of the screening of the technologies listed in Table 4-2. The 

technologies were evaluated with regard to effectiveness, implementability, and timeliness. As 

shown on Table 4-3, no remedial technology exists that can restore groundwater within a 

reasonable timeframe. Excavation and permeable reactive barriers were determined to not be 

implementable at this Site due to the vertical extent of contamination within the deep bedrock. 

While MNA, groundwater extraction, and the in situ technologies could conceivably reduce the 

observed concentrations to the RGs eventually, it would take hundreds if not thousands of years 

to do so. In situ technologies that require the injection of various amendments (ISCO, in situ 

chemical reduction (ISCR), and in situ biological treatment) are all limited by the likely presence 

3 EPA’s TI guidance states: “…restoration timeframes may be an important consideration in remedy selection, no 
single timeframe can be specified during with restoration must be achieved to be considered technically 
practicable. However, very long restoration timeframes (e.g., longer than 100 years) may be indicative of 
hydrogeologic or contaminant-related constraints to remediation. While predictions of restoration timeframes may 
be useful in illustrating the effects of such constraints, EPA will base TI decisions on an overall demonstration of 
the extent of such physical constraints at a site, not on restoration timeframe analyses only. 
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of DNAPL in deep bedrock fractures. Because of the planar geometry of the fractures, a large 

volume of DNAPL would have only a very small surface area exposed to the amendments, 

thereby severely limiting the effectiveness of in situ technologies which require direct contact. 

Some of these technologies may be effective in achieving mass reduction of the DNAPL, but not 

eliminating it, as part of an effort to prevent contaminant migration. There is really only one 

technology that could possibly achieve the RGs within a reasonable timeframe and that is in situ 

thermal treatment (ISTT). However, ISTT has never been implemented on nearly the scale that 

would be required at this Site nor at the required depths. Even if the total volume of bedrock 

could be heated to the required temperature to facilitate volatilization of the DNAPL, it is not 

certain that an adequate extraction system could be designed to collect the vapors. As a result, 

the ISTT technology was determined to not be implementable on the scale required for this Site 

to achieve RGs, although it may be a practicable alternative for mass reduction of the DNAPL, 

as part of an effort to prevent contaminant migration.             

4.6 PROTECTIVENESS UNDER A TI ARAR WAIVER 

Under a TI Waiver scenario where chemical-specific ARARs and risk-based standards would be 

waived within the TI Zone, long-term protectiveness would be provided by:  

 Implementing ICs to permanently prohibit use of groundwater within the TI Zone. 
Such ICs may include establishment of municipal restrictions associated with the 
groundwater protection district (e.g., a Town Ordinance), and/or individual deed 
restrictions or notices (as permitted under the regulations). 

 Prevention of migration of dissolved-phase contamination across the TI Zone 
boundary. 

 Treatment of the source area to reduce contaminant mass.  

 Monitoring to verify that dissolved-phase contamination is not migrating beyond the 
TI Zone boundary. 

The FS to which this TI Evaluation Report is attached further evaluates the technologies 

mentioned above with regard to their ability to meet these requirements. The FS identifies ISCO, 

ISCR, and hydraulic containment as the three most promising technologies for meeting the 

objectives within the TI Zone. The ISCO and ISCR alternatives would provide greater 

contaminant mass reduction in bedrock in addition to managing migration of contamination 

outside of the TI Zone. They would both rely on the existing slurry wall and a permeable reactive 
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barrier to manage migration in the overburden. Hydraulic containment is able to manage 

contaminant migration but has limited ability to reduce contaminant mass within the TI Zone. 

Under the hydraulic containment alternative, the existing remedy would be continued for the 

overburden zone where it has proved successful for managing migration. All alternatives include 

a robust monitoring network that will be used to evaluate remedy performance and assess 

compliance at the TI Zone boundary. 
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5. CONCLUSIONS 

This report provides an evaluation of the technical impracticability of restoring groundwater 

within the proposed TI Zone in OU1, based on available data. The conclusion of this report is 

that restoration of the overburden and bedrock aquifers to drinking water standards in a 

reasonable timeframe is not practical for the following reasons: 

 The documented presence of PCE in bedrock fractures at a depth of 500 ft below 
grade at a concentration that is 67% of the solubility limit nearly assures that DNAPL 
is present in deep bedrock. The CSM is consistent with the release of a large volume 
of PCE (possibly on the order of 30,000 gallons or more) was discharged to the 
ground at the former OK Tool facility and that the PCE DNAPL migrated vertically 
through the overburden aquifer and gained access to the bedrock via a trough located 
near the east end of the slurry wall. Vertical migration of the DNAPL in bedrock was 
enhanced by the steeply dipping fracture system, allowing the DNAPL to extend to 
great depths. 

 The presence of dissolved chlorinated solvent contamination in groundwater several 
hundred to several thousand feet from the release area demonstrates widespread 
bedrock and overburden contamination. 

 The full extent of the depth of contamination in the deep bedrock has not been 
determined. Studies regarding fracture density and yield with depth for similar 
crystalline bedrock in Maine (Loiselle, et.al., 1995) suggest that there is little 
reduction in the frequency or yield of hydraulically-active fractures at depths as great 
as several thousand feet. This suggests that the contamination in bedrock could 
extend substantially deeper than currently mapped. A significant and costly 
investigation would be required to more fully characterize the vertical extent of 
contamination. Even with installation of numerous additional monitoring wells, the 
characterization of the source zone and extent of dissolved-phase contamination 
would likely still not be conclusive due to the heterogeneous nature of fractured 
bedrock. Without a firm grasp of the location and extent of the contamination 
(particularly the DNAPL), it is nearly impossible to design an effective remediation 
system to restore bedrock groundwater. 

 Removal of DNAPL from fractured bedrock and restoration of groundwater to 
drinking water standards in DNAPL zones within a reasonable time-frame 
is extremely difficult, if not impossible, due to limited natural or induced flushing 
within bedrock fractures and the difficulty of delivering treatment reagents or 
processes to the bedrock matrix, particularly dead-end fractures. Also, back diffusion 
from the matrix will likely cause concentrations to persist above groundwater 
standards for many years. Current remedial technologies are not effective in restoring 
DNAPL zones in porous and fractured media, particularly in this type of complex 
setting. 
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 The overburden aquifer is a high-permeability sand and gravel aquifer with 
discontinuous low-permeability lenses overlying low permeability glacial till. 
Observed dissolved concentrations of PCE in overburden groundwater suggest that 
residual DNAPL exists in the low permeability lenses and/or glacial till. These 
characteristics limit the hydraulic accessibility of DNAPL and, coupled with the low 
permeability zones, make removal or treatment of the DNAPL and restoration of 
groundwater to RG within a reasonable time frame unlikely. 

 Screening of available remedial technologies was unable to identify a technology that 
would be effective in restoring DNAPL zones in complex heterogeneous geologic 
environments to drinking water quality in a reasonable time frame. Various 
technologies implemented at the Site, over the last 30 years including excavation, 
SVE/AS, ISCO, and groundwater extraction, were all employed in an effort to 
remove contaminant mass from the overburden and shallow bedrock aquifers. , These 
technologies have removed less than 10% of the suspected mass of contamination 
(roughly 3,000 lbs of PCE) from the overburden and shallow bedrock aquifer within 
OU1, and are untested in the deep bedrock aquifer at the Site. This historic level of 
performance, combined with the uncertainty with implementability and effectiveness, 
further demonstrates the impracticability of restoring groundwater at this Site.  

For these reasons, a TI Waiver of ARARs is warranted for the portion of OU1 where DNAPL is 

potentially present based on current data. This area, designated as the proposed TI Zone, is 

shown on Figure 4-1. The TI Zone consists of a specific area of the overburden and bedrock 

aquifers in OU1 that encompasses the presumed original release of contamination associated 

with the former OK Tool facility as well as the downgradient area where natural attenuation of 

COCs below the RGs would likely not occur within approximately 100 years following source 

zone treatment, based on preliminary modeling. The lateral boundaries of the TI Zone have been 

drawn on Figure 4-1 to extend to the OU2 boundary to the east and northeast, to the nearest bank 

of the Souhegan River to the north and northwest, and areas roughly corresponding to the OU1 

boundary to the south and just west of the slurry wall. There is no limit to the depth of the TI 

Zone; however, based upon current data, DNAPL is suspected to extent to a depth greater than 

500 ft (see Figures 4-2 and 4-3).  

Protectiveness within the TI Zone can be achieved through the application of ICs to prevent 

human contact with groundwater. Contaminant migration across the TI Zone boundary will be 

managed to allow downgradient areas to attain RGs. Groundwater monitoring would be 

performed to verify compliance at the TI Zone boundary and in the downgradient areas to 

document the future recovery to drinking water standards.  
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Instituting a TI Waiver for the proposed TI Zone would allow subsequent remedial actions (as 

described in the FS) to focus on reducing Source Area concentrations to the extent practicable, 

while eliminating downgradient migration of contaminants, and facilitating restoration of the 

downgradient dilute plume in the Groundwater Cleanup Area for beneficial use within a 

reasonable timeframe. 

These remedial actions, based upon a TI Waiver of chemical-specific ARARs within the TI 

Zone, coupled with monitoring of groundwater and implementation of ICs to prevent exposure to 

contaminated groundwater, will provide an appropriate remedial response for the TI Zone that 

will provide protection to human health. 
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Table 1-1 

Groundwater Chemicals of Concern and Associated Interim  

Cleanup Levels and Ambient Groundwater Quality Standards  


Savage Municipal Water Supply Well Superfund Site – OU1 & OU2
 
Milford, New Hampshire
 

Compound 
AGQS/MCL 
µg/L (ppb) 

ROD ICLs 
µg/L (ppb) 

1,1-Dichloroethane 81 (1) 3,500 

Trans 1,2-Dichoroethene (2) 100 100 

Cis 1,2-Dichloroethene 70 Not Established 

1,1-Dichloroethylene 7 7 

Benzene 5 5 

1,1,1-Trichloroethane 200 200 

Methylene Chloride (4) 5 5 

Tetrachloroethene 5 5 

Trichloroethene 5 5 

Antimony 6 3 

Arsenic 10(3) 50 

Beryllium 4 1 

Chromium 100 100 

Lead 15 15 

Nickel 100 100 

Notes: 

(1) A Maximum Contaminant Level (MCL) has not been established for 1,1-dichloroethane. 
The concentration listed is the State Ambient Groundwater Quality Standard (AGQS) 
based on cancer potency factor of 9.1x10-2 (milligrams per kilograms per day)-1 derived by 
State. 

(2) Using the more restrictive MCL Goals for cis-1,2-dichloroethene (Cis = 70, Trans = 100). 

(3) The arsenic standard was changed from 50 parts per billion (ppb) to 10 ppb by the United 
States Environmental Protection Agency in 2001. The New Hampshire Department of 
Environmental Services has also changed the AGQS (MCL) to 10 ppb per RSA 485 C:6 (MCL) 
and Env-Ws 316.01. 

(4) Methylene Chloride is listed under the AGQS as dichloromethane and has a limit of 5 µg/L. 

ROD = Record of Decision 
µg/L = micrograms per liter 
ICL = Interim Cleanup Levels 

G:\PROJECTS\20118016\TI Waiver\TI Waiver Document\Tables\Table 1-1.doc 3 April 2015 
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Table 4-1
 

Summary of OU-1 Groundwater Treatment Plant 

Volatile Organic Compound Mass Removal
 

Savage Municipal Water Supply Well Superfund Site
 
Milford, New Hampshire
 

Mass VOC removed (lbs) 

Year Groundwater SVE Total (lbs) 

1999 194 0.4 194.4 

2000 215 470 685 

2001* 176 37 213 

2002 256 22 278 

2003 249 0 249 

2004 172 35 207 

2005 110 0 110 

2006 151 112 263 

2007 220 136 356 

2008 101 0 101 

2009 56 0 56 

2010 36.1 0 36.1 

2011 28.9 0 28.9 

2012 49.9 0 49.9 

2013 50.7 0 50.7 

2014 47.9 0 47.9 

Totals 2113.5 812 2925.9 

Notes: 

* Data missing for SVE from May 2001 to Oct 2001 

VOC - volatile organic compounds 

gal - gallons 

lbs - pounds 

SVE - soil vapor extraction 

G:\PROJECTS\20118016\TI Waiver\TI Waiver Document\Tables\Table 4-1.xlsx 
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Table 4-2
 

General Response Actions and Technologies
 
Savage Municipal Water Supply Well Superfund Site
 

Technical Impracticability Evaluation Report
 

General Response Action Technology Process Options 

Natural Attenuation Monitored Natural Attentuation 
Monitoring Wells/Analysis of Groundwater Samples for Contaminants 
and Parameters indicative of Degradation of Contaminants 

Hydraulic Containment Groundwater Extraction and Treatment 

Air Stripping/Carbon Vapor Treatment 

Air Stripping/Cat-Ox Vapor Treatment 

Advanced Oxidation 

Physical Removal Excavation Excavation of overburden; blasting and removal of bedrock 

In Situ Treatment 

In Situ Chemical Oxidation (ISCO) 

Sodium Permanganate 

Potassium Permanganate 

Peroxide/Ozone 

Sodium Persulfate 

In Situ Chemical Reduction (ISCR) 
Nano or Micro-Scale Zero Valent Iron 

Calcium Polysulfate 

In Situ Biological Treatment (ISB) Commercially available oil or carbohydrate based amendments. 

In Situ Thermal Treatment 

Thermal Conductivity Heating (TCH) 

Electrical Resistivity Heating 

Steam Injection 

Radio Frequency Heating (RFH) 

Permeable Reactive Barrier 

ZVI PRB 

BioWall - mulch 

ZVI + carbon 

G:\PROJECTS\20118016\TI Waiver\TI Waiver Document\Tables\Tables 4-2 and 4-3.xlsx 1 of 1 4/3/2015 



 
 

 
 

 

 
 

 
 

 
 

 
   

 

 
 

 

 
 

 
 
 

 

 
 

  

 
 

 
 

 

 
 

    

 
 

 

 
 

 
 

 
 

 
 

Table 4-3
 

Remedial Technology Screening Results
 
Savage Municipal Water Supply Well Superfund Site
 

Technical Impracticability Evaluation Report
 

Technology Description Effectiveness Implementability Timeliness 

Monitored Natural 
Attenuation (MNA) 

Rely on natural processes to 
reduce contaminant mass. 

Natural processes would eventually be able to reduce the 
observed levels of contamination to below the PRGs/PSs. 

This technology can be easily implemented at the Site. 

Preliminary modeling performed using EPA's BIOCHLOR 
software suggests that natural attenuation of the observed PCE 
concentrations down to PRGs/PSs would require several thousand 
years. 

Pump and Treat (P&T) 
Extraction of contaminated 
groundwater via recovery wells 
followed by ex situ treatment. 

Extraction would be an effective technology to capture and 
remove the contaminated groundwater, although it would not be 
highly effective at removing the presumed DNAPL.  Because 
DNAPL in fractured bedrock is nearly impossible to locate, this 
technology would have to rely on dissolution of the DNAPL into 
the groundwater following removal/treatment of the dissolved 
component. 

This technology is already being implemented in the overburden 
aquifer in OU1 and the existing system could be modified to 
contain the bedrock contamination as well. 

Based on a constant mass removal rate of roughly 50 lbs of PCE 
per year, and the minimum estimated remaining mass, this 
technology would require at least 600 years to achieve the 
PRGs/PSs, and likely much longer because the mass removal rate 
will slowly decrease over time. 

Physical Removal 
Excavation of overburden soil; 
blast and remove impacted 
bedrock. 

Excavation of the overburden and bedrock skeleton of the 
impacted aquifer would be unable to remove all of the presumed 
DNAPL in the bedrock because the blasting needed would open 
new fractures and allow the DNAPL to migrate away from the 
excavation area. 

It is not currently feasible to remove 100 ft of highly-permeable 
overburden and then blast/remove an additional 600 ft (or greater) 
of competent crystalline bedrock. 

Because this technology is not implementable, timeliness is not 
assessed. 

In Situ Chemical 
Oxidation (ISCO) 

Injection of chemical oxidant into 
the aquifer to destroy the 
contaminants in place. 

ISCO relies on direct contact between the oxidant and the 
contamination. The inferred presence of DNAPL within dead-end 
and micro fractures in the deep bedrock limits the ability of the 
oxidant to contact (and thus destroy) the contamination. The 
oxidant can only be injected into larger hydraulically-active 
fractures but the majority of the contaminant mass is believed to 
be located within the non-active fractures.  This incongruence is 
characteristic of bedrock remediation. 

The technology exists to drill injection wells in the overburden 
and bedrock to the depths required.  Oxidants capable of 
destroying the observed contaminants are readily available. 

The heterogeneity of the fractured bedrock aquifer will tend to 
isolate DNAPL and dissolved contamination from the ISCO 
reagent and thereby limit the amount of contact between the two. 
The effect of this will be that rebound will occur after each 
injection event, although slightly less each time, and the total time 
required to attain the PRGs/PSs will be extensive. This 
technology would not be able to restore the groundwater within a 
reasonable timeframe. 

1 of 2 G:\PROJECTS\20118016\TI W aiver\TI W aiver Document\Tables\Tables 4-2 and 4-3.xlsx 6/3/2015 



 
 

 
 
 

 
 

    

 

 

 
 

 
 

 
 

 

 

 
 

 
 

 

 
 

    

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 
  
 

 

 

 
 

 
 

 

 
 
 

  

 
 
 
 

 

 

 
 

 

Table 4-3
 

Remedial Technology Screening Results
 
Savage Municipal Water Supply Well Superfund Site
 

Technical Impracticability Evaluation Report
 

Technology Description Effectiveness Implementability Timeliness 

In Situ Chemical 
Reduction (ISCR) 

Injection of chemical reductant 
into the aquifer to destroy the 
contaminants in place. 

ISCR relies on direct contact between the reducing agent and the 
contamination. The inferred presence of DNAPL within dead-end 
and micro fractures in the deep bedrock limits the ability of the 
reducing agent to contact (and thus destroy) the contamination. 
The reducing agent can only be injected into larger hydraulically-
active fractures but the majority of the contaminant mass is 
believed to be located within the non-active fractures.  This 
incongruence is characteristic of bedrock remediation. 

The technology exists to drill injection wells in the overburden 
and bedrock to the depths required.  Chemical reductant capable 
of destroying the observed contaminants are readily available. 

The heterogeneity of the fractured bedrock aquifer will tend to 
isolate DNAPL and dissolved contamination from the ISCR 
reagent and thereby limit the amount of contact between the two. 
The effect of this will be that rebound will occur after each 
injection event, although slightly less each time, and the total time 
required to attain the PRGs/PSs will be extensive. This 
technology would not be able to restore the groundwater within a 
reasonable timeframe. 

