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a 5.0 AREA A LANDFILL AND WETLAND (SITE 2) 

5.1 SITE DESCRIPTION 

The Area A Landfill is located in the northeastern and north-central section of NSB-NLON and 

encompasses approximately 13 acres. The Area A Wetland is adjacent to the northeastern edge of the 

Area A Landfill and is approximately 23.6 acres in size. The general configuration of the Area A Landfill 

and Wetland is shown on Figure 5-1. The location of the Area A Landfill and Wetland in relation to other 

NSB-NLON IRP sites is shown on Figure 1-2. Separate detailed descriptions of the landfill and wetland 

are provided below. 

5.1 .l Area A Landfill 

The Area A Landfill is a relatively flat area bordered by a steep, wooded hillside that rises to the south, a 

steep wooded ravine to the west, and the Area A Wetland to the north. The landfill extends eastward 

along the wetland as far as a recreational area (tennis courts). Most filling occurred within the eastern 

and western limits of the landfill. Access to the landfill is via a road off Wahoo Avenue. The thickness of 

the landfill materials is estimated to range from 10 to 20 feet, based on test boring data. 

According to the 1983 IAS Report, the landfill opened sometime before 1957. However, a 1957 aerial 

photograph shows no apparent landfilling, which may indicate a somewhat later start-up date. All 

combustible materials generated by base operations that were not salvageable were incinerated, and the 

residues were disposed in the DRMO, Goss Cove, and Area A Landfills. The base incinerator, which was 

located north of the Lower Subase along the waterfront at the present location of Building 478, ceased 

operation in 1963. From 1963 to 1973, refuse and debris were disposed in the Area A Landfill. Because 

on-site disposal of solid radioactive waste attributed to the Naval Nuclear Propulsion Program (NNPP) 

has been prohibited since the inception of the program, and because of information contained in site 

records, established policy, and interviews, the potential for NNPP radioactive material having been 

disposed on site is considered to be zero. Given what is known about the material used for fill, small 

amounts of general radioactive material (G-RAM) incorporated in consumer products (e.g., 

radioluminescent exit signs, smoke detectors, etc.) could have been disposed with other industrial 

material in the DRMO, Area A Landfill, or Goss Cove Landfills, although this is unlikely. It is not expected 

that the potential for G-RAM radioactivity in these former landfills would vary substantially from that in 

commercial landfills operated for typical civilian use. 

The area fill method was reportedly used in landfill operations. New refuse was dumped along the face of 

previously deposited refuse and covered with earth. The cover material used on the landfill was sand and 
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gravel obtained from the Groton water supply reservoir. Landfilling operations ceased in 1973. After 

closure, a concrete pad was constructed in the southwestern portion of the landfill adjacent and northeast 

of Building 373 for above-ground storage of industrial wastes. Up to the time of the interim remedial 

action at the Area A Landfill, the pad was still in existence. In the early 1980s 42 steel drums, 

87 transformers (mineral oil and PCB), and 60 to 80 electrical switches were found to be stored on the 

pad. Two transformers and several electrical switches were reportedly leaking. Past leakage of oil was 

also evident. Most drums were stacked on wooden pallets and those having PCB labels were covered 

and bound with plastic sheeting. All these materials have since been properly disposed off site. 

The IAS Report indicated that refuse, including steel drums, oxygen candles, wood and metal scrap, 

concrete, and tires, was exposed at the edge of the landfill adjacent to the wetland. The IAS Report also 

stated that petroleum compounds had recently been poured from containers and had flowed into the 

wetland at two locations (northwestern portions of the landfill) and that, when batteries were overhauled, 

spent sulfuric acid solution was transferred to barrels and transported to Area A for disposal. The acid 

was poured into trenches dug with a bulldozer and subsequently covered with soil. 

Atlantic Environmental Services personnel performed. an inspection of the Area A Landfill on 

September 30, 1988. Iron floe was observed along the toe of the slope of the landfill extending from the 

dike to the eastern end of the deployed parking lot. The slope of the landfill had been covered with fill, 

and material in the landfill was not visible. Sand bags, salt, supplies, and equipment were stored on top 

of the landfill. Several transformers, removed underground storage tanks, crane weights, and other 

equipment were previously stored on the concrete pad in the southwestern portion of the landfill. The 

remainder of the landfill was not paved until the recent interim remedial action in 1997. 

In 1997, a low-permeability cover system was installed on the Area A Landfill as the interim remedial 

action for soils at the site. The cover system consisted of a bedding/gas management layer underlying a 

double liner, a drainage layer above the double liner, and an operating surface in selected areas at the 

top. The remedial action also included the installation of a surface water and groundwater interception 

trench along the southern border (upgradient) of the site. 

The CBU Drum Storage Area (Site 1) and the Rubble Fill Area at Bunker A-86 (Site 4) were also 

addressed during the remedial action at the Area A Landfill. The CBU Drum Storage Area was an 

unpaved area located adjacent to the deployed parking area within the boundary of the Area A Landfill. 

The site was capped at the same time as the landfill and a no-further-action decision document was 

signed for the site. Construction debris and contaminated soil and sediment from the Rubble Fill Area at 

Bunker A-86 were removed from the site as part of a time-critical removal action and incorporated into the 

Area A Landfill subgrade. After the removal action, only exposed bedrock was left at the former Rubble 
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Fill Area at Bunker A-86. A no-further-action decision document was also signed for this site. Because 

these sites are incorporated into the Area A Landfill, no historical information for the sites is presented in 

this report. Background information for the sites can be found in the Existing Data Summary Report for 

the Basewide Groundwater Operable Unit Remedial Investigation (TtNUS, 1999~). 

5.1.2 Area A Wetland 

The location of the Area A Wetland was undeveloped, wooded land and possibly wetland until the late 

1950s. In the late 195Os, dredge spoils from the Thames River were pumped to this area and contained 

within an earthen dike that extends from the Area A Landfill to the southern side of the Area A Weapons 

Center. Based on the boring logs, the total volume of dredged material in the wetlands is approximately 

1.2 million cubic yards. 

A small pond is located at the southern portion of the wetland, and between 1 and 3 feet of standing 

water is present during all seasons. Phragmites is the predominant type of vegetation. Atlantic 

Environmental Services reported that pesticide “bricks” were placed on the wetland ice during winter and 

allowed to dissolve as a mosquito control measure. These “bricks” consisted of formulated (water- 

soluble) DDT and were used in the 1960s prior to the 1972 ban on 4,4’-DDT. 

5.2 SITE INVESTIGATIONS 

The details of all investigations, including historical and current, conducted at the Area A Landfill and 

Wetland are provided in the following subsections. 

5.2.1 Initial Assessment Study (Envirodvne. 19831, Area A Landfill and Wetlands 

In 1982, Envirodyne Engineers, Inc. performed an IAS at NSB-NLON as part of the NACIP program. The 

purpose of this study was to identify and evaluate past waste disposal practices and to assess the 

potential for environmental impacts. Envirodyne reviewed installation records, interviewed long-term and 

former employees, toured the installation, and photographed sites as part of the IAS. 

Envirodyne identified 11 sites at NSB-NLON as having contained hazardous material; one site was 

Area A (Site 2), which included the Area A Landfill, the Area A Wetland, and the Area A Downstream 

Watercourses. The IAS concluded that the source of contamination for this site was still present and 

potentially releasing contaminants to the environment. The IAS recommended that further sampling of 

surface waters and sediments at this site be performed. 
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5.2.2 Verification Step 1A Studv (Wehran, 1988). Area A Landfill and Wetland 

In 1988, Wehran Engineering Corporation performed a Verification Step IA Study for the DRMO Area, 

the OBDA, and the Area A Landfill as part of the NACIP program. The purpose of this study was to verify 

the presence or absence of contamination at these historically documented landfill areas. As part of the 

Verification Step 1A Study, Wehran performed three rounds of surface water and sediment sampling at 

six locations (SW-1 through SW-6) adjacent to the Area A Landfill site. These samples were analyzed for 

VOCs, SVOCs, pesticides/PCBs, and metals. 

The study concluded that the surface waters and sediments near the Area A Landfill have levels of 

metals, PAHs, and pesticides that exceed regulatory criteria; however, the immediate health threat to 

base personnel from these contaminants appears minimal. The Verification Step 1A Study 

recommended that a Site Characterization Step 1 B Study be performed at the Area A site. 

5.2.3 Phase I Remedial lnvestiqation (Atlantic, 19921, Area A Landfill and Wetland 

An investigation of 11 sites was completed at NSB-NLON by Atlantic Environmental Services, Inc. from 

1990 through 1992. Area A Site 2, which includes the present Area A Landfill, the Area A Wetland, and 

the Area A Downstream Watercourses and OBDA, was one of the sites investigated. 

The Phase I RI of the Area A Landfill consisted of test borings, monitoring well installation, and soil and 

groundwater sampling. Nine subsurface soil samples (greater than 2 feet deep) and one field duplicate 

were collected from one test boring and seven monitoring well borings at the site. Five surface soil 

samples (less than 2 feet deep) and one field duplicate were also collected and analyzed. All soil 

samples were analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, and TCLP 

metals and pesticides. Landfill materials were encountered during drilling, generally to an average depth 

of 10 to 12 feet. Landfill materials that were encountered included glass, brick, wood, plastic, and ash, 

intermixed with sand and gravel material used as cover. 

Twelve groundwater samples (plus two field duplicates) were collected from five shallow and 7 deep 

monitoring wells. All groundwater samples were analyzed for TCL VOCs, TCL SVOCs, TCL 

pesticides/PCBs, TAL metals, and radiological parameters (gross alpha and gross beta). 

The Phase I RI concluded that several risk exposure scenarios exceeded acceptable regulatory levels 

and that a FS should be performed for the Area A Landfill site. 
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5.2.4 Focused Feasibilitv Studv (Atlantic, 1995c). Area A Landfill 

In response to the recommendations of the Phase I RI, an FFS for the Area A Landfill site was completed 

by Atlantic Environmental Services in 1995. Field investigation activities were conducted in support of the 

FFS in order to characterize the subsurface soil in the vicinity of the bituminous concrete pad located at 

the southwestern end of the landfill. 

Ten surface soil samples plus one field duplicate and 10 subsurface soil samples plus two field duplicates 

were initially collected during the FFS. All surface soil samples were analyzed for TCL VOCs, TCL 

SVOCs, TCL pesticides/PCBs, and TAL metals. Other surface soil analyses included dioxin on sample 

2LTB13; engineering parameters including grain size distribution, moisture content, specific gravity, 

organic content, cation exchange capacity, pH, and TOC on sample 2LTB17; and a complete TCLP 

analysis including VOCs, SVOCs, pesticides/PCBs, herbicides, and metals on sample 2LTB18. 

Seven of the 10 subsurface soil samples plus the two field duplicates were analyzed for TCL VOCs, TCL 

SVOCs, TCL pesticides/PCBs, and TAL metals. In addition, sample 2LTB22 (6 to 8 feet deep) was 

analyzed for TCL VOCs, TCL SVOCs, and TAL metals and sample 2LTB22 (8 to 10 feet deep) was 

analyzed for TCL pesticides/PCBs. Sample 2LTB19 (4 to 6 feet deep) was only analyzed for engineering 

parameters. Other analyses included dioxin on sample 2LTB23 and its field duplicate (2LTB33) and the 

complete TCLP suite on sample 2LTB26. 

Three additional subsurface soil samples (LFSB03, LFSB04, and LFSB05) were collected as part of a 

supplemental investigation sampling round for the Phase I RI to support the FFS. These samples were 

analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals. Samples of the concrete 

pad were also collected during the FFS from four areas where evidence of staining was observed and 

these were analyzed for TCL pesticides/PCBs. 

The FFS concluded that off-site landfilling and off-site incineration provide superior protection of the 

environment but that the landfilling alternative is more cost effective than the incineration alternative. 

5.2.5 Desican Analvsis Report (B&R Environmental, 1996ch Area A Landfill 

The purpose of this document was to provide an interim remedial design for the Area A Landfill that 

included a containment or capping action. Further evaluation of groundwater conditions at the site would 

then determine if additional remedial actions would b.e necessary. This document concluded that the final 

cover system at the Area A Landfill represented the action necessary to prevent the release of waste 

materials contained in the landfill into the environment and to prevent human exposure to these waste 
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materials. ’ It also concluded that the cap provides the desired improvements to the landfill while 

maintaining the site for current government use. 

5.2.6 Groundwater Leachate Modelina Studv for Remedial Desian (B&R Environmental, 

1996b3, Area A Landfill 

B&R Environmental performed this study in 1996 in support of the remedial design of a cover system for 

the Area A Landfill. The objectives of this study were to predict the impact of the landfill cover system on 

the saturated thickness of the fill material within the landfill and on the flow and composition of the 

groundwater/leachate discharging from the Area A Landfill to the Area A Wetland and to compare the 

slope stability effectiveness and cost of the landfill cover system with those of a landfill cover system 

featuring a toe drain. 

In support of this investigation, eight soil samples were collected and analyzed for geotechnical 

parameters, and one groundwater seep sample was collected and analyzed for TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, and TAL metals. The study concluded that the cover system would be stable, 

reduce the water table beneath the landfill, reduce contaminant migration from the unsaturated to the 

saturated zone, and reduce the mass flux of the contaminants of concern from the landfill to the wetlands. 

This study also concluded that the cover system compared favorably to one with a toe drain system and 

should not be replaced by such a system. 

5.2.7 Phase II Remedial Investigation (B&R Environmental, 1997a), Area A Landfill and 

Wetland 

A Phase II RI at 13 sites at NSB-NLON was conducted by B&R Environmental from 1995 through 1997. 

The Area A Landfill Site 2 was investigated as part of the RI. Three surface and seven subsurface soil 

samples were collected from two test borings located near Building 373 and analyzed for PCBs in the 

field using a gas chromatograph. One surface sample and one subsurface sample were also analyzed 

for dioxins at a fixed-base laboratory. Groundwater samples were collected from 27 monitoring wells 

during the first round of the Phase II RI. Five of these samples were collected from newly installed wells 

and 22 were collected from existing wells. Most of these samples were analyzed for TCL VOCs, TCL 

SVOCs, and TAL metals (total and dissolved). Additional analyses included four samples for TCL PCBs, 

four samples for radiological parameters (gross alpha, gross beta, and a complete gamma spectrum), 

and three samples for water-quality parameters including oil and grease, ammonia, biochemical oxygen . 
demand (BOD), chemical oxygen demand (COD), total organic carbon (TOC), total phosphorus, and total 

suspended solids (TSS). Eight deep and six shallow wells were sampled during the second round of 

groundwater sampling, resulting in a total of 14 samples (between shallow and deep aquifers) plus one 

field duplicate. All were analyzed for TCL VOCs, TCL SVOCs, and TAL metals (total and dissolved). In 
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addition, one sample was analyzed for TCL PCBs and four samples were analyzed for radiological 

parameters. 

The findings of the Phase II RI concluded that shallow groundwater contamination exists at the site, the 

landfill soil may pose a threat to human receptors due to PCB concentrations in the landfill, and chemicals 

in the soil could adversely impact ecological receptors: however, the installation of the cover system will 

eliminate these risks. 

The Phase II RI recommended that, in addition to the planned landfill cover system, institutional controls 

including access/use restrictions and groundwater monitoring should be implemented at the site. 

5.2.8 ReDort for Interim Remedial Action at Area A Landfill (B&R Environmental, 1998al 

Area A Landfill 

This report, submitted by B&R Environmental in 1998, certified that all construction procedures, 

inspection activities, field and laboratory testing results, and surveys conducted at the Area A Landfill site 

(including the CBU Drum Storage Area) during remedial activities involving the installation of the final 

cover system were performed according to specifications. 

5.2.9 Quarterlv Groundwater Monitoring Reports (Tetra Tech NUS, 2000d). Area A Landfill 

Quarterly groundwater monitoring is being performed at the Area A Landfill in response to the Interim 

Remedial Action (IRA) completed in 1997 at the landfill to address the risk from direct exposure to landfill 

material and to minimize the risk of migration of COCs from the landfill to the surrounding Area A 

Wetlands via groundwater. The IRA consisted of capping the landfill with a low-permeability cover system 

and installing a surface water and shallow groundwater interception and diversion system upgradient from 

the cover system. The groundwater monitoring is being conducted to evaluate the effectiveness of the 

IRA as part of the post-closure associated with the Area A Landfill cap. 

Sixteen monitoring wells, 10 surface water locations, and one surface seep location have been sampled 

quarterly as part of the groundwater monitoring program. Since groundwater monitoring has begun, 

samples have been collected over 5 quarters: October 1999 (Round l), January 2000 (Round 2), 

April 2000 (Round 3), July 2000 (Round 4), and December 2000 (Round 5). The analytical program 

consists of analyzing each sample for TCL volatile and semivolatile organics, TCL pesticides and PCBs, 

TAL inorganics, and miscellaneous water chemistry parameters. 
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5.2.10 Basewide Groundwater OU RI. Area A Landfill and Wetland 

During the BGOURI, only groundwater samples were collected from existing monitoring wells to further 

characterize this site. The monitoring wells included in the Groundwater Monitoring Program for the Area 

A Landfill were the only wells sampled and, in fact, the results presented in this RI constitute the results 

for Round 4 of the monitoring program for Site 2. A summary of the sampling and analytical program is 

presented in Table 5-l. The 11 monitoring wells that were sampled are shown on Figure 5-1. The wells 

are primarily located within the Area A Wetland and adjacent to the Area A Landfill to determine if 

contaminants are migrating from the landfill. Groundwater samples were collected from the 11 existing 

wells and a field duplicate was also collected from monitoring well 2WGW47DS. Samples from 10 of the 

11 monitoring wells were filtered in the field and analyzed for dissolved metals. Monitoring well 

2WMW38DS did not produce significant water and recovered slowly. During the Round 4 sampling effort, 

the well did not recover fast enough to obtain sufficient sample volume to complete analysis for both total 

and filtered metals. The methodology used to complete groundwater sampling was discussed in 

Section 2.3. 

Wells that were on the upgradient side of the Area A Landfill and Wetlands were included in the set of 

background samples and not in the Site 2 data set. 

52.11 Area A Landfill/Wetland Interface Samolina (HNUS, 1994b). Area A Landfill and Wetland 

As part of the landfill/wetland interface sampling performed by Halliburton NUS Corporation in 1994, 10 

landfill side sediment samples and 10 wetland side sediment samples were collected and analyzed for 

TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, and TOC to determine extent of 

contamination. The data obtained from this study indicated that the Area A Landfill appeared to be the 

source of VOCs, the asphalt paved parking lot could be the cause of the SVOC contamination, and 

inorganic contamination was attributable to background levels in most cases. 

5.2.12 Other lnvestiaations 

Four sediment samples (2WSD23, 2WSD24, 2WSD25, and 2WSD26) were collected from the 

southwestern portion of the Area A Wetland (along the earthen dike) as part of the Area A 

Downstream/OBDA FFS completed by B&R Environmental in late 1997. These four samples were 

analyzed for TCL pesticides/PCBs, grain size distribution, moisture content, and TOC. 

5.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the Area A Landfill and Wetland 

based on information generated during the Phase I and Phase II Rls and this investigation. Topography 
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and surface features, surface water, soils, geology, and hydrogeology are discussed in the subsections 

that follow. 

5.3.1 Surrounding Toponraphv and Surface Features 

Figure l-3 and Figure 5-l show the topography and surface features of the Area A Landfill and Wetland 

and the surrounding sites. The ground surface at the Area A Landfill slopes gently across the landfill 

toward the Area A Wetland. A steep hillside (central bedrock high) borders the southern edge of the 

landfill. Near the northwestern edge of the landfill, the ground surface drops along a steep ravine and 

dike to the OBDA. The ground surface increases in elevation to the northeast from the tennis courts to 

Route 12 and Baldwin Hill. The ground surface elevation across the landfill from upgradient to the 

downgradient edge ranges from approximately 90 to 80 feet msl. Adjacent to the toe of the landfill, the 

Area A Wetland ground surface is at an elevation of approximately 72 feet msl. During the interim 

remedial action completed at the site in 1997, the Area A Landfill was covered with an engineered cap 

and paved over with asphalt. 

The Area A Wetland is a relatively flat-lying, swampy, vegetated area. In general, the surface elevation of 

the wetland is between 70 and 80 feet. The surface elevation increases to nearly 100 feet in the 

northeastern corner of the wetland. This area was historically a stream valley. After the earthen dike was 

constructed and the ground surface of the wetland was raised by filling with dredge spoil, groundwater 

levels rose to the point such that the dredge spoil placed in the northeastern corner became saturated. 

Several areas within the Area A Wetland are elevated. The most prominent topographic feature is a 

bedrock knob, located between the Area A Weapons Center and the Area A Landfill. Test boring 2WTB4 

confirmed the presence of bedrock within 1 foot of the ground surface at this location. Additionally, the 

local bedrock knob is confirmed by the historical surficial geology map, which pre-dates the construction 

of the earthen dike and filling activities. 

5.3.2 Surface Water Features 

Runoff from the Area A Landfill cover system drains as overland flow northward into the Area A Wetland. 

Surface runoff from areas upgradient of the landfill are collected in a drainage ditch on the southern side 

of the landfill, then conveyed to the Area A Wetland via a culvert through the eastern side of the landfill. 

A small pond is located at the southeastern end of the wetland. Between 1 and 3 feet of standing water is 

present in the pond during all seasons. Water from the wetland discharges through an earthen dike at 

the western edge of the wetland via four 24-inch metal culverts to the Area A Downstream Watercourses. 

These watercourses subsequently discharge into the Thames River. Several shallow intermittent 

drainage channels cross the wetland. 
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5.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at most of the Area A Landfill as Udorthents-Urban 

land. This soil type is defined as excessively drained to moderately drained soils that have been 

disturbed by cutting and filling. Along the southwestern slope of the landfill and in upgradient areas, the 

soil is classified as the Hollis-Charlton-Rock complex. Stones and boulders are intermingled with a dark, 

fine, sandy loam. Bedrock outcrops are prevalent in the area. 

The soil at the Area A Wetland is also classified as Udotthents-Urban land. This is consistent with 

historical information regarding the placement of dredge spoils in the area. The surface of the Area A 

Wetland is covered with a 2-foot layer of roots and plant debris derived from Phragmites, the predominant 

vegetation. 

5.3.4 Geolouv and Hvdroueoloqy 

5.3.4.1 Geology 

Area A Landfill 

The Area A Landfill contains 10 to 20 feet of miscellaneous fill that consists of fine- to coarse-grained 

sand and gravel, as well as refuse including ash, wood fragments, paper, brick fragments, and asphalt. 

The fill is generally underlain by 10 to 20 feet of dredge spoil. Where no dredge spoil underlies the fill 

material, the fill material directly overlies a thin alluvial layer or the bedrock surface. Dredge spoil is 

encountered mainly beneath the easternmost portion of the landfill. Along the southeastern border of the 

landfill, the fill material is underlain by alluvium consisting of silty sand. The alluvium is underlain by a 

layer of gravel and gneiss boulders. Boulders were also identified outside the eastern edge of the landfill 

at well cluster 2LMW19. Geologic cross sections that show subsurface conditions at the Area A Landfill 

and Wetland are shown on Figures 4-10 and 4-l 1. 

The bedrock beneath the Area A Landfill has been identified as the biotite-quartz-feldspar gneiss of the 

Mamacoke Formation. Bedrock topography is shown on Figure l-4. Quartzite was identified at a depth 

of 80 feet in the 2LMW20D boring log. This is consistent with the existence of quartzite layers within the 

Mamacoke Formation. The bedrock surface slopes to the northeast toward the Area A Wetland from the 

large central bedrock high in the center of the facility. The landfill is situated along the flank of the 

bedrock ridge such that the depth to bedrock increases to the northeast. In the western portion of the 

site, the landfill is situated immediately adjacent to the hillside and the depth to bedrock is typically less 

than 20 feet, whereas in the eastern portion the landfill is located farther out from the hillside and the 
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depth to bedrock increases to 70 feet. There appears to be a localized bedrock depression at 2LMW8D; 

however, there are insufficient data to verify the extent of the depression. 

An understanding of the effects of the landfill cap on the hydrogeology are difficult to assess 

quantitatively. The complicating factors is that the wells that were measured prior to the installatiqn of the 

cap were infrequently measured following the installation of the cap: A qualitative assessment comparing 

potentiometric surface maps from pre-cap conditions versus post-cap conditions shows that there could 

be a slight decrease in water elevation beneath the cap following construction. To more thoroughly 

assess this issue, it would be necessary to measure the same wells that were measured during the 

Phase II RI during similar seasons, similar levels of rainfall, etc. Thus, accurate quantitative assessment 

of hydrogeologic changes due to cap placement is not possible with the available data. 

Area A Wetland 

The Area A Wetland is underlain by dredge spoils that consist of silt and clay with traces of fine sand and 

shell fragments. The make-up of the dredge spoils reflects their original depositional environment, (i.e., 

river bottom sediments). The dredge spoils extend across the present site southeastward to 2WMW3 

(near the tennis courts) and southwestward beneath the Area A Landfill. Dredge spoils are between 25 

and 35 feet thick on the southern side of the wetland adjacent to the landfill and 10 to 15 feet thick on the 

northeastern side of the wetland. Where dredge spoil does not lie directly on bedrock, it is underlain by a 

thin remnant of topsoil, which consists of dark, organic-rich silt, clby, and traces of roots. The topsoil is in 

turn underlain by alluvial deposits. 

The alluvial deposits that underlie portions of the Area A Wetland lie between dredge spoil 

materials/topsoil and bedrock. These deposits consist primarily of sand, with gravel and/or silt, and are 

significantly more coarse grained than the overlying dredge spoils. The observed thickness of the 

alluvium in the Area A Wetland borings ranged from 0 to approximately 36 feet. Since most borings/wells 

are located along the fringes of the wetland, the presence/thickness of alluvium within the central portion 

of the alluvium can only be estimated. Where present, the alluvium was first encountered at elevations 

typically ranging from 45 to 50 feet msl in the eastern portion of the wetland and 35 to 40 feet msl in the t 

western portion near the dike. 

Bedrock beneath the southern portion of the wetland has been identified as the Mamacoke Formation. 

The northernmost portion of the wetland is underlain by the Granite Gneiss, a gneissic biotite granite. 

The bedrock surface slopes to the valley occupied by the Area A Wetland from northern, eastern, and 

central bedrock highs toward the center of the wetland. The lowest bedrock elevation of 8.7 feet was 

identified at monitoring well location 2WMW3D. There are no data to confirm the bedrock elevation within 

the center of the wetland. There are two localized bedrock highs. In the northwestern central portion of 
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the wetland, the bedrock high corresponds to a topographic high and dry area within the wetland. This 

topographic high was identified on a historical surficial geology map (USGS, 1960). At the Weapons 

Center, a remnant bedrock high exists. This bedrock feature is the remnant of past blasting activity that 

lowered a formerly higher bedrock elevation at this location. 

5.3.4.2 Hydrogeology 

Area A Landfill 

Groundwater was encountered within the dredge spoil, alluvium, and bedrock underlying the Area A 

Landfill and Wetland. In some areas, the bottom portion of the fill materials in the Area A Landfill is also 

below the water table. Depth to groundwater averages about 10 feet across the landfill. The saturated 

thickness of the overburden materials ranges from less than 10 feet to at least 65 feet across the landfill. 

Figure I-5 shows historic basewide shallow overburden groundwater contours, including the Area A 

Landfill, Area A Wetland, and the OBDA. Figures 4-2 and 4-4 show northern region shallow groundwater 

contours based on June and August 2000 water-level data. Groundwater flows northeastward across 

most of the Area A Landfill, from the topographic/bedrock high to the Area A Wetland. Figure l-6 shows 

historic basewide bedrock groundwater flow contours, and Figures 4-3 and 4-5 show bedrock flow 

contours for the northern region based on June and August 2000 water-level data (Tables 2-2 and 2-3). 

Both overburden and bedrock groundwater flow maps show a similar flow pattern, indicating an overall 

hydraulic connection between the two units. Upward groundwater gradients from the bedrock to the 

overburden/fill are predominant in the landfill area. Hydraulic potentials between the bedrock and 

overburden groundwater at the 2LMW7, 2LMW8, 2LMW17, 2LMW18, and 2LMW20 well clusters differ by 

3 to 7 feet. This suggests that, although groundwater flow directions in the bedrock and overburden are 

similar, the degree of hydraulic connection varies spatially and there is restriction of flow between the 

overburden and bedrock in some areas, likely as a result of the presence of low-permeability dredge spoil 

materials. 

East of the Area A Landfill, near the 2LMW19 and 2WMW3 well clusters, local groundwater flow is to the 

north and west into the Area A Wetland. Groundwater elevations in the bedrock and overburden are 

similar, and vertical gradients are minimal. 

In the western portion of the Area A Landfill near the dike, groundwater flows to the northwest toward the 

Area A Downstream Watercourses. At the 2LMW9 well cluster, the groundwater elevation in the 

overburden is relatively high, presumably as a result of the presence of the dike acting as a damming 

effect on the shallow groundwater. In the bedrock, the groundwater potential is significantly lower when 
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compared to the groundwater potential in other bedrock wells at the Area A Landfill, reflecting a hydraulic 

connection and flow to the Area A Downstream Watercourses. 

This abnormally low bedrock groundwater level may be related to a groundwater discharge seep that is 

present at the toe of the OBDA. The seep, which is located at an elevation that would correspond with 

the projected bedrock groundwater level, may be a local discharge point for bedrock groundwater. 

Estimated hydraulic conductivities based on the pumping test performed during the Phase II RI are 

3.5fVday at 2LOWlS and 2.1 fVday at well 2LOW2S. The geometric mean of these two values is 

2.7 fVday. Slug tests performed during the RI field investigations (Table 4-l) indicate that the average 

hydraulic conductivity for the combined fill material and dredge spoil was 2.1 fffday.. The estimated 

hydraulic conductivity for the dredge spoil alone was 1 .O fVday. These hydraulic conductivity test data 

suggest that the dredge spoils have a somewhat lower hydraulic conductivity than the fill materials. 

An estimate of the average seepage velocity of shallow overburden groundwater was determined by 

assuming a porosity of 0.30, a flow gradient of 0.074 (based on water-level measurements taken in 

June 2000) and a hydraulic conductivity of the Area A Landfill materials of 2.7 fVday. The seepage 

velocity is estimated to be 0.67 fVday. 