In Situ Biological 
Treatment (ISB) 

Injection of amendments to 
stimulate natural biological 
degradation of contaminants and 
accelerate the cleanup. 

The inferred presence of DNAPL within dead-end and micro 
fractures in the deep bedrock limits the ability of ISB to destroy 
the contamination. Biodegradation of DNAPL in fractures has not 
been observed.  As a result, this technology would have to rely on 
dissolution of the DNAPL into the groundwater before it can be 
treated, which is an extemely slow process.  Further, the 
amendments can only be injected into larger hydraulically-active 
fractures but the majority of the contaminant mass is located 
within the non-active fractures.  This incongruence is 
characteristic of bedrock remediation. 

The technology exists to drill injection wells in the overburden 
and bedrock to the depths required.  Amendments capable of 
stimulating natural biodegradation of the observed contaminants 
are readily available. 

The heterogeneity of the fractured bedrock aquifer will tend to 
isolate DNAPL and dissolved contamination from the ISB 
amendment and thereby limit the amount of contact between the 
two. The effect of this will be that rebound will occur after each 
injection event, although slightly less each time, and the time 
required to attain the PRGs/PSs will be extensive. This 
technology would not be able to restore the groundwater within a 
reasonable timeframe. 

In Situ Thermal 
Treatment (ISTT) 

Groundwater and soil/bedrock 
are heated to volatilize 
contaminants so they can be 
collected and destroyed. 

If it could be implemented at the depths needed and over the 
entire area, ISTT would possibly be able to achieve the 
PRGs/PSs. 

Thermal treatment of a large volume of bedrock extending to a 
depth of more than 500 ft has never been performed.  It is 
unknown whether it is feasible to heat such a large volume of 
material to the termperatures needed to volatilize the DNAPL. 
Further, it is unclear whether it would be possible to collect the 
vapors from the observed depths that are impacted at this Site. 

If implementable, this technology would likely be the fastest way 
to achieve the PRGs/PSs, possibly within as little as 5 years. 

Permeable Reactive 
Barrier (PRB) 

As contaminated groundwater 
flows through the PRB, 
contaminants are removed by 
stimulated biological degradation 
or abiotic reactions with the 
reactive materials inside the 
treatment barrier. 

Although a PRB will remove or destroy contaminant mass, it 
relies on groundwater flow to deliver contamination to it.  As a 
result it is more commonly used to manage migration of 
contamination to a sensitive receptor and not strictly for 
contaminant mass reduction. 

A PRB installed in deep bedrock would need to consist of 
injected amendments of the type described above.  As such, it 
would be subject to the same constraints as the other injection 
technologies. The inherent heterogeniety of the bedrock would 
present a challenge to installing a continuous PRB without gaps. 

Because a PRB is a management of migration technology that 
would rely on groundwater flow to transport dissolved 
contamination to the barrier for treatment, it would be limited by 
dissolution of the DNAPL into hydraulically-active fractures 
which is an extremely slow process.  This technology would not 
be able to restore the groundwater within a reasonable timeframe. 
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Appendix A
 

Groundwater Modelling Using BIOCHLOR
 

Savage Municipal Water Supply Well Superfund Site OU‐1
 

I. Model Description 

Groundwater modeling was conducted using BIOCHLOR v2.2, a USEPA natural attenuation decision 

support system. BIOCHLOR is a screening model that simulates remediation by natural attenuation of 
dissolved solvents at chlorinated solvent release sites. 

BIOCHLOR can be used to simulate solute transport without decay and solute transport with 

biodegradation modeled as a sequential first‐order process within one or two different reaction zones. 
The software, programmed in the Microsoft Excel spreadsheet environment and based on the Domenico 

analytical solute transport model, has the ability to simulate 1‐D advection, 3‐D dispersion, linear 
adsorption, and biotransformation via reductive dechlorination (the dominant biotransformation 

process at most chlorinated solvent sites). Reductive dechlorination is assumed to occur under 
anaerobic conditions and dissolved solvent degradation is assumed to follow a sequential first‐order 
decay process. BIOCHLOR v.2.2 (June 2002) was downloaded from the U.S. EPA website 

(http://www2.epa.gov/water‐research/biochlor‐natural‐attenuation‐decision‐support‐system). 

II. Modeling Objective 

The objective of the modeling is to obtain an order of magnitude (OOM) estimate of cleanup timeframe 

for the downgradient bedrock groundwater plume when an upgradient source is cut off, to assist in 

assessing whether Monitored Natural Attenuation (MNA) would be a reasonable remedial alternative 

for portions of OU1 at the Savage Municipal Water Supply Well Superfund Site in Milford, NH (Site). 

BIOCHLOR takes into account dilution, dispersion, adsorption/matrix diffusion, and degradation of PCE 

and a sequential first‐order decay process to produce daughter products including TCE and cis‐DCE. 
Important assumptions that serve as the basis of using the BIOCHLOR model include homogeneous 
matrix, steady and uniform groundwater flow, instantaneous linear sorption equilibration, continuous 
source or source truncation, and first order decay kinetics. Although some of these assumptions 
(primarily homogeneous matrix, uniform flow, and instantaneous sorption equilibration) are not 
satisfied substantially at this site, thus leading to significant uncertainty in the interpretation of the 

modeling results, the model covers the fundamental physical mechanisms governing the fate and 

transport of contaminants and approximates them with simplified processes that can generate 

reasonable results of OOM precision with relatively minor effort. It was deemed appropriate to serve as 
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one “line of evidence” to evaluate the groundwater plume migration and cleanup process in the bedrock 

for this Site 

III. Modeling Approach and Considerations 

Model Setup 

The model was set up for 1‐D simulation of the fate and transport of chlorinated solvents along the 

centerline of the plume in the deep bedrock at the Site. The hydrology of the site has been described in 

Section 1 of the 2015 FS. The groundwater flow direction in the deep bedrock is interpreted to be 

primarily to the north‐northeast, along strike of predominate fracture set. Four bedrock wells located in 

this direction (BR‐06, BR‐03, BR‐11, and MW‐30) were interpreted to be located on the plume centerline 

and selected to be used as observation locations for the model. 

Three compounds (PCE, TCE, and total DCE) were modeled by BIOCHLOR. The observed concentrations 
of cis‐1,2‐DCE were used in the model to represent total DCE concentrations because trans‐1,2‐DCE was 
not detected and 1,1‐DCE was detected only once and at low level in the four wells. VC was not 
detected in these wells and therefore was not included in the model. The average concentration for 
each compound (PCE, TCE, and DCE) in each monitoring well based on not more than three sampling 

rounds was used to serve as the current condition. The model was then calibrated to match this 
current condition, assuming that the mass release from the DNAPL source began at an estimated 

starting time and continued to the present. Various model input parameters were varied until a good fit 
with the current condition was achieved. The ‘least square residual method’ was applied to determine 

the best fit of the simulation results to the field data. Once it was calibrated, the model was rerun using 

the current condition as the initial condition, but with complete cutoff of the source to simulate 

implementation of a source‐control remedy in OU1. The calibrated model was used to estimate the 

timeframe for the downgradient plume to be cleaned up under natural attenuation. 

Source Setup 

Because the PCE concentration detected at BR‐06 was very close to its water solubility, it was assumed 

that a continuous source (with DNAPL likely) was present for the bedrock plume in the vicinity of this 
location. The concentrations of PCE, TCE, and DCE at BR‐06 were used as the source concentrations. The 

source width and thickness were estimated based on data presented in the 2014 RI. 

When a TI Waiver Zone is established (and the downgradient area is the groundwater cleanup zone 

(GCZ)), no mass flux is assumed crossing the TI Waiver Zone boundary to release into the GCZ, which is 
the basis of the cleanup condition to be modeled. Under the cleanup condition, no source and no mass 
flux from upgradient was assumed. 
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Biotransformation 

First order decay kinetics were assumed to be present based on the observation that while the 

concentrations of PCE, TCE, and DCE (denoted as [PCE], [TCE], and [DCE]) decrease along the distance 

away from the source, the ratios of daughter products to parent products (i.e. [TCE]/[PCE] and [1,2‐
DCE]/[TCE]) increase. Because no site‐specific degradation rates are available, the range of the 

suggested decay rates provided in the BIOCHLOR manual was used as the limits when calibrating the 

model to fit the observed data. 

Retardation Modeling 

In fractured bedrock where the presence of organic matters is at minimum, the retardation of the 

contaminants is primarily controlled by mass retained in the secondary fractures and rock matrix and 

the mass exchange rate (through contaminant diffusion) between immobile groundwater in secondary 

fractures/rock matrix and mobile groundwater in primary fractures. This retardation mechanism is 
similar to the sorption mechanism in unconsolidated media where contaminants would be retained on 

the solid phase (organic carbon and surrounding water membrane) and exchanged between mobile 

groundwater and the immobile phase. The sorption function included in BIOCHLOR was used for this 
Site to simulate the retardation phenomenon in fractured bedrock. Because BIOCHLOR uses a single 

retardation factor for simulation of multiple compounds, the value of the retardation factor was 
adjusted within a reasonable range and applied to all compounds rather than using a unique value for 
each compound. 

Model Calibration 

The BIOCHLOR model was calibrated to fit the data at the observation locations BR‐06, BR‐03, BR‐11, 
and MW‐30. Calibration and initial sensitivity runs determined that: 

(1) Groundwater	 flow velocity and the retardation factor were found to be coupled in a 

proportional manner, i.e. high groundwater velocity required a large retardation factor to 

accurately match the observed conditions; and low velocity simulations required a small 
retardation factor to get the model results to fit the observed data. 

(2) The coupled groundwater	 flow velocity and retardation factor were the most sensitive 

parameters for model calibration and variation of their values significantly affects the estimated 

cleanup timeframe. The model results are highly sensitive to these two parameters. 
(3) Multiple solutions with different groundwater flow velocity/retardation factors were used to 

calibrate the model. 
(4) The other input parameters, including dispersitivity and decay rate (within a reasonable range) 

were much less sensitive for model calibration and variation of their values had a much smaller 
impact on the estimated cleanup timeframe. 

To demonstrate the impact of the model sensitivity to groundwater velocity/contaminant retardation, 
three scenarios are presented that all resulted in an acceptable model calibration. The three scenarios 
correspond to (S1) high velocity/high retardation, (S2) medium velocity/medium retardation, and (S3) 
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low velocity/low retardation conditions. To gain model calibration under these scenarios, the decay rate 

was varied slightly within the referenced range and a single value was used for dispersitivity. In deep 

fractured bedrock, the true groundwater flow velocity under ambient flow conditions is highly 

heterogeneous; with high velocity in larger water‐bearing fractures and very low velocity in secondary 

fractures. Therefore, there is not one clear scenario that best approximates actual conditions. However, 
it is likely that the actual condition falls within the limits described by these scenarios. 

IV. Groundwater Model Input Parameters 

BIOCHLOR model requires general input parameters about the model domain, simulation time, and 

calibration field data as well as scenario‐specific parameters to describe the fate and transport of 
contaminants. The general input parameters are provided in Table 1 and scenario‐specific input 
parameters are provided in Table 2. When applicable, the values of the parameter, the data source or 
reference for the value selection, and application notes are provided. 

V. Groundwater Model Outputs 

Concentrations of PCE, TCE, and DCE were calculated for regular locations along the 1‐D transect by 

BIOCHLOR based on the inputs provided. The spacing of the selected locations for these simulations 
was 150 ft. The concentrations were interpolated from the regular locations (150‐ft intervals along the 

transect) to the observation locations at BR‐03, BR‐11, and MW‐30. 

Table 3 presents the model‐calculated concentrations of PCE, TCE, and DCE at the three observation 

wells (BR‐3, BR‐11, and MW‐30) over the 400 years simulated. The results for the three scenarios are 

shown together for comparison. It should be noted that the data for the first 40 years were the results 
generated during calibration and represent the expansion of the plume from the release area. Year 40 

represents the near‐present conditions. The concentrations after Year 40 represent the predicted 

natural attenuation of the plume assuming that the source has been isolated and the contribution to 

downgradient areas has been eliminated. 

VI. Conclusion 

The change in the simulated PCE concentrations over time at BR‐03 under the three scenarios is 
illustrated in Figure 1. BR‐03 is the location with the highest starting concentration after source isolation 

and therefore represents the worst‐case cleanup scenario. 

Based on the results presented in Table 3 and Figure 1, the following conclusions are drawn with regard 

to the cleanup timeframe for the plume. 

1.	 The current plume has not reached steady state and may continue to expand downgradient if 
the source is not removed or contained. 

2.	 The cleanup timeframe for PCE in the downgradient plume after the source has been removed 

or isolated is likely on the order of 240 years (under Scenario 1) or greater (Scenarios 2 and 3); 
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3.	 After about 100 years from source truncation, the downgradient peak PCE concentration would 

be reduced by approximately 35‐times under Scenario 1, the most favorable scenario among the 

three scenarios evaluated. The results suggested that in order to get downgradient PCE 

concentrations below cleanup standards within 100 years (considering this a "reasonable" 
timeframe), the source control remedy needs to include all PCE concentrations that are about 
35 times the cleanup goal (5 ug/L), so above roughly 175 ug/L. 

It should be noted that, as described above, the modeling approach used to simulate the observed 

conditions and the selection of the modeling input parameters contains significant uncertainty. As a 

consequence of this uncertainty, the modeling results represent only a rough OOM estimate. 
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Figure 1
 

BIOCHLOR PCE Simulation Results at BR‐3
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Table 1
 
General Model Setup Parameters
 

Model Parameter Values Units Site Specific Data Source/Reference
 
Source Area Dimensions 
Width 200 ft Y 2014 Remedial Investigation 
Height 500 ft Y 2014 Remedial Investigation 
Simulation Area 
Modeled Area Width 2000 ft Set large to accommodate 1D simulation 
Modeled Area Longth 1500 ft Y 2014 Remedial Investigation 
Simulation Time 
Calibration 40 years Y Assumed 
Prediction 360 years Y 
Source Concentration (BR-06) 
PCE 67.6 mg/L Y 2014 Remedial Investigation 
TCE 3.47 mg/L Y 2014 Remedial Investigation 
DCE 0.058 mg/L Y 2014 Remedial Investigation 
Field Data For Calibration (BR-03) 
PCE 4.07 mg/L Y 2014 Remedial Investigation 
TCE 0.79 mg/L Y 2014 Remedial Investigation 
DCE 0.019 mg/L Y 2014 Remedial Investigation 
Field Data For Calibration (BR-11) 
PCE 0.069 mg/L Y 2014 Remedial Investigation 
TCE 0.044 mg/L Y 2014 Remedial Investigation 
DCE 0.005 mg/L Y 2014 Remedial Investigation 
Field Data For Calibration (MW-30) 
PCE 0.013 mg/L Y 2014 Remedial Investigation 
TCE 0.01 mg/L Y 2014 Remedial Investigation 
DCE mg/L Y 2014 Remedial Investigation 
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Table 2
 
Scenario Specific Input Parameters
 

Scenario-1 Scenario-2 Scenario-3 Site 
Model Parameter Units Data Source/Reference Notes 

Values Values Values Specific 
Hydraulics 
Hydraulic Gradient 0.006 0.006 0.006 ft/ft Y 2014 Remedial Investigation 
Hydraulic Conductivity 1.10E-04 2.80E-05 1.00E-05 cm/s Y 2014 Remedial Investigation 
Effective Porosity 0.002 0.002 0.005 -- Y 2014 Remedial Investigation 
Seepage Velocity 334 87 12 BIOCHLOR calculation Primary factor for sensitivity analysis 
Dispersivity alpha x 1000 1000 1000 -- N Lipson, Kueper, Gefell; 2005 High dispersivity to fit field data; 
Dispersivity alpha x/alpha y 1 1 1 -- N Lipson, Kueper, Gefell; 2006 High dispersivity to fit field data; 
Adsorption/Matrix Diffusion 
Retardation Factor 333 87 12 N Adjusted to fit field data; 
Biodegradation Rates 
PCE to TCE 1.16 0.693 0.173 1/yr N BIOCHLOR manual Adjusted to fit field data; 
TCE to DCE 0.866 0.139 0.087 1/yr N BIOCHLOR manual Adjusted to fit field data; 
DCE to VC 0.693 0.347 2.31 1/yr N BIOCHLOR manual Adjusted to fit field data; 
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Table 3
 
BIOCHLOR Modeling Results at Observation Locations
 

Scenarios 
Scenario 1 

High Velocity, High Retardation 
Scenario 2 

Medium Velocity, Medium Retardation 
Scenario 3 

Low Velocity, Low Retardation 
Observation Locations BR-03 BR-11 MW-30 BR-03 BR-11 MW-30 BR-03 BR-11 MW-30 

Distance (ft from source) 223 547 915 223 547 915 223 547 915 
chemicals Years ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

PCE 

0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4 7.85E+02 2.49E-03 0.00E+00 8.82E+02 6.33E-03 0.00E+00 7.67E+02 2.50E-03 0.00E+00 
8 2.03E+03 1.63E+00 1.73E-08 2.15E+03 2.59E+00 1.08E-07 1.93E+03 1.55E+00 1.74E-08 

12 2.99E+03 1.57E+01 7.80E-05 3.09E+03 2.12E+01 2.59E-04 2.80E+03 1.43E+01 7.31E-05 
16 3.75E+03 5.21E+01 5.40E-03 3.81E+03 6.44E+01 1.29E-02 3.45E+03 4.58E+01 4.81E-03 
20 4.36E+03 1.12E+02 7.00E-02 4.37E+03 1.30E+02 1.37E-01 3.96E+03 9.51E+01 5.95E-02 
24 4.86E+03 1.90E+02 3.91E-01 4.82E+03 2.13E+02 6.65E-01 4.35E+03 1.57E+02 3.18E-01 
28 5.28E+03 2.83E+02 1.34E+00 5.18E+03 3.06E+02 2.06E+00 4.67E+03 2.28E+02 1.05E+00 
32 5.64E+03 3.85E+02 3.41E+00 5.48E+03 4.04E+02 4.82E+00 4.93E+03 3.02E+02 2.57E+00 
36 5.95E+03 4.92E+02 7.07E+00 5.74E+03 5.03E+02 9.34E+00 5.14E+03 3.76E+02 5.14E+00 
40 6.21E+03 6.02E+02 1.27E+01 5.95E+03 6.02E+02 1.58E+01 5.31E+03 4.49E+02 8.93E+00 
80 1.50E+03 9.81E+02 1.72E+02 1.09E+03 7.56E+02 1.50E+02 8.16E+02 5.22E+02 8.73E+01 

120 6.40E+02 6.46E+02 2.69E+02 3.69E+02 3.87E+02 1.76E+02 2.22E+02 2.23E+02 9.16E+01 
160 3.43E+02 4.14E+02 2.53E+02 1.58E+02 1.97E+02 1.28E+02 7.67E+01 9.23E+01 5.60E+01 
200 2.06E+02 2.75E+02 2.07E+02 7.66E+01 1.05E+02 8.29E+01 2.98E+01 3.96E+01 2.97E+01 
240 1.33E+02 1.89E+02 1.62E+02 3.98E+01 5.75E+01 5.16E+01 1.24E+01 1.76E+01 1.51E+01 
280 9.02E+01 1.33E+02 1.26E+02 2.17E+01 3.26E+01 3.19E+01 5.42E+00 8.01E+00 7.55E+00 
320 6.31E+01 9.62E+01 9.71E+01 1.22E+01 1.89E+01 1.97E+01 2.45E+00 3.74E+00 3.77E+00 
360 4.53E+01 7.07E+01 7.51E+01 7.10E+00 1.12E+01 1.22E+01 1.14E+00 1.78E+00 1.89E+00 
400 3.32E+01 5.27E+01 5.83E+01 4.20E+00 6.70E+00 7.60E+00 5.39E-01 8.57E-01 9.48E-01 
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Table 3
 
BIOCHLOR Modeling Results at Observation Locations
 

Scenarios 
Scenario 1 

High Velocity, High Retardation 
Scenario 2 

Medium Velocity, Medium Retardation 
Scenario 3 

Low Velocity, Low Retardation 
Observation Locations BR-03 BR-11 MW-30 BR-03 BR-11 MW-30 BR-03 BR-11 MW-30 

Distance (ft from source) 223 547 915 223 547 915 223 547 915 
chemicals Years ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

TCE 

0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4 4.64E+01 1.54E-04 0.00E+00 6.31E+01 5.01E-04 0.00E+00 6.45E+01 2.40E-04 0.00E+00 
8 1.31E+02 1.16E-01 1.26E-09 1.84E+02 2.70E-01 1.18E-08 2.07E+02 2.11E-01 2.52E-09 

12 2.07E+02 1.25E+00 6.49E-06 3.04E+02 2.71E+00 3.58E-05 3.57E+02 2.50E+00 1.39E-05 
16 2.76E+02 4.58E+00 5.04E-04 4.19E+02 9.70E+00 2.16E-03 5.03E+02 9.67E+00 1.14E-03 
20 3.38E+02 1.07E+01 7.22E-03 5.26E+02 2.25E+01 2.67E-02 6.42E+02 2.34E+01 1.68E-02 
24 3.95E+02 1.96E+01 4.40E-02 6.28E+02 4.12E+01 1.48E-01 7.73E+02 4.42E+01 1.04E-01 
28 4.48E+02 3.12E+01 1.64E-01 7.23E+02 6.56E+01 5.17E-01 8.96E+02 7.14E+01 3.92E-01 
32 4.96E+02 4.51E+01 4.48E-01 8.13E+02 9.48E+01 1.34E+00 1.01E+03 1.04E+02 1.07E+00 
36 5.42E+02 6.10E+01 9.91E-01 8.97E+02 1.28E+02 2.86E+00 1.12E+03 1.42E+02 2.38E+00 
40 5.84E+02 7.86E+01 1.89E+00 9.77E+02 1.65E+02 5.30E+00 1.22E+03 1.83E+02 4.53E+00 
80 3.22E+02 2.17E+02 4.03E+01 6.12E+02 4.43E+02 9.54E+01 7.00E+02 4.69E+02 8.59E+01 

120 2.16E+02 2.19E+02 9.28E+01 4.00E+02 4.25E+02 1.98E+02 3.77E+02 3.82E+02 1.61E+02 
160 1.59E+02 1.92E+02 1.18E+02 2.81E+02 3.51E+02 2.31E+02 2.15E+02 2.60E+02 1.59E+02 
200 1.22E+02 1.63E+02 1.23E+02 2.06E+02 2.81E+02 2.24E+02 1.27E+02 1.70E+02 1.28E+02 
240 9.67E+01 1.37E+02 1.18E+02 1.55E+02 2.24E+02 2.02E+02 7.74E+01 1.10E+02 9.46E+01 
280 7.79E+01 1.15E+02 1.09E+02 1.19E+02 1.79E+02 1.76E+02 4.80E+01 7.10E+01 6.70E+01 
320 6.35E+01 9.69E+01 9.78E+01 9.31E+01 1.44E+02 1.50E+02 3.02E+01 4.61E+01 4.66E+01 
360 5.23E+01 8.17E+01 8.68E+01 7.37E+01 1.17E+02 1.28E+02 1.93E+01 3.02E+01 3.21E+01 
400 4.34E+01 6.90E+01 7.64E+01 5.91E+01 9.51E+01 1.08E+02 1.25E+01 1.98E+01 2.20E+01 
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Table 3
 
BIOCHLOR Modeling Results at Observation Locations
 

Scenarios 
Scenario 1 

High Velocity, High Retardation 
Scenario 2 

Medium Velocity, Medium Retardation 
Scenario 3 

Low Velocity, Low Retardation 
Observation Locations BR-03 BR-11 MW-30 BR-03 BR-11 MW-30 BR-03 BR-11 MW-30 

Distance (ft from source) 223 547 915 223 547 915 223 547 915 
chemicals Years ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

DCE 

0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4 9.08E-01 3.16E-06 0.00E+00 9.61E-01 7.53E-06 0.00E+00 1.02E+00 3.85E-06 0.00E+00 
8 2.83E+00 2.78E-03 1.00E-02 2.81E+00 4.15E-03 1.00E-02 3.48E+00 3.76E-03 4.35E-11 

12 4.88E+00 3.38E-02 1.83E-07 4.76E+00 4.43E-02 6.00E-07 6.36E+00 4.83E-02 2.77E-07 
16 6.99E+00 1.37E-01 1.60E-05 6.81E+00 1.71E-01 3.97E-05 9.42E+00 1.99E-01 2.42E-05 
20 9.16E+00 3.50E-01 2.54E-04 8.96E+00 4.27E-01 5.38E-04 1.25E+01 5.06E-01 3.75E-04 
24 1.14E+01 6.98E-01 1.70E-03 1.12E+01 8.43E-01 3.26E-03 1.56E+01 9.88E-01 2.41E-03 
28 1.36E+01 1.19E+00 6.87E-03 1.35E+01 1.44E+00 1.23E-02 1.85E+01 1.64E+00 9.33E-03 
32 1.59E+01 1.85E+00 2.02E-02 1.59E+01 2.22E+00 3.46E-02 2.13E+01 2.45E+00 2.61E-02 
36 1.82E+01 2.65E+00 4.79E-02 1.84E+01 3.20E+00 7.91E-02 2.40E+01 3.40E+00 5.89E-02 
40 2.05E+01 3.62E+00 9.74E-02 2.09E+01 4.36E+00 1.57E-01 2.65E+01 4.45E+00 1.14E-01 
80 2.42E+01 1.68E+01 3.30E+00 2.94E+01 2.19E+01 5.00E+00 1.86E+01 1.25E+01 2.31E+00 

120 2.51E+01 2.58E+01 1.11E+01 3.19E+01 3.41E+01 1.61E+01 1.04E+01 1.06E+01 4.45E+00 
160 2.52E+01 3.06E+01 1.89E+01 3.20E+01 4.01E+01 2.65E+01 6.04E+00 7.30E+00 4.47E+00 
200 2.47E+01 3.29E+01 2.50E+01 3.11E+01 4.25E+01 3.40E+01 3.60E+00 4.80E+00 3.63E+00 
240 2.38E+01 3.37E+01 2.91E+01 2.95E+01 4.27E+01 3.85E+01 2.20E+00 3.12E+00 2.69E+00 
280 2.27E+01 3.35E+01 3.17E+01 2.77E+01 4.17E+01 4.09E+01 1.37E+00 2.02E+00 1.91E+00 
320 2.14E+01 3.27E+01 3.30E+01 2.57E+01 3.99E+01 4.16E+01 8.64E-01 1.32E+00 1.33E+00 
360 2.01E+01 3.14E+01 3.34E+01 2.38E+01 3.77E+01 4.12E+01 5.53E-01 8.63E-01 9.18E-01 
400 1.88E+01 2.99E+01 3.31E+01 2.19E+01 3.53E+01 4.01E+01 3.57E-01 5.69E-01 6.29E-01 

Notes: 
1. The data of the first 40 years show the result of calibration when there was a continuous source; 
2. The data of the later 60 years show the result of cleanup progress through natural attenuation when the source is cut off; 
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APPENDIX B
 

Description of Remedial Technologies
 

I. INTRODUCTION 

This summary identifies remedial technologies and process options that may be applicable and 

potentially effective to achieve the remedial action objectives at OU1 of the Savage Municipal Water 
Supply Well Superfund Site. 

II. DESCRIPTION OF TREATMENT AND DISPOSAL TECHNOLOGIES 

Based on the site conditions, the following technologies are not considered implementable and not 
evaluated further for the reasons specified. 

 Permeable Reactive Barrier: the deep bedrock trenching necessary to construct a barrier is not 
practical; 

 Excavation and Disposal of contaminated media: it is not practical to excavate a large volume of 
bedrock. 

The following technologies are retained for further evaluation. 

 Pump and Treat (also serving as hydraulic control or recirculation to combine with other 
technologies) 

 Physical Barrier 
 Natural Attenuation 

 In situ Thermal Treatment 
 In situ Chemical Treatment 
 In situ Biological Treatment 

These technologies and their process options are described below. A few representative processes for 
each technology type are discussed. 

III. DESCRIPTION OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS 

1. Pump and Treat 

1.1 Technology Description 

Pump‐and‐treat (P&T) is one of the most widely used groundwater remediation technologies and has 
been used at many Superfund sites where groundwater is contaminated. Conventional P&T methods 
involve pumping contaminated water to ground surface for treatment. 
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Groundwater extraction can create a cone of depression in groundwater that can then be used to 

manipulate the hydraulic gradient and thereby intercept contaminants that have migrated from 

upgradient, or to prevent contaminant plumes from moving beyond the hydraulically contained area. 
For bedrock that has a relatively low porosity, pumping from the center of the source area to achieve 

hydraulic containment can also result in removal of a significant volume of the dissolved contaminant 
mass when contaminated groundwater in the major water bearing fractures is extracted. Long‐term P&T 

operation allows the removal of the contaminants that take time to slowly diffuse out from the 

secondary fractures or bedrock matrix. 

P&T can be combined with other technologies to achieve a variety of remedial objectives, such as in 

when P&T is used for recirculation of substrate during in situ chemical or biological treatment, and 

where P&T serves as downgradient plume interception or migration control to allow upgradient source 

area treatment. 

http://blog.augustmack.com/blog/august‐mack‐news/ex‐situ‐pump‐and‐treat 

1.2 Process Options 

P&T would include the following two major components: 

Hydraulic containment 

Pump and treat would be used to manipulate the movement of contaminated groundwater to control 
migration of contaminants and prevent continued expansion of the contaminated zone. Three major 
configurations for accomplishing hydraulic containment are: (1) pumping from extraction wells; (2) 
pumping from subsurface drain; or (3) pumping with a flow guiding system (funnel). The latter two 
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configurations are not considered practical for deep water‐bearing bedrock. Therefore, pumping from 

bedrock extraction wells is the only applicable process option for this site. 

Pumping tests and/or groundwater modeling are often needed to design groundwater extraction 

systems, perform capture zone analyses and to optimize operating P&T systems. 

Treatment 

Contaminated groundwater that is extracted from the subsurface typically requires treatment in order 
to remove the dissolved (and occasionally separate phase) contaminants prior to discharge or beneficial 
use. Commercially available treatment technologies for extracted groundwater contaminated with VOCs 
include liquid‐phase carbon adsorption, air stripping/air‐phase treatment, advanced oxidation (UV‐H2O2, 
ozone‐ H2O2, etc.) .and biological treatment. Brief descriptions of those treatment processes are 

provided below. 

 Liquid‐phase carbon adsorption transfers contaminants from water to activated carbon. As the 

carbon becomes partially saturated with organic compounds, the amount of organic compounds 
sorbed by the carbon decreases, and the concentration of organic compounds in the effluent 
from the carbon bed increases. When the concentrations of contaminants in the effluent from 

the carbon adsorption unit reach unacceptable levels, the car bon must be disposed or 
regenerated. Contaminants are not destroyed by the carbon adsorption process. Regeneration 

facilities often include a unit process that destroys the organic contaminants after desorbtion 

from the carbon. The carbon adsorption process is relatively simple and can be easily 

implemented at the site. If the spent activated carbon is a RCRA hazardous waste, special 
handling, transportation, and regeneration/disposal of the carbon is required. 

 Air stripping transfers VOCs from water to air. Once in the vapor phase, the VOCs can be 

captured using vapor phase carbon adsorption (which is often more efficient than liquid phase 

carbon adsorption) or destroyed using thermal/catalytic oxidation. In cases where the 

concentrations of VOCs in the air stripper exhaust are less than regulatory or risk‐based criteria, 
then the air stripper exhaust can be discharged to the atmosphere untreated. As with liquid‐
phase activated carbon, vapor‐phase carbon must be regenerated or disposed when VOCs break 

through the carbon bed at unacceptable levels. Vapor‐phase carbon can be regenerated on‐site 

using a solvent‐recovery system. Thermal/catalytic oxidizers are often used when the VOC 

concentrations in the vapor stream are very high. Thermal/catalytic oxidizers can use significant 
amounts of fuel (typically natural gas or propane). Therefore oxidizers are generally not cost‐
effective unless the usage rate of vapor‐phase carbon would be relatively high. 

 Advanced oxidation technologies (AOT) use oxidizers such as ultraviolet (UV) light, hydrogen 

peroxide (H2O2), and ozone to destroy organic contaminants. The AOT process typically 

generates highly reactive hydroxyl radicals that rapidly oxidize contaminants into innocuous 
inorganic compounds such as carbon dioxide, water, and chloride. However, AOT processes are 

generally energy intensive and may require significant inputs of H2O2, Therefore, AOT processes 
are typically not used unless complete on‐site destruction of contaminants is required, or if 
contaminants are present that cannot be removed by less costly treatment processes. 
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Air stripping/air‐phase treatment using activated carbon has been used in the existing groundwater 
treatment facility (GWTF) at the site to remove VOCs and has potential to be upgraded for additional 
capacity. 

2. Physical Barrier Containment 

2.1 Technology Description 

Physical barrier containment is a technology that can be used to prevent or reduce groundwater flow by 

applying physical blockage measures. The main advantage is that physical measures are often 

permanent once constructed and, if designed and constructed properly, can require minimal O&M 

effort while providing containment of contaminant source areas. Barriers are often used at sites where 

the source is incompletely characterized, inaccessible, or where long term remedial actions are being 

developed. 

Physical barrier technology has demonstrated its effectiveness in containing contaminated groundwater 
in unconsolidated soil formations. Successful applications of physical barriers for containment of 
contaminated groundwater in bedrock have not been reported. 

http://www.eugris.info/FurtherDescription.asp?e=24&Ca=2&Cy=0&T=Passive%20and%20hydraulicCont 
ainment 

2.2 Process Options 

Physical barriers may take a few forms depending on site‐specific conditions. These include: 

 Vertical trench(es) excavated and filled with low‐permeability materials in order to intercept or 
reduce groundwater flow, such as a clay slurry wall. 

 Pre‐manufactured sheetpile keyed in vertically into a very low permeability layer that is below 

the contaminated zone order to intercept groundwater flow. 
 Grouting with cement to solidify the subsurface matrix in order to prevent contact of clean 

groundwater with contamination. 
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Slurry walls and sheetpiles are common forms of physical barriers for overburden unconsolidated soil 
formations. However, these two processes are not practical for installation in fractured crystalline 

bedrock at bedrock depths that occur at the site, and will be not further evaluated. 

Grouting with cement material to create impermeable curtain may be a practical approach to 

constructing a physical barrier in bedrock, and has been used to minimize the flow of water through 

bedrock below the foundations of river dams. Cement material is forced into the primary fractures and 

solidifies with time to completely plug the fracture. The contamination in groundwater in the secondary 

fracture matrix would be isolated and immobilized. Ultra high pressurized grouting through bedrock 

injection wells can be used to deliver the cement materials to the target fractures. 

Bedrock grouting with great depth and distribution of fill materials into fractures through limited 

locations is very challenging. Confirmation drilling would be performed to verify the quality of fracture 

grouting. Additional rows of grouting points may be needed to reduce the chance of missing fractures. 
The bottom of the contained area cannot not be practicably grouted. Therefore, if there are hydraulic 
connections to the zone outside of the containment area, contamination may escape and spread to 

downgradient locations. 

3. In‐situ Thermal Treatment 

3.1 Technology Description 

In situ thermal treatment has been demonstrated to be effective for remediation of DNAPL in 

weathered bedrock .This technology is commonly combined with a soil vapor extraction (SVE) system 

when treating thermally non‐degradable organic chemicals. 

Thermal treatment is effective for removal of VOCs that are in separate, dissolved, and adsorbed phases, 
relying on mechanisms including desorption, evaporation, and boiling. When heated to boiling, 
groundwater can generate fine bubbles, and eventually pressurized steam flow. Boiling occurring at 
DNAPL‐water interfaces causes direct evaporation of DNAPL. Higher temperatures increase the 

dissolution of DNAPL into groundwater. Bubbling facilitates evaporation of contaminants from 

groundwater and the pore matrix into the gas flow. 

Steam that is injected or that results from boiling of groundwater can sweep towards locations with 

lower pressure. Locally generated steam flow can be effective at mobilizing contaminants to capture 

points (extraction wells, SVE wells) where they are removed from the subsurface. The contaminant 
vapors that are collected by the SVE system are treated ex situ. Vacuum extraction points are typically 

installed throughout the treatment area to maximize contaminant removal, and are also installed 

outside the perimeter of the treatment area to prevent contaminant migration away from the site. 

To be effective, the thermal treatment of fractured bedrock sites needs to: 

 Achieve thorough heating of the zone targeted for treatment; 
 Prevent unwanted condensation of contaminant‐laden steam and vapors; and 

 Capture and remove contaminant mass liberated from the bedrock fractures. 
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 Prevent migration of volatilized or liquid contaminants away from the treatment area. 

The effectiveness of thermal treatment for fractured bedrock has yet to be proven with full‐scale 

applications. 

3.2 Process Options 

Heating can be accomplished by injecting steam into the contaminated zone or by installing subsurface 

heaters powered by electricity or a combustible fuel source. The injection points/heaters are installed at 
regular intervals throughout the treatment area in a manner that will provide a sufficient level of 
heating to the zone targeted for treatment. Use of in situ thermal treatment for the bedrock at the 

Savage Well site be extremely costly for installation of numerous heater and SVE wells, and for the large 

amount of energy required to heat the bedrock treatment zone to the target temperature. 

Four types of thermal process options that may be used to heat the groundwater matrix are discussed 

below. 