Area A Wetland 

Groundwater is present within the overburden and bedrock underlying the Area A Wetland. As is typical 

for wetland environments, the water table is nearly at the ground surface throughout most of the Area A 

Wetland. Overburden (both the dredge spoils and alluvium) exists largely under saturated conditions. 

Due to the finer grained nature of the dredge spoils in comparison to the alluvium, the two units are 

distinct from a hydrogeologic perspective but are hydraulically connected. 

Figure I-5 shows historic shallow overburden groundwater contours for the Area A Wetland. 

Groundwater flow directions in the bedrock mimic the shallow overburden flow pattern. Figures 4-2 and 

4-4 show northern region shallow groundwater contours based on June and August 2000 water-level 

data. Figure 1-6 shows historic basewide bedrock groundwater flow contours, and Figures 4-3 and 4-5 

show bedrock flow contours for the northern region based on June and August 2000 wa!er-level data. 

Groundwater flows from higher elevations toward the bedrock valley and ultimately travels to the Area A 

Downstream Watercourses through a combination of discharge to local streams within the wetland and 

aquifer underflow. Groundwater elevations are similar in the bedrock and overburden, but the gradient is 

slightly upward at the 2WMW5 well cluster and slightly downward at the 2WMW21 well cluster. The 

hydraulic gradient is relatively flat across the Area A Wetland. 
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The shallow groundwater flow gradient is approximately ,009 based on the June 2000 water-level 

measurements. Using a hydraulic conductivity of 1.0 fVday, based on slug testing completed in the 

dredge spoils, and assuming an effective porosity of 0.30, the estimated groundwater seepage velocity 

through the dredge spoils is .03 fVday. Based on an average hydraulic conductivity of 5.26 fffday for the 

alluvium, the alluvium is significantly, more ,permeable than the dredge spoils, and groundwater flow 

velocities are expected to be higher. Using the same gradient and porosity as were used for the dredge 

spoils, a flow velocity of 0.16 fVday for the alluvium was calculated. 

5.4 NATURE AND EXTENT OF CONTAMINATION 

5.4.1 Previous lnvestiaations - Area A Landfill 

Soil, groundwater, and pavement sampling was conducted at the Area A Landfill during the Phase I and 

Phase II Rls and the FFS. Based upon the results of these investigations, the nature and extent of 

contamination of the soil and groundwater at the Area A Landfill are discussed on a matrix-specific basis 

in the following subsections. 

5.4.1.2 Historic Soil Data 

Several VOCs, including three ketones, four monocyclic aromatics, five chlorinated aliphatics, and carbon 

disulfide were detected in the Area A Landfill soil samples. With the exception of acetone, methylene 

chloride, ethylbenzene, toluene, and total xylenes, the VOCs were infrequently detected (in from one to 

three of 35 samples). Acetone and methylene chloride, which are both common laboratory contaminants, 

were detected at concentrations ranging from 0.009 mg/kg to 0.25 mg/kg and from 0.001 mg/kg to 

0.025 mg/kg, respectively. 

Four monocyclic aromatic compounds were detected at relatively high concentrations in the soil sample 

collected from a depth interval of 4 to 8 feet from boring 2LTB23 (chlorobenzene at 4.5 mg/kg, 

ethylbenzene at 28 mg/kg, toluene at 3.2 mglkg, and total xylenes at 140 mg/kg). This boring is located 

near the eastern side of the former concrete pad. Surface soil sample 2LSSl (0 to 6 inches), collected 

from an area about 200 feet east of former Building 373 and adjacent to the northeastern corner of the 

former concrete pad, contained high concentrations of three monocyclic aromatic hydrocarbons 

(ethylbenzene at 14 mg/kg, total xylenes at 75 mg/kg, and chlorobenzene at 4.5 mg/kg). These results 

indicate the possible occurrence of a recent spill because monocyclic aromatics were not prevalent in the 

groundwater samples collected in the area surrounding the concrete pad, as discussed in the next 

section. These monocyclic aromatics were also detected at substantially lower concentrations in from 

one to 11 other soil samples. Chlorobenzene was detected at a concentration of 0.043 mg/kg in surface 

soil sample 2LSS2 (0 to 0.5 feet bgs). Ethylbenzene and total xylenes were detected in the soil sample 
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collected at a depth interval of 6 to 8 feet bgs from boring 2LTB20, located approximately 30 feet 

northeast of former Building 373, at concentrations of 7.7 mg/kg and 8.8 mg/kg, respectively. 

Concentrations of ethylbenzene in the remaining soil samples ranged from 0.002 mg/kg to 0.068 mg/kg, 

concentrations of toluene ranged from 0.004 mglkg to 0.027 mg/kg, and concentrations of total xylenes 

ranged from 0.004 mg/kg to 0.69 mg/kg. All other VOCs were detected at concentrations ranging from 

0.002 mg/kg to 0.022 mg/kg. 

Twenty-two SVOCs were detected in the Area A Landfill soil samples; 16 of these SVOCs were PAHs. 

Maximum concentrations of 14 SVOCs were detected in the soil sample collected from a depth interval of 

6 to 8 feet bgs from boring 2LTB20. Maximum concentrations of PAHs ranged from 0.22 mg/kg 

(acenaphthylene) to 61 mg/kg (phenanthrene). 2,4-Dimethylphenol, 4-methylphenol, 

bis(2-ethylhexyl)phthalate, carbazole, di-n-butyl phthalate, and dibenzofuran were also each detected in 

one to six samples. 

Fifteen pesticides and four PCBs were detected in the Area A Landfill soil samples. Maximum 

concentrations were associated with various samples, although the maximum concentrations of five 

pesticides were detected in the field duplicate soil sample collected at a depth interval of 10 to 12 feet bgs 

from boring 2LTB29, and the maximum concentrations of three pesticides and one PCB were detected in 

the soil sample or field duplicate sample collected from a depth interval of 4 to 8 feet bgs from boring 

2LTB23. These two borings were located approximately 80 feet and 40 feet, respectively, east of the 

former concrete pad. Aroclor 1254, 4,4’-DDT, 4,4’-DDD, and 4,4’-DDE were defected most frequently; 

Aroclor-1254 was detected in 22 of 45 soil samples, and 4,4’-DDT and its degradation products were 

each detected in 13 or 14 of 35 soil samples. The remaining pesticides and PCBs were detected in one 

to eight soil samples. The four detected PCBs, 4,4’-DDT, and 4,4’-DDD were also reported at the 

greatest concentrations. The maximum concentrations of the four detected PCBs ranged from 1.7 mg/kg 

(Aroclor 1242) to 100 mg/kg (Aroclor 1254) and the maximum concentrations of 4,4’-DDT and 4,4’-DDD 

were 2.3 mg/kg and 2.2 mg/kg, respectively. 

Octachlorodibenzo-p-dioxin (OCDD) was detected at concentrations ranging from 0.0016 mg/kg to 

0.0025 mg/kg in four Area A Landfill soil samples. In addition, three furans (1,2,3,4,6,7,8-HpCDF at 

0.0002 m&kg, 1,2,3,4,7,8-HxCDF at 0.0003 mg/kg, and 1,2,3,6,7,8-HxCDF at 0.0002 mg/kg) were 

detected in the soil sample collected from a depth interval of 4 to 8 feet bgs from boring 2LTB23. No 

other dioxins or furans were detected in the four soil samples analyzed for these parameters. 

Twenty-four metals and cyanide were detected in the Area A Landfill soil samples. Seventeen of these 

metals were detected in from 32 to 35 of 35 soil samples. Maximum concentrations of 12 metals were 

detected in the soil sample collected from a depth interval of 6 to 8 feet from boring 2LTB22. The boring 
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log indicates that this sample was collected in fill material. Notable concentrations associated with this 

sample include those reported for copper (21,600 mg/kg), lead (1,780 mg/kg), nickel (1,440 mg/kg), and 

zinc (9,850 mglkg). 

TPH was detected at concentration of 46.7 mg/kg and 48.2 mg/kg in the two Area A Landfill soil samples 

analyzed for this parameter. Analyses for percent ash, cation exchange capacity, pH, specific gravity, 

and TOC were performed for two soil samples. 

TCLP extraction followed by analysis for pesticides and metals was performed for 16 Area A Landfill soil 

samples. Analyses for TCLP VOCs, SVOCs, and herbicides were also performed for two of the 16 

leachates. No organic compounds were detected in the TCLP leachates. Seven metals were detected in 

TCLP leachate samples. Arsenic, barium, cadmium, and lead were each detected in more than half of 

the leachates (i.e., in nine to 16 of the 16 leachates). Maximum concentrations of arsenic, chromium, 

selenium, and silver were detected in the leachate of the soil sample collected from a depth interval of 2 

to 8 feet bgs from well boring 2LMW9. 

5.4.1.3 Historic Groundwater Data 

Appendix D presents descriptive statistics (frequency of detection, minimum and maximum 

concentrations, range of detection limits for nondetects, 95% UCL, and sample number and location 

associated with maximum concentration) and associated COPC screening criteria for each analyte 

detected at least once in groundwater samples collected from the Area A Landfill. 

Groundwater samples were collected from overburden and bedrock wells at the Area A Landfill. Well 

2LMW19S was screened at an interval that spans both the overburden and bedrock aquifers. 

Groundwater samples collected from this well are considered to be representative of the overburden 

aquifer for purposes of data evaluation. 

Overburden Wells 

Eleven VOCs, including five monocyclic aromatics, three chlorinated aliphatics, two ketones, and carbon 

disulfide, ‘were detected in the groundwater semples collected from overburden wells. The reported 

concentrations of most of these VOCs were relatively low, ranging from 1 pg/L to 22 pg/L. However, 

reported concentrations of the monocyclic aromatics (benzene, chlorobenzene, ethylbenzene, toluene, 

and total xylenes) ranged from 1 ug/L (toluene) to 1,200 ug/L (chlorobenzene). The maximum 

concentrations of these chemicals, as well as the maximum concentration of chloroform, were associated 

with groundwater samples collected from well 2LMW18S, which is located in the central portion of the 

landfill. 
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Twenty-four SVOCs were detected in the groundwater samples collected from Area A Landfill overburden 

wells. Various classes of SVOCs, including chlorinated benzenes, substituted phenols, PAHs, and 

phthalates, as well as 2,6dinitrotoluene, benzoic acid, carbazole, dibenzofuran, and 

n-nitrosodiphenylamine, were detected. In general, SVOCs were infrequently detected at relatively low 

concentrations. With the exception of naphthalene, which was detected in 11 of 23 samples, the 

remaining SVOCs were detected in from one to seven samples, and 15 of the SVOCs were detected only 

in one to three of 23 samples. Concentrations of all but five SVOCs [I ,2,4-trichlorobenzene, 

1,3-dichlorobenzene, 1,4-dichlorobenzene, bis(2-ethylhexyl) phthalate, and naphthalene] ranged from 

0.5 pg/L to 22 ug/L. The concentrations of the five aforementioned SVOCs ranged from 1 ug/L to 

140 ug/L. Bis(2-ethylhexyl) phthalate is considered to be a common laboratory contaminant. Maximum 

concentrations of 18 of the 24 SVOCs were associated with groundwater samples collected from well 

2LMW18S. 

Three PCBs were detected in groundwater samples collected from well 2LMW18S. Aroclor 1016 was 

detected at a concentration of 7.5 pg/L in a groundwater sample collected from this well during Round 2 

of the Phase II RI, Aroclor 1254 was detected at concentrations of 130 pg/L and 150 ug/L in the field 

duplicate samples collected from this well during the Phase I RI, and Aroclor 1260 was detected at 

concentrations of 710 ug/L and 290 ug/L in groundwater samples collected from this well during Rounds 1 

and 2, respectively, of the Phase II RI. No other pesticides cr PCBs were detected in any of the 

groundwater samples collected from the overburden wells at the Area A Landfill. 

Twenty-two metals were detected in the unfiltered groundwater samples collected from the Area A 

Landfill overburden wells, and 21 metals were detected in the associated filtered groundwater samples. 

In general, reported concentrations of metals in filtered and unfiltered samples were relatively similar (i.e., 

at the same order of magnitude). Exceptions to this statement include reported results for chromium, 

vanadium, and zinc; maximum concentrations reported for each of these metals in unfiltered groundwater 

samples were from eight to 32 times greater than the maximum concentrations reported for the respective 

metals in filtered groundwater samples. A majority of the maximum concentrations were associated with 

samples collected from wells 2LMW18S and 2LMW13S. 

Radionuclide analyses (gross alpha and gross beta) were performed for groundwater samples collected 

from six overburden wells during the Phase I RI. Complete gamma spectrum analyses, in addition to 

analyses for gross alpha and gross beta, were performed for four groundwater samples collected from 

overburden wells during the Phase II RI. Analytical results for radio nuclide analysis are provided in the 

Phase II RI report (B&R Environmental, 1997a). Gross alpha was detected at concentrations of 3.3 pCi/L 

and 11 pCi/L in samples from overburden wells 2LMW17S and 2LMW18S, respectively. Gross beta was 
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detected in groundwater samples from Area A Landfill overburden wells at concentrations ranging from 3.7 

pCi/L to 85 pCi/L. 

The only radionuclide identified by complete gamma spectrum analysis was naturally occurring 

potassium-40. Potassium-40 was detected at concentrations of 250 pCi/L ‘(Round 1) and 130 pCi/L 

(Round 2) in groundwater samples collected from well 2LMW7S during the Phase II RI. 

Analyses for several general chemistry parameters, including ammonia, BOD, COD, hardness, oil and 

grease, TOC, total phosphorus, and TSS were also performed for selected groundwater samples 

collected from the Area A Landfill overburden wells. 

Bedrock Wells 

Nine VOCs, including two monocyclic aromatics, five chlorinated aliphatics, one ketone, and carbon 

disulfide, were detected in from one to four of the 24 groundwater samples collected from Area A Landfill 

bedrock wells. Maximum concentrations of 1 ,I ,2,2-PCE, 4-methyl-2-pentanone, and TCE were 140 pg/L, 

49 pg/L, and 23 ug/L, respectively. Maximum concentrations of the remaining VOCs ranged from 1 pg/L 

to 6 us/L. Maximum concentrations of the five chlorinated aliphatics (1 ,I ,2,2-PCE, total 

1,2-dichloroethene, methylene chloride, PCE, and TCE) were associated with groundwater samples 

collected from well 2LMW13D. Unlike the groundwater samples collected from the Area A Landfill 

overburden wells (specifically well 2LMW18S), monocyclic aromatics were not detected at significant 

concentrations in groundwater samples from the Area A Landfill bedrock wells. Chlorobenzene and total 

xylenes were the only detected monocyclic aromatics, and maximum concentrations reported for these 

chemicals in groundwater samples from the bedrock wells were only 6 pg/L and 2 ug/L, respectively. 

Only one-third of the total number of SVOCs detected in groundwater samples from Area A Landfill 

overburden wells were detected in groundwater samples collected from Area A Landfill bedrock wells. 

Five phthalates (which are common field and laboratory contaminants), 4-methylphenol, phenol, and 

benzoic acid were detected in from one to five of the 24 groundwater samples collected from bedrock 

wells. Diethyl phthalate was detected in sample 2LGW17D-2 at a concentration of 120 pg/L. All other 

reported SVOC concentrations ranged from 0.5 ug/L to 10 pg/L. Neither pesticides nor PCBs were 

detected in any of the groundwater samples collected from the bedrock wells. 

Twenty-three metals were detected in the unfiltered groundwater samples collected from the Area A 

Landfill bedrock wells, and 21 metals were detected in the associated filtered groundwater samples. As 

was true for groundwater samples collected from Area A Landfill overburden wells, reported 

concentrations of metals in filtered and unfiltered samples for most metals were relatively similar (i.e., at 

the same order of magnitude). Exceptions to this+st&enient include reported results for aluminum, 
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cadmium, chromium, copper, and lead; maximum concentrations reported for each of these metals in 

unfiltered groundwater samples from bedrock wells were from eight to 200 times greater than the 

maximum concentrations reported for the respective metals in filtered groundwater samples. With the 

exception of antimony, cadmium, mercury, nickel, silver, and thallium in unfiltered samples and beryllium, 

cadmium, nickel, selenium, and vanadium in filtered samples, maximum concentrations of ,metals 

detected in groundwater samples from bedrock wells were from 1.5 to 27 times less than maximum 

concentrations of respective metals detected in groundwater samples from overburden wells. A majority 

of the maximum concentrations detected in the bedrock well samples were associated with samples 

collected from wells 2LMW19D and 2LMW9D. These wells are located on,opposite ends of the Area A 

Landfill. 

Radionuclide analyses (gross alpha and gross beta) were performed for seven groundwater samples 

collected from bedrock wells during the Phase I RI. Complete gamma spectrum analyses, in addition to 

analyses for gross alpha and gross beta, were performed for four groundwater samples collected from 

bedrock wells during the Phase II RI. Analytical results for radionuclide analysis are provided in the Phase 

II RI report (B&R Environmental, 1997a). Potassium-40 was not detected in any of these groundwater 

samples. Gross alpha was detected at concentrations ranging from 2.9 pCi/L to 24 pCi/L in groundwater 

samples collected from Area A Landfill bedrock wells, and gross beta was detected in corresponding 

samples at concentrations ranging from 3.7 pCi/L to 42 pCi/L. Maximum concentrations for gross alpha and 

gross beta in these samples were associated with the groundwater sample collected from bedrock well 

2LMW13D during Round 2 of the Phase II RI. 

Seventeen of the groundwater samples collected from Area A Landfill bedrock wells were analyzed for 

hardness. Reported results for this parameter ranged from 72 mg/L to 304 mg/L. 

5.4.2 Previous lnvestiaations - Area A Wetland 

This section presents an evaluation of the nature and extent of contamination in the Area A Wetland. The 

discussion includes chemical analytical results for soil, sediment, groundwater, and surface water 

collected during the Phase I RI, the Phase II RI, the Area A Downstream/OBDA FFS, and the Area A 

Landfill FFS. Because of the fluctuating nature of the groundwater table at the site during wet versus dry 

periods, it is often difficult to distinguish between soil and sediment matrices. In addition, any potential 

impact to groundwater and surface water from soil and sediment would be collective. Therefore, 

analytical results for soil and sediment samples are evaluated collectively for this site. 
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5.4.2.1 Historic Soil and Sediment Data 

Several VOCs, including carbon disulfide, two ketones, four monocyclic aromatics, and four halogenated 

aliphatics, were detected in the Area A Wetland soil,and sediment samples. 2-Butanone, acetone, and 

carbon disulfide were detected most frequently (in from 19 to 32 of 60 samples) and at the greatest 

concentrations (ranging from 0.005 mglkg to’1.4 mglkg, from 0.027 mglkg to 0.85 mglkg, and from 

0.002 mglkg to 0.042 mglkg, respectively). Halogenated aliphatics (1 ,I-dichloroethene, methylene 

chloride, PCE, and TCE) were detected in from one to nine samples at concentrations ranging from 

0.002 mglkg to 0.016 mg/kg. Monocyclic aromatics (benzene, chlorobenzene, toluene, and total xylenes) 

were detected in from one to six samples at concentrations ranging from 0.002 mglkg to 0.014 mglkg. 

These results are not considered to be indicative of a major source of VOCs. 

PAHs were the most frequently detected class of compounds in the sediment and soil samples; they were 

also detected at the greatest concentrations. Other SVOCs detected in sediment and soil samples 

include three phthalate esters at concentrations ranging from 0.021 mglkg to 3.5 mglkg, three phenols 

(each detected in only one sample at concentrations ranging from 0.043 mglkg to 0.24 mglkg); 

1,6dichlorobenzene (at a concentration of 0.042 mglkg in sample T6-B only), benzoic acid [at a 

concentration of 32 mglkg in sediment sample 112690-2WSD9(0-0.5) and at concentrations ranging from 

0.13 mglkg to 0.78 mglkg in four other samples], and carbazole (at concentrations ranging from 

0.025 mglkg to 0.13 mglkg in six samples). 

Concentrations of PAHs generally decreased with depth. The greatest total concentrations of both 

carcinogenic PAHs (CPAH; 227 mglkg) and non-carcinogenic PAHs (NPAH; 184.4 mglkg) were 

associated with sediment sample 2WSD9, collected from the Area A Weapons Center drainage culvert. 

Other than sample 2WSD9, concentrations of CPAHs and NPAHs were generally greatest along the 

boundary of the Area A Landfill (particularly along the northwestern end of the boundary). Concentrations 

of CPAH and NPAH in all individual samples collected in the eastern part of the wetland area (i.e., away 

from the landfill boundary) were less than 1 mglkg; only CPAH and NPAH concentrations detected in 

composite samples from the eastern portion of the wetland exceeded 1 mglkg. 

Twenty-nine sediment samples were analyzed for 4,4’-DDT and its metabolites and dieldrin using field 

screening methodologies. No pesticides were detected. 

The fixed-base laboratory detected pesticides in several sediment samples. 4,4’-DDD, 4,4’-DDE, and 

4,4’-DDT were detected most frequently (in 13 to 18 samples) and at the greatest concentrations (ranging 

from 0.0044 mglkg to 4.8 mg/kg). Maximum concentrations of these three pesticides were detected in 

sediment sample 2WSD25(0.0-1 .O), which was collected at the outfall into the Area A Downstream 

watercourses. Aroclor 1260 was detected in seven samples, at concentrations ranging from 0.082 mglkg 
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to 1.5 mglkg. These seven samples were all l&ted along the northwestern boundary of the landfill. 

Alpha- and gamma-chlordane were also detected in 12 and 11 FFS samples, respectively, but at much 

lower concentrations (C,,, = 0.029 mglkg). The remaining pesticides were detected in from one to four 

samples at concentrations ranging from 0.0021 mglkg to 0.038 mglkg. With the exceptions of 4,4’-DDT 

and its degradation products detected in sediment sample 2WSD25 and nearby sediment sample 

2WSD24, pesticide concentrations were greater in samples collected along the northwestern boundary of 

the Area A Landfill than in samples collected elsewhere in the Area A Wetland. 

All 22 TAL metals plus boron and cyanide were detected in the Area A Wetland soil and sediment 

samples. Most of the maximum concentrations of these analytes were also detected in samples collected 

along the northwestern boundary of the landfill: 10 of the maximum concentrations were associated with 

sample T7-B. With the exception of antimony, boron, cyanide, mercury, selenium, and silver, each of the 

inorganic analytes was detected in from 52 to 61 of 61 samples. 

Analysis for TOC was performed for 24 of the Area A Wetland sediment samples. Reported 

concentrations for this parameter ranged from 8,420 mglkg to 91,000 mglkg. 

TCLP extraction followed by analysis for pesticides and metals was performed for 42 soil and sediment 

samples. Pesticides were not detected in any of the TCLP leachates. All eight TCLP metals were 

detected in the TCLP leachates of the soil and sediment samples, although mercury was detected in only 

two of 42 leachates. Arsenic, barium, cadmium, and chromium were each detected in more than half of 

the 42 leachates. Lead was detected at the greatest concentration, with a maximum concentration of 

1.5 mg/L. Maximum concentrations of the remaining metals ranged from 0.0006 mg/L (mercury) to 

0.67 mg/L (barium). 

5.4.2.2 Historic Groundwater Data 

Groundwater samples from both overburden and bedrock wells were collected at the Area A Wetland. 

Appendix D presents descriptive statistics (frequency of detection, minimum and maximum concentrations, 

range of detection limits for nondetects, 95% UCL, and sample number and location associated with 

maximum concentration) and associated COPC screening criteria for each analyte detected at least once in 

groundwater samples collected from the Area A Wetland. 

Overburden Wells 

Carbon disulfide (2 us/L) and total xylenes (1 pg/L) were each detected in a single Area A Wetland 

groundwater sample. No other VOCs were detected in the 10 groundwater samples that were collected 

from Area A Wetland overburden wells. Benzoic acid and two phthalate esters were also each detected 
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in one groundwater sample. Concentrations of these SVOCs ranged from 0.8 pg/L to 1 pg/L. Neither 

pesticides nor PCBs were detected in any of the Area A Wetland groundwater samples. These results 

indicate minimal organic contamination of groundwater in the overburden aquifer. 

Twenty-two metals and cyanide were detected in the unfiltered groundwater samples, and 19 metals 

were detected in the filtered groundwater samples. In general, maximum concentrations of metals 

detected in filtered and unfiltered samples were at the same order of magnitude. Notable results among 

filtered and unfiltered samples include maximum concentrations reported for arsenic (138 us/L), barium 

(754 ug/L), boron (3,340 ug/L), iron (131,000 us/L), magnesium (1,080,OOO pg/L), manganese 

(9360 ugIL), silver (9.8 pg/L), sodium (8,180,OOO ug/L), and zinc (183 pg/L). Almost half of the maximum 

concentrations of metals and cyanide were associated with the groundwater sample collected from well 

2WMW21 S, located near the eastern border of the site. 

Radionuclide analyses (gross alpha and gross beta) were performed for groundwater samples collected 

during the Phase I RI. Gross alpha was detected at a concentration of 2.8 pCi/L in the groundwater 

sample collected from well 2WMW6S. Gross beta was detected in the three samples analyzed for this 

parameter at concentrations ranging from 4.4 pCi/L to 40.2 pCi/L. 

Analyses for hardness were performed for seven of the groundwater samples collected from the 

overburden wells. Reported concentrations for this parameter ranged from 96 mg/L to 6,150 mg/L. 

Bedrock Wells 

VOCs were not detected in the 16 groundwater samples collected from Area A Wetland bedrock wells. 

2-Methylphenol (2 us/L), 4-methylphenol (3 pg/L), and phenol (14 ug/L) were detected in a single 

groundwater sample collected from bedrock well 2WMW22D (Figure l-6) during Round 2 of the Phase II 

RI. Benzoic acid and three phthalate esters were also detected in from one to five of the 16 samples. 

With the exception of bis(2ethylhexyl) phthalate, which was detected at a concentration of 31 pg/L in one 

sample, concentrations of these SVOCs ranged from 0.5 pg/L (benzoic acid) to 13 pg/L 

[bis(2-ethylhexyl) phthalate]. Neither pesticides nor PCBs were detected in any of the Area A Wetland 

groundwater samples. Therefore, results for ,the groundwater samples collected from Area A Wetland 

bedrock wells also indicate minimal organic contamination. 

Twenty-one metals were detected in the unfiltered groundwater samples collected from the bedrock wells, 

and 20 metals were detected in the filtered groundwater samples. Cyanide was not detected in these 

samples. In general, maximum concentrations of metals detected in filtered and unfiltered samples were 

at the same order of magnitude. Notable results among filtered and unfiltered samples include maximum 

concentrations reported for aluminum (9,910 ug/L), barium (904 ug/L), iron (108,000 pg/L), manganese 
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(7,160 us/L), nickel (116 us/L), sodium (1,290,6OO us/L), and zinc (274 us/L). Approximately 41 percent 

and 37 percent, respectively, of the maximum concentrations of metals were associated with groundwater 

samples collected from wells 2WMW6D (located along the fence that surrounds the adjoining Area A 

Weapons Center) and 2WMW3D (located near the tennis courts at the southern end of the site). A 

comparison of the results indicates that the concentrations of most metals in. groundwater samples 

collected from overburden and bedrock wells were relatively similar. However, the maximum 

concentrations of arsenic, boron, copper, magnesium, potassium, sodium, and vanadium in overburden 

samples were greater than five times the maximum concentrations reported for respective metals .in the 

bedrock samples, and the maximum concentration reported for lead for bedrock samples was greater 

than five times the maximum concentration reported for lead in the overburden samples. 

As previously noted, radionuclide analyses (gross alpha and gross beta) were performed for groundwater 

samples collected during the Phase I RI. Gross alpha was detected at concentrations of 4.7 pCi/L and 

42.2 pCi/L in two groundwater samples collected from bedrock wells, and gross beta was detected at 

concentrations ranging from 3.8 pCi/L to 51 pCi/L in three groundwater samples collected from bedrock 

wells. Maximum concentrations for both gross alpha and gross beta were associated with well 

2WMW3D. 

Hardness analyses were performed 12 of the unfiltered groundwater samples and three of the unfiltered 

groundwater samples collected from Area A Wetland bedrock wells. Reported concentrations for this 

parameter in unfiltered groundwater samples ranged from 18 mg/L to 840 mg/L, and reported 

concentrations in filtered groundwater samples ranged from 16 mg/L to 124 mg/L. 

5.4.2.3 Historic Surface Water Data 

Eleven surface water samples plus one field duplicate sample were collected at the Area A Wetland. 

PCE was the only VOC detected in the 11 surface water samples. It was detected at a concentration of 

0.002 mg/L in sample 2WSW12, which was collected from an area adjacent to the Area A Landfill. 

Diethyl phthalate, a common field and laboratory contaminant, was detected at a concentration of 

0.002 mg/L in one of the three surface water samples analyzed for SVOCs. Pesticides and PCBs were s 

not detected in any of the 11 samples that were analyzed for these parameters. These analytical results 

indicate that there is essentially no organic contamination present in the Area A Wetland surface water. 

Nineteen metals were detected in the Area A Wetland unfiltered surface water samples, and 14 metals 

were detected in the filtered surface water samples. Maximum concentrations of metals were associated 

with various samples. Notable results include maximum concentrations reported for aluminum 

(20,900 us/L), cadmium (126 us/L), manganese (1,870 ug/L), nickel (84.7 us/L), and zinc (334 ug/L). 
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Radionuclide analyses (gross alpha and gross beta) were performed for surface water samples collected 

from two locations during the Phase I RI. Gross beta was detected only in the surface water sample and 

field duplicate sample collected from location 2WSW2 (near the Area A Wetland outlet), at concentrations 

of 6.9 pCi/L and 11 pCi/L, respectively. 

Hardness analyses were performed for one filtered and nine unfiltered Area A Wetland surface water 

samples. Hardness was not detected in the filtered sample and one of the unfiltered samples. Reported 

results for hardness for the remaining unfiltered samples ranged from 16 mg/L to 160 mg/L. 

5.4.3 Basewide Groundwater OU RI 

This section presents a discussion of the current nature and extent of groundwater contamination at the 

Area A Landfill and Wetland, based on groundwater data collected from the overburden aquifer during the 

BGOURI. The groundwater wells are located in the Area A Wetland adjacent to the northeastern 

boundary of the Area A Landfill. 

A summary of the groundwater samples collected and the analyses performed on each is presented in 

Table 5-1. Table 5-2 presents a summary of the positive analytical detections at Site 2. As part of the 

HHRA (Section 5.6) a screening process for COPCs was performed. Table 5-3 presents a summary of 

the chemicals retained as COPCs as a result of the screening process. Tables 5-4 and 5-5 present 

descriptive statistics and the COPC screening criteria for each analyte detected in at least one 

groundwater sample at the Area A Landfill. The distribution of COPCs and their concentrations are 

presented in Figure 5-2. 

Six VOCs (2-butanone, acetone, carbon disulfide, ethylbenzene, toluene, and TCE) were detected in the 

11 groundwater samples that were collected from the overburden aquifer. Concentrations of most of 

these VOCs were relatively low, ranging from 0.4 pg/L to 26 pg/L, with the exception of acetone (120 

pg/L) at well 2WGW39DS. VOCs were detected infrequently in overburden groundwater during the 

current investigation, with the exception of 2-butanone and acetone. Acetone, carbon disulfide, 

ethylbenzene, and toluene were detected in overburden groundwater samples collected from within the 

landfill area during previous investigations. Carbon disulfide was detected in overburden groundwater 

samples collected from within the wetland area during previous investigations. 

Benzoic acid, 3&4-methylphenol, and phenol were the only SVOCs detected in overburden groundwater 

samples. Benzoic acid (2.3 J pg/L) and phenol (2.5 J ug/L) were only detected in one sample. 

3&CMethylphenol was detected in 3 groundwater samples at concentrations ranging from 0.75 J pg/L to 

3.5 J ug/L. Benzoic acid was also detected in overburden groundwater samples detected from within the 

landfill area and wetland area during the previous investigations. 
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4,4’-ODD (0.058 J pg/L) was detected in one sample and was the only pesticide detected in overburden 

groundwater samples. 4,4’-DDD was not detected in groundwater samples from the landfill area or 

wetland area during previous investigations. High dissolved solids were detected in the groundwater 

sample, and it is likely that the DDD was bound to the solids. 

Fifteen metals were detected in unfiltered overburden groundwater samples and 13 metals were detected 

in filtered overburden groundwater samples. Reported concentrations of metals in filtered and unfiltered 

samples were relatively similar (i.e., at the same order of magnitude). The most notable metals detected in 

overburden groundwater samples were arsenic, barium, and mercury. Detected concentrations of arsenic 

in unfiltered samples ranged from 16.1 J pg/L to 30.4 J us/L. Detected concentrations of barium in 

unfiltered samples ranged from 28.4 J ug/L to 920 us/L. Mercury was detected in only two samples at 

concentrations of 0.12 J ug/L and 1.5 us/L. During previous investigations, concentrations of aluminum, 

chromium, cobalt, nickel, vanadium, and zinc in overburden groundwater samples from the landfill area and 

aluminum, arsenic, nickel, and zinc in overburden groundwater samples from the wetlands area were higher 

than those from the current investigation. Concentrations of calcium, mercury, and potassium were higher 

in the samples collected during the current investigation than they were in samples collected in the landfill 

area during previous investigations. Concentrations of iron and mercury were higher in the samples 

collected during the current investigation than they were in samples collected in the wetland area during 

previous investigations. Of the metals detected in groundwater, only arsenic, barium, and mercury 

exceeded background. 

5.5 CONTAMINANT FATE AND TRANSPORT 

Five classes of chemicals were detected in groundwater at Site 2 in the BGOURI: ketones, halogenated 

aliphatics, monocyclic aromatics, pesticides, and metals. Phthalates, metals, and some miscellaneous 

chemicals (carbon disulfide and benzoic acid) were detected in groundwater at Site 2 in the Phase II RI. 

Since the time of the Phase II RI data collection (1996) the landfill has been capped, eliminating the 

possibility of human exposure to soil at the site and minimizing the amount of precipitation that could 

infiltrate through the soil and potentially transport contamination to the groundwater. Therefore, any 

chemicals detected in groundwater during the BGOURI are most likely the result of historical releases. 

Cross contamination between the Area A Landfill and the Area A Wetland is being assessed by an 

ongo,ing groundwater monitoring program. However results from this investigation show that organic 

contamination in the Wetlands is minimal. Concentrations of arsenic, barium and mercury contamination 

are being monitored by the program and trends in contamination will be discussed in upcoming annual 

reports. 
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Ketones 

Two ketones (2-butanone and acetone) were detected in the groundwater at Site 2 in the BGOURI. 

Ketones were not detected in groundwater samples collected during the Phase II RI. Acetone and 

2-butanone are common laboratory and field contaminants often detected in environmental samples. 

However, acetone and 2-butanone were detected in sediment samples located adjacent to the landfill, 

which suggests that the landfill may be the source for ketones detected in sediment and groundwater. 

Ketones are highly volatile and soluble and do not readily adsorb to soil. Therefore, they are not 

considered to be persistent in the environment. Hydrolysis is generally not a significant fate process for 

this class of chemicals, nor is bioconcentration significant. Once in the groundwater, ketones may slowly 

degrade. 

Haloaenated Aliphatics 

One halogenated aliphatic compound (TCE) was detected in one groundwater sample at Site 2 during the 

BGOURI. TCE was detected in bedrock groundwater during a historical investigation in monitoring well 

2LMW13D. This well is just upgradient of monitoring well 3MW37S, which had a detection of TCE during 

the BGOURI. TCE was detected in one sediment sample (2SWD4) collected during the Phase II RI, 

although the sediment sample was not located in the vicinity of the groundwater well (3MW37S) that had 

the detected TCE concentration. Halogenated aliphatic hydrocarbons such as TCE are relatively water 

soluble and have a low capacity for retention by soil/sediment organic carbon and, therefore, TCE is 

frequently detected in groundwater. Leaching from soil/sediment may account for the presence of TCE in 

groundwater at the site. TCE may migrate through the soil/sediment column after being released by a 

spill event or by a subsurface release when solubilized by infiltrating precipitation. Some portion of TCE 

may be retained by the soil/sediment, but most of the chemical will continue migrating downward until it 

reaches the water table. At that time, migration is primarily lateral with the hydraulic gradient. 

Monocvclic Aromatics 

Monocyclic aromatic compounds (ethylbenzene, toluene, 3&4-methylphenol, and phenol) were detected 

sporadically in groundwater samples collect in the BGOURI. These compounds were also detected in 

groundwater samples collected during historical investigations. Toluene and ethylbenzene were detected 

sporadically in sediment soil samples collected adjacent to the landfill. Two of the sediment samples 

(TB-2 and TB-3) in which toluene was detected were located in the vicinity of one of the monitoring wells 

(2WMW39DS) where toluene was detected. Monocyclic aromatic compounds are not considered to be 

persistent in the environment, particularly in comparison to chemicals such as PCBs and pesticides. 

They may migrate through the soil column when solubilized by infiltrating precipitation. Some portion of 

these chemicals is retained by the soil, but most will continue migrating downward until they reach the 
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water table. Bioconcentration in aquatic anirhals is not expected to be significant for monocyclic 

aromatics. They are subject to degradation via the action of both soil and aquatic microorganisms. 

Although these compounds are amenable to microbial degradation, it is not anticipated that degradation 

will occur at an appreciable rate, although macronutrient availability is not known. 

Pesticides 

DOD was detected in one shallow groundwater well (2WGW47DS) at Site 2 during the BGOURI. 

Pesticides were not detected in shallow or deep groundwater during historical investigations. Pesticides 

were detected in soil samples from this area during the Phase II RI. Whether pesticides are sprayed, 

dusted, or applied directly to the soil, the soil is the ultimate sink for these chemicals. Surface soil runoff 

may carry pesticides to adjacent surface water bodies (i.e., the Thames River). Bioconcentration of 

pesticides in the food chain is another important fate mechanism. Hydrolysis, oxidation, and photolysis 

are not generally important fate mechanisms for pesticides in soil or water. Hydrolysis half-lives for 

several pesticides are reported in periods of months to years. 

DOD, which is a metabolite of DOT, is considered to be a persistent chemical. It undergoes extensive 

adsorption to soil and is not highly soluble. Biodegradation may occur under both aerobic and anaerobic 

conditions in the presence of certain soil microorganisms. ODD is somewhat volatile, however, it is highly 

lipophilic and therefore readily bioaccumulates. 

Metals 

At Site 2, 21 metals were detected in shallow and deep groundwater samples during the Phase II RI and 

15 metals were detected in shallow and deep groundwater samples during the BGOURI. Beryllium, 

boron, cadmium, copper, lead, silver, and thallium were detected during the Phase II RI but not during the 

BGOURI. Mercury was detected during the BGOURI but not in the Phase II RI. Overall, the 

concentrations of metals were higher in the samples collected during the Phase II RI than those in the 

BGOURI. 

As noted in Section 3.3, metals are highly persistent environmental contaminants. They do not 

biodegrade, photolyze, hydrolyze, etc. The major fate mechanisms for metals are adsorption to the soil 

matrix (as compared to being part of the soil structure) and bioaccumulation. 

In addition, under normal conditions, metals are not very mobile in the environment. Because metals 

frequently remain bound to particulate matter, the major transport mechanism for metals is bulk 

movement processes (erosion). However, metals can become mobile in the environment under certain 

conditions. The mobility of metals is influenced primarily. by their physical or chemical properties in 
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conjunction with the physical and chemical properties of the soil matrix. Factors that assist in predicting 

the mobility of metals are the soil/pore water pH, redox potential, and cation exchange capacity. The 

mobility of metals generally increases with decreasing soil pH and cation exchange capacity. The effect 

of REDOX potential varies for each metal. 

Groundwater samples from the BGOURI were analyzed for total metals and dissolved metals. A 

comparison of the total and dissolved concentrations indicates that there was little difference between the 

total and dissolved concentrations, which indicates that the metals are more likely to be in the dissolved 

phase rather than bound to particulate matter. Metals in the dissolved phase would be more likely to 

migrate with groundwater than those bound to particulate matter. 

Specific metals of concern are those that exceed background concentration values: arsenic, barium and 

mercury. Site specific geochemical conditions (e.g., pH and redox conditions) can influence the relative 

mobility of metals. In the case of barium, pH and redox conditions will have little effect on its mobility. 

The metal exists as a cation and is subject to retardation during transport mostly as a result of cation 

exchange reactions with aquifer surfaces. Arsenic mobility is strongly tied to site geochemical conditions 

because arsenic exists in the dissolved phase as one of two major anionic species. Arsenic is mobile as 

either the arsenate anion or as the arsenite anion. The arsenate ion is more prevalent in slightly oxidizing 

environments whereas the arsenite species predominates in more reducing environments. Either anion 

may be present in intermediate environments. Arsenic mobility is further enhanced when environmental 

pH is mildly acidic and the anionic species may be uncharged. Groundwater at Site 2 exhibits highly 

reducing oxidation-reduction potential (ORP) especially in those wells beneath the base of the landfill. 

[-I26 to -451 mV in the BROURI (Round 4) sampling.] The groundwater pH is near neutral (6.6 to 7.15). 

The combination of neutral pH and reducing conditions favors the + 3 valence form of arsenic, present in 

water as a relatively mobile, uncharged form of arsenite (HJAs03). This conclusion is based on Eh-pH 

diagrams published by Dove and Rimstidt (1985) and Brookins (1988) for systems containing arsenic, 

water, iron and sulfur species with concentrations similar to those reported for Site 2 groundwater. 

Figure 5-3 shows that there is a correlation ,of arsenic and barium. There is no similar correlation 

between arsenic and iron in groundwater. This lack of a correlation may indicate that the relationship 

between arsenic and iron oxyhydroxides is complicated by other factors (e.g. pH change creating neutral 

species, precipitation of iron sulfide minerals). Mercury mobility is governed by the geochemical 

environment as well. Mercury in oxidizing environments should be fairly mobile as an unchanged 

hydroxide complex. In more reducing environments dissolved mercury mobility will be limited in the 

presence of dissolved sulfide by precipitation as an insoluble mineral (HgS). Given the highly reducing 

conditions observed in the Site 2 groundwater near the wetland, the insoluble mercury sulfide mineral 

would be expected to form and limit mercury transport. This conclusion is based on the Eh-pH diagram 
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presented in Brookins (1988) for the system Hg-O-H-S-Cl at concentrations similar to those in Site 2 

groundwater. 

5.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific risk assessment for the identified exposure scenarios for Site 2. 

The risk assessment methodology was described in Section 3.4, and detailed calculations including 

RAGS Part D tables are presented in Appendix C. A summary of previous risk assessments for the site is 

also presented. 

5.6.1 Data Evaluation 

COPCs were identified for Site 2 using the risk-based screening levels, as discussed in Section 3.4.1. 

Table 5-3 summarizes the COPCs retained for Site 2. A discussion of direct contact exposure COPCs 

(i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COPCs is provided below. Additional COPCs are identified based on 

chemical migration tendencies: migration of groundwater to surface water and migration of volatiles from 

groundwater through building foundations into indoor air. These additional COPCs are not quantitatively 

evaluated in the HHRA because they are not considered to be significant contributors to the direct contact 

exposure pathways identified for potential human receptors. 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 5-4. The maximum detected concentrations of the following 

chemicals in groundwater exceeded their direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

l VOCs-acetone 

. Metals-arsenic, barium, and mercury 

The maximum detected concentrations of chromium and manganese exceeded their respective screening 

criteria but were within background levels; consequently, chromium and manganese were not retained as 

COPCs. The maximum detected concentration of acetone exceeded its EPA Region IX PRG but was 

less than its CTDEP RSR. 

A comparison of the maximum detected concentration in groundwater to migration criteria is presented in 

Table 5-5. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria for protection of migration to surface water: 
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l Metals-arsenic and barium 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration 

from groundwater to indoor air. 

5.6.2 Exposure Assessment 

Only groundwater samples were collected during the current investigation. Consequently, only exposures 

to groundwater were evaluated in the risk assessment for Site 2. Construction workers were the only 

receptors identified for exposure to groundwater. Construction workers could come into contact with 

groundwater while excavating building foundations. In such an instance, construction workers could be 

exposed to the groundwater via dermal contact. Exposure assumptions for construction workers were 

presented in Table 3-14. Potential exposure pathways are summarized in Table 5-6. 

As discussed in Section 3.4, the maximum detected concentration and average concentration were used 

for the exposure point concentrations for the RME and CTE, respectively. Exposure point concentrations 

for Site 2 are presented in Table 5-7. 

56.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers exposed to groundwater using the 

methodology presented in Section 3.4. The results are summarized in Table 5-8 and are discussed 

below. Sample calculations and chemical-specific risks in RAGS Part D format are provided in 

Appendix C. 

Carcinogenic Risks 

No carcinogenic toxicity factors are available for the identified COPCs; consequently, ICRs were not 

estimated for construction workers exposed to groundwater. 

Noncarcinogenic Risks 

HIS for construction workers exposed to groundwater were 0.00008 and 0.00004 for the RME and CTE 

scenarios, respectively, which were less than EPA’s and CTDEP’s acceptable level of 1 .O. 
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5.6.4 Summary of Previous Risk Assessments 

5.6.4.1 Site 2A - Area A Landfill 

Three potential receptor groups, full-time employees, older child trespassers, and construction workers, 

were considered for the Area A Landfill during the Phase II RI risk assessment. Because of the nature of 

the site, a future residential exposure scenario was not considered. Therefore, the only exposure to 

groundwater at the Area A Landfill was assumed to be direct contact with this medium for the construction 

worker during construction activities. 

Noncarcinogenic risks associated with dermal contact with groundwater for the construction worker 

exceeded 1.0 for both RME and CTE scenarios (8,100 and 430, respectively). Elevated risks for the 

construction worker are a result of exposure to PCBs in groundwater because the individual HQs for 

PCBs for the RME and CTE scenarios were 8,100 and 430, respectively. Estimated risks associated with 

other chemicals detected in groundwater are relatively insignificant. 

The incremental cancer risk associated with dermal contact with groundwater for the construction worker 

under the CTE (4.0 x 10e5) was within USEPA’s target risk range but exceeded the CTDEP target cancer 

risk (1 x IO”). The incremental cancer risk for this route of exposure under the RME (9.7 x 10m4) 

exceeded the CTDEP target cancer risk and 1 x 10m4, the upper limit of USEPA’s target risk range. 

Potential carcinogenic risks for dermal contact with water were also attributed to PCBs. 

The landfill has been capped since the Phase II RI risk assessment was performed. An assessment of 

current risks is provided in Section 5.6.3. 

5.6.4.2 Site 2B - Area A Wetlands 

The baseline risk assessment conducted for the Area A Wetland as part of the Phase II RI focused on an 

older child trespasser and a construction worker under CTE and RME scenarios. Groundwater was not 

considered to be a potential medium for exposure for the trespasser. Dermal contact with groundwater 

was evaluated as a potential route of exposure for the construction worker. 

Noncarcinogenic risks associated with exposure to groundwater for the construction worker were less 

than the USEPA acceptable level of 1.0 for the CTE scenario but exceeded 1.0 for the RME scenario. 

Elevated noncarcinogenic hazards for the construction worker under the RME scenario were primarily 

attributed to dermal exposure to manganese in groundwater. The chemical-specific HQ for manganese 

via dermal contact (1.7) slightly exceeded unity. Manganese is relatively abundant in the environment. 
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Lifetime ICR associated with dermal contact with groundwater for the CTE and RME scenarios for the 

construction worker were less than 1 x lo-‘, the CTDEP target cancer risk, and less than 1 x 1O6, the 

lower bound of the USEPA target risk range. 

5.6.5 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 2 are discussed below. 

Elimination of Chemicals as COPCs on the Basis of Background 

In accordance with U.S. Navy policy, chemicals were eliminated as COPCs on the basis ‘of comparison to 

background. Chromium and manganese were the only chemicals in groundwater with maximum detected 

concentrations that exceeded the direct contact screening criteria but were not retained as COPCs on the 

basis of background. Dermal exposure to groundwater by construction workers was the only exposure 

pathway evaluated at Site 2. Potential risks from exposures to manganese in water are negligible 

(USEPA, 2000e), consequently the elimination of manganese as a COPC on the basis of background 

does not effect the risk estimates for construction workers at Site 2. If exposures to chromium in 

groundwater by construction workers were evaluated in the HHRA then the resulting HQ for chromium 

would be 0.004 and the total HI would be 0.004 which is less than the USEPA and CTDEP acceptable 

level of 1.0. 

5.7 SUMMARY AND RECOMMENDATIONS 

5.7.1 Nature and Extent of Contamination 

Six VOCs were detected in the groundwater samples collected during the BGOURI. Several of the VOCs 

were detected previously during historical soil and groundwater sampling events. Acetone was the only 

VOC COPC identified at Site 2. In general, acetone detections were at trace to low detections (i.e., less 

than 10 pg/L), with the exception of the concentration of 120 pg/L in well 2WMW39DS. Acetone is also 

known to be a common lab artifact. 

Three SVOCs were detected in the groundwater samples collected during the BGOURI. None of the 

detected concentrations exceeded any of the relevant screening criteria. 

One pesticide, 4,4’-ODD, was detected in a single groundwater sample. High dissolved solids were 

detected in the groundwater sample and it is likely that the DOD was bound to the solids. 
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Fifteen metals were detected in the unfiltered groundwater samples and 13 metals were detected in the 

filtered groundwater samples. Arsenic, barium, and mercury were the only metals identified as COPCs. 

Exceedances of background for these metals were sporadic because only one well (2WGW47DS) had 

detected concentrations of more than one metal that exceeded background. Concentrations of the other 

detected metals were below screening criteria. In general,, metals concentrations were lower in the 

BGOURI than in previous investigations. This result was generally expected because only downgradient 

monitoring wells and not monitoring wells within the Area A Landfill were sampled during the BGOURI. 

5.7.2 Contaminant Fate and Transport 

Acetone, the only organic chemical identified as a COPC, belongs to the ketone class of chemicals. 

Ketones are highly volatile and soluble and do not readily adsorb to soil; therefore they are generally not 

considered to be persistent in the environment. Degradation of ketones will slowly occur in the 

groundwater environment. Given the overall low concentrations of acetone detected, the slow migration 

rate of groundwater at Site 2, and the presence of the wetland area, it is expected that detectable levels 

of acetone will not persist any significant distance downgradient of the Area A Landfill. 

Arsenic, barium, and mercury were the only metals detected above screening criteria at Site 2. Metals 

are persistent in the subsurface environment but are typically not very mobile. The slightly acidic pH of 

the groundwater (as is characteristic of northern region groundwater) generally serves to enhance the 

solubility and mobility of metals. Aside from one well in which all three metals were detected at above- 

background levels, the exceedances of criteria for metals were scattered, limited to dredge spoil 

monitoring wells, and generally only slightly above background. This information indicates that there is no 

definable plume or significant source of metals contamination. Due to the natural buffering capacity 

characteristic of wetland environment, metals contamination is not expected to persist in groundwater to 

any significant extent. 

5.7.3 Summaw of Human Health Risk Assessment 

The following items summarize the HHRA for Site 2. 

l The HHRA for Site 2 considered exposures to construction workers. No soil samples were collected 

at Site 2; therefore, only exposures to groundwater were evaluated. Potential exposure pathways 

included dermal contact with groundwater. 

l The maximum detected concentrations of acetone, arsenic, barium, and mercury exceeded their 

direct contact risk-based COPC screening levels and were retained for evaluation in the HHRA. The 
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maximum detected concentration of acetone exceeded its EPA Region IX PRG but was less than its 

CTDEP RSR. 

l The maximum detected concentrations of arsenic and mercury exceeded their respective CTDEP 

screening criteria for protection of migration of groundwater to surface water. 

l The maximum detected concentrations of all chemicals in groundwater were less than the CTDEP 

criteria for migration from groundwater to indoor air. 

. ICRs and HIS for construction workers exposed to groundwater at Site 2 were within USEPA and 

CTDEP acceptable levels. 

l The maximum detected concentrations of chromium and manganese in groundwater exceeded their 

respective screening criteria but were within background levels, consequently chromium and 

manganese were not retained as COCs in the HHRA. ICRs and His would still have been within 

USEPA and CTDEP target levels if these compounds have been evaluated in the HHRA. 

5.7.4 Recommendations 

The Navy completed a soil remedial action at Site 2, consisting of the construction of an engineered cap 

over the Area A Landfill along with an upgradient trench to reduce the amount of shallow groundwater 

reaching the landfill. The BGOURI activities for Site 2 were focused on evaluating the current 

groundwater conditions at the site. The monitoring wells included in the Groundwater Monitoring 

Program for the Area A Landfill were the only wells sampled during the BGOURI, and the results 

presented in this RI constitute the results for Round 4 of the monitoring program for Site 2. Based on the 

most recent groundwater data, the impacts of Site 2 on groundwater downgradient of the landfill are 

minimal, with only sporadic detections of acetone and several metals at concentrations above screening 

criteria. 

The HHRA determined that risks posed by exposure of construction workers to groundwater at Site 2 are 

within USEPA and CTDEP acceptable levels, assuming that the workers are exposed to the maximum 

observed concentrations of site contaminants. Screening criteria for groundwater to surface water were 

exceeded for two metals (using maximum detected concentrations); however, with isolated exceptions, 

metals detections are within the background concentration range. 

The BGOURI sampling results indicate that groundwater impacts associated with Site 2 are minimal and 

are localized. A quarterly Groundwater Monitoring Program is currently being implemented at Site 2. It is 

recommended that the program be continued to gather data to evaluate long-term trends in contaminant 
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concentrations. The data will be reviewed to determine if the appropriate monitoring well network is being 

used for the program. Should groundwater data indicate the need for additional remedial action 

evaluation at some point in the future,, an FS should be performed at that time. 
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TABLE 5-l 

SUMMARY OF SAMPLING AND ANLYTICAL PROGRAM FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

GWFD071 BOO-04 1x1 x 1 x 1x1 X 
GWFD071800-04-F I I x I I 

Note: Miscellaneous parameters include alkalinity, chemical oxygen 
demand, chloride, hardness, sulfate, TDS, TOC, and TSS. 



TABLE 5-2 

Ilocation 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 4 

1 2WMW38DS 1 2WMW39DS 1 2WMW40DS 1 2WMW41DS 1 2WMW41DS 1 2WMW42DS 1 2WMW43DS 1 2WMW44DS 1 

nsample iJWGW38DS-04 2WGW39DS-04 2WGW40DS-04 2WGW41DS04 2WGW4lDS-04-F 2WGW42DS-04 2WGW43DS-04 2WGW44DS-04 
sample 2WGW38DS-04 2WGW39DS04 2WGW40DS-04 2WGW41 DS-04 2WGW41 DS-O4-F 2WGW42DS-04 2WGW43DS-04 2WGW44DS-04 
sample-dat 7i2OlOO 7/l 9100 7l2omo 7l2wOo 7/20/00 7mmo 7121100 7mmo 

nlcs lua/U 
5u 26 5U 3J 2J 3J 5u 

ACETONE 4J 120 3J 8 5 10 7 

CARBON DISULFIDE 1 u 2 3u 4u 4u 6 1 u 

r-,-l I.,. “ENZENE 1 u 0.3 J 1 u 1 u 1 u 1 u 1 u 
IF 1 II n.6 J 1 II 1 11 1 II f-l4 .I 1 II 

cs (UgL) 
-. .-. >L 

__. .-,.Z ACID 
PHENOL 
Pestlclc des/PCBs (w/L) 

D 

5.2 U 3.5 J 6.2 U 5.2 U 5.1 u 5.1 u 0.75 J 
21 u 2.3 J 25 U 21 u 20 u .20 UJ 20 u 
5.2 U 2.5 J 6.2 U 5.2 U 5.1 u 5.1 UJ 5u 

I nn71 II I on7 II I nnsn (1 I nn97 11 I I on:, 11 I nn7 II I nnm II I 

IL) 
A I llr; II I ROi II I ROI II I l-tai II I I cud II I 6x3, II I CQ, II I 

Metals (ug 
ALUMINUL. 
ARSENIC 
BARILIM 

I I.“” , ““.I ” I ““.I v , ““.I ” , 

I 2.7 U I 2.7 U I 25.9 J I 6U I 
28.4 .I 1 

.-.. _ - - 

- _ . --. _ 59.6 ! -iO8 37.4 80.2 161 57.9 

CALCIUM 48500 I 30700 1 230000 1 15 5000 129000 301000 101000 
CHROMIUM 4.8 J 1.3 u 5J 3.9 J 3.3 J 8.3 J 1.3 u 
COBALT 0.94 u 0.94 u 0.94 u 0.95 J 0.94 u 0.94 u 0.94 u 
IRON 112 11 558n 1410 2310 1.5Ann 2830 19200 

A3nIul 116000 
919 

0.1 u 

._. . ..- - ---_ --._ .- .-- 
MAGNESIUM 19400 8270 772000 477000 258000 9 .-“-v 
MANGANESE 36.6 758 353 770 655 490 
“‘RCURY 0.1 u 0.1 u 0.1 u 0.12 J 0.1 u 0.1 u 

:KFI 7.4 18 II 1-R u 3s II 47 II 34 II 
IMt 
NK. _-- 
POTASSIUM 
SODIUM 
VAMADIUM 
ZINC 

19&ib J 
..- 

; 
..- - -.- - . . . - 1.9 u 

995( 1 302000 J 1 1 85000 J 124000 J 35&i J 57900 J 
193000 229000 [ 6170000 1 3660000 2150000 7260000 95oooo 

13.9 I AnA I. U.Yl u I I - II I u I I ,.- .I ii.1 u I I 1^ a* 4.Y u I 9.5 J 2.8 U 
6.8 u RI .I 4.7 LJ RR 11 Ii .I 1 5.3 U 6.7 U 

ARSENIC, FILTERED I I 2.7 U I 13.8 U 8.4 U 12.6 U 10.9 u 2.7 U 
BARIUM, FILTERED 46.4 79.3 58.3 69.7 127 54.9 
CA1 CILIM. FILTERED .-_.- __, .-. -. .-- 32000 221000 181000 163000 288000 1 l-cmnn 

C HROMIUM, FILTERED 1.3 u 1.8 J 4.8 J 2J 5.5 J 

r\nr, T l-l, -rrnrn CUDAL I, I-IL I lL.ncv . . II I.1 u “.Wt n na U 1.3 J 0.94 u 0.99 ’ J 0.94 u 

IRON. FILTERED 5760 226. 0 I 3400 I ii-m . “V” I AA1 .-a 11900 

MAGNESIUM, FILTERED 11700 748000 1 553000 1 1 404000 1 980000 125000 
M IANGANESE, FILTERED I 685 383 759 1 I 593 I 558 959 
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TABLE 5-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 4 

location 2WMW45DS 2WMW46DS 2WMW47DS 2WMW47DS 3MW37S 3MW37S 

nsample ’ 2WGW45DS-04 2WGW46DS-04 2WGW47DS-04 2WGW47DS-O4-D 3GW37S-04 3GW37S-O4-F 
sample 2WGW45DS-04 2WGW46DS-04 2WGW47DS04 GWFW71600-04 3GW37S-04 3GW37S-O4-F 
sample-dat 7/2woo 7l2OlOO 7/18/w 7/lSmo 7m/oa 7l2ww 

Semivolatlle Organlcs (ug/L) 
3&4-METHYLPHENOL 5.2 U 1.2 J 5.2 U 5.1 u 5.1 u 
BENZOIC ACID 21 u 21 u 21 UR 20 UR 20 u 
PHENOL 5.2 U 5.2 U 5.2 UJ 5.1 UJ 5.1 u 
PestlcldeslPCBs (ug/L) 

/4,4’-DDD 1 0.022 u 1 0.022 U 1 0.058 J 1 0.042 J 1 0.021 u I I 



TABLE 5-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 4 OF 4 

MERCURY, FILTERED 0.1 u 0.1 u 0.82 1.3 O.lU I 
POTASSIUM, FILTERED 173000 J 360000 J 96100 94800 5090 J 1 
SODIUM, FILTERED wwnnn 7cidnnnn i mnnnn i 37nnnn p1l-m I 

VANADIUM, FILTERED 
- Y.” ” , 1 

Miscellaneous Parameters (@I 
ALKALINITY 870 2420 323 384 120 
CHEMICAL OXYGEN DEMAND 146 2410 106 109 20 u 
CHLORIDE 4270 J 16800 J 3170 J 3570 J 107 J 
HARDNESS as Capn” 

^ ._^ P^^^ ^_.. ^-.. 