 Thermal Conductance Heating 

 Electric Resistance Heating 

 Radio Frequency Heating 

 Steam Injection 

Thermal Conductance Heating 

Thermal conduction is the process of heat flowing from an object of higher temperature to another of 
lower temperature. In rock, heat flows from heater wells out into the formation across solid objects 
(rocks) or by grain‐to‐grain contact (in soil). The fluids (water, air, NAPL) in contact with the solids also 

heat up at the same time. The heat moves out radially from each thermal well until the heat fronts 
overlap. Compared to fluid injection processes, the conductive heating process can be uniform in its 
vertical and horizontal sweep. 

Because the porosity in the bedrock matrix is very low (often <1%), heating the rock to very high 

temperature in order to pass the energy to groundwater (in the portion of porosity) to boil out is not 
energy efficient. However, TCH can rapidly raise the temperature of the matrix with intensive heating, 
thereby reducing the heat loss attributed to groundwater outflow from the treatment area, and 

improving the overall operation efficiency. 

Electric Resistance Heating 

When electric current passes through the bedrock matrix, the resistance, when at the right level, causes 
the rock, and the groundwater within the rock, to heat up. As most bedrock types have a low electric 
conductivity, electric current flows between electrodes primarily through groundwater to heat it up. 
When the water starts to boil off, electric current may be weakened or disconnected and heating would 

be interrupted. In fractured bedrock, the fractures are not evenly distributed in the matrix, and may not 
be well connected. During ERH treatment, a portion of the fractures with groundwater may not have 
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electric current passing through, causing uneven heating. Heating may not occur in the desired fractures 
or be interrupted before a temperature sufficient for volatilization and extraction of the contaminants is 
achieved. Because of its limitations, the ERH is not considered an effective option for deep fractured 

bedrock treatment and will not be carried through for further evaluation. 

Radio Frequency Heating 

RFH system heats up water by passing electromagnetic energy through water such as in a microwave 

oven. The RF generator creates an alternating electromagnetic field between two electrodes, causing 

polar molecules such as water to continuously reorient them to face opposite electrodes. Friction 

resulting from this molecular movement causes the material to rapidly heat almost uniformly 

throughout its entire mass. Physical connection of the material is not necessary for heating. 

Because rocks in the bedrock matrix do not contain polar molecules which would be able to reorient in 

the electromagnetic field, the rocks will not be heated by RFH, and only the groundwater would absorb 

the energy and be heated, resulting in a potentially high efficiency of energy use. 

Heating the bedrock groundwater to generate steam, complemented with SVE to remove the steam for 
treatment above ground surface, has not been in full‐scale application. While theory indicates that RF 

heating may be effective for treatment of contaminated water in bedrock, RF heating technology for 
treatment of bedrock has not been proven in pilot or full‐scale applications. 

Steam Injection 

Steam injection is accomplished by processing steam that generated above‐ground into contaminated 

zones. For bedrock, steam may be effective where injection into larger fractures can be accomplished 

and where those fractures are intercepted by heater and vapor/multi‐phase extraction wells. For the 

Savage Well Site, high pressure injection of steam would be needed because of the greater than 300‐
foot injection depths. Management and injection of high pressure steam would require extensive safety 

precautions and an effective containment network to eliminate the risk of injected steam causing 

migration of contaminants to areas where containment/extraction was not provided. 

4. IN‐SITU CHEMICAL TREATMENT TECHNOLOGIES 

4.1 Technology Description 

Chemical treatment technologies employ aqueous chemical reduction‐oxidation reactions to transform 

the toxic VOC contaminants into environment benign or less toxic compounds. For in situ bedrock 

applications, strong chemical amendments would be injected into the bedrock fractures to achieve 

contact with organic contaminants. Although the final products are different, either chemical oxidation 

or chemical reduction may be used to treat PCE and its daughter products at this site. For chemical 
reactions to sustain until the concentration of contaminants reduced to desirable level, adequate 

amount of reagents should be provided through injection. 
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A desired property of the selected chemical amendments for bedrock DNAPL remediation is the ability 

to follow DNAPL migration pathways and find high contaminant concentrations for treatment. Although 

the chemical reagents would unlikely react with DNAPL directly, rapid degradation of the dissolved 

contaminants will accelerate the dissolution of DNAPL and shorten the time frame for complete site 

cleanup. 

http://www.groundsure.com/blogs/persulfox 

4.2 Process Options 

Chemical treatment in general includes two process options, chemical oxidation and chemical reduction. 

In Situ Chemical Oxidation 

In Situ Chemical Oxidation (ISCO) employs strong oxidants to mineralize organic compounds such as 
chlorinated ethenes at this site (i.e., PCE and daughter products) to non‐toxic inorganic products 
including carbon dioxide, water, and chloride ions. Permanganate is often used for remediation of 
chlorinated ethenes because of its recognized advantages in the treatment, such as high reaction rate, 
relatively low soil oxidant demand, persistence in treatment matrix, and no pH adjustment or 
catalyst/activator addition. Sodium permanganate can be applied with concentration as high as 20%, 
which is significantly more dense than water and has the potential to follow migration pathways and 

thereby contact residual DNAPL and associated high concentrations of dissolve contaminants. Other 
oxidants including persulfate, ozone, and hydrogen peroxide are also commercially available for 
consideration. 

It is challenging to effectively deliver oxidants in bedrock to achieve contact with contaminants because 

a significant portion of contamination mass is present in geometrically complex secondary fractures. 
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Soluble chemical oxidants migrate in primary fractures with groundwater flow. Injected oxidants may 

not be sufficiently persistent in the fractures to rely on counter‐diffusion of chlorinated solvents resident 
in stagnant fractures and the rock matrix into mobile groundwater for reaction. 

In Situ Chemical Reduction (ISCR) 

In Situ Chemical Reduction (ISCR) employs strong reducing reagent to reduce chlorinated ethenes to 

non‐toxic products including chloride, ethene, ethane, or acetylene. Granular zero‐valent iron (ZVI) has 
been widely used to treat chlorinated ethenes in ISCR applications, such as permeable reactive barriers 
(PRBs). ZVI particles of microscale or nanoscale sizes can be fluidized and injected into subsurface matrix 
for active and targeted remediation and accelerated soil and groundwater treatment because of their 
high reactivity in contaminant removal. The chemical reactions are surface mediated, i.e. contaminants 
need to contact and attach to the ZVI particle surface for dechlorination reactions to occur. Because ZVI 
suspension solution is heavier than water, ZVI has a potential to follow DNAPL migration pathways to 

attack trapped residual DNAPL and associated high concentrations of contaminants. Once ZVI particles 
are settled, they will serve as PRB to control contamination migration with groundwater. 

In addition, strongly negative redox conditions and slow release of dissolved hydrogen gas within the 

treatment zone and downgradient create favorable conditions for anaerobic microbial growth and 

enhance bioremediation of CVOCs. 

5. IN‐SITU BIOLOGICAL REMEDIATION 

5.1 Technology Description 

In Situ bioremediation (ISB) relies on capable bacteria in the aquifer to degrade dissolved organic 
contaminants to non‐toxic products. ISB for chlorinated ethenes such as PCE may be achieved by 

amending the groundwater with necessary substrates including organic carbon, nutrients, and minerals 
to stimulate growth of indigenous bacteria capable of degradation and sustain biodegradation of the 

contaminants. In some cases microbial media may be injected to the subsurface when indigenous 
microorganisms are incapable of dechlorination. The amendments would be injected via delivery 

systems such as injection wells. 
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https://portal.navfac.navy.mil/portal/page/portal/navfac/navfac_ww_pp/navfac_nfesc_pp/environmen 

tal/erb/imageserb 

5.2 Process Options 

ISB in general has two process options, anaerobic bioremediation and aerobic bioremediation. 

Anaerobic bioremediation 

In situ anaerobic bioremediation requires anaerobic conditions for the dechlorination bacteria to survive 

and grow. Anaerobic conditions are can be achieved by injecting a sufficient quantity of electron donors 
(i.e. food material) to consume excessive content of undesired electron acceptors, other than the target 
contaminants, such as oxygen and nitrate, and provide carbon sources for the growth of dechlornation 

microbes. Nutrients and minerals are also necessary substrate for microbial healthy growth. During ISB, 
the chlorinated ethenes are removed as electron acceptors during metabolite processes when bacteria 

can gain energy for their growth. Chlorine atoms in chlorinated ethenes are sequentially removed from 

the chlorinated contaminant and replaced with hydrogen atoms, producing final products ethene. 

Several full‐scale ISB anaerobic applications to treat chlorinated solvents in bedrock matrix have been 

reported. Commercial products serving as long‐term carbon and nutrient sources are available in the 

market. As for other in situ treatment technologies, successful delivery of sufficient amount of 
amendments for contact with the contaminants, particularly to target the contaminants in the 

secondary fractures, is crucial for the ISB application at this site. Microbial study to ensure the presence 

and sustainable growth of dechlorination bacteria in the bedrock fractures is necessary. 

Aerobic bioremediation 

In situ aerobic bioremediation typically entails maintaining a high level of organic substrates and 

dissolved oxygen in groundwater to sustain the healthy growth of aerobic microorganisms for 
contaminants degradation. Under aerobic conditions, microorganisms use dissolved oxygen in 

groundwater as electron acceptors and grow in a faster pace than that under typical anaerobic 
conditions, can completely oxidize many organic chemicals to carbon dioxide and water. TCE and DCEs 
in the groundwater may be biodegraded via cometabolism under aerobic conditions in the presence of a 

suitable substrate (e.g. methane, propane, or butane). 

Because of its already high oxidation state of carbon atoms, degradation of PCE under aerobic 
conditions is more difficult than degradation of TCE and DCEs, and full‐scale applications have not been 

reported. Aerobic option will not be further considered at this site. 
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6. MONITORED NATURAL ATTENUATION (MNA) 

6.1 Technology Description 

MNA, monitored natural attenuation, refers to the remediation relying on natural attenuation processes 
to achieve the groundwater regulatory standards. MNA is a common component of remedies selected 

for Superfund sites with groundwater contaminated by dilute concentrations of chlorinated solvents. 
Natural attenuation often uses a variety of processes that can reduce the mass or concentration of 
contaminants in groundwater, without enhancement of engineered measures. These processes include 

biodegradation, dispersion, dilution, sorption, volatilization, and chemical and/or biological destruction 

of contaminants. The groundwater needs to be periodically monitored to quantify the effectiveness of 
the natural attenuation. 

Because of the suspected DNAPL presence in the bedrock fractures and already detected high 

contaminant concentrations at the site, MNA alone without active remedial measures for the source 

area is not expected to effectively in prevent contaminant migration. Although the presence of PCE 

daughter products in the plume suggests that microbes may be active at the site for PCE mass reduction, 
the effectiveness and mechanisms of natural attenuation should be further evaluated if MNA is retained 

to develop remedy alternatives. Additionally, some natural attenuation processes may form degradation 

products that are more mobile and/or more toxic than the parent contaminants, the presence of such 

degradation process and products must be assessed. 

6.2 Process Options 

Source control and long term monitoring are in general fundamental components of MNA remedies. 
Following source control measures, MNA could be used in combination with or without other active 

remedial options, depending on whether MNA alone is sufficient to achieve remediation objectives. 
Phased remedial strategies are often considered with implementation of source control during initial 
phases and MNA as the polishing phase to remediate slower release and more diluted groundwater 
contamination. 

MNA can be accomplished in general using conventional equipment and analytical methods; therefore, 
it is readily implementable. Existing monitoring wells may be used or additional wells may be installed to 

collect from specific areas that do not currently have monitoring wells. 
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remedial options, depending on whether MNA alone is sufficient to achieve remediation objectives. 
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APPENDIX C
 

Description of Remedial Technologies
 

I. INTRODUCTION 

This summary identifies remedial technologies and process options that may be applicable and 
potentially effective to achieve the remedial action objectives at OU1 of the Savage Municipal Water 
Supply Well Superfund Site. 

II. DESCRIPTION OF TREATMENT AND DISPOSAL TECHNOLOGIES 

Based on the site conditions, the following technologies are not considered implementable and not 
evaluated further for the reasons specified. 

 Permeable Reactive Barrier: the deep bedrock trenching necessary to construct a barrier is not 
practical; 

 Excavation and Disposal of contaminated media: it is not practical to excavate a large volume of 
bedrock. 

The following technologies are retained for further evaluation. 

 Pump and Treat (also serving as hydraulic control or recirculation to combine with other 
technologies) 

 Physical Barrier 
 Natural Attenuation 
 In situ Thermal Treatment 
 In situ Chemical Treatment 
 In situ Biological Treatment 

These technologies and their process options are described below. A few representative processes for 
each technology type are discussed. 

III. DESCRIPTION OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS 
1. Pump and Treat 

1.1 Technology Description 

Pump-and-treat (P&T) is one of the most widely used groundwater remediation technologies and has 
been used at many Superfund sites where groundwater is contaminated. Conventional P&T methods 
involve pumping contaminated water to ground surface for treatment. 

Page 1 of 11 



   
 

     
       
     
    

       
  

      
  

      
     
      

  

 

 

 

 

  

    

 

         
   

     
        

Groundwater extraction can create a cone of depression in groundwater that can then be used to 
manipulate the hydraulic gradient and thereby intercept contaminants that have migrated from 
upgradient, or to prevent contaminant plumes from moving beyond the hydraulically contained area. 
For bedrock that has a relatively low porosity, pumping from the center of the source area to achieve 
hydraulic containment can also result in removal of a significant volume of the dissolved contaminant 
mass when contaminated groundwater in the major water bearing fractures is extracted. Long-term P&T 
operation allows the removal of the contaminants that take time to slowly diffuse out from the 
secondary fractures or bedrock matrix. 

P&T can be combined with other technologies to achieve a variety of remedial objectives, such as in 
when P&T is used for recirculation of substrate during in situ chemical or biological treatment, and 
where P&T serves as downgradient plume interception or migration control to allow upgradient source 
area treatment. 

http://blog.augustmack.com/blog/august-mack-news/ex-situ-pump-and-treat 

1.2 Process Options 

P&T would include the following two major components: 

Hydraulic containment 

Pump and treat would be used to manipulate the movement of contaminated groundwater to control 
migration of contaminants and prevent continued expansion of the contaminated zone. Three major 
configurations for accomplishing hydraulic containment are: (1) pumping from extraction wells; (2) 
pumping from subsurface drain; or (3) pumping with a flow guiding system (funnel). The latter two 
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configurations are not considered practical for deep water-bearing bedrock. Therefore, pumping from 
bedrock extraction wells is the only applicable process option for this site. 

Pumping tests and/or groundwater modeling are often needed to design groundwater extraction 
systems, perform capture zone analyses and to optimize operating P&T systems. 

Treatment 

Contaminated groundwater that is extracted from the subsurface typically requires treatment in order 
to remove the dissolved (and occasionally separate phase) contaminants prior to discharge or beneficial 
use. Commercially available treatment technologies for extracted groundwater contaminated with VOCs 
include liquid-phase carbon adsorption, air stripping/air-phase treatment, advanced oxidation (UV-H2O2, 
ozone- H2O2, etc.) .and biological treatment. Brief descriptions of those treatment processes are 
provided below. 

 Liquid-phase carbon adsorption transfers contaminants from water to activated carbon. As the 
carbon becomes partially saturated with organic compounds, the amount of organic compounds 
sorbed by the carbon decreases, and the concentration of organic compounds in the effluent 
from the carbon bed increases. When the concentrations of contaminants in the effluent from 
the carbon adsorption unit reach unacceptable levels, the car bon must be disposed or 
regenerated. Contaminants are not destroyed by the carbon adsorption process. Regeneration 
facilities often include a unit process that destroys the organic contaminants after desorbtion 
from the carbon. The carbon adsorption process is relatively simple and can be easily 
implemented at the site. If the spent activated carbon is a RCRA hazardous waste, special 
handling, transportation, and regeneration/disposal of the carbon is required. 

 Air stripping transfers VOCs from water to air. Once in the vapor phase, the VOCs can be 
captured using vapor phase carbon adsorption (which is often more efficient than liquid phase 
carbon adsorption) or destroyed using thermal/catalytic oxidation. In cases where the 
concentrations of VOCs in the air stripper exhaust are less than regulatory or risk-based criteria, 
then the air stripper exhaust can be discharged to the atmosphere untreated. As with liquid-
phase activated carbon, vapor-phase carbon must be regenerated or disposed when VOCs break 
through the carbon bed at unacceptable levels. Vapor-phase carbon can be regenerated on-site 
using a solvent-recovery system. Thermal/catalytic oxidizers are often used when the VOC 
concentrations in the vapor stream are very high. Thermal/catalytic oxidizers can use significant 
amounts of fuel (typically natural gas or propane). Therefore oxidizers are generally not cost-
effective unless the usage rate of vapor-phase carbon would be relatively high. 

 Advanced oxidation technologies (AOT) use oxidizers such as ultraviolet (UV) light, hydrogen 
peroxide (H2O2), and ozone to destroy organic contaminants. The AOT process typically 
generates highly reactive hydroxyl radicals that rapidly oxidize contaminants into innocuous 
inorganic compounds such as carbon dioxide, water, and chloride. However, AOT processes are 
generally energy intensive and may require significant inputs of H2O2, Therefore, AOT processes 
are typically not used unless complete on-site destruction of contaminants is required, or if 
contaminants are present that cannot be removed by less costly treatment processes. 
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Air stripping/air-phase treatment using activated carbon has been used in the existing groundwater 
treatment facility (GWTF) at the site to remove VOCs and has potential to be upgraded for additional 
capacity. 

2. Physical Barrier Containment 

2.1 Technology Description 

Physical barrier containment is a technology that can be used to prevent or reduce groundwater flow by 
applying physical blockage measures. The main advantage is that physical measures are often 
permanent once constructed and, if designed and constructed properly, can require minimal O&M 
effort while providing containment of contaminant source areas. Barriers are often used at sites where 
the source is incompletely characterized, inaccessible, or where long term remedial actions are being 
developed. 

Physical barrier technology has demonstrated its effectiveness in containing contaminated groundwater 
in unconsolidated soil formations. Successful applications of physical barriers for containment of 
contaminated groundwater in bedrock have not been reported. 

http://www.eugris.info/FurtherDescription.asp?e=24&Ca=2&Cy=0&T=Passive%20and%20hydraulicCont 
ainment 

2.2 Process Options 

Physical barriers may take a few forms depending on site-specific conditions. These include: 

 Vertical trench(es) excavated and filled with low-permeability materials in order to intercept or 
reduce groundwater flow, such as a clay slurry wall. 

 Pre-manufactured sheetpile keyed in vertically into a very low permeability layer that is below 
the contaminated zone order to intercept groundwater flow. 

 Grouting with cement to solidify the subsurface matrix in order to prevent contact of clean 
groundwater with contamination. 