SULFATE 
TOTAL DISSOLVED SOLIC 

TOTAL ORGANIC CARBON I 16.4 I 63.2 I 10.3 I 13.8 I 4 I 
TOTAL SUSPENDED SOLIDS 31 66 181 J 165 J 4u 

Notes d 
Metals results for filtered samples correspond to the dissolved state. Metals results for unfiltered 
samples correspond to total metals. 



TABLE 5-3 

CHEMICALS RETAINED AS COP& IN GROUNDWATER AT SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Direct Migration Pathways 
Chemical Contact Surface Water 1 Volatilization 
Volatile Organic Compounds 

1 Acetone I X I I I 
Metals 
Arsenic X X 
Barium X 
Mercury X X 

Notes: 
X - Chemical is retained as a COPC. 



TABLE 5-4 

OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 2 
DIRECT CONTACT EXPOSURE SCENARlOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMED,AL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE 1 OF 3 

Scenario Timshame: Future 
Medium: Groundwbtsr 
Exposum Medium: Groundwiltsr 
Exposurs Point: Are= A Land”,, and We”ands (Srm 2) 

Minlmum MXdlll”lll 
CAS Number Minim”m Concen,ra,,on P$iiey Un,t* Location of MaxImum ~~~~~~y N~d;~c;~,t, Co~~~~~on B;rckground 

Risk-Bassd 

ChWdWll Co”c.ntratlo” 
R.atkmal. for 

111 QuaMi*r 
COPC 

(0 Concentration V.ld Scrwning 
$;y;$ gJgtc cm; conzlln~t 

(0 

VOh”lS Organics 
Screening”’ Le”a,“l V&u. SOUVS e 

7883-3 Z-BUTANONE 2 J 26 U@L 2WGW39DS-04 5111 5 26 NA 190 N 400 CTDEPRSR NO BSL 
NIA FED-ML 

67-64-1 
NIA 

“9/L ZWGW39DS.04 Bill 5 
CTDEP-ML 

120 NA N m 700 CTDEP RSR m ASL 
N/A FED-t&CL 

7515-o CARBON DISULFIDE 2 7 
N/A 

“q/L 2WGW45DS.04 311 1-4 
CTDEP-MCL 

7 NA 100 N 700 CTDEP RSR NO BSL 
NJA FEDMCL 

100-41-4 ETHYLBENZENE 03 J 03 J 
N/A 

WL 2WGW39DS04 ,111 1 
CTDEP-MCL 

03 NA 130 N 700 CTDEPRSR ND BSL 
700 FED-MCL 

106-66-3 TOLUENE 04 J 06 
700 

J WL ZWGW39DS.04 2111 1 
CTDEP-MCL 

06 NA 72 N ,030 CTDEP RSR NO ESL 
loo0 FEDMCL 

79-01-6 TRICHLOROET~~ENE 1 J 1 J uqR 3GW37S04 
1000 CTDEP-MCL 

,111 1 1 NA 16 c 5 CTDEPRSR NO BSL 
5 FED-ML 

Semivolatde Organics 
5 CTDEP-MCL 

3&4-METHYLPHENOL 075 J 35 J ~!dL 2WGW39DS.04 3/,, 51-62 35 NA 18 N 35 CTDEPRSR NO BSL 
N/A FED-MCL 

6565-O BENZOIC ACID 23 J 23 
N/A 

J “q/L 2WGW39DS-04 ,110 
CTDEP-MCL 

20.25 23 NA 15000 N 5OWO CTDEP RSR NO BSL 
N/A FEDMCL 

106-95-2 PHENOL 25 J 25 
N/A 

J “9/L 2WGW39DS04 ,/,I 
CTDEP-MCL 

5-62 25 NA 2200 N 4000 CTDEPRSR NO BSL 
NIA FED-MCL 

P@.tici&* 
N/A CTDEP-MCL 

72-54-8 4 4’.DDD 0042 J 0 056 J “Cl/L 2WGW47DS.04 lilt 002-0029 0056 NA 028 c 015 CTDEPRSR No BSL 
N/A FED-MCL 

Total Met& 
NIA CTDEP-MCL 

7440-70-2 CALCIUM 30700 334000 
2000 

“q/l. 2WGW46DS.04 11/,, NIA 
CTDEP-MCL 

334000 m N/A N/A CTDEPRSR NO ~ NUT 
N/A FED-MCL 

7440-47-3 CHROMIUM 14 J 119 
NIA 

J “q/L 2WGW46DS-04 7111 
CTDEP-MCL 

13 119 499 u 50 CTDEPRSR NO BKG 
100 FED-MCL 

7440-48-4 COBALT 0 95 J 134 
100 

“q/L 2WGW47DS.04, 3111 0 94 
CTDEP-MCL 

134 48 6 220 N N/A 
2WGW47DS-04-D 

CTDEP RSR No BSL. BKG 
N/A FED-MCL 

7439-69-6 IRON 16B 234000 
N/A 

WlL 2WGW47DS.04 1011, 112 
CTDEP-b&CL 

234000 CTDEP RSR ND EPA, 
FED-SKL 

CTDEP-MCL 
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OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 2 
DIRECT CONTACT EXPOSURE SCENARIOS 
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Scenarm Timc.frame: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Area A LandRII and Wedanda (Site 2) 
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OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT S,TE 2 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLDN. GROTON. CONNECTICUT 
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Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Area A Land”,, and Wetlands ,S,,e 2) 

Ml”h”“l” Risk-Based Rational. for 

CAS Numb, Chemical Conc.“tra,,on Mi”i”l”“7 
O”~liflW 

co,~~n~a~on tAap;y Un,,* Locdlon of Maximum DetecUo” ,,“.‘~~;l~~ co~e~~~ Bxw;,nd scC~n~ng 
Concentration 

F,eq”*“cy 
“I ,o (0 Screming”’ 

7440-62-2 VANADIUM. FILTERED 
Le”e,l”’ 

93 J 93 J “q/L 2WGW43DS.04-F ,110 071 -68 93 102 26 N 50 CTDEPRSR NO BSL. BKG 

7440-66-6 ZINC. FILTERED 

MiKAlansou* Psrame,er* 
ALKALINITY 

CHEMICAL OXYGEN DEMAND 

CHLORIDE 

HARDNESS as CaC03 

SULFATE 

TOTAL DISSOLVED SOLIDS 

TOTAL ORGANIC CARBON 

TOTAL SUSPENDED SOLIDS 

136 

12MMo 

41600 

107000 

11oQoo 

20000 

336000 

4col 

22000 

N/A FED-MCL 
NIA CTDEP-MCL 

J 16 7 J “q/L ZWGW47DS64.F-D Z/l0 32-76 16 7 131 1100 N 5000 CTDEP RSR NO BSL. BKG 
5000 FED-SMCL 
NIA CTDEP-MCL 

2420000 WL 2WGW46DS.04 l,,,, NIA NIA CTDEP RSR NO NTX 
NIA FED-MCL 
NIA CTDEP-MCL 

2410000 w/L 2WGW46DS.04 10111 20.000 2410300 m NIA NIA CTDEP RSR NO NTX 
N/A FED-MCL 
NIA CTDEP-MCL 

J 16800000 J mdL 2WGW46DS.04 11,ll NIA NIA CTDEPRSR NO NV 
m FED-MCL 

NIA CTDEP-MCL 
503w00 w/L 2WGW46DS-04 11/11 NIA 5030000 m . NIA NIA CTDEP RSR NO NTX 

N/A FED-MCL 
NIA CTDEP-MCL 

969000 w/L 2WGW40DS-04 6,11 20,oM) 969ooO m NIA NIA CTDEP RSR NO NV 
B FED-MCL 

NIA CTDEP-MCL 
29400000 rnll,L 2WGW46DS.04 11H1 N/A 294OoooO m N,A N/A CTDEP RSR NO NV 

m FED-MCL II 
NIA CTDEP-MCL 

65200 mqlL 2WGW41DS.04 11/11 NIA 65200 m NIA NIA CTDEP RSR NO NTX 
NIA FED-MCL 

. NIA 
J 

CTDEP-MCL 
l6lOOO J w/L 2WGW47DS-04 9111 4,ow 161OOil NIA CTDEPRSR NO NTX 

NIA FED-MCL 
N/A CTDEP-MCL 

A shaded value md~cates that the concen,ra,~on used for screenmg exceeds ,he cntermn or background value 
A shaded chemcal name mdtcabs tha, tie chemtcal has been selected as a CDPC 

FootnQtes 
1 Sample and duphcate are counted as bo separate samples Hhen detemuning ,he mtnwnum and ma~unum 

detected concenbatlcns 
2 Values presented are samplespec~f~c quan,,,akon lkm<,s 
3 The maxmwm detected concenfrabon II used for acreentng purposes 
4 95% Upper Tolerance Lrn,, (UTL) of st,e background data 
5 The risk-based COPC scrwmng level for ,a~ water “se 1s presented The “alue 4s based on a 

target hazard quoken, of 0 1 for noncarcmqens (denoted “a#, a ‘N’ flag) or a” incremental cancer 
nsk of 1 E-6 far carcinogens (denoted un,h a ‘c’ flag) (USEPA. Reqan IX. November 2000) 

6 The chem,cal IS selecled a8 a CDPC 11 the max,mum delecbd concenhakon exceeds tie risk-based 
COPC screenmg level and/or a” AP.AfUTBC(s) 

7 Pyrene IS used al) a surmgate for phenanthrene 
8 Value IS for hexavalen, chromur 
9 The US EPA has a,,pro”ed P new MCL for arsentc of 10 ug/L The new MCL goes ,n,o effect an 2006 The 

reduction in the MCL dam no, ampact the human health nsk ass8ssmenl 

Assoc,a,ed Samples 
2WGW36DSd4 2WGW42DS04 
2WGW39DS-04 ZWGW42DS64.F 
ZWGW39DS-OdF ZWGW43DS-04 
2WGW40DS.04 ZWGW43DS-O4-F 
2WGW40DS-04-F 2WGW44DS-04 
2WGWllDSM ZWGW44DS-O4-F 
PWGWIIDSM-F 2WGW45DS-94 

2WGW45DS.04-F 
2WGW46DSM 
2WGW46DS-04.F 
2WGW47DS-94 
ZWGWUDSW 
ZWGW47DS-94-F 
ZWGW47DSM.F-D 

3Gw37s-04 
3GW37S-04F 

Def,n,,,ons 
ARAPJTBC = Appkcable 0, Relevant and A~pro~rlale Requliemen”To Be Consodered 
c = Carcl”o!p” 
COPC = Chemical of Potenhal Concern 
J = Eskmaled Value 
N = Noncarcmogen 
NIA = Not Appkcsble 
FED-MCL = Federal Maxmwm Confamman, Level (USEPA, August 2000) 
FED-SMCL = Federal Secondary Maxmwm Contamman, Level (USEPA. August 2ooO) 
FED-AL = Federal Ackon Level (USEPA. August 2000, 
CTDEP-RSR = Cannecbcu, DEP Rem&c&on Standard Regulakons. ,996 
CTDEP-MCL = Conneckcut Maxmum Contamman, Level 

Rakonale Codes 

For S&c,lon as a COPC 
ASL = Above CDPC Screenmg Le”el,ARAR,TBC 

For Elmunat,on 88 a COPC 
EKG = Wdhm Background Levels 
BSL = Bebw CDPC Screen,ng Le”el!ARAP.,‘TBC 
NUT = Esrenllsl Nutrw,, 
NTX = No Tax,c,ty in,om,a,,on 
EPA, = USEPA Region one does no, advocate evaluakon of ,h,s chem,cal 
NV = These mmpaunds are no, evaluated I” tie HHRA and are only presented 

for infarmatianal purposes 
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Xensrio Timeframe: Future 
Medium: Groundwrter 
Exposura Medium: Groundrater 
Exposure Point: Ama A Landtill nd Wettmd8 (Site 2) 

r 

t CASNumbdr Chemical 
Minimum 

Minimum Concentrmion - ___. 
,o ““l”W 

Ration& for M aximum imum 
Concentration I M_““’ 

oualilier U”i’s 
Location 01 Maximum 

Detection 
Frequency 

Range of 
Concentration surface watcw 

used lor 
lkkground 

Protection 
Voblilization COpC Contw8inmt 

,I, Concentration ,I, Nondetects’” 
Scree”ing”l 

Value”’ 
Criteria’” 

Crited” Flag lhkltio” or 
S&lee~o”‘Cl 

179-01-6 ITR~CHLOROETHENE 
Semivol~tile Organics 

1364.METHYLPHENOL 
65-65-0 lSEN20iC Am 
108.952 IPHENOL 
Pesticides 

172-54.8 14,4’-DOD 

I 1 I J I 1 J 3GW37S-04 1111 1 I 1 N’IiI 2340 219 i NO 1 BSL 

I 0.75 I J 1 35 1 J I uqlL[ 2WGW39!JS-04 I Yll 1 5.1 6.2 1 3.5 1 N/A 1 WA 1 NIA 1 NO 1 NTX 
I 2.3 1 J 1 2.3 1 J I uqlL I 2WGW39DS-04 1 l/10 1 20.25 1 2.3 1 NIA 1 NIA 1 N’A 1 NO 1 NTX 
1 2.5 1 J 1 2.5 ( J 1 I&L 1 2WGW39OS.04 ( I/It 1 5.6.2 1 2.5 1 IVA 1 92MMooo 1 IWA 1 NO 1 BSL 

1 0.042. I J 1 0.056 1 J I UglL I pmW”7”E nr I .I.4 I An” nMn I n-a I .I,. I .,I. I .,I. I .*T. I .*-” I 

Total Metals 

2 w ,. - 0 293 I J 35.5 1 J I w/L 1 2WGW47DS04-F I 2/tO 1 1 2.7 - 13.6 1 35.5 y- 1 WA M AS1 

Miscellaneous Parameterr D 

,..-..ALINITY I i2MMo I 1 242DDlM 1 I mgk I 2WGW46DSCM 11111 1 NIA 242CQOO WA 1 WA 1 NO 1 NTX 
JCHEMICAL OXYGEN DEMAND I 41600 I 1 241oooO 1 I “Ulkl 2WGW46OS-04 ! lo/l1 1 20,ooO 1 241OCM NIA tUA NO NTX 1 1 
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Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Area A Landfill and Wetlands (Site 2) 

A shaded value indicates that the concentration used for screening exceeds the criterion or background value. 
A shaded cheical name indicates that the chemical has been selected as a COPC 

Footnote2: 
1 Sample and duplicate are counted as two separate samptes when detenining the minimum and maximum 

detected concentrations. 
2 Values presented are sample-specific quantitation limits. 

3 The m’aximum detected concentralion is used lor screening purposes. 

4 95% Uppar Tolerance Limtl (UTL) 01 srte background data. 

5 Connecticut DEP Surlace Water Protection criteria. 

6 Connecticut DEP Volatilization cnleria. 

7 The chemical is selected as a COPC if the maximum detected concentration exceeds the 

CTDEP surfaca water protection or volatilization criteria. 

Associated S6mg& 

2WGW36DS.04 

2WGW39DS-04 

2WGW39DS-04-F 

2WGW40DS.04 

2WGW40DS04-F 

2WGW4iDS04 

2WGW41DS-04-F 

2WGW42DS.04 2WGW45DS04-F 

2WGW420S-04-F 2WGW46DS04 

2WGW43DS.04 2WGW46DS04.F 

2WGW43DS04-F 2WGW47DS04 

2WGW44DS94 2WGW47DS-04-D 

2WGW44DS04-F 2WGW47DS04-F 

2WGW45DS.04 2WGW47DS-04-F-D 

3GW37S-94 

3GW37S-W-F 

ARARfTBC = Applicable or Relevant and Approprtate RsqulremenVTo Be Considered 
c = Carcinogen. 
COC = Chemical of Corxem. 

J = Estimated Value. 

N = NoncarcInogen. 
NA = Not Applicable. 

For Selectton as a COPC: 
ASL = Above COPC Screening LeveVARARTBC 

For Elimination as a COPC: 

BKG = Within Background Levels. 

BSL = Betow COPC Screening Level/ARAtUTBC. 

NTX = NO Toxic@ Information. 



( ZurrenVFuture 

Scenario 
Timeframe 

Sroundwater 

Exposure 
Medium 

Zroundwater , 

TABLE 5-6 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Exposure 
Point 

Receptor 
Population 

Receptor Exposure On-Site/ Type of Rationale for Selection or Exclusion 
Age Route Off-Site Analysis of Exposure Pathway 

I I I I 
Child Inhalation On-site None Residential land usage is not expected to occur at Site 2. 



TABLE 5-7 

EXPOSURE POINT CONCENTRATIONS FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEIDAL INVESTlGATlOh 

NSB-NLON, GROTON, CONNECTICUT 

Groundwater 
Chemical RME”’ CTE”’ 

(q/L) (ug/L) 
Volatile Organic Compounds 

Acetone I 120 I 18.4 I 
lnorganics 
Arsenic 30.0 10.6 
Barium 898 153 
Mercury 1.45 O.-l 84 

Notes: 
1 - The maximum detected concentration is used for the RME scenario and the 

average concentration is used for the CTE scenario. 



TABLE 5-8 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 2 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Receptor Media Exposure 
Route 

Cancer 
Risk 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks T Chemicals with 

Cancer Risks 

> 10s and 5 lOa 

Hazard 
Index 

Chemicals with 
HI > 1 

I I I I >lO” 1 >10-5and5104 
REASONABLE MAXIMUM EXPOSURES 

Construction Worker IGroundwater IDermal Contact 1 O.OE+OO 1 __ I -_ I _- 1 0.00008 1 __ 

CENTRAL TENDENCY EXPOSURES 
Construction Worker IGroundwater IDermal Contact I O.OE+OO I __ I _- I __ 1 0.00004 1 _- 
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6.0 SITE 3 - AREA A DOWNSTREAM WATERCOURSES/OBDA 

'1. -"- --I AND SITE 14 - OBDANE 

6.1 SITE DESCRIPTION 

For the BGOURI, the Area Downstream Watercourses/OBDA (Site 3) and OBDANE (Site 14) are 

evaluated collectively. This approach was taken because the OBDANE falls within the general site 

boundary of the Area A Downstream Watercourses/OBDA site and any impacts from the OBDANE will be 

detected in the groundwater beneath Site 3. Descriptions of each of the sites are provided below. 

I 

6.1.1 Area A Downstream Watercourses/OBDA 

The Area A Downstream Watercourses receive surface water and groundwater recharge from the Area A 

Landfill, Area A Wetland, Torpedo Shops, OBDANE, and surrounding areas and convey them to the 

Thames River. The AreaA Downstream Watercourses include North Lake and several small ponds 

(Upper Pond, Lower Pond, and OBDA Pond) and interconnected streams (Streams 1 through 6). The 

general configuration of the AreaA Downstream Watercourses and adjacent areas is shown on 

Figure 6-1. The locations of these sites within NSB-NLON are shown on Figure 1-2. 

'\ 

The-primary water discharge point from the Area A Wetland to the Area A Downstream Watercourses is 

through four 24-inch diameter metal culvert pipes located within the dike that separates the Area A 

Wetland from the Area A Downstream Watercourses. The discharge from these culverts forms a small 

stream (Stream 4) that flows westward for approximately 200feet into Upper Pond. Upper Pond 

discharges to Stream 3, which flows northward and then westward toward Triton Avenue (past the 

OBDANE site) to the entrance of the Torpedo Shops. At this location, it meets the drainage channel from 

the Torpedo Shops and forms Stream 5. Stream 5 flows westward along Triton Avenue through the 

Small Arms Range and under Shark Boulevard and eventually discharges to the Thames River at the 

DRMO outfall. Upper Pond also has a discharge structure on the south side. A second pond (Lower 

Pond), northwest of Upper Pond, is a natural depression and is recharged by groundwater inflow. The 

outlet of the pond forms Stream 2, which enters a storm sewer and flows to the west around North Lake. 

1 

Groundwater discharges from the Area A Landfill to a small pond (the OBDA Pond) located at the base of 

the dike and the OBDA. Stream 1 flows from this pond westward toward North Lake, a recreational 

swimming area for Navy personnel. Under normal flow conditions, the stream enters a culvert that 

by-passes North Lake and discharges to a stream (Stream 6) below the outfall of the lake. Stream 6, 

which is formed by Stream 1, Stream 2, and the outflow of North Lake, flows westward under Shark 

Boulevard and through the golf course to the Thames River. North Lake is filled with potable water every 
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year and drained at the end of the season. Surface water levels in North Cake do not appear to coincide 

with groundwater levels in adjacent mon-itoring wells, indicating little hydraulic connection -between 

--16 

surface water of North Lake and the shallow groundwater. -. 

Most of the area is within designated Explosive Safety Quantity Distance (ESQD) of the Area A 

Weapons Center; therefore, further development is not planned for this area. Navy regulations prohibit 

construhion of inhabited buildings or structures within these arcs and, while existing buildings operate 

under a waiver of these regulations, no further construction is planned. 

A Proposed Plan and ROD were completed for this site; the ROD was signed in late 1997. A Remedial 

Design was completed for the soil and sediment at Site 3 in 1999. The Remedial Action for Site 3 soil 

and sediment was completed in 1999 and 2000. During the Remedial Action, contaminated soil and 

sediment was dredged and hauled off site for disposal, and wetlands and waterways in the area were 

restored. 

A previously unknown source of petroleum contamination was detected during the Remedial Action at 

Site 3. The source was found during the remediation of Stream 5 and is located on the north side of the 

stream just east of the Small Arms Range. Petroleum product was discovered emanating from the north 

side of the excavation. Upon further investigation, a small disposal area (i-e., drums, cable, etc.) was 

discovered upgradient of the location where petroleum was discovered. No additional investigation or 

remedial actions have been taken at this new source area. 

The OBDA is located on the slope of the dike below and adjacent to the Area A Landfill. It is located on 

the southwestern end of the dike where the angle of the slope approaches 45 degrees. A small wetland 

exists at the base of the dike. The OBDA area was used as a disposal site after the earthen dike was 

constructed in 1957. The IAS report (NEESA, 1983) indicated that the material had been there for many 

years. The IAS report also indicated that the materials were not covered and included 30 partially 

oovered ZOO-gallon metal fuel tanks and scrap lumber. Atlantic personnel inspected the OBDA on 
September 30, 1988 and observed approximately 30 empty, unlabeled 200-gallon tanks, old creosote 

telephone poles, several empty unlabeled 55-gallon drums, and rolls of wire. Orange sediments were 

observed in the water discharging from the base of the dike embankment. All the debris from the OBDA 

a;ea was removed and disposed off site as part of a time-critical removal action in 1997. 

’ 

6.1.2 OBDANE 

The OBDANE site is located in a heavily wooded area on the edge of a ravine northwest of the Area A 

Landfill, west of the Area A Weapons Center, and south of the Torpedo Shops. At one time, 

miscellaneous wastes were apparently dumped over the bedrock edge. The site is circular and ) 

. .  
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approximately 80 feet in diameter. A dirt road provides limited access to the wooded site. Figure 6-1 

shows the general site arrangement. A nearly vertical 20-foot-high bedrock face is located at the eastern 

edge of the site. The rest of the site slopes to the southwest. 

- 
4 -.+ 

The IAS report stated that the vegetation at the site indicated that no dumping had occurred within 

10 years prior to the 1982 investigation. Atlantic personnel inspected the site on September 30, 1988, 

and verified the IAS report of the presence of several empty fiber drums. No visual staining or stressed 

vegetation were observed at this time. No development of this area is currently planned. 

An Action Memorandum for a non-time critical removal action was prepared for Site 14 by the Navy in 

1999. A Work Plan for-the removal action has been prepared and the removal action will be conducted in 
I _  

2001. ... 

6.2 SITE INVESTIGATIONS 

The details of all investigations, including historical and current, conducted at the Area A Downstream 

Watercourses/OBDA and OBDANE are provided in the following subsections. 

6.2.1 Area A Downstream Watercourses/OBDA 

I 

6.2.1.1 Initial Assessment Study (Envirodyne, 1983) 

In 1982, Envirodyne Engineers performed an IAS at NSB-NLON as part of the NACIP program. The 

purpose of this study was to identify and evaluate past waste disposal practices and to assess the 

potential for environmental impacts. Envirodyne teviewed installation records, interviewed long-term and 

former employees, toured the installation, and photographed sites as part of the IAS. 

Envirodyne identified I1 sites at NSB-NLON as having contained hazardous material; two of the sites 

were Area A (Site 2), which included the Area A Landfill, the Area A Wetland, and the Area A 

Downstream Watercourses/OBDA (Site 3). The IAS concluded that the source of contamination for this 

site was still present and potentially releasing contaminants to the environment. The IAS recommended 

that further sampling of surface waters and sediments at this site be performed. 

6.2.1.2 Verification Step 1A Study (Wehran, 1988) 

In 1988, Wehran Engineering Corporation performed a Final Verification Step 1A Study for the DRMO 

Area, the OBDA, and the Area A Landfill as part of the NACIP program. The purpose of this study was to 

verify the presence or absence of contamination at these historically documented landfill areas. As part 

of the Verification Step 1A Study, Wehran performed three rounds of surface water and sediment 
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sampling at six locations (SW-1 through SW-6) adjacent to the Area A Landfill site, including the OBDA. 

These samples were analyzed for VOCs, SVOCs, pesticides/PCBs, and metals. 

4 

-- - 

-. 

The study concluded that the surface waters and sediments near the Area A Landfill Site have levels of 

metals, PAHs, and pesticides that exceed regulatory criteria; however, the immediate health threat to 

base personnel from these contaminants appears minimal- The Verification Step 1A Study 

recommended that a Site Characterization Step 1 B Study be performed at the Area A Site. 

6.2.1.3 Phase I Remedial Investigation (Atlantic, 1992) 

An investigation of 1 1 sites was completed at NSB-NLON by Atlantic Environmental Services from 1990 

through 1992. Two sites, Area A (Site 2) which includes the present Area A Landfill, the Area A Wetland, 

and the Area A Downstream Watercourses/OBDA (Site 3) were identified. 

One surface and four subsurface soil samples were collected from five monitoring well borings completed 

during the Phase I RI. With the exception of the surface soil sample collected from well 3MW12S, which 

was located adjacent to the wetland at the OBDA, the soil sampling was conducted at locations in 

undeveloped wooded areas where no past disposal had been reported. All five soil samples were 

analyzed for TCL VOCs, TCL SVOCs. TCL pesticides/PCBs, TAL metals <(tbtal), -and TCLP metals. In 

addition, TCLP pesticides analysis was conducted on the surface soil sample collected from well 

3MW 12s. 

Twenty-two sediment samples (plus three field duplicates) were collected for analysis from the wetland 

near the OBDA and the Area A Downstream Watercourses and associated ponds. The samples were 

collected from 18 sample locations and included five sample locations at the OBDA. Two sediment 

samples were collected at each OBDA sampling location (0 to 6 inches and 12 to 18 inches). All 

sediment samples were analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals (total), 

and TCLP metals and pesticides. 

Three shallow (overburden) and five deep (bedrock) monitoring wells were installed and sampled in this 

area, accounting for eight groundwater samples (plus one field duplicate). Additionally, 12 surface water 

samples (plus two field duplicates) were collected from this area. AH groundwater and surface water 

samples were analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals (total). In 

addition, gross alpha and gross beta radiological analyses were performed for three surface water 

samples and all groundwater samples except for the field duplicate sample. A wildlife survey was also 

performed in this area during the Phase I RI. 
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The Phase I RI concluded that several risk exposure scenarios exceeded acceptable regulatory levels 

and that a FS should be performed at the Area A Downstream Watercourses and OBDA Site. 

* 

6.2.1 -4 

A draft FFS covering surface soil and sediments at Site 3 was completed by Atlantic Environmental 

Services in 1994. During this investigation, eight surface soil samples (plus one f i  

collected and analyzed for TCL pesticides/PCBs. 

analyzed for grain size distribution, moisture content, and TOC. Additionally, 12 sediment samples (plus 

one field duplicate) were collected. Sample locations are shown on Figure 6-1. Ecological sampling was 

also performed as part of the FFS. 

Focused Feasibility Study (Atlantic, 1994b) 

Six of the eight surface soil 

Area A Downstream Watercourses and OBDA Site 3 was one of the sites investigated. Thirteen new 

groundwater wells (seven shallow and six deep) were installed and sampled during thePha I. Eight 

previously installed monitoring wells were also sampled. Two rounds of groundwater sampling were 

completed, and 23 samples (including two field duplicates) were collected during each sampling round. 

All groundwater samples collected during both rounds of sampling were analyzed for TCL VOCs, TCL 

SVOCs, and TAL metals (total and dissolved). In addition, nine selected samples and one duplicate were 

analyzed for gross alpha and gross beta radiological parameters. Four sediment samples and 16 surface 

water samples (including two field duplicate samples) were also collected at this site. 

i 

Based on RI and FFS-sampling results, VOCs, SVOCs, and PCBs were not found in the sediments at 

Site 3; however, pesticides were detected in sediment samples. In addition, DDTR was detected in all 

the soil samples at the site. The FFS concluded that off-site landfilling and on-site thermat desorption 

provide superior protection of the environment and t landfilling alternative is more cost effective 

than the on-site thermal desorption alternafive. 

I 

~ 
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j Samples collected during Round 2 were analyzed for several additional 
- 

I 
(sediment samples) only. 

ecological and chemical parameters. 
- -_  - 

~ 

Off-site reference samples were also collected for. surface water and sediment. in conjunction with the 

ecological sampling. These samples were collected from a reference stream and two ponds, similar in 

nature to the Area A Downstream and OBDA ponds and streams. For example, the reference ponds and 

stream had similar substrate, morphology, vegetation, current velocity, water temperature, pH, and 

dissolved oxygen (DO) levels but were located away from known sources of contamination to provide 

adequate data on background concentrations of constituents. The two ponds were Niantic Pond and 

Pequot Woods Ponds. The reference stream was Fishtown Brook, which is formed by the discharge from 

Pequot Woods Pond. 

i 

A soil gas survey was also performed in December 1993, as part of the Phase II RI. Forty-five soil gas 

samples were collected from a 150- by 150-foot grid in the vicinity of monitoring well 2DMW 15. Sampling 

was attempted at two additional locations (D19 and D41) but could not be completed due to repeated 

auger refusal at location D19 and the presence of water at location D41. All samples were field-screened 

for PCE, TCE, and toluene. 