Page 4 of 11 

http://www.eugris.info/FurtherDescription.asp?e=24&Ca=2&Cy=0&T=Passive%20and%20hydraulicContainment
http://www.eugris.info/FurtherDescription.asp?e=24&Ca=2&Cy=0&T=Passive%20and%20hydraulicContainment


   
 

       
      

       

       
      

      
      

       
        

       
        

    
      

        
  

  

  

          
       

     

        
     

         
    

    
   

       
         

   
             

    
   

        

     
        
     

Slurry walls and sheetpiles are common forms of physical barriers for overburden unconsolidated soil 
formations. However, these two processes are not practical for installation in fractured crystalline 
bedrock at bedrock depths that occur at the site, and will be not further evaluated. 

Grouting with cement material to create impermeable curtain may be a practical approach to 
constructing a physical barrier in bedrock, and has been used to minimize the flow of water through 
bedrock below the foundations of river dams. Cement material is forced into the primary fractures and 
solidifies with time to completely plug the fracture. The contamination in groundwater in the secondary 
fracture matrix would be isolated and immobilized. Ultra high pressurized grouting through bedrock 
injection wells can be used to deliver the cement materials to the target fractures. 

Bedrock grouting with great depth and distribution of fill materials into fractures through limited 
locations is very challenging. Confirmation drilling would be performed to verify the quality of fracture 
grouting. Additional rows of grouting points may be needed to reduce the chance of missing fractures. 
The bottom of the contained area cannot not be practicably grouted. Therefore, if there are hydraulic 
connections to the zone outside of the containment area, contamination may escape and spread to 
downgradient locations. 

3. In-situ Thermal Treatment 

3.1 Technology Description 

In situ thermal treatment has been demonstrated to be effective for remediation of DNAPL in 
weathered bedrock .This technology is commonly combined with a soil vapor extraction (SVE) system 
when treating thermally non-degradable organic chemicals. 

Thermal treatment is effective for removal of VOCs that are in separate, dissolved, and adsorbed phases, 
relying on mechanisms including desorption, evaporation, and boiling. When heated to boiling, 
groundwater can generate fine bubbles, and eventually pressurized steam flow. Boiling occurring at 
DNAPL-water interfaces causes direct evaporation of DNAPL. Higher temperatures increase the 
dissolution of DNAPL into groundwater. Bubbling facilitates evaporation of contaminants from 
groundwater and the pore matrix into the gas flow. 

Steam that is injected or that results from boiling of groundwater can sweep towards locations with 
lower pressure. Locally generated steam flow can be effective at mobilizing contaminants to capture 
points (extraction wells, SVE wells) where they are removed from the subsurface. The contaminant 
vapors that are collected by the SVE system are treated ex situ. Vacuum extraction points are typically 
installed throughout the treatment area to maximize contaminant removal, and are also installed 
outside the perimeter of the treatment area to prevent contaminant migration away from the site. 

To be effective, the thermal treatment of fractured bedrock sites needs to: 

 Achieve thorough heating of the zone targeted for treatment; 
 Prevent unwanted condensation of contaminant-laden steam and vapors; and 
 Capture and remove contaminant mass liberated from the bedrock fractures. 
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 Prevent migration of volatilized or liquid contaminants away from the treatment area. 

The effectiveness of thermal treatment for fractured bedrock has yet to be proven with full-scale 
applications. 

3.2 Process Options 

Heating can be accomplished by injecting steam into the contaminated zone or by installing subsurface 
heaters powered by electricity or a combustible fuel source. The injection points/heaters are installed at 
regular intervals throughout the treatment area in a manner that will provide a sufficient level of 
heating to the zone targeted for treatment. Use of in situ thermal treatment for the bedrock at the 
Savage Well site be extremely costly for installation of numerous heater and SVE wells, and for the large 
amount of energy required to heat the bedrock treatment zone to the target temperature. 

Four types of thermal process options that may be used to heat the groundwater matrix are discussed 
below. 

 Thermal Conductance Heating 
 Electric Resistance Heating 
 Radio Frequency Heating 
 Steam Injection 

Thermal Conductance Heating 

Thermal conduction is the process of heat flowing from an object of higher temperature to another of 
lower temperature. In rock, heat flows from heater wells out into the formation across solid objects 
(rocks) or by grain-to-grain contact (in soil). The fluids (water, air, NAPL) in contact with the solids also 
heat up at the same time. The heat moves out radially from each thermal well until the heat fronts 
overlap. Compared to fluid injection processes, the conductive heating process can be uniform in its 
vertical and horizontal sweep. 

Because the porosity in the bedrock matrix is very low (often <1%), heating the rock to very high 
temperature in order to pass the energy to groundwater (in the portion of porosity) to boil out is not 
energy efficient. However, TCH can rapidly raise the temperature of the matrix with intensive heating, 
thereby reducing the heat loss attributed to groundwater outflow from the treatment area, and 
improving the overall operation efficiency. 

Electric Resistance Heating 

When electric current passes through the bedrock matrix, the resistance, when at the right level, causes 
the rock, and the groundwater within the rock, to heat up. As most bedrock types have a low electric 
conductivity, electric current flows between electrodes primarily through groundwater to heat it up. 
When the water starts to boil off, electric current may be weakened or disconnected and heating would 
be interrupted. In fractured bedrock, the fractures are not evenly distributed in the matrix, and may not 
be well connected. During ERH treatment, a portion of the fractures with groundwater may not have 
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electric current passing through, causing uneven heating. Heating may not occur in the desired fractures 
or be interrupted before a temperature sufficient for volatilization and extraction of the contaminants is 
achieved. Because of its limitations, the ERH is not considered an effective option for deep fractured 
bedrock treatment and will not be carried through for further evaluation. 

Radio Frequency Heating 

RFH system heats up water by passing electromagnetic energy through water such as in a microwave 
oven. The RF generator creates an alternating electromagnetic field between two electrodes, causing 
polar molecules such as water to continuously reorient them to face opposite electrodes. Friction 
resulting from this molecular movement causes the material to rapidly heat almost uniformly 
throughout its entire mass. Physical connection of the material is not necessary for heating. 

Because rocks in the bedrock matrix do not contain polar molecules which would be able to reorient in 
the electromagnetic field, the rocks will not be heated by RFH, and only the groundwater would absorb 
the energy and be heated, resulting in a potentially high efficiency of energy use. 

Heating the bedrock groundwater to generate steam, complemented with SVE to remove the steam for 
treatment above ground surface, has not been in full-scale application. While theory indicates that RF 
heating may be effective for treatment of contaminated water in bedrock, RF heating technology for 
treatment of bedrock has not been proven in pilot or full-scale applications. 

Steam Injection 

Steam injection is accomplished by processing steam that generated above-ground into contaminated 
zones. For bedrock, steam may be effective where injection into larger fractures can be accomplished 
and where those fractures are intercepted by heater and vapor/multi-phase extraction wells. For the 
Savage Well Site, high pressure injection of steam would be needed because of the greater than 300-
foot injection depths. Management and injection of high pressure steam would require extensive safety 
precautions and an effective containment network to eliminate the risk of injected steam causing 
migration of contaminants to areas where containment/extraction was not provided. 

4. IN-SITU CHEMICAL TREATMENT TECHNOLOGIES 

4.1 Technology Description 

Chemical treatment technologies employ aqueous chemical reduction-oxidation reactions to transform 
the toxic VOC contaminants into environment benign or less toxic compounds. For in situ bedrock 
applications, strong chemical amendments would be injected into the bedrock fractures to achieve 
contact with organic contaminants. Although the final products are different, either chemical oxidation 
or chemical reduction may be used to treat PCE and its daughter products at this site. For chemical 
reactions to sustain until the concentration of contaminants reduced to desirable level, adequate 
amount of reagents should be provided through injection. 
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A desired property of the selected chemical amendments for bedrock DNAPL remediation is the ability 
to follow DNAPL migration pathways and find high contaminant concentrations for treatment. Although 
the chemical reagents would unlikely react with DNAPL directly, rapid degradation of the dissolved 
contaminants will accelerate the dissolution of DNAPL and shorten the time frame for complete site 
cleanup. 

http://www.groundsure.com/blogs/persulfox 

4.2 Process Options 

Chemical treatment in general includes two process options, chemical oxidation and chemical reduction. 

In Situ Chemical Oxidation 

In Situ Chemical Oxidation (ISCO) employs strong oxidants to mineralize organic compounds such as 
chlorinated ethenes at this site (i.e., PCE and daughter products) to non-toxic inorganic products 
including carbon dioxide, water, and chloride ions. Permanganate is often used for remediation of 
chlorinated ethenes because of its recognized advantages in the treatment, such as high reaction rate, 
relatively low soil oxidant demand, persistence in treatment matrix, and no pH adjustment or 
catalyst/activator addition. Sodium permanganate can be applied with concentration as high as 20%, 
which is significantly more dense than water and has the potential to follow migration pathways and 
thereby contact residual DNAPL and associated high concentrations of dissolve contaminants. Other 
oxidants including persulfate, ozone, and hydrogen peroxide are also commercially available for 
consideration. 

It is challenging to effectively deliver oxidants in bedrock to achieve contact with contaminants because 
a significant portion of contamination mass is present in geometrically complex secondary fractures. 
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Soluble chemical oxidants migrate in primary fractures with groundwater flow. Injected oxidants may 
not be sufficiently persistent in the fractures to rely on counter-diffusion of chlorinated solvents resident 
in stagnant fractures and the rock matrix into mobile groundwater for reaction. 

In Situ Chemical Reduction (ISCR) 

In Situ Chemical Reduction (ISCR) employs strong reducing reagent to reduce chlorinated ethenes to 
non-toxic products including chloride, ethene, ethane, or acetylene. Granular zero-valent iron (ZVI) has 
been widely used to treat chlorinated ethenes in ISCR applications, such as permeable reactive barriers 
(PRBs). ZVI particles of microscale or nanoscale sizes can be fluidized and injected into subsurface matrix 
for active and targeted remediation and accelerated soil and groundwater treatment because of their 
high reactivity in contaminant removal. The chemical reactions are surface mediated, i.e. contaminants 
need to contact and attach to the ZVI particle surface for dechlorination reactions to occur. Because ZVI 
suspension solution is heavier than water, ZVI has a potential to follow DNAPL migration pathways to 
attack trapped residual DNAPL and associated high concentrations of contaminants. Once ZVI particles 
are settled, they will serve as PRB to control contamination migration with groundwater. 

In addition, strongly negative redox conditions and slow release of dissolved hydrogen gas within the 
treatment zone and downgradient create favorable conditions for anaerobic microbial growth and 
enhance bioremediation of CVOCs. 

5. IN-SITU BIOLOGICAL REMEDIATION 

5.1 Technology Description 

In Situ bioremediation (ISB) relies on capable bacteria in the aquifer to degrade dissolved organic 
contaminants to non-toxic products. ISB for chlorinated ethenes such as PCE may be achieved by 
amending the groundwater with necessary substrates including organic carbon, nutrients, and minerals 
to stimulate growth of indigenous bacteria capable of degradation and sustain biodegradation of the 
contaminants. In some cases microbial media may be injected to the subsurface when indigenous 
microorganisms are incapable of dechlorination. The amendments would be injected via delivery 
systems such as injection wells. 
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https://portal.navfac.navy.mil/portal/page/portal/navfac/navfac_ww_pp/navfac_nfesc_pp/environmen 
tal/erb/imageserb 

5.2 Process Options 

ISB in general has two process options, anaerobic bioremediation and aerobic bioremediation. 

Anaerobic bioremediation 

In situ anaerobic bioremediation requires anaerobic conditions for the dechlorination bacteria to survive 
and grow. Anaerobic conditions are can be achieved by injecting a sufficient quantity of electron donors 
(i.e. food material) to consume excessive content of undesired electron acceptors, other than the target 
contaminants, such as oxygen and nitrate, and provide carbon sources for the growth of dechlornation 
microbes. Nutrients and minerals are also necessary substrate for microbial healthy growth. During ISB, 
the chlorinated ethenes are removed as electron acceptors during metabolite processes when bacteria 
can gain energy for their growth. Chlorine atoms in chlorinated ethenes are sequentially removed from 
the chlorinated contaminant and replaced with hydrogen atoms, producing final products ethene. 

Several full-scale ISB anaerobic applications to treat chlorinated solvents in bedrock matrix have been 
reported. Commercial products serving as long-term carbon and nutrient sources are available in the 
market. As for other in situ treatment technologies, successful delivery of sufficient amount of 
amendments for contact with the contaminants, particularly to target the contaminants in the 
secondary fractures, is crucial for the ISB application at this site. Microbial study to ensure the presence 
and sustainable growth of dechlorination bacteria in the bedrock fractures is necessary. 

Aerobic bioremediation 

In situ aerobic bioremediation typically entails maintaining a high level of organic substrates and 
dissolved oxygen in groundwater to sustain the healthy growth of aerobic microorganisms for 
contaminants degradation. Under aerobic conditions, microorganisms use dissolved oxygen in 
groundwater as electron acceptors and grow in a faster pace than that under typical anaerobic 
conditions, can completely oxidize many organic chemicals to carbon dioxide and water. TCE and DCEs 
in the groundwater may be biodegraded via cometabolism under aerobic conditions in the presence of a 
suitable substrate (e.g. methane, propane, or butane). 

Because of its already high oxidation state of carbon atoms, degradation of PCE under aerobic 
conditions is more difficult than degradation of TCE and DCEs, and full-scale applications have not been 
reported. Aerobic option will not be further considered at this site. 
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6. Monitored Natural Attenuation (MNA) 

6.1 Technology Description 

MNA, monitored natural attenuation, refers to the remediation relying on natural attenuation processes 
to achieve the groundwater regulatory standards. MNA is a common component of remedies selected 
for Superfund sites with groundwater contaminated by dilute concentrations of chlorinated solvents. 
Natural attenuation often uses a variety of processes that can reduce the mass or concentration of 
contaminants in groundwater, without enhancement of engineered measures. These processes include 
biodegradation, dispersion, dilution, sorption, volatilization, and chemical and/or biological destruction 
of contaminants. The groundwater needs to be periodically monitored to quantify the effectiveness of 
the natural attenuation. 

Because of the suspected DNAPL presence in the bedrock fractures and already detected high 
contaminant concentrations at the site, MNA alone without active remedial measures for the source 
area is not expected to effectively in prevent contaminant migration. Although the presence of PCE 
daughter products in the plume suggests that microbes may be active at the site for PCE mass reduction, 
the effectiveness and mechanisms of natural attenuation should be further evaluated if MNA is retained 
to develop remedy alternatives. Additionally, some natural attenuation processes may form degradation 
products that are more mobile and/or more toxic than the parent contaminants, the presence of such 
degradation process and products must be assessed. 

6.2 Process Options 

Source control and long term monitoring are in general fundamental components of MNA remedies. 
Following source control measures, MNA could be used in combination with or without other active 
remedial options, depending on whether MNA alone is sufficient to achieve remediation objectives. 
Phased remedial strategies are often considered with implementation of source control during initial 
phases and MNA as the polishing phase to remediate slower release and more diluted groundwater 
contamination. 

MNA can be accomplished in general using conventional equipment and analytical methods; therefore, 
it is readily implementable. Existing monitoring wells may be used or additional wells may be installed to 
collect from specific areas that do not currently have monitoring wells. 
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Table D‐1
 
Estimated Costs for Alternative TI‐1 ‐ ROD Remedy
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1  Common Components 
1.1 Capital Cost $0 $0 

1.2 O&M Cost 
a Five-year Review Bedrock Review $66,667 6 $400,000 143,854$ 
b Five-year Review Overburden Review $33,333 6 $200,000 71,927$ 

BR Common O&M Subtotal $400,000 $143,854 
OB Common O&M Subtotal $200,000 $71,927 

2 OB P&T Application 
2.1 Capital Cost 

P&T Capital Subtotal $0 $0 

2.2 O&M Cost 

a 
Regular O&M (including GWTP, monitoring, 

and ICs) 
Year $150,000 30 $4,500,000 1,861,356$ 

Direct Cost Subtotal $4,500,000 1,861,356$ 

b Project Management and Technical Support 20% 

P&T O&M Subtotal $5,400,000 $2,233,627 

3 Subtotal 
3.1 Subtotal Before Contingency 
a Capital for Bedrock $0 $0 
b O&M for Bedrock $400,000 $143,854 
c Capital for Overburden $0 $0 
d O&M for Overburden 

Contingency 

$5,600,000 $2,305,555 

Contingency for Capital Cost 25% 
Contingency for O&M Cost 10% 

3.2 Subtotal After Contingency 
a Capital for Bedrock $0 $0 
b O&M for Bedrock $440,000 $158,240 
c Capital for Overburden $0 $0 
d O&M for Overburden $6,160,000 $2,536,110 

Total Capital Cost $0 $0 
Total O&M Cost $6,600,000 $2,694,000 

4 Total Cost of Alternative TI-1 $6,600,000 $2,694,000 

Notes 
1. Present Value is calculated with a discount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 OB - Overburden
 P&T - Pump & Treat
 TI - Technical Impracticability 

1/1 



 
         

 
 

 
 

 

 

 
 

Table D‐2
 
Estimated Costs for Alternative TI‐2 ‐ Physical Containment
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1
1.1 

Common Components 
Capital Cost 

a ISCO for MOM in Bedrock LS $2,520,473 1 $2,520,473 
b IC Bedrock LS $50,000 1 $50,000 
c IC Overburden LS $0 1 $0 

BR Common Capital Subtotal $2,570,473 $2,570,473 

1.2 

OB Common Capital Subtotal 

O&M Cost 

$0 $0 

a ISCO for MOM in Bedrock Year $3,095,013 1 $3,095,013 1,578,913$ 
b IC Bedrock Year $1,333 30 $40,000 16,545$ 
c Five-year Review Bedrock Review $66,667 6 $400,000 143,854$ 
d IC Overburden Year $667 30 $20,000 8,273$ 
e Five-year Review Overburden Review $33,333 6 $200,000 71,927$ 

BR Common O&M Subtotal $3,535,013 $1,739,313 
OB Common O&M Subtotal $220,000 $80,200 

2 
2.1 

Bedrock Grouting Application 
Capital Cost 

a Field-scale pilot study LS $697,000 1 $697,000 
b Gourt Injection wells drilling Well $14,562 225 $3,276,500 
c Water pressure testing Well $11,250 225 $2,531,250 
d Field Injection LS $6,646,550 1 $6,646,550 
e QA drilling and Pumping Test LS $600,000 1 $600,000 
f Oversight LS $2,610,860 1 $2,610,860 
g Grout Material for injection Sack 10.0$ 39,070 $390,700 