- 

The Phase II RI concluded that VOCs were present in the groundwater at Site 3, the site poses 

noncarcinogenic risks to the site worker and older child trespasser, and notable concentrations of 

pesticides exist in site soil and sediments. The Phase II RI recommended that the feasibility study for this 

site should be revisited to focus on pesticides in soil and sediment, more sampling is required to delineate 

pesticide contamination and determine the origin of VOCs in groundwater, and finally, the debris 

associated with the OBDA should be removed. 

6.2.1.7 Focused Feasibility Study for Soil and Sediment (B&R Environmental, 1997f) 

A FFS for soil and sediment at Site 3 was completed by B&R Environmental in December, 1997. No 

additional samples were collected during this investigation, which evaluated four remedial alternatives for 

the Area A Downstream Watercourses and OBDA: no action; capping, restoration of wetlands and 

waterways, and institutional controls; dredging, on-site dewatering, off-site disposal of sediment and soil, 

restoration of wetlands and Waterways, and monitoring; and dredging, on-site dewatering, on-site thermal 

desorption of sediment and soil, on-base reuse of treated soil, off-site disposal of sediment, restoration of 

wetlands and waterways, and monitoring. 
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6.2.1.8 Proposed Plan, Record of Decision, and Remedial Action (B&R Environmental, 1997c 

and 1997g and Foster Wheeler, 2000) 

The preferred remedial alternative in the Proposed Plan consisted of dredging, on-site dewatering, off-site 

disposal of sediment and soil, restorat.ion of wetlands and waterways, and monitoring. The ROD, signed 

in December 1997, indicated that the Navy would proceed with the preferred remedial alternative. 

The site was remediated during the summer of 2000 by the Navy’s Remedial Action Contractor, Foster 

Wheeler, Inc. Streams 1 through 5 and the ponds (OBDA, Upper, and Lower) within Area A Downstream 

Watercourses/OBDA were addressed during the remedial action. Approximately 18,050 tons of 

contaminated soil and sediment were excavated and disposed at off-site disposal facilities during the 

action. The site was then restored. 

6.2.1.9 Basewide Groundwater OU RI 

During the BGOURI, both soil and groundwater samples were collected from Site 3 to further characterize 

the site. Three soil samples were collected and analyzed to determine the soil’s characteristics for 

groundwater fate and transport modeling purposes. The samples were analyzed for bulk density, 

porosity, pH, and TOC, and the results are provided in Appendix B. Soil sample S3SB290911 was 

collected in order to obtain the data for porosity, pH, TOC, and bulk density. This sample was a 

replacement for the soil sample not collected from 3MW14S. The methodology used to complete soil 

sampling was discussed in Section 2.2. 

During the first phase of the RI, seven shallow overburden temporary monitoring wells were installed and 

sampled to determine the extent of VOC contamination. A summary of the sampling and analytical 

program is presented in Table 6-l. The seven temporary monitoring wellsthat were sampled are shown 

on Figure 6-1. A field duplicate was also collected from temporary monitoring well 3TW22. The 

methodology used to complete groundwater sampling was discussed in Section 2.3. The temporary 

monitoring wells were properly abandoned after sampling was completed. 

One permanent overburden monitoring well (2DMW29S) was also sampled during the first phase of the 

RI. The sample’s ID was S3MW29S03. The results from this well were used for screening purposes and 

were not subsequently used in the RI for COPC screening or the human health risk assessment. 

Monitoring well 2DMWll D was destroyed during the OBDA remediation, therefore it was not sampled. 

A comparison of the groundwater data collected from this well during the Phase II RI against current 

groundwater screening criteria shows that there are no exceedances of regulatory criteria. Therefore, 

there was no reason to replace this well after the remedial activity. 
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Seventeen existing permanent overburden and bedrock monitoring wells were sampled during the 

second phase of the RI. One newly installed permanent overburden monitoring well (3MW14S) was also 

sampled during the second phase of the RI. A summary of the sampling and analytical program for these 

wells is also presented in Table 6-l. The analytical program for the Site 3. wells included natural- 

attenuation-specific parameters. The 18 monitoring wells that were sampled are also shown on 

Figure 6-l. A field duplicate was also collected from monitoring well 2DMW24D. Samples from two of 

the 18 monitoring wells were filtered in the field and analyzed for dissolved metals. The methodology 

used to complete groundwater sampling was discussed in Section 2.3. 

6.2.2 OBDANE 

6.2.2.1 Initial Assessment Study (Envirodyne, 1983) 

In 1982, Envirodyne Engineers performed an IAS at NSB-NLON as part of the NACIP program. The 

purpose of this study was to identify and evaluate past waste disposal practices and to assess the 

potential for environmental impacts. Envirodyne reviewed installation records, interviewed long-term and 

former employees, toured the installation, and photographed sites as part of the IAS. 

Envirodyne identified 11 sites at NSB-NLON as having contained hazardous material; one site was the 

Overbank Disposal Area Northeast, or OBDANE (Site 14). The IAS concluded that the source of 

contamination for this site was still present and potentially releasing contaminants to the environment. 

The IAS recommended that “No Dumping” signs be posted at the site. 

6.2.2.2 Phase I Remedial Investigation (Atlantic, 1992) 

An investigation of 11 sites was completed at NSB-NLON by Atlantic Environmental Services from 1990 

through 1992. OBDANE Site 14 was one of the sites investigated. The Phase I RI field investigation at 

this site consisted of surface soil sampling. Four surface soil samples were collected from two locations 

within the limits of the identified disposal area during the 1990 Phase I RI. A sample was collected from 

the 0- to 6-inch and 12- to l&inch interval from each location. A fifth sample (14SS3C) plus a field 

duplicate were composites of the two surface samples. The Phase I RI concluded that there was 

negligible risk associated with this site and recommended that a supplemental Step I Investigation be 

performed for Site 14. 

6.2.2.3 Phase II Remedial Investigation (B&R Environmental, 1997a) 

A Phase II RI at 13 sites at NSB-NLON was conducted by B&R Environmental from 1995 through 1997. 

OBDANE Site 14 was one of the sites investigated. A single shallow monitoring well (14MWlS) was 
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installed in the presumed downgradient direction from the site during the Phase II RI. The well was 

sampled during Rounds 1 and 2 of the Phase II RI and analyzed for TCL VOCs, TCL SVOCs, and TAL 

metals (total and dissolved) in each round. 

Six additional soil samples were collected from three different borings during the Phase II RI. Samples 

were collected from depths of 0 to 2 feet and 8 to 10 feet from boring 14TBl (located within the limits of 

the disposal area) and from depths of 0 to 2 feet and 2 to 4 feet from boring 14TB2 (located south of the 

disposal area). Two soil samples were also collected from the boring drilled for the installation of a 

monitoring well (14MWl) from depth intervals of 0 to 2 feet and 2 to 4 feet. In addition, a single surface 

soil sample (0 to 6 inches) was collected approximately 75 feet’south of the disposal area. All soil 

samples were analyzed for TCL VOCs, TCL SVOCs, and TAL metals (total). In addition, the two soil 

samples from 14MWl were also analyzed for TCLP metals and the soil sample 14SS3 was also analyzed 

for TCL pesticides/PCBs. 

.The Phase II RI concluded that all human health risks were found to be within or below USEPA’s target 

range; however, arsenic was found in surface soil samples at concentrations that slightly exceeded state 

standards, and lead contamination was found in surface soil samples approximately‘80 feet south of the 

site. The RI Report recommended that further characterization of the surface soil with respect to arsenic 

and lead should be completed. 

6.2.2.4 Basewide Groundwater OU RI 

During the BGOURI, only one groundwater sample was collected from the existing monitoring well 

(14MWlS) to further characterize this site. A summary of the analytical program for the single sample is 

presented in Table 6-l. Monitoring well 14MWlS is shown on Figure 6-l. The groundwater sample 

collected from monitoring well 14MWlS was not filtered in the field nor was it analyzed for dissolved 

metals. The methodology used to complete groundwater sampling was discussed in Section 2.3. 

6.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for Sites 3 and 14 based on information 

generated during the Phase I, Phase II, and BGOU Rls. Topography and surface features, surface water, 

soils, geology, and hydrogeology are discussed in the subsections that follow. 

6.3.1 Topopraphv and Surface Features 

Sites 3 and 14 are located within the lower portion of a northwest-trending valley (northern valley) situated 

between the topographic/bedrock high that occupies the central area of the NSB-NLON and the 

120009/P 6-9 CT0 0312 



REVISION 2 
DECEMBER 2001 

topographic/bedrock high that forms the northern border of the NSB-NLON. Figure 6-1 shows the 

topography and surface features of Sites 3 and 14. The northern valley is relatively narrow in the eastern 

portion of the site near the earthen dike, then widens downvalley to the west. 

The ground surface elevation drops steeply approximately 30 to 40 feet from the Area A Wetland ,across 

the dike to the downstream valley floor. The ground surface in the downstream area near the dike is at 

an approximate elevation of 40 feet msl. From the base of the dike, the ground surface elevation gently 

drops along the lower stream valley (Site 3) toward the Thames River. A local topographic high that rises 

to 70 feet msl exists east of North Lake and is believed to reflect a local bedrock high. The OBDA is 

located,in a relatively flat area at the base of the dike. The ground elevation is approximately 40 feet msl 

at the OBDA. The OBDANE is located near the base of the bedrock high that slopes southwestward from 

the Area A Weapons Center. The ground elevation at the OBDANE ranges from approximately 80 to 50 

feet msl. Downslope of the site, the ground flattens toward the Area A Downstream Watercourses. 

There are relatively few buildings (Buildings 281, 468, 223, 282, 454) at Site 3. Most of these buildings 

are associated with the recreational area at North Lake and the golf course. A large portion of the area is 

a golf course. Further development is not planned for this area because most of it is within the 

designated ESQD arcs of the Weapons Center. 

6.3.2 Surface Water Features 

The Area A Downstream Watercourses receive surface water and groundwater recharge from the Area A 

Landfill, Area A Wetland, Torpedo Shops, OBDANE, and surrounding areas and convey them to the 

Thames River. The Area A Downstream Watercourses include North Lake and several small ponds 

(Upper Pond, Lower Pond, and OBDA Pond) and interconnected streams (Streams 1 through 6). 

6.3.3 Soil Characteristics 

According to the SCS Soils Map (SCS, 1983), the soil in the eastern portion of Site 3 (between the 

earthen dike and North Lake) is Charlton-Hollis complex. This complex consists of rocky, fine sandy 

loam. In the western portion of the site, which is primarily a golf course, the soil is classified as 

Udorthents-Urban land. Along the bedrock high near wells 2DMW16, 2DMW24, and 2DMW25, the soil is 

classified as the Hollis-Charlton-Rock complex. This soil is defined as stones and boulders intermingled 

with a dark, fine, sandy loam. The soils at the OBDA and OBDANE are also defined as the Hollis- 

Charlton-Rock complex. 
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6.3.4 Geolonv and Hvdroneolony 

The following discussion describes geologic and hydrogeologic conditions at Sites 3 and 14. Additional 

information regarding the northern region geology and hydrogeology can be found in Section 4.1 of this 

report, as well as in previous site investigation reports prepared for NSB-NLON. 

Geology 

The geology of Sites 3 and 14 consists of overburden deposits (primarily of silt, sand, and gravel) 

overlying metamorphic bedrock. The bedrock within Sites 3 and 14 has been identified as the Mamacoke 

Formation. The overburden consists of silty sand and gravel and is mapped as stratified drift of former 

meltwater streams (USGS, 1960). Although these are natural materials, they have most likely been re- 

worked in the area of the golf course. Figures 4-8, 4-9, and 4-l 1 show generalized geologic cross 

sections that include portions of Site 3. 

In general, the overburden thickness increases from the valley margins to the center of the valley and 

from southeast to northwest along the valley axis. The overburden thickness is less than 5 feet at wells 

2DMW23S and 2DMWl OD and less than 15 feet at wells 2DMW25D and 2DMW27D. The overburden is 

thicker in the golf course area, and bedrock surface was not encountered in the 50-foot boring at well 

2DMW26D. 

The bedrock surface slopes from the northern and central bedrock highs that surround the area toward 

the northwest-trending valley. There appears to be a localized bedrock high at well 2DMWl5D. The 

depth to bedrock is only 4 feet at this location, and the bedrock surface elevation is higher than was 

encountered in surrounding boreholes. This local bedrock high corresponds to a local topographic high 

within the valley. 

The OBDA is located along the base of the earthen dike,. below and adjacent to the Area A Landfill. 

During the Phase I RI, two monitoring wells were installed (3MW12S and 3MW12D) in this area. The 

boring logs indicate that the overburden locally.consists of sand and boulders. The depth to bedrock was 

approximately 15 feet. 

The overburden at OBDANE consisted of sand with traces of mica. There are bedrock exposures 

upslope of the site. Bedrock was encountered at depths of 12 feet bgs at OBDANE. 
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Hydrogeology 

Groundwater is present in both the overburden and bedrock underlying Sites 3 and 14. The saturated 

thickne,ss of the overburden ranges from a few feet, along the valley margins, to greater than 40 feet, in 

the central portion of the stream valley. Depth to groundwater ranges from a few feet in the eastern 

portion to over 15 feet in the golf course area to the west. Figures 4-2 and 4-4 show groundwater flow 

patterns in the shallow overburden across Sites 3 and 14, based on the June and August 2000 rounds of 

water-level measurements. Figures 4-3 and 4-,5 show groundwater flow patterns for the shallow bedrock 

during the same time periods. In both the overburden and bedrock, groundwater flows from the 

topographic/bedrock highs and the Area A Wetland to the site. From the downstream area, groundwater 

flows to the west toward and discharges into the Thames River. At the OBDA, there are upward 

gradients between the overburden and bedrock at the 2DMWll and 3MW12 well clusters. Vertical 

gradients between the overburden and bedrock are mixed across Site 3 but are predominantly upward. A 

downward gradient was observed at well cluster 2DMW24S/D, and upward head differentials were 

observed at well clusters 2DMWlGS/D, 2DMW25S/D, and 2DMW28S/D (see Tables 2-2 and 2-3). 

Along the valley margins and near the Area A Wetlands dike, local groundwater flow gradients are steep. 

As the bedrock slope becomes milder and the overburden thickens, the hydraulic gradients flatten. The 

overall hydraulic gradient in the direction of groundwater flow across Site 3 within both the overburden 

and bedrock is approximately 0.024, based on the June and August 2000 water-level data. In both the 

overburden and bedrock, the hydraulic gradient slightly steepens toward the Thames River. 

Slug tests have been performed in a total of 40 overburden and bedrock wells over the course of the 

various RI field investigations (see Table 4-l). Slug test results for alluvium and bedrock wells are most 

applicable to Site 3. For the alluvium, an overall average (geometric mean) hydraulic conductivity of 

5.3 ft/day was calculated from the test results. For the bedrock, an overall average bulk hydraulic 

conductivity of 1.8 ft/day was calculated from the slug test results. 

Using a flow gradient of 0.024, a hydraulic conductivity of 5.3 ft/day, and a measured porosity of 0.33, the 

average groundwater flow velocity through the predominantly sandy alluvial materials across Site 3 was 

calculated as approximately 0.4 ft/day. This velocity is based on limited data, especially in regard to 

hydraulic conductivities, and therefore should be regarded as a rough estimate only. 

6.4 NATURE AND EXTENT OF CONTAMINATION 

The soil and sediment data collected from previous investigations is not discussed since a removal action 

in 2000 removed all of the assessed material. 
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6.4.1 Historic Investigations - Site 3 

Groundwater sampling was conducted.at Site 3 during the Phase I and Phase II Rls and the FFS. Based 

upon the results of these investigations, the nature and extent of contamination of groundwater at the site 

are discussed in the following text. Appendix D presents descriptive statistics (frequency of detection, 

minimum and maximum concentrations, range of detection limits for nondetects, 95% UCL, and sample 

number and location associated with maximum concentration) and associated COPC screening criteria 

for each analyte detected at least once in groundwater samples collected from Site 3. 

Groundwater samples from both overburden and bedrock wells installed within the Area A Downstream 

Watercourses and downgradient of the OBDA were collected during previous investigations. Well 

2DMW27S was screened at an interval that spans both the overburden and bedrock aquifers. 

Groundwater samples collected from this well are considered to be representative of the overburden 

aquifer for purposes of data evaluation. 

Overburden Wells 

Seven VOCs, including six halogenated aliphatics and benzene, were detected in the groundwater 

samples collected from the overburden wells at the Area A Downstream Watercourses. Each VOC was 

detected in from one to three of 25 samples. Most of the positive results were associated with samples 

collected from well 2DMW29S, located along Triton Road in the north-central portion of the site. 

Maximum concentrations of total 1,2-dichloroethene (28 us/L), bromodichloromethane (2 us/L), 

chloroform (12 us/L), methylene chloride (11 us/L), and vinyl chloride (130 ug/L) were detected in 

samples from this well. As discussed in the Phase II RI (B&R Environmental, 1997a), none of these 

chemicals were identified in the surface water samples collected from the adjacent drainageway along 

Triton Road. The source(s) of this groundwater contamination is not known. However, a potential source 

could be a recently discovered disposal area along Triton Road. 

Two phthalate esters (plasticizers that are common field and laboratory contaminants) and benzoic acid 

were each detected in from one to three of the groundwater samples collected from overburden wells. 

Concentrations of bis(2-ethylhexyl)phthalate ranged from ‘6 ug/L to 59 ug/L. This SVOC was also 

detected at a concentration of 3 ug/L in one of the groundwater samples collected from the off-site 

residential wells. Concentrations of the remaining two SVOCs ranged from only 0.6 ug/L to 0.7 pg/L. 

Neither pesticides nor PCBs were detected in groundwater samples collected from the overburden wells. 

Twenty-three metals were detected in unfiltered groundwater samples collected from the overburden 

wells and 19 metals were detected in the associated filtered groundwater samples. Greater than two- 

thirds of the maximum concentrations of metals were associated with samples collected from overburden 
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wells 2DMW30S and 2DMW12S. Notable results for metals include maximum concentrations reported 

for aluminum (97,400 ug/L), arsenic (23.9 us/L), barium (835 us/L), manganese (6,710 pg/L), vanadium 

(229 pg/L), and zinc (800 pg/L). 

Radionuclide analyses (gross alpha and gross beta) were performed for three groundwater samples 

collected from overburden wells during the Phase I RI. Complete gamma spectrum analysis and 

analyses for gross alpha and gross beta were performed for four groundwater samples collected from 

overburden wells during the Phase II RI. Gross alpha concentrations reported for samples collected from 

the overburden wells ranged from 6 pCi/L to 89 pCi/L, and gross beta concentrations ranged from 

5.1 pCi/L to 64 pCi/L. Maximum concentrations of gross alpha and gross beta were associated with the 

groundwater sample collected from well 3MW12S during Round 2 of the Phase II. Complete gamma 

spectrum analyses performed during Rounds 1 and 2 of Phase II yielded no positive results for 

radionuclides. 

Analyses for hardness were performed for 19 of the groundwater samples collected from overburden 

wells. Reported results for this parameter ranged from 43 mg/L to 456 mg/L. 

Bedrock Wells 

Five halogenated aliphatics (1 ,I ,2,2-tetrachloroethane, total 1,2-dichloroethene, chloroform, methylene 

chloride, and TCE) were detected in the groundwater samples collected from bedrock wells at the Area A 

Downstream Watercourses. Each VOC was detected in from one to four of the 25 groundwater samples. 

Concentrations ranged from 1 ug/L (TCE) to 17 pg/L (also TCE). Maximum concentrations of 

1 ,I ,2,2-tetrachloroethane, total 1,2-dichloroethene, and TCE were detected in the groundwater sample 

collected from well 2DMW16D, located approximately 125 feet southeast of North Lake, during the Phase 

I RI. 

Eleven SVOCs were also detected in groundwater samples from the Area A Downstream Watercourses 

bedrock wells. Six PAHs, ranging in concentration from 1 ug/L to 4 pg/L, were detected in the 

groundwater sample collected during Round 1 of the Phase II RI from well 3MW12D. This well is located 1 

at the downgradient edge of the OBDA. As discussed in the Phase II RI (B&R Environmental, 1997a), 

PAHs were also prevalent contaminants in the sediment samples collected from the OBDA wetland. The 

dredge spoils placed in this area are the most likely source of PAH contamination. 

In addition, bis(2-ethylhexyl)phthalate was detected in five groundwater samples at concentrations 

ranging from 2 pg/L to 20 ug/L. Two additional phthalates, benzoic acid, and phenol were each detected 

in one or two groundwater samples at concentrations ranging from 0.5 ug/L to 5 pg/L. As previously 
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noted, phthalates are considered to be common laboratory contaminants. Neither pesticides nor PCBs 

were detected in any of the groundwater samples. 

Twenty-two metals were detected in unfiltered groundwater samples collected from the bedrock wells and 

18 metals were detected in the associated filtered groundwater samples. Approximately 42 percent of the 

maximum concentrations of metals were associated with samples collected from bedrock well 2DMW12D. 

Notable results for metals include maximum concentrations reported for manganese (7,630 ug/L) and 

sodium (3,560,OOO us/L). 

Radionuclide analyses (gross alpha and gross beta) were performed for three groundwater samples 

collected from overburden wells during the Phase I RI. Complete gamma spectrum analysis and 

analyses for gross alpha and gross beta were performed for four groundwater samples collected from 

overburden wells during the Phase II RI. Positive results for samples collected from the bedrock wells 

ranged from 3.1 pCi/L to 35 pCi/L, and gross beta concentrations ranged from 5.6 pCi/L to 40 pCi/L. 

Complete gamma spectrum analyses performed during Rounds 1 and 2 of Phase II yielded no positive 

results for radionuclides. 

Analyses for hardness were performed for 19 of the groundwater samples collected from bedrock wells. 

Reported results for this parameter ranged from 28 mg/L to 572 mg/L. 

6.4.2 Historic lnvestiaations - Site 14 

This section presents an evaluation of the nature and extent of contamination in the OBDANE (Site 14). 

The discussion includes analytical results for soil and groundwater samples collected during the Phase I 

and Phase II Rls. Appendix D presents descriptive statistics (frequency of detection, minimum and 

maximum concentrations, range of detection limits for nondetects, 95% UCL, and sample number and 

location associated with maximum concentration) and associated COPC screening criteria for each 

analyte detected at least once in groundwater samples collected from Site 14. 

Soil 

Eleven VOCs were detected in the 10 OBDANE soil samples analyzed for this fraction. However, eight of 

these VOCs, including six chlorinated hydrocarbons, benzene, and total xylenes, were detected in a 

single surface soil sample at very low concentrations (i.e., with one result at a concentration of 

0.008 mg/kg and the remaining results at concentrations of 0.002 mg/kg or 0.003 mg/kg). This sample, 

14SS3, was collected from a depth interval of 0 to 0.5 foot bgs at a location approximately 75 feet south 

(and cross-gradient) of the actual disposal area. PCE was detected in two surface soil samples at 

concentrations of 0.002 mg/kg and 0.003 mg/kg. Toluene (0.018 mg/kg) and methylene chloride 
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(0.007 mg/kg) were each detected in a single soil sample. These results are not considered to be 

indicative of a major source of VOCs. 

Ten PAHs and benzoic acid were detected in from two to five of the eight OBDANE soil samples 

analyzed for SVOCs. The maximum concentrations of all PAHs were detected in the soil sample 

collected from a depth interval of 8 to 10 feet bgs from boring 14TB1, located in the northwestern portion 

of the disposal area; however, these maximum concentrations were relatively low, ranging from 

0.04 mg/kg (phenanthrene) to 0.11 mg/kg [benzo(a)pyrene and chrysene]. The sum of all SVOC 

concentrations reported for this sample was 0.877 mg/kg. The sum of SVOC concentrations reported for 

the sample collected from a depth interval of 0 to 2 feet from boring 14TBl was 0.757 mg/kg. No SVOCs 

were detected in the soil sample collected at a 2- to 4-foot interval from boring 14TB2A. The sums of 

SVOC concentrations for the remaining OBDANE soil samples ranged from 0.029 mg/kg to 0.43 mg/kg. 

Surface soil samples 14SS3 and 14SS3C were also analyzed for pesticides and PCBs. 4,4’-DDT 

(0.4 mg/kg) and related compounds, 4,4’-DDE (0.074 mg/kg) and 4,4’-DDD (0.011 mg/kg), were detected 

in sample 14SS3. These results do not appear to indicate that pesticide-contaminated material was 

disposed at this site but rather that this site may have been affected by past base-wide applications of 

4,4’-DDT. 

Twenty-three metals were detected in the soil samples, although five of these metals (antimony, boron, 

mercury, selenium, and silver) were detected in only one or two samples. The maximum concentrations 

of 10 metals were detected in the samples collected from a depth interval of 0 to 2 feet bgs from well 

14MWlS. Four additional maximum concentrations were detected in the sample collected from a depth 

interval of 2 to 4 feet bgs from this same well. Three metals (arsenic, boron, and lead) were detected in 

surface sample 14SS3 at concentrations (16.3 mg/kg, 27.6 mg/kg, and 403 mg/kg, respectively) notably 

greater than the respective concentrations of these metals detected in the other soil samples. All other 

metals in surface soil sample 14SS3 were reported at concentrations below the maximum detected 

concentrations for the other samples. Because soil samples collected from the disposal area do not 

contain these metals at elevated concentrations, a source could not be identified. 

TCLP extraction followed by analysis for metals was performed for four of the OBDANE soil samples. 

Cadmium (0.0079 mg/L), chromium (0.0032 mg/L), and lead (0.306 mg/L) were each detected in one of 

the TCLP leachates. Barium was detected in two of the TCLP leachates (0.1 mg/L and 0.11 mg/L). 

Groundwater 

Only one VOC (carbon disulfide) and one SVOC [bis(2-ethylhexyl)phthalate] were detected in the two 

groundwater samples collected from well 14MWlS. Both chemicals were detected at an estimated 

120009/P 6-l 6 CT0 0312 



REVISION 2 
DECEMBER 2001 

concentration of 1 ug/L. Bis(2-ethylhexyl)phthalrIte was also detected at a concentration of 3 ug/L in one 

of the off-site residential wells. Neither of these compounds was detected in any of the soil samples 

collected at the site. Therefore, as stated in the preceding section, the OBDANE does not appear to be a 

major source of organic contamination. 

Eleven metals were detected in the unfiltered OBDANE groundwater samples, and 12 metals were 

detected in the associated filtered groundwater samples. With the exception of aluminum (detected at a 

concentration of 171 ug/L in unfiltered sample 14GWlS only), there were no significant differences 

between filtered and unfiltered metals results (i.e., filtered and unfiltered results for the remaining metals 

were at the same order of magnitude). Maximum concentrations of arsenic in filtered samples and of 

boron and cobalt in unfiltered samples exceeded respective concentrations of these metals detected in 

the unfiltered groundwater samples collected from the off-site residential wells. Notable results include 

boron (Cmax = 130 us/L) and manganese (Cmax = 779 ug/L) in both filtered and unfiltered samples. 

Analyses for hardness were also performed for the two OBDANE groundwater samples. Reported results 

for this parameter were 24 ug/L and 32 ug/L. 

6.4.3 Basewide Groundwater OU RI 

This section presents a discussion of the current nature and extent of groundwater contamination at Sites 

3 and 14, based on groundwater data collected during the BGOURI. A summary of the groundwater 

samples collected is presented in Table 6-1. Results from the Phase II RI are presented in Table 6-3. 

The Phase II RI data were not used in the statistical analysis. The data from 2DMWl ID would not impact 

the HHRA or the conclusions in Section 6. Tables 6-2 and 6-3 present a summary of the positive 

analytical detections at Sites 3 and 14. Table 6-2 presents the positive detections for temporary wells, 

and Table 6-3 presents the positive detections for permanent wells. As part of the HHRA (Section 6.6) 

process, a screening process for COPCs was performed. The chemicals retained as COPCs as a result 

of the screening process are presented in Table 6-4. Tables,6-5 and 6-6 in the HHRA present descriptive 

statistics and the COPC screening criteria for each analyte detected in at least one groundwater sample 

at the Area A Landfill. The distribution of COPCs and their concentrations are presented on Figure 6-3. 

Overburden Wells 

Four VOCs (chloroform, cis-I ,2-dichloroethene, TCE, and vinyl chloride) were detected in one or more of 

the 10 groundwater samples that were collected from the overburden aquifer. Detected concentrations of 

these VOCs ranged from 1.71 ug/L (cis-1,2-dichloroethene ) to 31.3 pg/L (vinyl chloride). VOCs were 

detected infrequently in overburden groundwater. Chloroform, 1,2-dichloroethene, (total), and vinyl 

chloride were also detected in overburden groundwater samples collected during previous investigations. 
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Concentrations of these chemicals were lower in samples collected during the current investigation than 

they were in samples collected during the previous investigations. 

Acetone was detected at concentrations of 27.8 J pg/L and 28.9 J pg/L in two samples collected from 

temporary wells installed in the overburden aquifer. Cis-1,2-dichloroethene (1.71 ug/L) and vinyl chloride 

(4.65 pg/L) were detected in one groundwater sample collected from a temporary well. 

A detailed discussion of potential sources of VOCs in groundwater is provided in Section 6.52 (Natural 

Attenuation Evaluation). 

Several PAHs and 4-methylphenol were the only SVOCs detected in groundwater, at Site 3. 

Concentrations of most of these SVOCs were low, ranging from 0.03 J ug/L (benzo(k)fluoranthene) to 

2 J ug/L (4-methylphenol). With the exception of fluoranthene, which was detected in 3 groundwater 

samples, each of the SVOCs detected was only found in one groundwater sample. PAHs and 

4-methylphenol were not detected in overburden groundwater samples collected during previous 

investigations. 

Trace levels of 4,4’-DDD (0.019 J ug/L) and 4,4’-DDT (0.034 J ug/L) were the only pesticides detected in 

groundwater from the overburden aquifer at Site 3. These compounds were only detected in the sample 

collected from monitoring well 2DMW30S. High levels of total suspended solids were measured in this 

well and are the likely cause of the detections of DDD and DDT. Pesticides ‘were not detected in 

overburden groundwater samples collected during previous investigations. 