Direct Cost Subtotal $16,752,860 

h 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 17% 

2.2 

Bedrock Grouting Capital Subtotal 

O&M Cost 

$19,600,846 $19,600,846 

a Long-term Monitoring Year $47,950 30 $1,438,500 595,014$ 
Direct Cost Subtotal $1,438,500 595,014$ 

b Project Management and Technical Support 10% 

Bedrock Grouting O&M Subtotal $1,582,350 $654,515 

1/2 



 
         

 
 
 

Table D‐2
 
Estimated Costs for Alternative TI‐2 ‐ Physical Containment
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
3 Overburden Capping Application 
3.1 Capping Capital Cost 
a Mob/Demob LS $50,000 1 $50,000 
b erosion control LS $5,000 1 $5,000 
c Backfill - General fill LS $285,000 1 $285,000 
d Backfill - Soil Liner LS $185,000 1 $185,000 
e Backfill - Sand Drainage Layer LS $78,000 1 $78,000 
f Backfill - Top Soil LS $91,000 1 $91,000 
g 20 mil synthetic liner LS $74,000 1 $74,000 
h Filter Fabric LS $62,000 1 $62,000 
i Wells and Vents LS $20,000 1 $20,000 
g Site Restoration LS $11,000 1 $11,000 
k Surveying and Testing LS $5,200 1 $5,200 

Direct Cost Subtotal $866,200 

l 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 26% 

Overburden Capping Capital Subtotal $1,091,412 $1,091,412 

3.2 Capping O&M Cost 
a Annual CAP Maintenance Year $12,000 30 $360,000 148,908$ 
b Groundwater Long-term Monitoring Year $33,000 30 $990,000 409,498$ 

Direct Cost Subtotal $1,350,000 558,407$ 

c Project Management and Technical Support 10% 

Overburden Capping O&M Subtotal $1,485,000 $614,248 

4 Subtotal 
4.1 Subtotal Before Contingency 
a Capital for Bedrock $22,171,320 $22,171,320 
b O&M for Bedrock $5,117,360 $2,393,830 
c Capital for Overburden $1,091,410 $1,091,410 
d O&M for Overburden 

Contingency 

$1,705,000 $694,450 

Contingency for Capital Cost 25% 
Contingency for O&M Cost 10% 

4.2 Subtotal After Contingency 
a Capital for Bedrock $27,714,000 $27,714,000 
b O&M for Bedrock $5,629,000 $2,633,000 
c Capital for Overburden $1,364,000 $1,364,000 
d O&M for Overburden $1,876,000 $764,000 

Total Capital Cost $29,078,000 $29,078,000 
Total O&M Cost $7,505,000 $3,397,000 

4 Total Cost of Alternative TI-2 $36,600,000 $32,500,000 

Notes 
1. Present Value is calculated with a discount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 ISCO - In-situ chemical oxidation
 MOM - Management of Migration
 OB - Overburden
 TI - Technical Impracticability 

2/2 



   
           

 
 

 
 

 
 

 
 

 

 

 

Table D‐3
 
Estimated Costs for Alternative TI‐3 ‐ Pump and Treat
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1
1.1 

Common Components 
Capital Cost 

a IC Bedrock LS $50,000 1 $50,000 
b IC Overburden LS $0 1 $0 

BR Common Capital Subtotal $50,000 $50,000 

1.2 

OB Common Capital Subtotal 

O&M Cost 

$0 $0 

a IC Bedrock Year $1,333 30 $40,000 16,545$ 
b Five-year Review Bedrock Review $66,667 6 $400,000 143,854$ 
c IC Overburden Year $667 30 $20,000 8,273$ 
d Five-year Review Overburden Review $33,333 6 $200,000 71,927$ 

BR Common O&M Subtotal $440,000 $160,400 
OB Common O&M Subtotal $220,000 $80,200 

2 
2.1 

P&T Application (BR and OB) 
Capital Cost 

a Pumping Test LS $200,000 1 $200,000 
b Plant upgrade LS $60,000 1 $60,000 
c New Air Strippers Item $60,000 2 $120,000 
d Air Permitting LS $12,000 1 $12,000 
e MnO4 Neutralization System LS $15,000 1 $15,000 
f Additional Bedrock Extraction Wells LS $185,404 1 $185,404 
g Additional Bedrock Monitoring Wells LS $370,808 1 $370,808 

Direct Cost Subtotal $963,212 

h 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 26% 

2.2 

P&T Capital Subtotal 

O&M Cost 

$1,213,647 $1,213,647 

a Regular O&M Year $187,500 30 $5,625,000 2,326,695$ 
b MnO4 neutralization Year $12,000 5 $60,000 49,202$ 
c Air-phase carbon treatment Year $60,000 10 $600,000 421,415$ 
d Overburden Performance Monitoring Year $33,000 30 $990,000 409,498$ 

e 
Bedrock Performance Monitoring for 

Management of Migration 
Year $42,900 30 $1,287,000 532,348$ 

f 
Bedrock Performance Monitoring for Source 

Control 
Year $33,000 30 $990,000 409,498$ 

Direct Cost Subtotal $9,552,000 4,148,657$ 

g Project Management and Technical Support 20% 

P&T O&M Subtotal $11,462,400 $4,978,388 

1/2 



   
           

Table D‐3
 
Estimated Costs for Alternative TI‐3 ‐ Pump and Treat
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
3 
3.1 

Subtotal 
Subtotal Before Contingency 

a Capital for Bedrock $1,263,650 $1,263,650 
b O&M for Bedrock $8,081,600 $3,479,330 
c Capital for Overburden $0 $0 
d O&M for Overburden 

Contingency 

$4,040,800 $1,739,660 

Contingency for Capital Cost 25% 

3.2 

Contingency for O&M Cost 

Subtotal After Contingency 

10% 

a Capital for Bedrock $1,580,000 $1,580,000 
b O&M for Bedrock $8,890,000 $3,827,000 
c Capital for Overburden $0 $0 
d O&M for Overburden $4,445,000 $1,914,000 

Total Capital Cost $1,580,000 $1,580,000 
Total O&M Cost $13,335,000 $5,741,000 

4 Total Cost of Alternative TI-3 $14,915,000 $7,321,000 

Notes 
1. Present Value is calculated with a discount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 MOM - Management of Migration
 OB - Overburden
 P&T - Pump & Treat
 TI - Technical Impracticability 

2/2 



   
       

 
 
 

 
 

 

 
 
 

Table D‐4
 
Estimated Costs for Alternative TI‐4 ‐ ISCR
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1
1.1 

Common Components 
Capital Cost 

a IC Bedrock LS $50,000 1 $50,000 
b IC Overburden LS $0 1 $0 

BR Common Capital Subtotal $50,000 $50,000 

1.2 

OB Common Capital Subtotal 

O&M Cost 

$0 $0 

a IC Bedrock Year $1,333 30 $40,000 16,545$ 
b Five-year Review Bedrock Review $66,667 6 $400,000 143,854$ 
c Long-term monitoring Overburden Year $33,000 30 $990,000 409,498$ 
d IC Overburden Year $667 30 $20,000 8,273$ 
e Five-year Review Overburden Review $33,333 6 $200,000 71,927$ 

BR Common O&M Subtotal $440,000 $160,400 

2 
2.1 

OB Common O&M Subtotal 

Bedrock ISCR for Source Control 
Capital Cost 

$1,210,000 $489,698 

a Field-scale pilot study LS $346,000 1 $346,000 
b Injection wells drilling Well $26,101 25 $652,525 
c Downhole Geophysics Well $145,000 1 $145,000 
d Packer testing Well $57,000 1 $57,000 
e Additional monitoring wells drilling Well $24,451 5 $122,255 
f Oversight LS $245,000 1 $245,000 
g Reagent for injection LB 2.0$ 79,382 $158,763 
h Field Injection LS $2,034,154 1 $2,034,154 

Direct Cost Subtotal $3,760,697 

i 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 19% 

2.2 

Bedrock ISCR Capital Subtotal 

O&M Cost 

$4,475,229 $4,475,229 

a Performance Monitoring Year $67,500 3 $202,500 177,141$ 
b Long-term Monitoring Year $33,750 27 $911,250 330,234$ 

Direct Cost Subtotal $1,113,750 507,376$ 

c Project Management 10% 

Bedrock ISCR O&M Subtotal $1,225,125 $558,113 

Bedrock ISCR for Source Control Total $5,700,354 $5,033,342 

1/3 



   
       

 

 
 

 
 

 
 

Table D‐4
 
Estimated Costs for Alternative TI‐4 ‐ ISCR
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 

3 

3.1 

Bedrock ISCR for Management of 
Migration (MOM) 

Capital Cost 
a Field-scale pilot study LS $357,000 1 $357,000 
b Injection wells drilling Well $26,101 29 $756,929 
c Downhole Geophysics Well $116,000 1 $116,000 
d Packer testing Well $90,346 1 $90,346 
e Additional monitoring wells drilling Well $35,951 8 $287,608 
f Oversight LS $302,167 1 $302,167 
g Reagent for injection LB 2.0$ 152,460 $304,920 
h Field Injection LS $357,000 1 $357,000 

Direct Cost Subtotal $2,571,970 

i 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 19% 

3.2 

Bedrock ISCR Capital Subtotal 

O&M Cost 

$3,060,644 $3,060,644 

a Performance Monitoring Year $44,400 30 $1,332,000 550,961$ 
Direct Cost Subtotal $1,332,000 550,961$ 

b Project Management 10% 

Bedrock ISCR O&M Subtotal $1,465,200 $606,058 

3.3 

4 
4.1 

Bedrock ISCR for MOM Total 

Overburden ZVI PRB Application 
Capital Cost 

$4,525,844 $3,666,702 

a Bench-scale Testing LS $50,000 1 $50,000 
b PRB Material Cost LS $556,701 1 $556,701 
c PRB Construction LS $750,278 1 $750,278 
d Additional monitoring wells installation Well $4,899 6 $29,396 
e Oversight LS $155,935 1 $155,935 

Direct Cost Subtotal $1,542,310 

f 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 26% 

4.2 

Overburden ISCR Capital Subtotal 

O&M Cost 

$1,943,310 $1,943,310 

a Performance Monitoring Year $8,810 30 $264,300 109,324$ 
b PRB Evaluation LS $10,260 10 $102,600 39,602$ 
c PRB Material Replacement LS $1,923,067 1 $1,923,067 651,409$ 

Direct Cost Subtotal $2,289,967 800,335$ 

d Project Management and Technical Support 10% 

Overburden ISCR O&M Subtotal $2,326,657 $815,228 

4.3 Overburden ZVI PRB Total $4,269,967 $2,758,538 

2/3 



   
       

Table D‐4
 
Estimated Costs for Alternative TI‐4 ‐ ISCR
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
5 
5.1 

Subtotal 
Subtotal Before Contingency 

a Capital for Bedrock $7,585,870 $7,585,870 
b O&M for Bedrock $3,130,330 $1,324,570 
c Capital for Overburden $1,943,310 $1,943,310 
d O&M for Overburden 

Contingency 

$3,536,660 $1,304,930 

Contingency for Capital Cost 25% 

5.2 

Contingency for O&M Cost 

Subtotal After Contingency 

10% 

a Capital for Bedrock $9,482,000 $9,482,000 
b O&M for Bedrock $3,443,000 $1,457,000 
c Capital for Overburden $2,429,000 $2,429,000 
d O&M for Overburden $3,890,000 $1,435,000 

Total Capital Cost $11,911,000 $11,911,000 
Total O&M Cost $7,333,000 $2,892,000 

5 Total Cost of Alternative TI-4 $19,200,000 $14,800,000 

Notes 
1. ZVI PRB is permeable reactive barrier using zero valent iron for contaminants removal; 
2. Present Value is calculated with a ddiscount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 ISCR - in-situ chemical reduction;
 MOM - Management of Migration
 OB - Overburden
 TI - Technical Impracticability 
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Table D‐5
 
Estimated Costs for Alternative TI‐5 ‐ ISCO
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1
1.1 

 Common Components 
Capital Cost 

a IC Bedrock LS $50,000 1 $50,000 
b IC Overburden LS $0 1 $0 

BR Common Capital Subtotal $50,000 $50,000 

1.2 

OB Common Capital Subtotal 

O&M Cost 

$0 $0 

a IC Bedrock Year $1,333 30 $40,000 16,545$ 
b Five-year Review Bedrock LS $66,667 6 $400,000 143,854$ 
c Long-term monitoring Overburden Year $33,000 30 $990,000 409,498$ 
d IC Overburden Year $667 30 $20,000 8,273$ 
e Five-year Review Overburden LS $33,333 6 $200,000 71,927$ 

BR Common O&M Subtotal $440,000 $160,400 
OB Common O&M Subtotal $1,210,000 $489,698 

2 
2.1 

Bedrock ISCO Source Control 
Capital Cost 

a Injection wells drilling Well $26,101 25 $652,525 
b Downhole Geophysics LS $120,000 1 $120,000 
c Packer testing LS $40,500 1 $40,500 
d Oversight LS $213,000 1 $213,000 
e Additional monitoring wells installation Well $44,471 5 $222,355 
f Reagent for injection LB $2.50 40,061 $100,153 
g First Field Injection LS $34,154 1 $34,154 

Direct Cost Subtotal $1,382,686 

h Technical and Administrative Costs (Plan, 
Design, Reporting, and Management, etc.) 26% 

Bedrock ISCO Source Control Capital 
Subtotal 

$1,742,185 $1,742,185 

2.2 O&M Cost 
a Reagent Cost for Additional Injections LS $267,913 1 $267,913 188,107$ 
b Injection Cost for Additional Injections LS $92,215 1 $92,215 64,746$ 
c Performance Monitoring Year $66,000 15 $990,000 601,122$ 
d Long-term Monitoring Year $33,000 15 $495,000 108,937$ 

Direct Cost Subtotal $1,845,127 962,913$ 

e Project Management and Technical Support 20% 

O&M Subtotal $2,214,153 $1,155,495 

Bedrock ISCO Source Control Total $3,956,338 $2,897,680 
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Table D‐5
 
Estimated Costs for Alternative TI‐5 ‐ ISCO
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 

3 

3.1 

Bedrock ISCO for Management of 
Migration (MOM) 

Capital Cost 
a Injection wells drilling Well $26,101 33 $861,333 
b Downhole Geophysics Well $132,000 1 $132,000 
c Packer testing Well $102,808 1 $102,808 
d Oversight LS $291,100 1 $291,100 
e Additional monitoring wells installation Well $44,471 8 $355,768 
f Reagent for injection LB $2.50 7,193 $17,982 
g Injection Equipment LS $38,570 1 $38,570 
h First Field Injection LS $127,443 1 $127,443 

Direct Cost Subtotal $1,927,004 

i Technical and Administrative Costs (Plan, 
Design, Reporting, and Management, etc.) 26% 

3.2 

Bedrock ISCO MOM Capital Subtotal 

O&M Cost 

$2,428,025 $2,428,025 

a Cost for 29 additional injection events LS $1,247,177 1 $1,247,177 764,800$ 
b Performance Monitoring Year $44,400 30 $1,332,000 550,961$ 

Direct Cost subtotal $2,579,177 1,315,761$ 

c Project Management and Technical Support 20% 

Bedrock ISCO MOM O&M Subtotal $3,095,013 $1,578,913 

Bedrock ISCO MOM Total $5,523,037 $4,006,938 

4 
4.1 

Overburden Oxidizing PRB 
Capital Cost 

a PRB Construction (wells and funnel) LS $686,600 1 $686,600 
b Additional monitoring wells installation Well $7,498 9 $67,478 
c Oversight LS $167,149 1 $167,149 
d PRB Material Cost First Year Candle $70 328 $22,960 

Direct Cost Subtotal $944,187 

e Technical and Administrative Costs (Plan, 
Design, Reporting, and Management, etc.) 26% 

4.2 

PRB Capital Subtotal 

O&M Cost 

$1,189,676 $1,189,676 

a PRB Replenishment Material Cost Batch $22,960 9 $206,640 111,582$ 
b Replenishment and Maintenance Batch $5,000 9 $45,000 24,299$ 
c Performance Monitoring first 3 years Year $17,930 3 $53,790 47,054$ 
d Performance Monitoring later 27 years Year $8,965 27 $242,055 87,720$ 

ISCO Overburden O&M $547,485 $270,656 

e Project Management and Technical Support 10% 

PRB O&M Subtotal $602,234 $297,721 

Overburden Oxidizing PRB Total $1,791,909 $1,487,397 
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Table D‐5
 
Estimated Costs for Alternative TI‐5 ‐ ISCO
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
5 
5.1 

Subtotal 
Subtotal Before Contingency 

a Capital for Bedrock $4,220,000 $4,220,000 
b O&M for Bedrock $5,749,000 $2,895,000 
c Capital for Overburden $1,190,000 $1,190,000 
d O&M for Overburden 

Contingency 

$1,812,000 $787,000 

Contingency for Capital Cost 25% 

5.2 

Contingency for O&M Cost 

Subtotal After Contingency 

10% 

a Capital for Bedrock $5,275,000 $5,275,000 
b O&M for Bedrock $6,323,900 $3,184,500 
c Capital for Overburden $1,487,500 $1,487,500 
d O&M for Overburden $1,993,200 $865,700 

Total Capital Cost $6,763,000 $6,763,000 
Total O&M Cost $8,317,000 $4,050,000 

5 Total Cost of Alternative TI-5 $15,100,000 $10,800,000 

Notes 
1. Oxidizing PRB is permeable reactive barrier using oxidizing material for contaminants removal; 
2. Present Value is calculated with a discount rate of 7%;
 BR - Bedrock
 IC - Institutional Control
 ISCO - in-situ chemical oxidation;
 MOM - Management of Migration

   OB - Overburden
 TI - Technical Impracticability 
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Table D‐6
 
Estimated Costs for Alternative TI‐6 ‐ ISTT
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1
1.1 

Common Components 
Capital Cost 

a ISCO for Management of Migration Bedrock LS $2,520,473 1 $2,520,473 
b IC Bedrock LS $50,000 1 $50,000 
c ZVI PRB Overburden LS $1,930,710 1 $1,930,710 
d IC Overburden LS $0 1 $0 

BR Common Capital Subtotal $2,570,473 $2,570,473 

1.2 

OB Common Capital Subtotal 

O&M Cost 

$1,930,710 $1,930,710 

a ISCO for Management of Migration Bedrock Year $3,095,013 1 $3,095,013 1,578,913$ 
b IC Bedrock Year $1,333 30 $40,000 16,545$ 
c Five-year Review Bedrock LS $66,667 6 $400,000 143,854$ 
d ZVI PRB Overburden LS $2,326,657 1 $2,326,657 815,228$ 
e IC Overburden Year $667 30 $20,000 8,273$ 
f Five-year Review Overburden LS $33,333 6 $200,000 71,927$ 

BR Common O&M Subtotal $3,535,013 $1,739,313 
OB Common O&M Subtotal $2,546,657 $895,428 