Fifteen metals were detected in unfiltered overburden groundwater samples and nine metals were 

detected in filtered overburden groundwater samples. Reported concentrations of metals in filtered and 

unfiltered samples were relatively similar (i.e., at the same order of magnitude). In general, the detected 

concentrations of metals were low. Arsenic at a concentration of 6.1 ug/L at well 2DMW29S was the only 

metal that exceeded the HHRA screening .criteria. Concentrations of all metals were lower in 

groundwater samples collected during this investigation than they were in samples collected during 

previous investigations. 

Bedrock Wells 

Three VOCs (chloroform, cis-1,2-dichloroethene, and TCE) were detected in nine groundwater samples 

collected from the bedrock aquifer. Concentrations of these VOCs were low, ranging from 1.88 ug/L 

(TCE) to 8.76 J pg/L (TCE), and were detected infrequently in bedrock groundwater during the current 

investigation. Chloroform, 1,2-dichloroethene (total), and TCE were also detected in bedrock 

groundwater samples collected during previous investigations. Concentrations of 1,2-dichloroethenes 
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and TCE were lower in samples collected during the current investigation than they were in samples 

collected during the previous investigations. 

No SVOCs, pesticides, or PCBs were detected in groundwater samples collected from the bedrock 

aquifer. 

Fourteen metals were detected in unfiltered bedrock groundwater samples and eight metals were 

detected in filtered bedrock groundwater samples. Reported concentrations of metals in filtered and 

unfiltered samples were relatively similar (i.e., at the same order of magnitude). In general, the detected 

concentrations of metals were low. Arsenic at 6.1 pg/L in well 2DMW29S and thallium at 4.4 J ug/L at 

well 2DMWlOD were the only metals that exceeded the HHRA screening criteria. Concentrations of all 

metals were lower in g’roundwater samples collected during this investigation, than they were in samples 

collected during previous investigations, with the exception of silver and zinc. 

6.5 CONTAMINANT FATE AND TRANSPORT 

6.5.1 Chemical-Specific Evaluation 

Four classes of chemicals were detected in groundwater during the BGOURI: halogenated aliphatics, 

PAHs, pesticides, and metals. Halogenated aliphatics, PAHs, and metals were also detected in 

groundwater during the Phase II RI. These classes were also detected in soil samples collected during 

the Phase II RI. No soil samples were collected for analysis during the BGOURI. 

Halogenated Aliphatics 

TCE and vinyl chloride were the most notable halogenated aliphatics in groundwater during both’ the 

Phase II RI and BGOURI. TCE was only detected in deep wells during the Phase II RI but was detected 

in both shallow and deep wells during the BGOURI. The maximum detected concentrations of TCE were 

higher in the BGOURI (max = 8.76 pg/L) than they were in the Phase II RI (max = 3 us/L). Vinyl chloride 

has only been detected in shallow groundwater during both investigations and only in one permanent well 

(2DMW29S). The detected concentration of vinyl chloride was lower in the BGOURI (31.3 us/L) than it 

was in the Phase II RI (130 pg/L). TCE and vinyl chloride were not detected in soil samples collected 

during the Phase II RI so a source area could not be identified. Halogenated aliphatic hydrocarbons such 

as TCE are relatively water soluble and have a low capacity for retention by soil organic carbon and, 

therefore, TCE is frequently detected in groundwater. TCE may migrate through the soil column after 

being released by a spill event or by a subsurface release, either as a product/waste or, if bound to soil 

particles or otherwise immobilized, when solubilized by infiltrating precipitation. Some portion of TCE may 

be retained by the soil, but most of the chemical will continue migrating downward until it reaches the 
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water table. At that time, migration is primarily with the hydraulic gradient, unless it is present as a 

separate phase, in which case it will tend to sink [TCE can be a dense non-aqueous-phase liquid 

(DNAPL) chemical]. 

TCE is susceptible to anaerobic degradation and one of its degradation products is vinyl chloride. The 

presence of vinyl chloride in Site 3 groundwater is likely the result of’the degradation of TCE. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

PAHs were detected sporadically in deep groundwater during the Phase II RI and in shallow groundwater 

during the BGOURI. PAHs were only detected in surface soil in the Phase II RI. PAHs are generally 

considered to be fairly immobile in the environment. As noted in Section 3.3, PAHs have very low 

solubilities, vapor pressures, and Henry’s Law constants and high organic carbon partition coefficient 

(K,,s) and octanol-water partition coefficient (&,$). The low-molecular weight PAHs (e.g., acenaphthene, 

anthracene, fluorene, phenanthrene) are more mobile (higher solubilities, etc.) than the high-molecular- 

weight PAHs [e.g., benzo(a)pyrene, benz(a)anthracene, chrysene, etc.]. PAHs in soil are much more 

likely to bind to soil and be transported via mass transport mechanisms than go into solution. PAHs can 

be degraded via aerobic bacteria but may be relatively persistent in the absence of microbial population 

or macronutrients such as phosphorous and nitrogen. 

Pesticides 

Trace levels of DDT and its metabolite DDD were detected in one shallow groundwater well (2DMW30S) 

at Site 3 during the BGOURI. High levels of total suspended solids were measured in this well and are 

the likely cause of the detections of DDD and DDT. Pesticides were not detected in shallow or deep 

groundwater during the Phase II RI. Whether pesticides are sprayed, dusted, or applied directly to the 

soil, the soil is the ultimate sink for these chemicals. Surface soil runoff may carry pesticides to adjacent 

surface water bodies. Bioconcentration of pesticides in the food chain is another important fate 

mechanism. Hydrolysis, oxidation, and photolysis are not generally important fate mechanisms for 

pesticides in soil or water. Hydrolysis half-lives for several pesticides are reported in periods of months to ~ 

years. 

DDT and its metabolites (DDD and DDE) are considered to be persistent chemicals. They undergo 

extensive adsorption to soil and are not highly soluble. Biodegradation may occur under both aerobic and 

anaerobic conditions in the presence of certain soil microorganisms. Under aerobic conditions, DDT may 

be transformed to DDE, and under anaerobic conditions, DDD may result. DDD, DDE, and DDT are, 

however, somewhat volatile, with a reported half-life of 100 days for DDT. They are highly lipophilic and 

therefore readily bioaccumulate. 
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Metals 

Twenty-four metals were detected in shallow and deep groundwater samples during the Phase II RI 

investigation and 18 metals were detected in shallow and deep groundwater samples during the 

BGOURI. Antimony, beryllium, boron, mercury, selenium, and vanadium were detected during the Phase 

II RI but not during the BGOURI. Overall, the concentrations of metals were higher in the samples 

collected during the Phase II RI than those in the BGOURI. The concentrations of most of the detected 

metals in samples collected during the BGOURI were within naturally occurring background levels. No 

background samples were collected during the Phase II RI. 

As noted in Section 3.3, metals are highly persistent environmental contaminants. They do not 

biodegrade, photolyze, hydrolyze, etc. The major fate mechanisms for metals are adsorption to the soil 

matrix (as compared to being part of the soil structure) and bioaccumulation. 

In addition, under normal conditions, metals are not very mobile in the environment. Because metals 

frequently remain bound to particulate matter, the major transport mechanism. for metals is bulk 

movement processes (erosion). However, metals can become mobile in the environment under certain 

conditions. The mobility of metals is influenced primarily by their physical or chemical properties in 

conjunction with the physical and chemical properties of the soil matrix. Factors that assist in predicting 

the mobility of metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The 

mobility of metals generally increases with decreasing soil pH and cation exchange capacity. The effect 

of REDOX potential varies for each metal. 

Groundwater samples S32MWlODOl and S32DMW16SOl were analyzed for total metals and dissolved 

metals. A comparison of the total and dissolved concentrations indicates that there was little difference 

between the total and dissolved concentrations for calcium, magnesium, manganese, potassium, and 

sodium, which indicates that these metals are more likely to be in the dissolved phase rather than bound 

to particulate matter. Metals in the dissolved phase would be more likely to migrate with groundwater 

than those bound to particulate matter. 

6.5.2 Natural Attenuation Evaluation 

This section contains the site-specific natural attenuation evaluation for Site 3. The procedure used to 

conduct the evaluation is summarized in Section 3.3.4. This evaluation is preliminary, and it is 

understood that additional data collection activities and data evaluation would be necessary prior to 

selecting monitored natural attenuation as a remedial alternative. 
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As stated in Section 3.3.4, the goals of the assessment are as follows: 

l To determine if natural attenuation of petroleum and chlorinated hydrocarbons is currently occurring 

in the groundwater. 

l To determine the process by which natural attenuation is occurring in the groundwater. 

l To determine if natural attenuation and/or bioremediation are viable processes for remediation of 

petroleum and chlorinated hydrocarbons in the groundwater. 

The three lines of evidence that can be used to estimate natural attenuation of petroleum and chlorinated 

hydrocarbons are as follows: 

. Historical groundwater 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. 

. l-tydrogeological 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. 

. Data from field or microcosm studies that directly demonstrate the occurrence of a particular natural 

attenuation process at the site and its ability to degrade the contaminants of concern. 

The first and second lines of evidence are used to assess natural attenuation in this RI. The following 

natural attenuation evaluation is segregated into three subsections (hydrogeology, chemicals of concern, 

and geochemical). These three subsections provide the necessary information to prove or disprove that 

natural attenuation is occurring via the two lines of evidence discussed above. The results of the 

assessment are summarized in a conclusions section. 

6.5.2.1 Evaluation 

Hvdroaeolony 

Hydrogeologic data are important in natural attenuation assessments to show groundwater flow directions 

and possible contaminant migration pathways from source areas to downgradient receptors. The data 

can also be incorporated into a groundwater contaminant fate and transport model to predict the effects of 
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natural attenuation in the future. For this assessment, the data will only be used to show groundwater 

flow directions and possible contaminant migration pathways. 

Two rounds of water-level measurements were taken at select monitoring wells in the Northern Region 

during this RI. Measurements were taken in overburden and bedrock monitoring wells. The 

measurements were used to create potentiometric surface maps for the overburden and bedrock 

aquifers. Figures 4-2 and 4-4 depict the June 2000 and August 2000 overburden potentiometric surface 

maps, respectively. Figures 4-3 and 4-5 depict the June 2000 and August 2000 bedrock potentiometric 

surface maps, respectively. 

From the figures, it is evident that the overall groundwater flow direction is from east to west toward the 

Thames River. The overburden and bedrock maps show that groundwater flows from the upland hills to 

the south and north toward the valley and then toward the Thames River. The effect of the Area A 

Wetland is also evident on the potentiometric surface maps. Another observation that can be made from 

the figures is that water levels were generally higher in June 2000 than in August 2000. 

Water levels were measured in several overburden/bedrock well clusters during both the June and 

August measurement events. There is a downward flow gradient in monitoring well clusters 7MW2S/D, 

7MW5S/D, and 2DMW24S/D, which are located along the fringe of the valley near the toe of the upland 

hills. An upward flow gradient was detected in well cluster 2DMW28SD during both sampling events. 

This cluster is located in the middle of the valley at the downgradient end. 

Potential source areas located upgradient of Area A Downstream include the Torpedo Shops, Area A 

Weapons Center, OBDANE, OBDA, Area A Wetland, and Area A Landfill. These sites are all shown on 

the potentiometric surface maps. A recent memorandum regarding the use, storage, and disposal of 

hazardous materials and waste at Naval Submarine Base-New London Weapons Complex is included in 

Appendix F. 

In addition to these source areas, two other potential sources are located north of Triton Road at its 

eastern end. The one potential source area is the Small Arms Range. A remedial action for lead was 

previously conducted at this site. The other source area was discovered during the remediation of 

Stream 5. It is located on the northern side of Stream 5, just east of the Small Arms Range. Petroleum 

product was discovered emanating from the northern side of an excavation during the remediation of 

Stream 5. Upon further investigation, a small waste disposal area (i.e., drums, cable, etc.) was 

discovered upgradient of the location where petroleum was discovered. No additional investigative or 

remedial actions have been taken at this new source area. 
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Chemicals of Concern 

Analytical data for groundwater samples are summarized in Tables 6-5 and 6-6. Groundwater COPCs for 

the Area A Downstream are depicted on Figure 6-2. From the table and figures, it can be seen that 

chlorinated solvents and petroleum hydrocarbons were detected in groundwater and both are susceptibie 

to biodegradation, 

It appears from the analytical results that the original chlorinated solvent released in Area A Downstream 

is TCE. This compound was detected in 9 of 25 samples at concentrations ranging from 1.9 to 8.8 ug/L. 

Historically, it was detected less frequently but at similar concentrations (see Appendix D). During this RI, 

TCE was detected sporadically throughout Area A Downstream and no significant source area or plume 

is evident. It was detected in monitoring wells along the northern (i.e., 2DMWlOD, 2DMW29S and 

2DMW23D) and southern (i.e., 2DMW16S and 2DMW16D) sides of the site and in the central portion 

(i.e., 2DMW28D and 3MW14S) of the site. Based on groundwater flow directions and the sporadic nature 

of the low-concentration detections, it is likely that several minor sources of the product are located within 

or upgradient of Area A Downstream. TCE has been detected at low concentrations in groundwater 

samples from upgradient source areas such as Area A Landfill, Area A Weapons Center, and Torpedo 

Shops. The new source area discovered during the remediation of Stream 5 is located in close proximity 

and upgradient of 2DMW29S. 

Degradation compounds of TCE that were detected in Area A Downstream groundwater samples include 

cis-1,2-DCE, vinyl chloride, ethene, and ethane. Cis-1,2-DCE was detected in monitoring wells 

2DMW16D and 2DMW29S. Vinyl chloride was detected in monitoring well 2DMW29S and temporary well 

3TW1, which is located downgradient of 2DMW29S. Ethene and ethane were only detected in monitoring 

well 2DMW29S. The detection of daughter products, especially ethene and ethane, indicates that 

complete biodegradation of TCE is occurring in the groundwater in the vicinity of 2DMW29S. However, 

the detection of TCE in the downgradient monitoring well 3MW14S indicates that some TCE may be 

escaping the anaerobic zone where reductive dechlorination occurs. The detection of a daughter product 

in 2DMW16D also indicates that biodegradation is occurring to some extent in the vicinity of this well. 

Chloroform was also detected in Area A Downstream groundwater samples. It was detected in 4 of 25 

samples at concentrations ranging from 2.1 to 5.7 ug/L. This compound is a chlorinated methane and 

can biodegrade in the environment. Chloroform is formed as a daughter product during the 

biodegradation of carbon tetrachloride. However, chloroform is also formed during the process of 

chlorinating drinking water. Chloroform was detected in three wells (2DMW25S 2DMW25D, and 

2DMW26S) located downgradient of North Lake. Potable water is used to fill North Lake during the 

summer swim season and it is likely that the potable water is the source of the chloroform detected in the 

Area A Downstream groundwater. 
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SVOC found in fuel oils were detected Area A Downstream samples. The compounds were detected 

most frequently in monitoring well 2DMW30S, and a few were detected in monitoring wells 2DMW16S 

and 2DMW24S. The new source area discovered during the remediation of Stream 5 is located in close 

proximity and upgradient of 2DMW30S. Petroleum products were detected during the remediation near 

this source area. Monitoring wells 2DMW16S and 2DMW24S are located in close proximity to each 

other, and it is probable that they were impacted by the same unknown source. 

Geochemical 

The analytical results for the geochemical parameters collected for this natural attenuation assessment 

are summarized in Table 4-3. The sample numbers for Area A Downstream begin with “S3.” Tag maps 

of the significant geochemical parameters were also prepared and are presented on Figures 4-18 through 

4-30. 

Dissolved oxygen concentrations ranged from nondetect to 8.0 mg/L. Dissolved oxygen concentrations 

indicative of anaerobic conditions were detected in overburden monitoring wells 2DMWll S, 2DMW16S 

2DMW24S and 2DMW26D and bedrock monitoring wells 2DMWl5D, 2DMW16D, 2DMW24D, and 

2DMW25D. The dissolved oxygen concentrations detected in monitoring wells 2DMW30S (overburden) 

and 3MW12D (bedrock) were slightly above the criteria for anaerobic conditions (i.e., 0.5 mg/L). In 

general, these data indicate that anaerobic conditions are present in Site 3 overburden and bedrock 

groundwater from the Area A Wetlands dike to below North Lake. It is likely that biological activity and 

the anaerobic, reducing conditions present in the Area A Wetland are the reasons for the anaerobic 

conditions in the Area A Downstream groundwater. Conditions in overburden and bedrock groundwater 

west of North Lake are generally aerobic and indicate that the impacts of the Area A Wetlands on Site 3 

groundwater have dissipated at this point. Low dissolved oxygen concentrations also correspond well 

with the detection of organic contaminants in 2DMW16S, 2DMW16D, 2DMW24S 2DMW25D, 

2DMW26D, and 2DMW30S. The aerobic conditions detected in 2DMW29S and the detection of daughter 

products in this well suggest that an anaerobic, reducing zone is located upgradient of this well. 

REDOX potentials measured in Site 3 groundwater ranged from -226 mV to 209 mV. REDOX potentials 

indicative of anaerobic, reductive conditions were measured in groundwater at overburden monitoring 

wells 2DMW16S 2DMW24S 2DMW26D, 3TWO1, and 2DMW30S and bedrock monitoring wells 

2DMWlOD, 2DMW15D, 2DMW.l6D, 2DMW24D, 2DMW25D, and 2DMW28D. In general, this list of wells 

correlates well with the list of wells with low dissolved oxygen concentrations and confirms that reductive 

conditions exist at these wells. The causes of the reductive conditions are probably the Area A Wetland 

and biological activity related to the low levels of organic contamination detected at these wells. 
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Nitrate concentrations in Area A Downstream groundwater samples ranged from nondetect to 0.55 mg/L. 

Nitrate was not detected in 2DMW16D, 2DMW24S and 2DMW28D. Nitrite concentrations in these same 

samples ranged from nondetect to 0.016 mg/L. Nitrite was detected in overburden monitoring wells 

2DMWl lS, 2DMW16S 2DMW28S, 2DMW30S and 3MW14S and bedrock monitoring wells 2DMW24D, 

2DMW25D, and 2DMW27D. Ammonia concentrations ranged from nondetect to 1.04 mg/L. Ammonia 

was detected in all wells except 2DMW26S and 3MW14S. Based on the low concentrations of nitrate 

and the positive detections of nitrite and ammonia, it appears that denitrification is occurring within Area A 

Downstream groundwater. The detections of nitrite indicate that denitrification is occurring in 

groundwater along the southern side of the site from 2DMWll S to 2DMW28S and in the northeastern 

corner of the site in the vicinity of 2DMW30S and 3MW14S. 

Divalent iron [Iron (II)] was detected in a majority (i.e., 13 of 18) of the monitoring wells in Area A 

Downstream. The concentrations ranged from 0.2 mg/L to 6.0 mg/L. The highest concentrations of 

divalent iron detected in overburden groundwater were found in monitoring wells 2DMW24S 2DMW26D, 

and 2DMW29S. Divalent iron was detected in all bedrock monitoring wells except 2DMW23D. This well 

is located north and upgradient of Area A Downstream. The pervasive detections of divalent iron in Area 

A Downstream groundwater indicate that both the reducing conditions in the upgradient Area A Wetland 

and biological activity related to the low levels of organic contamination in Area A Downstream are 

probably the causes of iron reduction. 

Soluble manganese [Mn (II)] was detected in all but three groundwater samples collected from Area A 

Downstream monitoring wells, indicating that manganese reduction is occurring within or upgradient of 

the site. Soluble manganese was detected at concentrations ranging from 0.3 mg/L to >47.5 mg/L. The 

detections and nondetects of soluble manganese correlate fairly well with the divalent iron data. The 

same reducing conditions that caused the pervasive divalent iron detections are also probably the cause 

of the pervasive soluble manganese detections. 

Analytical data do not suggest that sulfate reduction is a significant biodegradation process that is 

occurring within Area A Downstream groundwater. Sulfate concentrations ranged from 6.25 mg/L to 

70.3 mg/L. Neither sulfide nor hydrogen sulfide were positively detected in any groundwater sample from ’ 

Area A Downstream. 

Significant concentrations of methane were detected in samples from monitoring wells 2DMW24S, 

2DMW26D, and 2DMW29S. Concentrations in these wells ranged from 170 ug/L to 400 ug/L, and 

concentrations in the remaining wells ranged from nondetect to 98 ug/L. These data suggest that 

methanogenesis is occurring in the groundwater in the vicinity of these wells. Other chemical and 

geochemical data also indicate biological activity is occurring in these areas. Carbon dioxide 

120009/P 6-26 CT0 0312 



REVISION 2 
DECEMBER 2001 

measurements were generally uniform in all Area A Downstream wells, with most concentrations between 

20 mg/L and 60 mg/L. Low carbon dioxide concentrations did not correlate with high methane 

concentrations as is expected during methanogenesis. This indicates that there is an ample supply of 

carbon dioxide to fuel methanogenesis. 

Ethane and ethene, which are end products of dechlorination of chlorinated solvents, were detected in the 

groundwater sample from 2DMW29S. The detection of these compounds, as well as the detection of 

other daughter products within the degradation chain of TCE (i.e., cis-1,2-dichloroethene and vinyl 

chloride) in this same well, indicates that complete biodegradation of TCE is occurring in the vicinity of 

this well. 

Chloride concentrations ranged from 6.17 mg/L to 495 mg/L. The highest concentrations of chloride were 

detected in 2DMW16D and 2DMW28S. The elevated concentration of chloride in 2DMW16D correlates 

well with other chemical (i.e., detections of TCE and cis-1,2-dichloroethene) and geochemical data (i.e., 

anaerobic conditions and high concentrations of divalent iron and soluble manganese) and indicates that 

reductive dechlorination is occurring in the vicinity of this well. The elevated concentration of chloride in 

2DMW28S does not correlate well with other chemical or geochemical data and therefore this information 

is inconclusive. 

The pH of the Area A Downstream groundwater is slightly acidic to near neutral, with values ranging from 

5.35 to 7.88. This range is similar to values measured in upgradient wells in the Area A Weapons Center, 

Area A Landfill, Area A Wetlands, and Torpedo Shops and are within the optimal range for bioactivity. 

The pH of overburden groundwater was generally more acidic than the pH in bedrock groundwater. 

Alkalinity and pH values correlate well throughout the Area A Downstream, with the exception of the 

values measured in monitoring well 2DMW27D. The only well that shows a correlation between 

biological activity and higher values of pH and alkalinity is monitoring well 2DMW16D. 

All TOC concentrations in the groundwater at Area A Downstream were less than 5.0 mg/L, with the 

exception of the TOC concentration in 2DMW29S (i.e., 18 mg/L). The high concentration of TOC in 

2DMW29S which indicates that a source of anthropogenic carbon is present in the groundwater, along 

with the. detection of daughter products in this well, indicates that conditions are favorable for reductive 

dechlorination in the vicinity of this well. 

6.5.2.2 Conclusions 

Hydrogeologic and groundwater analytical data from this RI suggest that there are multiple minor sources 

of petroleum and chlorinated hydrocarbons impacting the Area A Downstream groundwater. The 

potential source areas are as follows: 
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l The new disposal area discovered during the remediation of Stream 5. 

l An unknown source located upgradient of monitoring well cluster 2DMW16S and 2DMW16D. 

l A historic source located upgradient of 2DMW26S most likely the leach fields located within the 

Torpedo Shops site. 

l Separate minor sources in the vicinity or upgradient of monitoring wells 2DMWlOD and 2DMW23D. 

Chemical and geochemical data indicate that biodegradation processes- are occurring in the Area A 

Downstream, most notably in the vicinity of 2DMW29S. The geochemical data indicate that the 

biodegradation processes that are occurring in the Area A Downstream groundwater include 

denitrification, iron reduction, manganese reduction, and methanogenesis. The pervasive detections of 

divalent iron and soluble manganese in Area A Downstream groundwater indicate that both the reducing 

conditions in the upgradient Area A Wetland and biological activity related to the low levels of organic 

contamination in Area A Downstream are probably the causes of iron and manganese reduction. 

Overall the hydrogeologic, chemistry, and geochemical data indicate that multiple minor sources of 

petroleum and chlorinated hydrocarbons are impacting the Area A Downstream groundwater and 

biodegradation and other natural attenuation processes are acting to reduce organic contaminants to 

relatively insignificant levels in the Area A Downstream. Historical chemistry data show that chlorinated 

solvents were previously detected less frequently but at similar concentrations in Area A Downstream 

groundwater. Because there are multiple source areas and they are not thoroughly understood, a 

collective recommendation for pursuing monitored natural attenuation for Area A Downstream cannot be 

made at this time. Based on the chemistry and geochemical data, it is likely that monitored natural 

attenuation would be viable for the source area impacting 2DMW29S. 

6.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific risk assessment for the identified exposure scenarios for Site 3. 

The risk assessment methodology was described in Section 3.4, and detailed calculations including 

RAGS Part D tables are presented in Appendix C. A summary of previous risk assessments for the site is 

also presented. 
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6.6.1 Data Evaluation 

COPCs were identified for Sites 3 and 14 using the risk-based screening levels presented and discussed 

in Section 3.4.1. Table 6-4 summarizes the COPCs retained for Sites 3 and 14. A discussion of direct 

contact exposure COPCs (i.e., those chemicals detected at concentrations, in excess of USEPA and 

CTDEP direct contact exposure criteria) and additional COPCs is provided below. Additional COPCs are 

identified on chemical migration tendencies: migration of groundwater to surface water and migration of 

volatiles from groundwater through building foundations into indoor air. These additional COPCs are not 

quantitatively evaluated in the HHRA because they are not considered to be significant contributors to the 

direct contact exposure pathways identified for potential human receptors. 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 6-5. The maximum detected concentrations of the following 

chemicals in groundwater exceeded their direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

l VOCs-chloroform, cis-1,2-dichloroethene, TCE, and vinyl chloride 

l SVOCs-benzo(a)pyrene 

. Metals-arsenic and thallium 

The maximum detected concentrations of chromium and manganese exceeded their respective screening 

criteria but were within background levels; consequently, chromium and manganese were not retained as 

COPCS. 

A comparison of the maximum detected concentration in groundwater to migration criteria is presented in 

Table 6-6. The maximum detected concentration of the arsenic exceeded its CTDEP screening criteria 

for protection of migration of groundwater to surface water. The maximum detected concentration of vinyl 

chloride exceeded its CTDEP criteria for migration from groundwater to indoor air. 

6.6.2 ExDosure Assessment 

Only groundwater samples were collected during the current investigation. Consequently, only exposures 

to groundwater were evaluated in the risk assessment for Site 3. Potential receptors included 

construction workers and future residents. Exposure assumptions for construction workers were 

previously presented in Table 3-14. Potential exposure pathways are summarized in Table 6-7. 

Construction workers could come into contact with groundwater while excavating building foundations. In 

such an instance, construction workers could be exposed to,the groundwater via dermal contact. 
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Potential exposure pathways for future ult residents exposed to groundwater included ingestion, dermal 

contact, and inhalation of volatil rssions. As previously discussed, future residential receptors are not 

potential receptors under cu and use and are included only to provide an indication of potential risks 

if the facility were to clos then be developed for residential use. 

As discussed in Section 

for the exposure point concentrations 

for Site 3 are presented in Table 6- 

detected concentration and average concentration were used 

he RME and CTE, respectively. Exposure point concentrations 

The results of the HHRA indic that risks and hazard indices exceeded USEPA and CTDEP and 

CTDEP acceptable for future t residents exposed to groundwater. Even though the calculations were 

not performed, cancer risks a ices for future child residents will not change the conclusions 

of the HHRA. 

6.6.3 Risk Characterization 

Potential ICRs and HIS were 

groundwater using the method 

for construction workers and future residents exposed to 

ted in Section 3.4. The results are summarized in Tables 6-9 

Sample calculations and chemical-specific risks in RAGS Part D 

CTDEP acceptable levels f 

calculations were not perform 

the conclusions of the HHRA. 

ard indices exceeded USEPA and CTDEP and 

exposed to groundwater. Even though the 

and hazard indices for future child residents will not change 

Carcinogenic Risks 

ICRs for construction worker 

CTE scenarios, respectively, 

acceptable risk level of 1 OM5 

undwater were 2.0 x lo-’ and 2.2 x 10” for the RME and 

han USEPA’s target risk range of lo4 to 10m6 and CTDEP’s 

The ICR for future adult residents x 10e4 for the RME scenario, which 

exceeds USEPA’s target risk 10s6 and CTDEP’s acceptable risk level of 10e5 for 

cumulative exposures. The ICR 10e5 for the CTE scenario, which was 

within USEPA’s target risk range but exceede CTDEP’s acceptable risk level for cumulative exposures. 

The chemical-specific ICR for chloride under the RME scenario 
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Potential exposure pathways for future adult residents exposed to groundwater included ingestion, dermal 

contact, and inhalation of volatile emissions. As previously discussed, future residential receptors are not 

potential receptors under current land use and are included only to provide an indication of potential risks 

if the facility were to close and then be developed for residential use. 

As discussed in Section 3.4, the maximum detected concentration and average concentration were used 

for the exposure point concentrations for the RME and CTE, respectively. Exposure point concentrations 

for Site 3 are presented in Table 6-8. 

6.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers and future residents exposed to 

groundwater using the methodology presented in Section 3.4. The results are summarized in Tables 6-g 

and 6-10 and are discussed below. Sample calculations and chemical-specific risks .i.n RAGS Part D 

format are provided in Appendix C. 

The results of the human health risk assessment indicate that cancer risks and hazard indices exceed 

USEPA and CTDEP acceptable levels for future adult residents exposed to groundwater. Even though 

the calculations were not per performed, cancer risks and hazard indices for future child residents would 

also be expected to exceed USEPA and CTDEP acceptable levels. 

Carcinogenic Risks 

ICRs for construction workers exposed to groundwater were 2.0 x 10m7 and 2.2 x 10” for the RME and 

CTE scenarios, respectively, which were less than USEPA’s target risk range of lo4 to lo6 and CTDEP’s 

acceptable risk level of IO” for cumulative exposures. 

The ICR for future adult residents exposed to groundwater was 7.8 x lOA for the RME scenario, which 

exceeds USEPA’s target risk range of IO” to 10” and CTDEP’s acceptable risk level of IO5 for 

cumulative exposures. The ICR for future adult residents was 1.6 x lo5 for the CTE scenario, which was 

within USEPA’s target risk range but exceeded CTDEP’s acceptable risk level for cumulative exposures. 

The chemical-specific ICR for arsenic, benzo(a)pyrene, and vinyl chloride under the RME scenario 

exceeded USEPA’s and CTDEP’s acceptable risk levels. The chemical-specific ICR for TCE under the 

RME scenario also exceeded CTDEP’s target level of 1 x IO4 for individual chemicals. The chemical- 

specific ICR for arsenic, benzo(a)pyrene, and vinyl chloride under the CTE scenario exceeded CTDEP’s 

target level of 1 x 1 O6 for individual chemicals. 
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Noncarcinogenic Risks 

HIS for construction workers exposed to groundwater were 0.001 and 0.0007 for the RME and CTE 

scenarios, respectively, which were less than EPA’s and CTDEP’s acceptable level of 1 .O. 

The HI for adult residents exposed to groundwater was 2.7 under the RME scenario, which exceeds 

USEPA’s and CTDEP’s acceptable level of 1.0. Thallium (HQ = 1.7) was the major contributor to the HI 

under the RME scenario. The HI for adult residents exposed to groundwater was 0.4 under the CTE 

scenario, which was less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

6.6.4 Summarv of Previous Risk Assessments 

Three potential receptor groups were considered for the Phase II RI baseline risk assessment: older child 

trespassers, construction workers, and adult and child recreational users. However, groundwater was 

considered to be a potential medium of exposure for the construction worker only. An evaluation of risks 

associated with dermal contact with groundwater during intrusive activities was conducted for the 

construction worker under CTE and RME scenarios. 

The noncarcinogenic risk associated with dermal exposure to groundwater for the construction worker 

under the CTE scenario was less than the USEPA acceptable level of 1. However, the noncarcinogenic 

risk for this route of exposure under the RME scenario was 9.2. Antimony and manganese were the 

primary contributors to the noncarcinogenic hazards; the HQs associated with dermal contact with 

groundwater for the construction worker for these two chemicals under RME were 7.5 and 1.4, 

respectively. 

The incremental cancer risks associated with dermal contact with groundwater for the construction worker 

were within USEPA’s target risk range (1 x lo4 to 1 x10*) and less than the CTDEP target cancer risk 

(1 x 1O6) for both the RME and CTE scenarios. Carcinogenic risks associated with dermal exposure to 

groundwater for the construction worker were largely attributed to the sporadic presence of vinyl chloride 

in shallow wells and 1 ,I ,2,2-tetrachloroethane in deep wells. 

6.6.5 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Sites 3 and 14 are discussed below. 
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Elimination of Chemicals as COPCs on the Basis of Background 

In accordance with U.S. Navy policy, chemicals were eliminated as COPCs on the basis of comparison to 

background. Chromium and manganese were the only chemicals in groundwater with maximum detected 

concentrations that exceeded their respective direct contact screening criteria but were not retained as 

COPCs on the basis of background. Dermal exposure to groundwater by construction workers was the 

only exposure pathway evaluated for this receptor. Potential risks from exposures to manganese in water 

are negligible (USEPA, 2000e); consequently, the elimination of manganese as a COPC on the basis of 

background does not affect the risk estimates for construction workers at Sites 3 and 14. If exposures to 

chromium in groundwater by a construction worker were evaluated in the HHPA, then the resulting HQ for 

chromium would be 0.008 and the total HI would be 0.009 which is less than the USEPA and CTDEP 

acceptable level of 1 .O. If exposures to chromium and manganese by a future resident were evaluated in 

the HHRA, then the resulting HQs for chromium and manganese would be 0.23 and 2.7, respectively, and 

the total HI would be 5.1, which exceeds the USEPA and CTDEP acceptable level. . . 

Exceedance of Groundwater Volatilization Criteria by Vinyl Chloride 

Vinyl chloride was identified in Table 6-4 as a COPC for the migration from groundwater to indoor air. 

Vinyl chloride was detected in only 2 of 25 groundwater samples at Site 3, although both detected 

concentrations (4.65 pg/L and 31.3 pg/L) exceeded the CTDEP groundwater volatilization criteria 

(2 pg/L). All detection limits (1 pg/L) were below the volatilization criteria. In addition, the average 

concentration (1 .Q pg/L) and 95 percent UCL concentration (1.6 pg/L) were below the volatilization 

criteria. The area near the wells with the vinyl chloride detections is used as a firing range. There are no 

inhabitable structures in this area nor are there expected to be any in the future. Therefore, there are no 

significant risks expected from exposures resulting from the migration of vinyl chloride from groundwater 

into indoor air since there are no buildings in the area and vinyl chloride was detected infrequently in 

groundwater. 

6.7 SUMMARY AND RECOMMENDATIONS 

6.7.1 Nature and Extent of Contamination 

Several volatile organ& were identified as COPCs for groundwater, including chloroform, cis-1,2-DCE, 

TCE, and vinyl chloride. The detections were disperse and generally low concentration, with the 

exceptions of cis-1,2-DCE (12.2 pg/L) and vinyl chloride (31.3 pg/L) in well 2DMW29S. None of the other 

VOC detections exceeded 10 pg/L in any of the monitoring wells sampled. 

One semivolatile organic, benzo(a)pyrene, was identified as a COPC based on a single positive detection 

in the monitoring wells sampled. 
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Trace levels of 4,4’-DDD and 4,4’-DDT were the only pesticides detected in groundwater from the 

overburden aquifer at Site 3. These compounds were only detected in the sample collected from 

monitoring well 2DMW30S, and high levels of total dissolved solids were measured in this well and are 

the likely cause of the detections of DDD and DDT. 

For metals, arsenic and thallium were identified as COPCs for groundwater based on the sampling 

results. There was only a single, low-concentration positive detection of arsenic and two detections of 

thallium (all less than 7 &j/L), indicating that metals contamination of groundwater is not a significant 

problem at Sites 3 or 14. 

6.7.2 Contaminant Fate and Transwrt 

TCE, cis-1,2-DCE, vinyl chloride, and chloroform are halogenated aliphatic hydrocarbons. Given the 

length of time since waste disposal activities were thought to occur and the mobilities of these 

compounds, it is expected that the observed concentrations of these chemicals likely are indicative of 

steady-state or slowly declining concentrations within the groundwater. A preliminary evaluation of 

natural attenuation data (i.e., hydrogeologic, chemistry, and geochemicai data) indicated that multiple 

minor sources of petroleum and chlorinated hydrocarbons are impacting the Area A Downstream 

groundwater and biodegradation and other natural attenuation processes are acting to reduce organic 

contaminants to relatively insignificant levels in the Area A Downstream. Because there are multiple 

source areas and they are not thoroughly understood, a collective recommendation for pursuing 

monitored natural attenuation for Area A ‘Downstream could not be made at this time. It is likely that 

monitored natural attenuation would be viable for the source area impacting 2DMW29S. 

The only semivolatile organic detected above screening levels in groundwater, beneo(a)pyrene, is a PAH. 

P+Hs are generally considered relatively immobile in the environment. The single, low-level detection of 

benzo(a)pyrene is not considered to be indicative of a PAH problem in groundwater. 

Arsenic and thallium were identified as COPCs in groundwater, based on a combined total of three, low- 

concentration detections. Metals are persistent in the environment but generally not very mobile, due to 

their low solubilities and affinities for binding to soil particles. A slightly acidic pH of the groundwater (as 

is characteristic of northern area groundwater) generally serves to enhance the mobility of metals. The 

low concentrations of metals detected and the lack of detectable levels over much of Area A Downstream 

indicate that metals contamination of groundwater is not a significant concern. 
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6.7.3 Summarv of Human Health Risk Assessment 

The following items summarize the HHRA for Sites 3 and 14. 

l The HHRA considered exposures to construction workers and future residents. Only exposures to 

groundwater were evaluated. For the construction worker, the only exposure pathway was dermal 

contact with groundwater. For the future resident, exposure pathways included ingestion, dermal 

contact, and inhalation. 

l The maximum detected concentrations of chloroform, cis-1,2dichloroethene, TCE, vinyl chloride, 

benzo(a)pyrene, arsenic, and thallium exceeded their direct contact risk-based COPC screening 

levels and were retained for evaluation in the HHRA. 

l The maximum detected concentration of arsenic exceeded its CTDEP screening criteria for protection 

of migration of groundwater to surface water. 

l The maximum detected concentration of vinyl chloride exceeded its CTDEP screening criteria for the 

protection of migration from groundwater to indoor air. 

l ICRs and HIS for construction workers exposed to groundwater at Sites 3 and 14 were within USEPA 

and CTDEP acceptable levels. 

l The ICR for future adult residents exposed to groundwater at Sites 3 and 14 under the RME scenario 

exceeded USEPA’s target risk range of lo4 to IO6 and CTDEP’s acceptable risk level of IO5 for 

cumulative exposures. Chemical-specific ICRs for arsenic, benzo(a)pyrene, TCE, and vinyl chloride 

exceeded CTDEP’s target level of 1 x lO+ for individual chemicals. 

l The ICR for future adult residents exposed to groundwater at Sites 3 and 14 under the CTE scenario 

was within USEPA’s target risk range of lo4 to 10” but exceeded CTDEP’s acceptable risk level of 

1 O5 for cumulative exposures. Chemical-specific ICRs for arsenic, benzo(a)pyrene, and vinyl 

chloride exceeded CTDEP’s target level of 1 x IO” for individual chemicals. 

l The HI for future adult residents exposed to groundwater at Sites 3 and 14 exceeded USEPA’s and 

CTDEP’s acceptable level of 1.0 under the RME scenario. Thallium was the major contributor to the 

HI. 

l The results of the human health risk assessment indicate that cancer risks and hazard indices exceed 

USEPA and CTDEP acceptable risk levels for future adult residents exposed to groundwater. Even 
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though the calculations were not performed, cancer risks and hazard indices for future child residents 

would also be expected to exceed USEPA and CTDEP acceptable levels. 

l The maximum detected concentrations of chromium and manganese in groundwater exceeded their 

respective screening criteria but were within background levels, consequently chromium and 

manganese were not retained as COCs in the HHRA. ICRs and HIS for construction workers would 

have been within USEPA and CTDEP target levels if these compounds had been evaluated’in the 

HHRA. HIS for adult residents exposed to manganese in groundwater would exceed the acceptable 

level of 1 if manganese were evaluated in the HHRA. 

6.7.4 Recommendations 

A significant remedial action was completed for Site 3 soil and sediment in 2000. Approximately 

18,050 tons of soil and sediment contaminated with pesticides and metals were excavated from Site 3 

waterbodies. The excavated material was disposed off site, and each water body has been restored. A 

previously unknown source area was discovered during the remedial action at Site 3. It is located north 

of Stream 5 and east of the Small Arms Range. It is recommended that the soil operable unit associated 

with this source area be investigated further and addressed independently of this BGOURI. It is likely that 

a removal action will be appropriate for this source area. 

The Navy intends to address contaminated soil and rubble present at the OBDANE through a non-time- 

critical removal action. The removal action is scheduled for the spring of 2001. 

The objectives of the BGOURI at Sites 3 and 14 were to further characterize the nature and extent of 

groundwater contamination and to quantify the risks to human receptors from the groundwater. 

Groundwater sampling results for Sites 3 and 14 indicate that the water quality is generally good, with 

only sporadic, low-concentration detections of VOCs and metals in site monitoring wells. The major 

contaminant of concern in the soil and sediment, DDTR, was detected in only one groundwater sample 

and it is likely that the detection is associated with high levels of suspended solids in the groundwater 

sample versus dissolved pesticides. The groundwater data indicate that there are multiple minor sources 

of chlorinated solvents that are leaching to groundwater, but the sources are not significant enough to 

create discernible contaminant plumes. A preliminary evaluation of natural attenuation data indicated that 

biodegradation and other natural attenuation processes are acting to reduce organic contaminants to 

relatively insignificant levels in the Area A Downstream and that it is likely that monitored natural 

attenuation would be viable for the source area impacting 2DMW29S. 

The HHRA determined that risks posed by exposure of construction workers to groundwater at Sites 3 

and 14 are within USEPA and CTDEP acceptable levels, assuming that the workers are exposed to the 
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maximum observed concentrations of site contaminants. The HHRA also determined that risks posed by 

exposure of hypothetical future residents to groundwater at Sites 3 and 14 are outside USEPA and 

CTDEP acceptable levels, assuming the residents are exposed to the maximum observed concentrations 

of site contaminants. Arsenic, benzo(a)pyrene, TCE, and vinyl chloride were the major contributors to the 

ICRs and thallium was the major contributor to the HIS. It should be noted that the groundwater is 

classified by CTDEP as GB groundwater (i.e., not suitable for direct human consumption without 

treatment) and it is not likely that it will be used for human consumption in the forseeable future. 

Even though contaminant concentrations were generally low and risks are acceptable under the current 

land use scenario, it is recommended that an FS be prepared for the groundwater operable unit 

associated with Sites 3 and 14. The FS should evaluate, at a minimum, land use controls and monitoring 

for the sites. This recommendation is made for the following reasons: 

l The source areas are not fully understood, but the current groundwater data (i.e., concentrations and 

extent) do not indicate that the sources are significant and therefore they warrant further investigation 

to completely characterize them. 

l A limited groundwater monitoring program would verify the trend in groundwater contaminant 

concentrations and determine the impact of any changes in site/source area conditions in the future. 

l A change in land use would potentially result in the site groundwater causing unacceptable risks. 
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TABLE 6-1 

SUMMARY OF THE SAMPLING AND ANALYTICAL PROGRAM FOR SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Sample ID 
I 

vuus 
I 

3VUbS 
I 

Me-Is 
I .,A-- I I -.,A-- Ii-r-l- Mist(‘) 

Pesticide Dissolved 

I I 
PCBs Gas 

GROUNDWATER SAMPLES 
FD0609001 X 
FD0802001 X X X X X X 
S32DMWl nDnl __ .---. I 

X _ _ I X _ _ X __ X -. X -. X I. 
S32DM’. . . v-y. . wi nnni -F I I X 
S32DMWll SO1 X X X I X _ I X _ . I X _. 
S32DMW15DOl X X I X I X I X I X I 

IS32DMW16DOl I X I X I X I X I X I X I 

WV. . I I I ,. I I I 

DO1 I X I X I X I X I X I X I 

_ . 
S32DMW16SOl I X I X I X I X I X I X 
S32DMW16Snl -I= X 

S32DMW23- - 
x 

_ __ 
S32DMW24DOl X X X X X 
S32DMW24SOl X X X X X X 
S32DMW25DOl X 

s ---.....-- 
sq3nhAw36 

_-- . . .--- - X X X X X 
,R7l3MW75SOl x X X X X X 

-vLw,... .,-DO1 X X X X X X 
S33DMW26SOi X X X X X X ____. _...----. 

x 
_ . _ 

I _ . 
I _. 

S32DMW27DOl X I X X I X I X I 
S32DMW28DOl X X X . , Y I X X 

I X I X I X X X 8SOl x . _ . . 

03 X 
so4 

1 S37l3MW30SO1 
X X X X X X 
X X X X X X 

X X 
----... __----. _ _ _ _ _. 
S3MW14SOl X 
S14MWOl S X X 
S3TWOlOl X 
s3Two401 X 
S3TWlOOl X 
s3TW1501 X 

” 

1 Miscellaneous parameters include TSS, TDS, and natural attenuation parameters (see Section 
3.3.4 for a detailed list), except when noted otherwise. 

2 Miscellaneous parameters include only TOC. 
3 Miscellaneous parameters include pH, porosity, and bulk density. 



location 3TWOl 3TW4 3TWlO 3TW15 3TW17 
nsample S3TWOlOl s3TWo401 S3TWlOOl s3TW1501 s3TW1701 
sample S3TWOlOl s3TWo401 S3TWlOOl S3TW1501 s3TW1701 
Isample-date 6/l O/o0 611 O/O0 6/l 0100 5/9/00 6/9/00 
. . . . . . A . , ,.. 

TABLE 6-2 

SUMMARY OF GROUNDWATER ANALYTICAL RESULTS FOR TEMPORARY WELLS AT &TE 3 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

3TW22 
S3TW2201 -D 
FD0609001 

6/9/00 
Volatile CJ~~““‘CS (l&j/L) 
ACETONE 1 UR 1 UR 1 UR 1 UR 1 UR 28.9 J 27.8 J 1 UR 
CIS-1,2-DICHLOROETHENE 1.71 1 u 1 u 1 u 1 u 1u 1 u 1 u 
VINYL CHLORIDE 4.65 1 u 1 u 1 u 1 u 1 u 1 u 1 u 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 9 

location 
nsample 
sample 

#le.-dat 

PDMWlOD PDMWllS PDMWllD PDMWl5D I 2DMW16D I 2DMW16S 2DMW23D 2DMW24D 
S32DMWlODOl S32DMWllSOl 2GWllD-2 S32DMW15DOl S32DMW16DOi S32DMW16SOl S32DMW23DOl S32DMW24DOl 
S32DMWlODOl S32DMWllSOl 2GWll D-2 S32DMW15DOl S32DMW16DOl I S32DMW16SOl S32DMW23DOl S32DMW24DOl 

7l31lOO 7l31mO 7l25mo 6l2lw 

CHLOROFORM 1 u 10 u I 1 u 1u 
CIS-1,2-DICHLOROETHFNF 

I 2.11 I 1 u 
1u 1ou 1 u 1 u 

TRICHLOROETHENE 
1u 1u 

I 4 II 

;;; 
I I an,, I” ” I 

I 
. II 

I .I I I I 
^ ^^ 3.m -- 

2.2 
VINYL CHLORIDE I 

1 u 
1ou I 4 

I I 
1 u 1u 

Dissolved Gases (ug/L) 
1 u 1u 

ETHANE 2 UJ I 2 UJ I 2 UJ I 2 UJ 
ETHENE 

I 2 UJ 

I 
I 2 UJ I 2 UJ 

3 UJ 3 UJ 3 UJ 3 UJ 3 UJ 
Ml=Tl-lANl= 4 II I 

3 UJ 
I 

3 UJ 
, II s.,. I ^* I -- 1 

. ..-. . ., . ..- I I ” I I ” I I J” Zl 
C..-l.,^l-.:l- c. ---- I-- ,__-#a \ I I YU I 1 u I 635 I 

- - in 11 
L 5U 5U 

0.05 u 0.05 u 1ou 0.05 U 
IE 0.05 u 0.05 u 1ou 0.05 U 

0.05 u 0.05 u 1ou 0.05 U 
BENZO(G!H tltNLU B I-LUURANTHENE (..___. -- .- 0.1 u 0.1 u 1ou 0.1 U 

I)l=tHYLENt 
I 
I 0.1 u I 

E 
0.1 u 10 u 0.1 u 0.1 u 0.1 .-- ._.-. .-. .- 

BENZO(K)FLUUHANIHENE 
I I 

I 0.05 u I 
! 1 

0.05 
CHRYSENE I 0.05 u 1 0.05 
FLUORAN-’ ‘-. ‘- I HtNt 0.1 
FLUORE” :NE 0.1 I_ ^ - ^-.-..--_.- 
INDENO[l,2,Y-~;U)~.‘YHtNt 1 0.05 U I 0.05 
PHENANTHRENE I 0.05 u 1 0.05 
PYRENE 1 ,. ----.-- 
PestlcldeslPCBs (ugll) 
4,4’-DDD I 0.02 
4.4’~DDT I 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

location ’ PDMWlOD 2DMWllS 
nsample S32DMWlODOl S32DMWllSOl 
sample S32DMWlODOl S32DMWllSOl 
sample-dat al2loo al3ioo 

PAGE 2 OF 9 

2DMWll D 2DMW15D PDMWl6D 2DMWl6S 2DMW23D 2DMW24D 

2GWll D-2 S32DMW15DOl S32DMW16DOl S32DMW16SOl S32DMW23DOl S32DMW24DOl 
2GWllD-2 S32DMW15DOl S32DMW16DOl S32DMW16SOl S32DMW23DOl S32DMW24DOl 

7l9l94 al2loo 7/31100 7l31lOO 7t25lOO al2loo 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 9 

Isample 
Miscell,,,, 
ALKALINITY --_ .-- .- ” 
AMMONIA I 

I 7” 
0.12 J 0.2 J I 0.26 J 0.15 J CHLORIDI I 0.15 J 

B 495 47 1 I 6 17 1% 

HARDNESS I I I as CaC03 40.5 46.5 I 38.1 48: 

SULFATE 6.25 70.3 

location PDMWlOD 2DMWllS 2DMWll D 2DMW15D 2DMW16D 2DMW16S 2DMW23D 2DMW24D 
nsample S32DMWlODOl S32DMWllSOl 2GWllD-2 S32DMWlSDOl S32DMW16DOl S32DMW16SOl S32DMW23DOl S32DMW24DOl 
sample S32DMWlODOl S32DMWllSOl 2GWll D-2 S32DMW15DOl S32DMW16DOl S32DMW16SOl S32DMW23DOl S32DMW24DOl 

I-dat w2mo 8/3/W 7l9l94 8l2loo 7/31/00 7l31mO 7l25mO 8l2lOO 
anews Parameters (mg/L) 

34 I 101 I I 71 I 209 I 15n I II) .I I AR I 
0.12 J 1 0.27 J 

= cn t-3 I .cm 1 I r,. 
. . -. . . .W” 

7 107 22.7 79 
47.8 66.8 14.7 15.5 

TOTAL DISSOLVED SOLIDS 
27.5 

126 J 481 J 238 J 1688J 374 J 55 J 
TOTAL ORGANIC CARBON 

311 J 
1.3 1.9 J 3.6 3.5 4.1 1.8 J 

TOTAL SUSPENDED SOLIDS 
1.5 

20 J 5 UJ 19 J 68J 5 UJ 5 UJ 6J 

*. 

. . 

z. 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
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location 
nsample 
sample 

2DMW24D 2DMW24S 2DMW26D 2DMW25S 2DMW26D 2DMW26S 2DMW27D 2DMW28D 
S32DMW24DOl-D S32DMW24SOl S32DMW25DOl S32DMW25SOl S32DMW26DOl S32DMW26SOl S32DMW27DOi S32DMW28DOl 

FD0802001 S32DMW24SOl S32DMW25DOl S32DMW25SOl S32DMW26DOl S32DMW26SOl S32DMW27DOl S32DMW28DOl 
8l2loo 8l2loo 7i2i Isample-dat 

Volatile Organics (ug/L) 
CHLOROFORM I 
CIS-l.P-DICHLOROETHENE 1 

1u 
1 u 

I 1u 
1u 
1 u 

!I00 1 7/22/00 1 7/22/00 1 7l22mO 1 I 7/23mO 1 

3.53 3.08 1’ u 5.72 I 1 u I 1 u I 
1u 1u 1 u 1u 1; I ii 
1 u 3.45 J 1 u 2.41 J 1 1 II I R.7fi .I ‘TRICHLOROETHENE I 1U I 

VINYL CHLORIDE 1u 1u 1u 
Dissolved Gases @g/L) 

ETHANE I 2 UJ 
ETHENE 3 UJ 

! 2 UJ 1 

METHANE 
Semivolatile 0 
4-METHYLPHE 
ANTHRACENE c 

rlE 1 0.05 UJ ! 0 

-..- _ 
I 1 u I 1 u I -1 u- I 1; I 1 II 

2 UJ ! 2 UJ ! 2 UJ 1 2 UJ 2 UJ 2 UJ 
I 3 UJ I 3 UJ 3 UJ 3 UJ 3 UJ I 3 UJ I 3 UJ 

I 46 J 260 95 1u 170 2J 2u 3 
brganics (ug/L) 
INOL I 5u I 5u I 5 - - 

0.05 UJ I 0.05 u I 0.05 u 0.05 u I 0.05-u 1 0.05 u 1 0.05 
I 0.05 u I 0.05 u 1 0.05 u 1 0.05 

0.05 u 

U I 5U I 2J I 5U I SU I 5U 
u I 0.05 u 

BENZO(A)ANTHRACEI .05 u 1 0.05 u 
BENZO(A)PYRENE 0.05 UJ 1 0.05 U 1 0.05 U 
BENZO(B)FLUORANTHEI 
BENZO(( ;,H.I)PERYLEN 
BENZO(K)FLUORANTHENE 1 0.05 UJ 
CHRYSENE 0.05 UJ 
FLUORANTHENI 
FLUORI ENE 

Pesticldes/PCBs (ugll) 
4/l’-DDD I 0.02 u 
4,4’-DDT 0.02 u 

I 0.02 u I 0.02 u I 0.02 u 1 0.02 u 1 0.02 u 1 0.02 u 1 0.02 u 
I 0.02 u I 0.02 u I 0.02 u I 0.02 u 1 0.02 u 1 0.02 u 1 0.02 u 



TABLE 5-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 5 OF 9 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 6 OF 9 

location 
neample 
eample 
sample-dat 

2DMW24D 2DMW24S 2DMW25D 2DMW25S 
S32DMW24DOl-D S32DMW24SOl S32DYW25DOl S32DMW25SOl 

FDO8O2001 S32DMW24SOl S32DMW25DOl S32DMW25SOl 

2DMW26D 2DMW26S 2DMW27D 2DMW28D 
S32DMW26DOl S32DMW26S91 S32DMW27DOl S32DMW28DOl 
S??DYW26Wl S32DMW26SOl S32DMW27DOl S32DMW28DOl 

7l22m 7mm9 7mm9 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

location 

PAGE 7 OF 9 

1 2DMW28S 1 2DMW29S 1 2DMW30S 

I nsample 
sample 

lsample 
I 

S32DMW28SOl S32DMW29S04 S32DMW30SOl 

I S32DMW28SOl S32DMW29S04 S32DMW30SOl 

S14MWOlS 
S14MWOlS-01 
S14MWOlS-01 

8l!VW gat I 7/23/w I 7l12lW I 7l12lW I 7l31lW 
voiatiie Organlcs (ug/L) 

7/25/w 1 

CHLOROFORM 1u 1u 1 u 1u 1u 1u 
CIS-l,P-DICHLOROETHENE 1u 12.2 1u 1u 1u 1u 
TRICHLOROETHENE 1u 5.47 1 u 1u 6.22 J 1 u 
VINYL CHLORIDE 1 u 31.3 1 u 1u 1 u 1 u -. 

. d r.8~~ hnn b lJlssolv 

ETHAF” 
F ETHEC 

-- ----- - - 
.E I 2 UJ I 12 2u 2 UJ 
JE 3 UJ 13 3u 3 UJ 

1u I 400 J 9J 1 
IICS (ugn) 

I c II I 5u I 5U 5u 
iU 1.1 u 

0.05 u 0.06 0.16 U 
0.05 u 0.08 0.16 U 

I 0.1 u I 0.1 u 0.05 J 0.16 U 
0.1 u 0.1 u 0.09 J 0.16 U 

J I 0.16 U 
0.16 U 

I I 

I I HtNt 0.1 u 0.1 u 0.1 1.1 u 
IE 0.1 u 0.1 u 0.1 u 1.1 u 

0(1,2,3-CD)PYRENE 0.05 u 0.05 u 0.06 0.16 U 
NTHRENE 0.05 u 0.05 u 0.03 J 1.1 u 

0.05 u 0.05 u 0.13 1.1 u 
---. --- ,- - 
ID 0.02 u 1 0.02 U 1 0.019 J 0.021 u 

14/l’-DDT I 
1 

1 1 

I 

0.02 u 0.02 U 0.034 J 1 0.021 U I I I 



SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

NSB-NLON, GROTON, CONNECTICUT 
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TABLE 6-3 

1 2DMW28S I 2DMW29S I 2DMW30S I 3MW”n .-- 
S32DMW28SOl S32DMW29S04 S32DMW30SOl 3GWD-04 
S32DMW28SOl S32DMW29SO4 S32DMW30SOl 3GWD-04 

location 
nsample 
sample 

Isample-dat I 7/23/w 1 7ll2ma 1 7/12/w 1 7/31/00 1 7l25mo 1 



TABLE 6-3 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 9 OF 9 

29.8 I 39 

2.6 3.7 
751 38 

Notes: 
1. Metals results for filtered samples correspond to the dissolved 

state. Metals results for unfiltered samples correspond to total 
metals. 

2. Monitoring well PDMWl 1 D was not sampled because it was 
likely destroyed by remedial activities. The results presented here for 
2DMWllD are from the Phase II RI. These data were not used in the 
statistical analyses for Sites 3 and 14. 



TABLE 6-4 

CHEMICALS RETAINED AS COPCs IN SITES 3 AND 14 GROUNDWATER 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Direct Migration Pathways 
Chemical Contact Surface Water 1 Volatilization 
Volatile Organic Compounds 
Chloroform X 
cis-1,2-Dichloroethene X 
Trichloroethene X 
Vinyl Chloride X X 
Semivolatile Organic Compounds 
Benzo(a)pyrene I X I I I 
Metals 
Arsenic I X I X I 
Thallium X 

Notes: 
X - Chemical is retained as a COC. 
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DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTICUT 
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K 

Ex sure Point: Area A Downstream Site 3 

Minimum 
Risk-Based Ratlonah for 

CAS Number Chemical COflCWWltlOIl 
Minimum co:a:“~r:~o” y$;ey units L”f;c$yp Deyy’o” N,R;zc;,z, CoE:r ““;;;;y:” Frequency 

COPC Et, ,$$ cm.; c~;cmp;i 

(0 alldiRer (11 Scrsening” 
screenhlg 

Le e,lrl Value SOUICe Selection’.’ 