2 
2.1 

Bedrock ISTT Application 
Capital Cost 

a Field-scale pilot study LS $1,000,000 1 $1,000,000 
b Subcontractor TCH Remediation LS $43,100,000 1 $43,100,000 
c Oversight LS $500,000 1 $500,000 

Direct Cost Subtotal $44,600,000 

d 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 17% 

2.2 

Bedrock ISTT Capital Subtotal 

O&M Cost 

$52,182,000 $52,182,000 

a Performance Monitoring Year $93,750 3 $281,250 246,030$ 
Long-term Monitoring Year $31,250 27 $843,750 305,773$ 

Direct Cost Subtotal $1,125,000 551,802$ 

b Project Management and Technical Support 10% 

Bedrock ISTT O&M Subtotal $1,237,500 $606,983 
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Table D‐6
 
Estimated Costs for Alternative TI‐6 ‐ ISTT
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
3 Overburden ISTT Application 
3.1 Capital Cost 
a Existing Wells Decommission LS $2,500 1 $2,500 
b Subcontractor ERH Remediation LS $988,000 1 $988,000 
c Oversight LS $143,000 1 $143,000 

Direct Cost Subtotal $1,133,500 

d 
Technical and Administrative Costs (Plan, 

Design, Reporting, and Management, etc.) 26% 

Overburden ISTT Capital Subtotal $1,428,210 $1,428,210 

3.2 O&M Cost 
a Performance Monitoring Year $31,200 3 $93,600 81,879$ 
b Long-term Monitoring Year $49,600 30 $1,488,000 615,488$ 

Direct Cost Subtotal $1,581,600 697,367$ 

c Project Management and Technical Support 10% 

Overburden ISTT O&M Subtotal $1,739,760 $767,104 

4 Subtotal 
4.1 Subtotal Before Contingency 
a Capital for Bedrock $54,752,000 $54,752,000 
b O&M for Bedrock $4,772,510 $2,346,300 
c Capital for Overburden $3,359,000 $3,359,000 
d O&M for Overburden 

Contingency 

$4,286,420 $1,662,530 

Contingency for Capital Cost 25% 
Contingency for O&M Cost 10% 

4.2 Subtotal After Contingency 
a Capital for Bedrock $68,440,000 $68,440,000 
b O&M for Bedrock $5,250,000 $2,581,000 
c Capital for Overburden $4,199,000 $4,199,000 
d O&M for Overburden $4,715,000 $1,829,000 

Total Capital Cost $72,639,000 $72,639,000 
Total O&M Cost $9,965,000 $4,410,000 

5 Total Cost of Alternative TI-6 $82,600,000 $77,000,000 

Notes 
1. ZVI PRB is permeable reactive barrier using zero valent iron for contaminants removal; 
2. Present Value is calculated with a dIscount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 ISCO - in-situ chemical oxidation;
 ISTT - in-situ thermal treatment;
 MOM - Management of Migration
 OB - Overburden
 TI - Technical Impracticability 
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Table D‐7
 
Estimated Costs for Alternative GC‐1 ‐ ROD Remedy
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1 
1.1 

Natural Attenuation (NA) 
NA Capital Cost 

a First-Year Monitoring LS $26,580 1 $26,580 $26,580 
Direct Cost Subtotal $26,580 $26,580 

b Project Management and Technical Support 45% 

NA Capital Subtotal $38,541 $38,541 

NA Capital BR 100% $38,541 $38,541 

1.2 

NA Capital OB 

NA O&M Cost 

0% $0 $0 

a Long-term Groundwater Monitoring Year $26,580 29 $770,820 326,341$ 
Direct Cost Subtotal $770,820 326,341$ 

b Project Management and Technical Support 10% 

NA O&M Subtotal $847,902 $358,975 

NA O&M BR 75% $635,927 $269,231 

2 
2.1 

NA O&M OB 

Institutional Controls 
Capital Cost 

25% $211,976 $89,744 

a IC Bedrock LS $20,000 1 $20,000 $20,000 $20,000 
b 
2.2 

IC Overburden 
O&M Cost 

LS $0 1 $0 $0 $0 

a IC Bedrock Year $1,333 30 $40,000 $40,000 16,545$ 
b 

2 

IC Overburden 

Five-Year Reviews 

Year $667 30 $20,000 $20,000 8,273$ 

3.1 
3.2 

Capital Cost 
O&M 

$0 $0 $0 

a Five-year Review Bedrock Review $13,333 6 $80,000 $80,000 38,841$ 
b 

4 
4.1 

Five-year Review Overburden 

Subtotal 
Subtotal Before Contingency 

Review $6,667 6 $40,000 $40,000 4,316$ 

a Capital for Bedrock $58,500 $58,500 
b O&M for Bedrock $755,927 $324,617 
c Capital for Overburden $0 $0 
d O&M for Overburden 

Contingency 

$271,976 $102,332 

Contingency for Capital Cost 25% 

4.2 

Contingency for O&M Cost 

Subtotal After Contingency 

10% 

a Capital for Bedrock $73,000 $73,000 
b O&M for Bedrock $832,000 $357,000 
c Capital for Overburden $0 $0 
d O&M for Overburden $299,000 $113,000 

Total Capital Cost $73,000 $73,000 
Total O&M Cost $1,131,000 $470,000 

5 Total Cost of Alternative GC-1 $1,200,000 $540,000 
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Table D‐7
 
Estimated Costs for Alternative GC‐1 ‐ ROD Remedy
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 

Notes 
1. Present Value is calculated with a discount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 NA - Natural Attenuation
 OB - Overburden 
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Table D‐8
 
Estimated Costs for Alternative GC‐2 ‐MNA
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
1
1.1 

Common Components 
Capital Cost 

a IC Bedrock LS $20,000 1 $20,000 
b IC Overburden LS $0 1 $0 

BR Common Capital Subtotal $20,000 $20,000 

1.2 

OB Common Capital Subtotal 

O&M Cost 

$0 $0 

a IC Bedrock Year $1,333 30 $40,000 16,545$ 
b Five-year Review Bedrock Review $18,000 6 $108,000 38,841$ 
c IC Overburden Year $667 30 $20,000 8,273$ 
d Five-year Review Overburden Review $2,000 6 $12,000 4,316$ 

BR Common O&M Subtotal $148,000 $55,386 

2 
2.1 

OB Common O&M Subtotal 

MNA 
MNA Capital Cost 

$32,000 $12,588 

a Additional Bedrock Monitoring Drilling Well $28,534 3 $85,603 $85,603 
b Downhole Geophysics LS $26,000 1 $26,000 $26,000 
c Packer testing LS $12,000 1 $12,000 $12,000 
d Oversight LS $31,000 1 $31,000 $31,000 
e First-Year Monitoring LS $34,644 1 $34,644 $34,644 

Direct Cost Subtotal $189,247 $189,247 

f Project Management and Technical Support 43% 

MNA Capital Subtotal $270,623 $270,623 

MNA Capital BR 100% $270,623 $270,623 

2.2 

MNA Capital OB 

MNA O&M Cost 

0% $0 $0 

a MNA Monitoring 

MNA Study at 10th Year (microcosm study, 

Year $34,644 29 $1,004,676 425,348$ 

b tracer testing, isotopic analysis, and 
groundwater modeling) 

LS $201,800 1 $201,800 102,585$ 

Direct Cost Subtotal $1,206,476 527,933$ 

c Project Management and Technical Support 15% 

MNA O&M Subtotal $1,387,447 $607,123 

MNA O&M BR 90% $1,248,703 $546,410 
MNA O&M OB 10% $138,745 $60,712 
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Table D‐8
 
Estimated Costs for Alternative GC‐2 ‐MNA
 

Item Unit Unit Price Quantity Cost Subtotals Present Value 
3 
3.1 

Subtotal 
Subtotal Before Contingency 

a Capital for Bedrock $290,600 $290,623 
b O&M for Bedrock $1,396,703 $601,796 
c Capital for Overburden $0 $0 
d O&M for Overburden 

Contingency 

$170,745 $73,301 

Contingency for Capital Cost 25% 

3.2 

Contingency for O&M Cost 

Subtotal After Contingency 

10% 

a Capital for Bedrock $363,000 $363,000 
b O&M for Bedrock $1,536,000 $662,000 
c Capital for Overburden $0 $0 
d O&M for Overburden $188,000 $81,000 

Total Capital Cost $363,000 $363,000 
Total O&M Cost $1,724,000 $743,000 

4 Total Cost of Alternative GC-2 $2,100,000 $1,100,000 

Notes 
1. Present Value is calculated with a discount rate of 7%;

 BR - Bedrock
 IC - Institutional Control
 MNA - Monitored Natural Attenuation
 OB - Overburden 
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SESOIL MODELING RESULTS 




                                                             

                                  

SESOIL Hydrologic Cycle Report 
Scenario Description: for gw recharge inside Savage Slurry Wall 

SESOIL Output File: C:\SEVIEW63\MILFD1.OUT 
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Surface 
Water 
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Net 
Infiltration 

Evapotranspiration 
Soil 

Moisture 
Retention 

Groundwater 
Runoff 

(Recharge) 

Soil Moisture 

Layer 1 Layer 1 
Below 

Units cm Inches cm Inches cm Inches cm Inches cm Inches Percent Percent 

October 0.00 0.00 9.25 3.64 3.24 1.28 0.50 0.20 5.51 2.17 5.84 5.84 
November 0.00 0.00 11.01 4.33 1.09 0.43 0.90 0.35 9.02 3.55 6.92 6.92 
December 0.00 0.00 10.06 3.96 0.30 0.12 0.40 0.16 9.36 3.69 7.39 7.39 
January 0.00 0.00 8.45 3.33 0.30 0.12 -0.04 -0.02 8.19 3.22 7.34 7.34 
February 0.00 0.00 8.22 3.24 0.30 0.12 -0.10 -0.04 8.02 3.16 7.22 7.22 
March 0.00 0.00 9.18 3.61 1.96 0.77 -0.38 -0.15 7.60 2.99 6.77 6.77 
April 0.00 0.00 9.31 3.67 4.85 1.91 -0.75 -0.30 5.21 2.05 5.87 5.87 
May 0.00 0.00 8.97 3.53 4.82 1.90 -0.38 -0.15 4.53 1.78 5.42 5.42 
June 0.00 0.00 9.27 3.65 4.80 1.89 -0.13 -0.05 4.59 1.81 5.27 5.27 
July 0.00 0.00 8.49 3.34 4.43 1.74 -0.17 -0.07 4.22 1.66 5.07 5.07 
August 0.00 0.00 8.71 3.43 4.38 1.72 0.04 0.02 4.29 1.69 5.12 5.12 
September 0.00 0.00 8.24 3.24 3.92 1.54 0.10 0.04 4.22 1.66 5.24 5.24 

Total 0.00 0.00 109.15 42.97 34.39 13.54 0.00 0.00 74.76 29.43 
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BIOCHLOR MODELING RESULTS 




       
 

   

       

               

 

	 	 	

                       

                           

              

                           

                           

                           

                     

                   

                     

                             

                           

   

 

	 	 	

                                 

                               

                       

                                  

                       

                           

                           

                     

                           

                     

                             

                       

                           

                             

Appendix F
 

Groundwater Modelling Using BIOCHLOR
 

Savage Municipal Water Supply Well Superfund Site OU‐1
 

I. Model Description 

Groundwater modeling was conducted using BIOCHLOR v2.2, a USEPA natural attenuation decision 

support system. BIOCHLOR is a screening model that simulates remediation by natural attenuation of 
dissolved solvents at chlorinated solvent release sites. 

BIOCHLOR can be used to simulate solute transport without decay and solute transport with 

biodegradation modeled as a sequential first‐order process within one or two different reaction zones. 
The software, programmed in the Microsoft Excel spreadsheet environment and based on the Domenico 

analytical solute transport model, has the ability to simulate one‐dimensional advection, three‐
dimensional dispersion, linear adsorption, and biotransformation via reductive dechlorination (the 

dominant biotransformation process at most chlorinated solvent sites). Reductive dechlorination is 
assumed to occur under anaerobic conditions and dissolved solvent degradation is assumed to follow a 

sequential first‐order decay process. BIOCHLOR v.2.2 (June 2002) was downloaded from the U.S. EPA 

website (http://www2.epa.gov/water‐research/biochlor‐natural‐attenuation‐decision‐support‐system). 

II. Modeling Objective 

The objective of the modeling is to obtain an order of magnitude (OOM) estimate of cleanup timeframe 

for the downgradient bedrock groundwater plume when an upgradient source is cut off, to assist in 

assessing whether Monitored Natural Attenuation (MNA) would be a reasonable remedial alternative 

for portions of OU1 at the Savage Municipal Water Supply Well Superfund Site in Milford, NH (Site). 

BIOCHLOR takes into account dilution, dispersion, adsorption/matrix diffusion, and degradation of PCE 

and a sequential first‐order decay process to produce daughter products including TCE and cis‐DCE. 
Important assumptions that serve as the basis of using the BIOCHLOR model include homogeneous 
matrix, steady and uniform groundwater flow, instantaneous linear sorption equilibration, continuous 
source or source truncation, and first order decay kinetics. Although some of these assumptions 
(primarily homogeneous matrix, uniform flow, and instantaneous sorption equilibration) are not 
satisfied substantially at this site, thus leading to significant uncertainty in the interpretation of the 

modeling results, the model covers the fundamental physical and biochemical mechanisms governing 

the fate and transport of contaminants and approximates them with simplified processes that can 

generate reasonable results of OOM estimate with relatively minor effort. It was deemed appropriate to 

Page 1 of 5 
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serve as one “line of evidence” to evaluate the groundwater plume migration and cleanup process in the 

bedrock for this Site. 

III. Modeling Approach and Considerations 

Model Setup 

The model was set up for 1‐D simulation of the fate and transport of chlorinated solvents along the 

centerline of the plume in the deep bedrock at the Site. The hydrology of the site has been described in 

Section 1 of the 2015 FS. The groundwater flow direction in the deep bedrock is interpreted to be 

primarily to the north‐northeast, along strike of predominate fracture set. Four bedrock wells located in 

this direction (BR‐06, BR‐03, BR‐11, and MW‐30) were interpreted to be located on the plume centerline 

(Figure 2‐1 of the FS) and selected to be used as observation locations for the model. 

Three compounds (PCE, TCE, and total DCE) were modeled by BIOCHLOR. The observed concentrations 
of cis‐1,2‐DCE were used in the model to represent total DCE concentrations because trans‐1,2‐DCE was 
not detected and 1,1‐DCE was detected only once and at low level in the four wells. VC was not 
detected in these wells and therefore was not included in the model. The average concentration for 
each compound (PCE, TCE, and DCE) in each monitoring well based on not more than three sampling 

rounds was used to serve as the current condition. The model was then calibrated to match this 
current condition, assuming that the mass release from the DNAPL source began at an estimated 

starting time and continued to the present. Various model input parameters were varied until a good fit 
with the current condition was achieved. The ‘least square residual method’ was applied to determine 

the best fit of the simulation results to the field data. Once it was calibrated, the model was rerun using 

the current condition as the initial condition, but with complete cutoff of the mass flux from the source 

to simulate implementation of a source‐control and management of migration remedy in OU1. The 

calibrated model was used to estimate the timeframe for the downgradient plume to be cleaned up 

under natural attenuation. 

Source Setup 

Because the PCE concentration detected at BR‐06 was very close to its water solubility, it was assumed 

that a continuous source (with DNAPL likely) was present for the bedrock plume in the vicinity of this 
location. The concentrations of PCE, TCE, and DCE at BR‐06 were used as the source concentrations. The 

source width and thickness were estimated based on data presented in the 2014 RI. 

When a TI Waiver Zone is established (and the downgradient area is the groundwater cleanup area 

(GCA)), no mass flux is assumed crossing the TI Waiver Zone boundary to release into the GCA, which is 
the basis of the cleanup condition to be modeled. Under the cleanup condition, no source and no mass 
flux from upgradient was assumed. 

Biotransformation 
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First order decay kinetics were assumed to be present based on the observation that while the 

concentrations of PCE, TCE, and DCE (denoted as [PCE], [TCE], and [DCE]) decrease along the distance 

away from the source, the ratios of daughter products to parent products (i.e. [TCE]/[PCE] and [1,2‐
DCE]/[TCE]) increase (as shown in Table 6‐4 of the FS). Because no site‐specific degradation rates are 

available, the range of the suggested decay rates provided in the BIOCHLOR manual was used as the 

limits when calibrating the model to fit the observed data. 

Retardation Modeling 

In fractured bedrock where the presence of organic matters is at minimum, the retardation of the 

contaminants is primarily controlled by mass retained in the secondary fractures and rock matrix and 

the mass exchange rate (through contaminant diffusion) between immobile groundwater in secondary 

fractures/rock matrix and mobile groundwater in primary fractures. This retardation mechanism is 
similar to the sorption mechanism in unconsolidated media where contaminants would be retained on 

the immobile phase (organic carbon and surrounding water membrane) and exchanged between mobile 

groundwater and the immobile phase. The sorption function, one component of BIOCHLOR simulation 

model, was used at this Site to approximate the retardation phenomenon in fractured bedrock. Because 

BIOCHLOR uses a single retardation factor for simulation of multiple compounds, the value of the 

retardation factor was adjusted within a reasonable range and applied to all compounds rather than 

using a unique value for each compound. 

Model Calibration 

The BIOCHLOR model was calibrated to fit the data at the observation locations BR‐06, BR‐03, BR‐11, 
and MW‐30. Calibration and initial sensitivity runs determined that: 

(1) Groundwater flow velocity and the	 retardation factor were found to be coupled in a 

proportional manner, i.e. a high groundwater velocity required a large retardation factor and a 

low groundwater velocity required a small retardation factor to get the model results to fit the 

observed data. 
(2) The coupled groundwater	 flow velocity and retardation factor were the most sensitive 

parameters for model calibration and variation of their values significantly affects the estimated 

cleanup timeframe. The model results are primarily dependent on the value selection of these 

two parameters. 
(3) Multiple solutions with different groundwater flow velocity/retardation factors were used to 

calibrate the model. 
(4) The other input parameters, including dispersitivity and decay rate (within a reasonable range) 

were much less sensitive for model calibration and variation of their values had a much smaller 
impact on the estimated cleanup timeframe. 

To demonstrate the impact of the model sensitivity to groundwater velocity/contaminant retardation, 
three scenarios are presented that all resulted in an acceptable model calibration. The three scenarios 
correspond to (S1) high velocity/high retardation, (S2) medium velocity/medium retardation, and (S3) 
low velocity/low retardation conditions. To gain model calibration under these scenarios, the decay rate 
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was varied slightly within the referenced range and a single value was used for dispersitivity. In deep 

fractured bedrock, the true groundwater flow velocity under ambient flow conditions is highly 

heterogeneous; with high velocity in larger water‐bearing fractures and very low velocity in secondary 

fractures. Therefore, there is not one clear scenario that best approximates actual conditions. However, 
it is likely that the actual condition falls within the limits described by these scenarios. 

IV. Groundwater Model Input Parameters 

BIOCHLOR model requires general input parameters about the model domain, simulation time, and 

calibration field data as well as scenario‐specific parameters to describe the fate and transport of 
contaminants. The general input parameters are provided in Table F‐1 and scenario‐specific input 
parameters are provided in Table F‐2. When applicable, the values of the parameters, the data source or 
reference for the value selection, and application notes are provided. 

V. Groundwater Model Outputs 

Concentrations of PCE, TCE, and DCE were calculated for regular locations along the 1‐D transect by 

BIOCHLOR based on the inputs provided. The spacing of the selected locations for these simulations 
was 150 ft. The concentrations were interpolated from the regular locations (150‐ft intervals along the 

transect) to the observation locations at BR‐03, BR‐11, and MW‐30. 

Table F‐3 presents the model‐calculated concentrations of PCE, TCE, and DCE at the three observation 

wells (BR‐3, BR‐11, and MW‐30) over the 400 years simulated. The results for the three scenarios are 

shown together for comparison. It should be noted that the data for the first 40 years were the results 
generated during calibration and represent the expansion of the plume from the release area. Year 40 

represents the near‐present conditions. The concentrations after Year 40 represent the predicted 

plume under natural attenuation assuming that the source has been isolated and the contribution to 

downgradient areas has been eliminated.. 

VI. Conclusion 

The change in the simulated PCE concentrations over time at BR‐03 under the three scenarios is 
illustrated in Figure F‐1. BR‐03 is the location with the highest starting concentration after source 

isolation and therefore represents the worst‐case cleanup scenario. 

Based on the results presented in Table F‐3 and Figure F‐1, the following conclusions are drawn with 

regard to the cleanup timeframe for the plume. 

1.	 The current plume has not reached steady state and may continue to expand downgradient if 
the source is not removed or contained. 

2.	 The cleanup timeframe for PCE in the downgradient plume after the source has been removed 

or isolated is likely on the order of 240 years (under Scenario 1) or greater (Scenarios 2 and 3); 
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3.	 After about 100 years from source truncation, the downgradient peak PCE concentration would 

be reduced by approximately 35‐times under Scenario 1, the most favorable scenario among the 

three scenarios evaluated. The results suggested that in order to get downgradient PCE 

concentrations below cleanup standards within 100 years (considering this a "reasonable" 
timeframe), the source control remedy needs to include all PCE concentrations that are about 
35 times the cleanup goal (5 ug/L), so above roughly 175 ug/L. 

It should be noted that, as described above, the modeling approach used to simulate the observed 

conditions and the selection of the modeling input parameters contains significant uncertainty. As a 

consequence of this uncertainty, the modeling results represent only a rough OOM estimate. 
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Figure F‐1
 

BIOCHLOR PCE Simulation Results at BR‐3
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Table F‐1
 
General Model Setup Parameters
 

Model Parameter Values Units Site Specific Data Source/Reference
 
Source Area Dimensions 
Width 200 ft Y 2014 Remedial Investigation 
Height 500 ft Y 2014 Remedial Investigation 
Simulation Area 
Modeled Area Width 2000 ft Set large to accommodate 1D simulation 
Modeled Area Longth 1500 ft Y 2014 Remedial Investigation 
Simulation Time 
Calibration 40 years Y Assumed 
Prediction 360 years Y 
Source Concentration (BR‐06) 
PCE 67.6 mg/L Y 2014 Remedial Investigation 
TCE 3.47 mg/L Y 2014 Remedial Investigation 
DCE 0.058 mg/L Y 2014 Remedial Investigation 
Field Data For Calibration (BR‐03) 
PCE 4.07 mg/L Y 2014 Remedial Investigation 
TCE 0.79 mg/L Y 2014 Remedial Investigation 
DCE 0.019 mg/L Y 2014 Remedial Investigation 
Field Data For Calibration (BR‐11) 
PCE 0.069 mg/L Y 2014 Remedial Investigation 
TCE 0.044 mg/L Y 2014 Remedial Investigation 
DCE 0.005 mg/L Y 2014 Remedial Investigation 
Field Data For Calibration (MW‐30) 
PCE 0.013 mg/L Y 2014 Remedial Investigation 
TCE 0.01 mg/L Y 2014 Remedial Investigation 
DCE mg/L Y 2014 Remedial Investigation 

Notes 
DCE ‐ dichloroethylene 
PCE ‐ tetrachloroethylene 
TCE ‐ trichloroethylene 
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Table F‐2
 
Scenario Specific Input Parameters
 

Model Parameter 
Scenario‐1 
Values 

Scenario‐2 
Values 

Scenario‐3 
Values 

Units 
Site 

Specific 
Data Source/Reference Notes 

Hydraulics 
Hydraulic Gradient 0.006 0.006 0.006 ft/ft Y 2014 Remedial Investigation 
Hydraulic Conductivity 1.10E‐04 2.80E‐05 1.00E‐05 cm/s Y 2014 Remedial Investigation 
Effective Porosity 0.002 0.002 0.005 ‐‐ Y 2014 Remedial Investigation 
Seepage Velocity 334 87 12 BIOCHLOR calculation Primary factor for sensitivity analysis 
Dispersivity alpha x 1000 1000 1000 ‐‐ N Lipson, Kueper, Gefell; 2005 High dispersivity to fit field data; 
Dispersivity alpha x/alpha y  1 1 1 ‐‐ N Lipson, Kueper, Gefell; 2006 High dispersivity to fit field data; 
Adsorption/Matrix Diffusion 
Retardation Factor 333 87 12 N Adjusted to fit field data; 
Biodegradation Rates 
PCE to TCE 1.16 0.693 0.173 1/yr N BIOCHLOR manual Adjusted to fit field data; 
TCE to DCE 0.866 0.139 0.087 1/yr N BIOCHLOR manual Adjusted to fit field data; 
DCE to VC 0.693 0.347 2.31 1/yr N BIOCHLOR manual Adjusted to fit field data; 

Notes 
cm/s ‐ centimeters per second 
yr ‐ year 
ft ‐ feet (foot) 
DCE ‐ dichloroethylene 
PCE ‐ tetrachloroethylene 
TCE ‐ trichloroethylene 
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Table F‐3
 
BIOCHLOR Modeling Results at Observation Locations
 

Scenarios 
Scenario 1 

High Velocity, High Retardation 
Scenario 2 

Medium Velocity, Medium Retardation 
Scenario 3 

Low Velocity, Low Retardation 
Observation Locations BR‐03 BR‐11 MW‐30 BR‐03 BR‐11 MW‐30 BR‐03 BR‐11 MW‐30 

Distance (ft from source) 223 547 915 223 547 915 223 547 915 
chemicals Years ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

PCE 

0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4 7.85E+02 2.49E‐03 0.00E+00 8.82E+02 6.33E‐03 0.00E+00 7.67E+02 2.50E‐03 0.00E+00 
8 2.03E+03 1.63E+00 1.73E‐08 2.15E+03 2.59E+00 1.08E‐07 1.93E+03 1.55E+00 1.74E‐08 

12 2.99E+03 1.57E+01 7.80E‐05 3.09E+03 2.12E+01 2.59E‐04 2.80E+03 1.43E+01 7.31E‐05 
16 3.75E+03 5.21E+01 5.40E‐03 3.81E+03 6.44E+01 1.29E‐02 3.45E+03 4.58E+01 4.81E‐03 
20 4.36E+03 1.12E+02 7.00E‐02 4.37E+03 1.30E+02 1.37E‐01 3.96E+03 9.51E+01 5.95E‐02 
24 4.86E+03 1.90E+02 3.91E‐01 4.82E+03 2.13E+02 6.65E‐01 4.35E+03 1.57E+02 3.18E‐01 
28 5.28E+03 2.83E+02 1.34E+00 5.18E+03 3.06E+02 2.06E+00 4.67E+03 2.28E+02 1.05E+00 
32 5.64E+03 3.85E+02 3.41E+00 5.48E+03 4.04E+02 4.82E+00 4.93E+03 3.02E+02 2.57E+00 
36 5.95E+03 4.92E+02 7.07E+00 5.74E+03 5.03E+02 9.34E+00 5.14E+03 3.76E+02 5.14E+00 
40 6.21E+03 6.02E+02 1.27E+01 5.95E+03 6.02E+02 1.58E+01 5.31E+03 4.49E+02 8.93E+00 
80 1.50E+03 9.81E+02 1.72E+02 1.09E+03 7.56E+02 1.50E+02 8.16E+02 5.22E+02 8.73E+01 
120 6.40E+02 6.46E+02 2.69E+02 3.69E+02 3.87E+02 1.76E+02 2.22E+02 2.23E+02 9.16E+01 
160 3.43E+02 4.14E+02 2.53E+02 1.58E+02 1.97E+02 1.28E+02 7.67E+01 9.23E+01 5.60E+01 
200 2.06E+02 2.75E+02 2.07E+02 7.66E+01 1.05E+02 8.29E+01 2.98E+01 3.96E+01 2.97E+01 
240 1.33E+02 1.89E+02 1.62E+02 3.98E+01 5.75E+01 5.16E+01 1.24E+01 1.76E+01 1.51E+01 
280 9.02E+01 1.33E+02 1.26E+02 2.17E+01 3.26E+01 3.19E+01 5.42E+00 8.01E+00 7.55E+00 
320 6.31E+01 9.62E+01 9.71E+01 1.22E+01 1.89E+01 1.97E+01 2.45E+00 3.74E+00 3.77E+00 
360 4.53E+01 7.07E+01 7.51E+01 7.10E+00 1.12E+01 1.22E+01 1.14E+00 1.78E+00 1.89E+00 
400 3.32E+01 5.27E+01 5.83E+01 4.20E+00 6.70E+00 7.60E+00 5.39E‐01 8.57E‐01 9.48E‐01 
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Table F‐3
 
BIOCHLOR Modeling Results at Observation Locations
 

Scenarios 
Scenario 1 

High Velocity, High Retardation 
Scenario 2 

Medium Velocity, Medium Retardation 
Scenario 3 

Low Velocity, Low Retardation 
Observation Locations BR‐03 BR‐11 MW‐30 BR‐03 BR‐11 MW‐30 BR‐03 BR‐11 MW‐30 

Distance (ft from source) 223 547 915 223 547 915 223 547 915 
chemicals Years ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

TCE 

0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4 4.64E+01 1.54E‐04 0.00E+00 6.31E+01 5.01E‐04 0.00E+00 6.45E+01 2.40E‐04 0.00E+00 
8 1.31E+02 1.16E‐01 1.26E‐09 1.84E+02 2.70E‐01 1.18E‐08 2.07E+02 2.11E‐01 2.52E‐09 
12 2.07E+02 1.25E+00 6.49E‐06 3.04E+02 2.71E+00 3.58E‐05 3.57E+02 2.50E+00 1.39E‐05 
16 2.76E+02 4.58E+00 5.04E‐04 4.19E+02 9.70E+00 2.16E‐03 5.03E+02 9.67E+00 1.14E‐03 
20 3.38E+02 1.07E+01 7.22E‐03 5.26E+02 2.25E+01 2.67E‐02 6.42E+02 2.34E+01 1.68E‐02 
24 3.95E+02 1.96E+01 4.40E‐02 6.28E+02 4.12E+01 1.48E‐01 7.73E+02 4.42E+01 1.04E‐01 
28 4.48E+02 3.12E+01 1.64E‐01 7.23E+02 6.56E+01 5.17E‐01 8.96E+02 7.14E+01 3.92E‐01 
32 4.96E+02 4.51E+01 4.48E‐01 8.13E+02 9.48E+01 1.34E+00 1.01E+03 1.04E+02 1.07E+00 
36 5.42E+02 6.10E+01 9.91E‐01 8.97E+02 1.28E+02 2.86E+00 1.12E+03 1.42E+02 2.38E+00 
40 5.84E+02 7.86E+01 1.89E+00 9.77E+02 1.65E+02 5.30E+00 1.22E+03 1.83E+02 4.53E+00 
80 3.22E+02 2.17E+02 4.03E+01 6.12E+02 4.43E+02 9.54E+01 7.00E+02 4.69E+02 8.59E+01 
120 2.16E+02 2.19E+02 9.28E+01 4.00E+02 4.25E+02 1.98E+02 3.77E+02 3.82E+02 1.61E+02 
160 1.59E+02 1.92E+02 1.18E+02 2.81E+02 3.51E+02 2.31E+02 2.15E+02 2.60E+02 1.59E+02 
200 1.22E+02 1.63E+02 1.23E+02 2.06E+02 2.81E+02 2.24E+02 1.27E+02 1.70E+02 1.28E+02 
240 9.67E+01 1.37E+02 1.18E+02 1.55E+02 2.24E+02 2.02E+02 7.74E+01 1.10E+02 9.46E+01 
280 7.79E+01 1.15E+02 1.09E+02 1.19E+02 1.79E+02 1.76E+02 4.80E+01 7.10E+01 6.70E+01 
320 6.35E+01 9.69E+01 9.78E+01 9.31E+01 1.44E+02 1.50E+02 3.02E+01 4.61E+01 4.66E+01 
360 5.23E+01 8.17E+01 8.68E+01 7.37E+01 1.17E+02 1.28E+02 1.93E+01 3.02E+01 3.21E+01 
400 4.34E+01 6.90E+01 7.64E+01 5.91E+01 9.51E+01 1.08E+02 1.25E+01 1.98E+01 2.20E+01 
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Table F‐3
 
BIOCHLOR Modeling Results at Observation Locations
 

Scenarios 
Scenario 1 

High Velocity, High Retardation 
Scenario 2 

Medium Velocity, Medium Retardation 
Scenario 3 

Low Velocity, Low Retardation 
Observation Locations BR‐03 BR‐11 MW‐30 BR‐03 BR‐11 MW‐30 BR‐03 BR‐11 MW‐30 

Distance (ft from source) 223 547 915 223 547 915 223 547 915 
chemicals Years ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

DCE 

0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4 9.08E‐01 3.16E‐06 0.00E+00 9.61E‐01 7.53E‐06 0.00E+00 1.02E+00 3.85E‐06 0.00E+00 
8 2.83E+00 2.78E‐03 1.00E‐02 2.81E+00 4.15E‐03 1.00E‐02 3.48E+00 3.76E‐03 4.35E‐11 
12 4.88E+00 3.38E‐02 1.83E‐07 4.76E+00 4.43E‐02 6.00E‐07 6.36E+00 4.83E‐02 2.77E‐07 
16 6.99E+00 1.37E‐01 1.60E‐05 6.81E+00 1.71E‐01 3.97E‐05 9.42E+00 1.99E‐01 2.42E‐05 
20 9.16E+00 3.50E‐01 2.54E‐04 8.96E+00 4.27E‐01 5.38E‐04 1.25E+01 5.06E‐01 3.75E‐04 
24 1.14E+01 6.98E‐01 1.70E‐03 1.12E+01 8.43E‐01 3.26E‐03 1.56E+01 9.88E‐01 2.41E‐03 
28 1.36E+01 1.19E+00 6.87E‐03 1.35E+01 1.44E+00 1.23E‐02 1.85E+01 1.64E+00 9.33E‐03 
32 1.59E+01 1.85E+00 2.02E‐02 1.59E+01 2.22E+00 3.46E‐02 2.13E+01 2.45E+00 2.61E‐02 
36 1.82E+01 2.65E+00 4.79E‐02 1.84E+01 3.20E+00 7.91E‐02 2.40E+01 3.40E+00 5.89E‐02 
40 2.05E+01 3.62E+00 9.74E‐02 2.09E+01 4.36E+00 1.57E‐01 2.65E+01 4.45E+00 1.14E‐01 
80 2.42E+01 1.68E+01 3.30E+00 2.94E+01 2.19E+01 5.00E+00 1.86E+01 1.25E+01 2.31E+00 
120 2.51E+01 2.58E+01 1.11E+01 3.19E+01 3.41E+01 1.61E+01 1.04E+01 1.06E+01 4.45E+00 
160 2.52E+01 3.06E+01 1.89E+01 3.20E+01 4.01E+01 2.65E+01 6.04E+00 7.30E+00 4.47E+00 
200 2.47E+01 3.29E+01 2.50E+01 3.11E+01 4.25E+01 3.40E+01 3.60E+00 4.80E+00 3.63E+00 
240 2.38E+01 3.37E+01 2.91E+01 2.95E+01 4.27E+01 3.85E+01 2.20E+00 3.12E+00 2.69E+00 
280 2.27E+01 3.35E+01 3.17E+01 2.77E+01 4.17E+01 4.09E+01 1.37E+00 2.02E+00 1.91E+00 
320 2.14E+01 3.27E+01 3.30E+01 2.57E+01 3.99E+01 4.16E+01 8.64E‐01 1.32E+00 1.33E+00 
360 2.01E+01 3.14E+01 3.34E+01 2.38E+01 3.77E+01 4.12E+01 5.53E‐01 8.63E‐01 9.18E‐01 
400 1.88E+01 2.99E+01 3.31E+01 2.19E+01 3.53E+01 4.01E+01 3.57E‐01 5.69E‐01 6.29E‐01 

Notes: 
1. The data of the first 40 years show the result of calibration when there was a continuous source; 
2. The data of the later 60 years show the result of cleanup progress through natural attenuation when the source is cut off; 

ug/L ‐micrograms per liters
 
DCE ‐ dichloroethylene
 
PCE ‐ tetrachloroethylene
 
TCE ‐ trichloroethylene
 

3/3
 


	FINAL FEASIBILITY STUDY REPORT
	TABLE OF CONTENTS
	SIGNATURE PAGE
	1. INTRODUCTION
	2. REMEDIAL ACTION OBJECTIVES AND CLEANUP GOALS/PERFORMANCE STANDARDS
	3. IDENTIFICATION AND SCREENING OF TECHNOLOGIES
	4. SCREENING AND DEVELOPMENT OF ALTERNATIVES
	5. DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES FOR THE TI ZONE
	6. DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES FOR THE GROUNDWATER CLEANUP AREA
	7. COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES
	8. REFERENCES
	FIGURES
	TABLES
	APPENDIX A - APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENT TABLES
	APPENDIX B - DRAFT FINAL TECHNICAL IMPRACTICABILITY (TI) EVALUATION REPORT
	APPENDIX C - DESCRIPTION OF REMEDIAL TECHNOLOGIES
	APPENDIX D - DETAILED ANALYSIS COST ESTIMATES
	APPENDIX E - SESOIL MODELING RESULTS
	APPENDIX F - BIOCHLOR MODELING RESULTS

	barcode: *578389*
	barcodetext: SDMS Doc ID 578389