V&tll.3 Organics 
67-64-l ACETONE 27 s J 28 9 J w/L S3lW2201 115 5. 13.4 26 9 NA 61 N 700 CTDEP RSR NO BSL 

NA FED-MCL 
NA CTOEP-MCL 

67-66-3 .-a .- ;mrmm 2.11 5.72 W/L S32DMW26SOl 4127 1 5.72 NA n 4. c 6 CTOEP RSR m ASL 
80 FEPMCL 
100 CTOEP-MCL 

156-59-2 __ I. .-. w 1.71 122 w/L S32DMW29S04 3127 1 12.2 NA 0 70 CTDEP RSR m ASL 
70 FED-MCL 

CTDEP-MCL 
79-01-6 a-. m 1.88 8 76 J W/L S32DMW2SDOl 9127 CTOEP RSR m ASL 

FEDMCL 
CTOEP-MCL 

31.3 lq/L S32DMW29S04 2127 CTDEP RSR M ASL 
FED-MCL 

CTOEP-MCL 
Dissolved Gases 
74-84-O ETHANE 12 12 UqlL S32DMW29S04 111s 2 12 NA NA NA CTDEP RSR NO NTX 

NA FED-MCL 
NA CTOEP-MCL 

74-65-l ETHENE 13 13 “q/L S32DMW29SO4 l/IS 3 13 NA NA NA CTOEP RSR NO NTX 
NA FED-MCL 
NA CTOEP-MCL 

74-82-6 METHANE 1 400 J “q/L S32DMW29S04 12116 1-2 400 NA NA NA CTDEP RSR NO NTX 
NA FED-MCL 
NA CTDEP-MCL 

Semivolatile Organics 
106-44-5 4.METHYLPHENOL 2 J 2 J “q/L S32DMW26DOl 1118 5 2 NA 113 N 35 CTDEP RSR NO BSL 

NA FEDMCL 
NA CTOEP-MCL 

120-12-7 ANTHRACENE 0 04 J 0 04 J “q/L S32DMW16SOl l/16 005-11 0.04 NA 160 N 2000 CTDEP RSR NO BSL 
NA FEDMCL 
NA CTOEP-MCL 

56-55-3 BENZO(A,ANTHRACENE 0.06 0 06 w/L S32DMW3OSOl l/16 0 05 - 0.16 0 06 NA 0.092 c 0.06 CTDEP RSR NO BSL 
NA FED-MCL 
NA CTDEP-MCL 

50-32-6 : ,... m 008 0 06 W/L S32DMW3OSOl 1,lS 0.05 - 0.16 0.06 NA m 0.2 CTDEP RSR m ASL 
0.2 FEDMCL 
NA CTOEP-MCL 

205942 BENZO(B)FLUORANTHENE 0 05 J 0 05 J lqlL S32DMW30SOl ,111s 0 l-0.16 0.05 NA 0092 c 0 06 CTDEP RSR NO BSL 
NA FED-MCL 
NA CTDEP-MCL 

191-24-2 BENZO(G,H.I)PERYLENE 0.09 J 0 09 J “q/L S32DMW30SOl l/l8 0.1 - 0.16 0 09 NA 16(7) N 210 CTDEP RSR NO BSL 
NA FED-MCL 
NA CTDEP-MCL 

207-06-9 BENZO(KlFLUORANTHENE 0.03 J 0.03 J UqlL S32DMW30SOl l/l8 0.05 - 0 16 0.03 NA 0.92 c 0.5 CTDEP RSR NO BSL 
NA FEPMCL 
NA CTDEP-MCL 

21&01-9 CHRYSENE 0.04 J 0.04 J W- S32DMW30501 l/l8 0.05 - 0.16 0.04 NA 9.2 c 4.6 CTOEP RSR NO BSL 
NA FED-MCL 
NA CTOEP-MCL 

206-44-o FLUORANTHENE 0.04 J 0.1 W/L S32DMW3OSOl CM8 0.1 - 1.1 0.1 NA 150 N 280 CTDEP RSR NO BSL 
NA FED-MCL 
NA CTDEP-MCL 
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Minimum 
CAS Number Chemical COflCWlV~tlO~ Minimum 

,I, QUllifkf 

,,~~~,~& “,“AII;~I Un,ts LocaCtFcfwfax;wm “f~‘“” NE;Ecz,I, Co~e~~~ Frequency 
IO screening”’ 

86-73-7 FLUORENE 0.04 J 0 04 J lq/L S32DMW16SOl 1118 0 1 - 1.1 0.04 

193-345 INOEND(1.2.?-CD!PYRENE 0 06 0.06 wq/L S32DMW30SOl l/16 005-0.16 0.06 

85014 PHENANTHRENE 003 J 0 03 J “q/L 532DMW30SOl lilt3 0.05. 1.1 0 03 

129-00-O PYRENE 0.06 0 13 “q/L S32DMW30SOl 2118 0.05-1.1 0 13 

I I NA ICTC 

NA 

NA FEDMCL 
NA CTOEP-MCL 

lS(7) N 200 CTDEP RSR NO 
NA FEDMCL 

BSL 

NA 
NA 

I8 N 200 
NA 
NA 

CTOEP-MCL 
CTDEP RSR NO 

FEPMCL 
CTDEP-MCL 

BSL 

I I I I I I I I I I I t 

PesUcideslPCBs 
72-54-6 4.4.DOD 0.019 J 0.019 J uq/L S32DMW30SOl l/18 0.02 - 0.021 0019 NA 0.26 C NA CTDEP RSR NO BSL 

NA FED-MCL 
NA CTDEP-MCL 

50-293 4.4’.DOT 0.034 J 0034 J W- S32DMW3OSOl l/l8 0.02.0 021 0.034 NA 02 C NA CTOEP RSR NO BSL 
NA FEDMCL 
NA CTDEP-MCL 

Total Metals 
7429-90-5 ALUMINUM 517 983 W/L S32DMW23DOl 3/19 505.338 983 3560 3600 N NA CTDEP RSR NO EPAI. BKG 

m FEDSMCL I II 
CTDEP-MCL NA 

7440-36-2 6.1 61 “q/L S32DMW29S04 1119 23 61 mm- 1 I. c $1 CTDEP RSR m ASL 
FEPMCL 

Yl CTDEP-MCL 
7440-343 BARIUM 26 170 lqiL S32DMWZBSOl 9119 41.465 170 227 260 N 1090 CTDEP RSR NO BSL. BKG 

2000 FED-MCL 
2000 CTDEP-MCL 

7440-43-g CADMIUM 0.71 0.71 UqiL S32DMW26SOl 1119 025-0.5 071 ) I A 1.6 N 5 CTDEP RSR NO BSL 
5 FEDMCL 
5 CTDEP-MCL 

7440-702 CALCIUM 6550 155000 uq/L S32DMW16001 19/19 0 155000 188000 NA NA CTOEP RSR NO NUT, BKG 
NA FED-MCL 
NA CTOEP-MCL 

7440-47-3 CHROMIUM 15.1 25.3 w/L S32DMWlODOl 3/19 1.3-6.2 25.3 49.9 munm-- : N NA CTDEPRSR NO BKG 
100 FED-MCL 
50 CTDEP-MCL 

7440-48-4 COBALT 4.5 J 9.4 up/L - 3MW12D VI9 4.2 6 9.4 46.6 220 N NA CTOEP RSR NO BSL. BKG 
NA FED-MCL 
NA CTDEP-MCL 

7440-50-6 COPPER 12 J 12 J “q/L S32DMW30SOl 1119 3 - 6.8 12 107 140 N 1309 CTDEP RSR NO BSL. BKG 
1300 FEPMCL 
NA CTDEP-MCL 

7439-096 IRON 268 44500 w/L 3MW12D 15119 37.2 270 - 44500 crnr- i ,I N II NA CTOEP RSR NO EPA, 
m FEDSMCL II 

NA CTDEP-MCL 
7439-92-l LEAD 1.9 J 6.5 W/L S32DMW25SOl 5/19 ta- 1.9 65 6.63 NA 15 CTDEP RSR NO BSL. BKG 

15 FEDMCL 
NA CTDEP-MCL 

7439964 MAGNESIUM 1240 47300 WV- 3MW12D 19/19 0 47300 191ocQ NA NA CTDEP RSR NO NUT, BKG 
NA FEDMCL 
NA CTDEP-MCL 

7439x-5 MANGANESE 50.9 6580 usn 3MW120 1709 5.6. 10.2 6580 11700 m N ii NA CTDEP RSR NO BKG 
B FEPSMCL 

NA CTDEP-MCL 

..---- - 
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-1 
Ex sure Point: Area A Downstream Site 3 

Mlnlmum Rlrk-Based RatIonale fw 

CAS Number Chemical Concantrauon Minimum COPC 

(1, PUaliRer 
co”.“c:‘n~a;on f4a;agey Un,ts ~oc;~~~ion~~~num Delection Noweo;,,, core;;? BaVc;;y$d Frequency 

(I, (1, Screening” 
Screening 

Jg$& Et, cm.; mm&;’ 

Ls”el’lL Value source -1 u II) 
744002-O NICKEL 16.1 J 26.4 “9/L S32DMWlODOl 3/19 6.3. 9.2 26 4 32 2 73 N 100 CTDEP RSR NO BSL. BKG 

NA FED-MCL 
100 CTDEP-MCL 

7440.047 POTASSIUM 857 17000 J WL 3MWl2D 19/19 0 17000 70600 NA NA CTDEP RSR NO NUT, q KG 
NA FED-MCL 
NA CTDEP-MCL 

7440-22-4 SILVER 5.5 J 7.6 J “q/L S32DMW16001 2/13 1.1 -5.2 7.6 m I 18 N 36 CTOEP RSR NO BSL 
100 FED-SMCL 
50 CTDEP-MCL 

7440-23-5 SODIUM 5700 J 447000 “q/L 3MW12D 19119 0 447000 1900000 NA NA CTDEP RSR NO NUT, BKG 
NA FEDMCL 
NA CTDEP-MCL 

7440-28-O m 4.4 J 4.4 J “q/L S32DMWlODOl l/19 3-5 4.4 ND m I’ N 5 CTDEP RSR m ASL 

7440-66-6 ZINC 17.4 73.9 “q/L S32DMW27DOl 5/19 4.6 - 28.6 73.9 131 1100 N 5000 CTDEP RSR NO BSL. BKG .,. 

5!XJO FEPSMCL 
NA CTDEP-MCL 

Dissolved Metals i 
7440-70-2 . CALCIUM. FILTERED 122w 32500 “!a S32DMW16SOl-F 2/2 0 32500 152000 NA NA CTDEP RSR NO NUT. EKG 

NA FEDMCL 
NA CTDEP-MCL 7440-47-3 CHROMIUM, FILTERED 63 J 83 J “q/L S32DMW16SOl-F 112 6.2 6.3 16 11 (‘3) N NA CTDEP RSR NO BSL. SKG z I 

100 FED-MCL 
50 CTDEP-MCL 

7440.454 COBALT, FILTERED 4.5 J 45 J “q/L S32DMW16SOl.F l/2 42 45 43 3 220 N NA’ CTDEP RSR NO BSL. BKG 
NA FEPMCL 
NA CTDEP-MCL 

7440-50-6 COPPER, FILTERED 12 1 J 12 1 J W/L S32DMWlODOl-F i/2 6.8 12.1 39.4 140 N 1300 CTDEP RSR NO BSL. BKG 
1300 FEPMCL 
NA CTDEP-MCL 

7439-696 IRON. FILTERED 430 8990 w/L S32DMWIODOl-F 2/2 0 8990 25300 m 80 N NA CTDEP RSR NO EPAI 
m FED-SMCL II 

NA CTDEP-MCL 
7434964 MAGNESIUM. FILTERED 2320 6900 WL S32DMW16SOl-F 2/2 0 6900 150000 NA NA CTDEP RSR NO NUT, BKG 

NA FED-MCL 
NA CTDEP-MCL 

7439-96-5 MANGANESE, FILTERED 320 783 “q/L S32OMW16SOl-F 212 0 763 9400 B N NA CTDEP RSR NO BKG 
f FED-MCL 

NA CTDEP-MCL 
7440-02-o NICKEL. FILTERED 10.3 J 103 J “r$L S32DMWlODO1-F l/2 9.2 103 153 88 N NA CTDEP RSR NO BSL. q KG 

NA FED-MCL 
NA CTDEP-MCL 

7440.097 POTASSIUM, FILTERED 2970 4000 “cl/L S32DMW16501-F 2/2 0 4000 60000 NA NA CTDEP RSR NO NUT, BKG 
NA FED-MCL 
NA CTDEP-MCL 

7440-255 SODIUM, FILTERED 25500 J 50400 J “a 532DMW16SOl.F 2/2 0 SO400 15aoooQ NA NA CTDEP RSR NO NUT, BKG 
NA FED-MCL 
NA CTDEP-MCL 

7440-28-0 S32DMW16SOl-F 
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766-I-41-7 

003-02-0 

E-11776 

14808-79-8 

000-09-0 

000-08-9 

AMMONIA 0.11 

CHLORIDE 6.17 

HARDNESS as CaC03 22.7 

SULFATE 6.25 

TOTAL DISSOLVED SOLIDS 55 

TOTAL ORGANIC CARBON 1.1 

TOTAL SUSPENDED SOLIDS 5 

1.04 

813 

402 

70.5 

1760 

I8 

751 

mqlL S32DMW24SOl 16118 0 

mq/L S32DMW16DOl 19/19 813 

w/L S32DMW16DOl 17118 2 

mqlL S32DMWlISOl 19119 0 

mq/L S32DMW16DOl 19/19 0 

mNL S32DMW29S04 lS/lS 0 

mq/L S32DMW3OSOl lOI16 5 

1.04 

813 

482 

70.5 

1760 

18 

751 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A CTDEP-MCL 
N/A CTDEP RSR NO 
N/A FEDMCL 
N/A CTDEP-MCL 
N/A CTDEP RSR NO 

B FED-SMCL 
N/A CTDEP-MCL 
N/A CTDEP RSR NO 
NIA FED-MCL 
N/A CTDEP-MCL 
N/A CTDEP RSR NO 
250 FEPSMCL 
N/A CTDEP-MCL 
N/A CTDEP RSR NO 

B FEPSMCL II 
N/A CTOEP-MCL 
N/A CTDEP RSR NO 
N/A FEDMCL 
N/A . CTDEP-MCL 
N/A CTDEP RSR NO 
N/A FED-MCL 
NIA CTDEP-MCL 

NTX 

BKG 

NTX 

BSL 

BKG 

NTX 

NTX 

Ml”hl”fll Risk-Based RatIonale for 

CAS Number Chemical Cwrcentration Minimum 
Qusliier 

coMn::“Ytr%” y;;;; U”,& ‘“‘;;c-;a;p” DetecUo” NzLEc;,,, CoEyll:y “-;y;:“” scz”;“, Frequency 
11, 11, u1 screenhlg”’ 

Zfc stc cm; c;mtzm$;t 

LavapI value SOUVX s&&fy 
Miscellaneous Parameters 
E-14506 ALKALINITY 10.5 J 239 mqlL S32DMW16DOl 19119 0 239 1950 N/A NIA CTDEP RSR NO BKG 

NIA FED-MCL 

A shaded value lnduates that the concentration used for screening exceeds the critenon or background value 
A shaded chemxal name lndwxtes that the chemical has been selected as a COPC 

FOOlnOteS 
1 Sample and dupkcate are counted as two separate samples when detemuning the m~nunum and manmum 

detected concentrations. 
2 Values presented are sample-speaflc quantitation lkmlts. 
3 The maximum detected concentration is used for screening purposes. 
4 95% Upper Tolerance Ltmlt (UTL) of site background data. 
5 The risk-based COPC screentng level for tap water use IS presented. The value IS based on a 

target Hazard quotient of 0.1 for noncarcinogens (denoted with a ‘N’ flag) or an incremental cancer 
nsk of IE-6 for carcinqlens (denoted with a ‘c’ flag) (USEPA. Region IX. November 2000). 

6 The chemical is selected as a COPC d the maximum detected concentration exceeds the nsk-based 
COPC screening level andlot an AP.ARilBC(s). 

7 Pyrene IS used as a surrogate for phenanthrene 
8 Value IS for hexavalent chromum. 
9 The “S EPA has approved a new MCL for arsen,c of IO “glL. The MCL goes ,n,o effect I” 2006 

The reducton of the MCL does not impact the human health risk assessment. 

Associated SampIeS, 
S3TWOlOl 
s3TWO401 
S3lwlWl 
s3TW1501 
s3TW1701 
s3TW2201 
53TW2201.D 

S3TWZSJl 

S32DMWlODOl S32DMW24DOI S32DMWZSDOl 
SPDMWlODOl-F S32DMW24001.D S32DMWZSSOl 
S32DMWllSOI S32DMW24SOI S32DMW29SO4 
S32DMW15DOl S32DMW25001 S32DMW3OSOl 
S32DMW16DOl S32DMW25SOl s3Mw14so1 
S32DMW16SOl S32DMW26DOl S14MW01S01 
S32DMWI6SOl-F S32DMW26SOl 3MWlZD 
S32DMW23DOl S32DMW27Wl 

AP.AmBC = Applicable or Relevant and Appropriate ReqwemenVTo Be Considered 
c = can1nogen. 
COC = Chemical of Concern 
J = Esbmated Value. 
N = Noncarcmqen 
N/A = Not Applicable. 
FEPMCL = Federal Maximum Contammant Level (USEPA. August ZOOO). 
FEDSMCL q Federal Secondary Maxlmum Contaminant Level (USEPA. August 2000) 
FED-AL = Federal Action Level (USEPA. August 2000). 

CTOEP-RSR = Connecticut DEP Remediation Standard Regulabons. 1996. 
CTDEP-MCL = Connecticut Msxnwm Contaminant Level. 

Rationale Codes: 

For Selection as a COC’ 
ASL = Above CDC Screenmg LevellARARITBC 

Fw Ekmmati as a COC. 
BKG = Within Backgrwnd Levels. 
BSL = Below COC Screening LeveVARARITBC. 
NUT = Essential Nutrient. 
NTX = No Toxlcity lnfwmatw 
EPA1 = USEPA Regvm 1 das not advocate evaluabon of this chemical 
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Exposure Medium: Groundwater 

CAS Number Chemical 
Minimum 

Concentration 
,I! 

Minimum 
Oualilier 

74-64-0 [ETHANE I 12 I I 12 I 1 uq/L 1 S32DMWZsS04 I I/19 2 12 1 NA NA I NA I NO 1 NTX 
74-65-1 [ETHENE 

I 1 1 
13 I3 uqlL 1 S32DMW2sS04 I l/l6 3 I 13 1 NA I NA I NA 1 NO 1 NTX 

,74-&?-e (METHANE I 1 I I 400 I J I uglL( S32DMW2sS04 I 12716 I 1 -2 I 496 I NA 1 NA I NA I NO I NTX 
cami”,4.*ilr n,n,.nir. 

106-44-5 (4.METHYLPHENOL ! 2 1 J 1 2 1 J I uUL 1 S32DMW26DOi I l/18 5 2 NA NA NA NO NTX 
120-12-7 ANTHRACENE 0.04 1 J I 0.04 J ug/L 1 S32DMW16SOl 1719 0.05 - 1.1 0.04 NA 1100000 NA NO BSL 
56-55-3 BENZO(A)ANTHRACENE 0.06 1 I 0.06 us/L 1 S32DMW30SOl 1116 0.05 - 0.16 0.06 NA 0.3 NA NO BSL 
50-32-s BENZO(A)PYRENE 0.08 1 I 0.08 uUL I S32DMW30SOl ill6 0.05.0.16 0.08 NA 0.3 NA NO BSL 
205-99-2 IBENZO(B)FLUOF?ANTHENE I 0.05 1 J 1 0.05 1 J 1 ug/L I 53201 MW30SOl l/16 0.1 0.16 - 0.05 NA 0.3 NA NO BSL 
191-24-2 BENZO(G,H.I)PERYLENE 0.09 1 J I 0.09 J uq/L I S32DMW30SOl i/is 0.t 0.16 0.09 NA NA NA NO NTX 
207-08-9 BENZO(K)FLUOAANTHENE 0.03 I J I 0.03 J us/L 1 S32DMW30SOl l/18 0.05 0.16 - 0.03 NA 1 03 1 NA ’ NO BSL 
218-01-9 CHRYSENE 0.04 I J I 0.04 J us/L 1 S32DMW30SOl l/18 0.05.0.16 0.04 NA 1 NA NA NO NTX 
206-44-O IFLUORANTHENE I 0.04 1 J I 0.10 I 1 us/L 1 S32Dl MWJOSOI 3/16 0.1 - 1.1 01 NA 1 3706 NA NO BSL 
06-73-7 (FLUORENE I 0.04 I J I 0.04 I J I us/L I S32DMW16SOl l/19 0.1 - 1.1 0.04 NA 1 14WOO NA NO BSL 
193-39-5 llNDENO(l,2,3CD)PYRENE 1 0.06 I I 0.06 I 1 us/L 1 S32DMW30SOl l/16 0.05 0.16 - 0.06 NA 1 NA NA NO NTX 
I 0.03 NA 1 0.3 1 NA NO BSL _ 35-01-e IPHENANTHRENE I 003 I J 1 0.03 I J I us/L I S32DMW30SOl I l/18 0.05 1.1 - 

[129-00-O IPYRENE 
1 

I 0.06 I 1 0.13 I I Uq/L I S32DMW30SOl I 2716 I 0.05-1.1 I 0.13 I NA i 11oooO I NA 1 NO I BSL 
Pesticides!PCEs 

1 

72-54-6 14,4’-DDD I 0.019 I J 1 0.019 1 J I us/L I S32DMW30SOl I l/l6 1 0.02 0.021 - 0 
14.4’.DDT 

I 1 NA 1 NA I NA 1 NO 1 NTX 
50-29-3 I 0.034 I J 1 0.034 1 J I Ug/L I S32DMW30SOl I II16 I 0.02 -0.021 1 0.034 1 NA 1 NA 1 NA 1 NO 1 NTX 

ALUMINUM 517 1 I 983 I I ugiL I S32DMW23DOl 1 3719 1 50.5.336 1 “̂” 

6.1 I [ 6.1 I 1 UUL I S32DMW29S04 [ l/19 [ 2.3 
BARIUM 9R _” I 170 I ..I , I I,“,! I $79nMW9eCnl I w,o I 4 I .4* c , “__ , ----,....---” , , 7.8 ..“.., 
CADMIUM 0.71 1 I 1 I I Ug/L I S32DMW26SOl 1 ;;;; 1 0.25 -0.5 
CALCIUM 6550 1 I 155000 I 1 us/L I S32DMW16DOl 1 IS/IS 1 0 

7440-47-3 ICHROMIUM I 15.1 1 1 25.3 1 I us/L I S32DMWlODOl 1 3/19 
ICOBALT 

1 1.3-6.2 
7440.464 45 1 J I 94 I us/L I 3MW12D I 5719 

17440-02-o INICKEL I 16.1 I J 26.4 1 S32DMWlODOl 3/19 6.3-9.2 

Tolal Metals 
7429-90-5 
7440-36-2 

7440-39-3 
7440-43-9 
7440-70-2 

I J I 447000 I I UQ/L I 3MW12D I lS/lS I 0 
7440-26-O (THALLIUM I 4.4 1 J I 4 I J I ug/L I S32DMWlODOl 1 l/19 
7440-66-6 IZINC 17 I 74 I q/L I S32DMW27DOl [ ~/IS 
%solved Metals 
‘440-70-2 ICALCIUM. FILTERED I 12200 1 1 32.500 1 1 ug/L I S32DMW‘ 

ICHROMIUM. FILTERED ! 6.3 I J 1 63 1 J I usILl S32DMW’ 
16SOl-F 2/2 0 32506 152006 NA NA NO BKG 

7440-47-3 16SOl-F l/Z 6.2 6.3 16 110 NA NO BSL. BKG 
7440-48-4 (COBALT, FILTERED I 4.5 I J 

ICOPPER. 
I 45 I J I ugL I S~~~MWI~SOI-F l/2 4.2 4.5 43.3 NA NA NO BKG 

7440-50-6 FILTERED I 12.1 1 J I 12 1 J I up/L I S32DMWlODOl-F l/2 6.6 12.1 39.4 48 NA NO 
‘439-89-6 (IRON. FILTERED I 430 I 

BSL, BKG 
8990 S32 DMWIODOI-F 272 

IMAGNESIUM. 
I I 1 us/L 1 0 8990 25306 NA NA 

1 
NO 

7439-95-4 FILTERED 2320 1 1 
BKG 

6900 1 I uq/L I S32DMW16SOl.F 1 2l2 0 6900 15OOQO NA NA NO BKG 
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OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT BtTES 3 AND 14 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATtON 
NBB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

MillitllUlll 
CAS Number CblMCal Cmcentmtlon 

MltlilllUllt 

,I, Glulifief 

I 
439-96-5 MANGANESE, FtLTERED 320 
440-02-O NICKEL. FILTERED 10 J 
440-09-7 POTASSIUM. FILTERED 2970 
440-23-5 SODIUM, FILTERED 25500 J 
440-26-O THALLIUM, FILTERED 3 J 
8...-.- -~ ~.~~~ 

01-F 1 2!2 1 0 4000 1 60000 i NA 1 NA BKG 

A shaded value ir?dicatas that the concentration used for screening exceeds the criterion or background value 
A shaded chemical name indicates that the chemical has bsen selected es s COPC. 

-: 

1 Sample and duplksle sre counted ss two separate samples when detemtlnlng the mlnimum and maximum 

detected concentrations. 

2 Values presented sre ssmplcspecillc qusntitstion limits. 

3 The maximum detected concentration is used for screening purposes. 

4 95% Upper Tolerance Limit (UTL) of site background data. 

5 Connecticut DEP Surface Water Protection crlterts. 

6 Comwctlcut DEP Volstilizstton criteria for residenlisl exposures. 

7 The chemical is selected ss s COPC it the msxtmum detected concentration exceeds the 

CTDEP surtsce water protection or volatitizetion cdterts. 

-isted Ssmoles: 

SJTWOI 01 

S3TW0401 

S3TWlOOl 

s3TWt501 

S3TWl701 

S3TW2201 

S3TW2201.D 

S3TW2501 

S32DMWlODOl S32DMW24DOl S32DMW26DOl 

S32DMWlODOl.F S32DMW24DOl-D S32DMW26SOl 

S32@MWl lSO1 S32DMW24SOl S32DMW23S04 
s321:: $2, * ‘CXJ, S32DMYV25DOl S32DMW3OSOl 

5321. :DOl S32DMW25SOl S3MWl4S01 

532: ‘.~16SOl S32DMW26DOl Sl4MWOlSOl 

S32DMWlESOl-F S32DMW26SOl 3GW12D04 

S32DMW23DOl S32DMW27DOi 

-: 
ARAWTBC = AppllcsMe or Retevsnl and Appropriate Requlrementffo Be Cons&wed. 

c = Csrdnogen. 

CM: = Chemical of Concern. 

J = Estimated Value. 

N = Nomsrcinogen. 

NA = Not ApplicaMe. 

Rationale: 

For Selection ss s COPC: 

ASL = Above COPC Screening LeveUARARITBC 

For Elimlnstlon ss s COPC 

BKG = Within Background Levels. 

BSL = B&w COPC Screening LeveVARAF(TTBC 

NTX = NO Toxtcity Inforr’n~tlon. 



TABLE 6-7 

SELECTION OF EXPOSURE PATHWAYS FOR SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

NSB-NLON, GROTON, CONNECTICUT 

Scenario 
Timehame 

Medium Exposure 
Medium 

Exposure 
Point 

Receptor 
Population 

Receptor 

m 

Exposure 
ROUtS 

O&SiiSl 
M-Site 

Tvpe of 
Analysis 

Rationale for Selection or Exclusion 
of Exposure Pathway 

Current/Future Groundwater Groundwater 

Air 

OverburdenBedrock 

Aquiler 

Overburden/Bedrock 

Aquifer 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Residents 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Adult Ingestion On-Site None Construction workers may have dermal contact with groundwater during 
Dermal On-Site &ant excavation activities. 

Adult Ingestion On-Site None Full-time employees ara not exposed to groundwater. 
Dermal On-Site None 

Adolescents Ingestion On-Site None Trespassers do not have contact with groundwater. 
Dermal On-Site None 

Adult Ingestion On-Site @ant Groundwater may be used as a potable water source in the future. 
Dermal On-Site Quant 

Child Ingestion On-Site None Exposures to a child resident are less than those for an adult resident. 
Dermal On-Site None 

Adult Inhalation On-site None Construction workers exposure via volatilization is expected to be insignificant 
due to dilution with outdoor air. 

Adult Inhalation On-site None Full-time employees are not exposed to groundwater. 

Adolescents Inhalation On-Site None Trespassers do not have contact with site groundwater. 

Residents Adult 

Child 

lnhalatron 

Inhalation 

Onsite 

On-site 

Quant On-site residents may be exposed to volatile from groundwater while showering. - 
i 

None Exposures to a child resident are less than those for an adult resident. 



TABLE 6-6 

EXPOSURE POINT CONCENTRATIONS FOR SITES 3 AND 14 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Groundwater 
Chemical RME”’ CTE”’ 

(ug/L) (ug/L) 
Volatile Organic Compounds 
Chloroform 5.72 0.96 
cis-1,2-Dichloroethene 12.2 1.08 
Trichloroethene 8.76 1.72 
Vinyl Chloride 31.3 1.79 
Semivolatile Organic Compounds 

1 Benzo(abvrene I 0.08 I 0.031 I 
lnorganics 
Arsenic 
Thallium 

I 6.10 I 1.42 
4.40 1.71 

Notes: 
1 - The maximum detected concentration is used for the RME scenario and the 

average concentration is used for the CTE scenario. 

- 

------ 



TABLE S-9 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITES 3 AND 14 
REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media 

Construction Worker Groundwater 

Exposure 
ROtItS 

Dermal Contact 

Cancer 
Risk 

2.OE-07 

Chemicals with 
Cancer Risks 

> lo4 
__ 

Chemicals with 
Cancer Risks 

> 10”and 5 lo4 
__ 

chenlicste with 
Cancer Risks 

a 10d and 5 10d 
__ 

Hazard 
Index 

0.001 

Chemicals with 
HI > 1 

__ 

Adult Resident Groundwater Ingestion 

Dennal Contact 
Inhalation (1) 

Total 

3.8E-04 Arsenic, Vinyl Chloride 

1.3E-04 Banzo(a)pyrene 
2.7E-04 Vinyl Chloride 
7,8E-04 Arsenic. Benzo(a)pyrene. 

Vinyl Chloride 

__ 

Vinyl Chloride 
_- 

__ 

Benzo(a)pyrene, 
Tdchloruethene 

__ 

Trichlorcethene 

Ttfchloroathene 

2.7 Thallium 

0.02 __ 

0.08 __ 

2.7 Thallium 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatiles. 



TABLE 6-10 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITES 3 AND 14 
CENTRALTENDENCYEXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media 

Construction Worker Grounclwaler 

Expasure CallCW Chemicals with Chemicals with Chemicals with Hazard Chemkals with 
Route Risk Cancer Risks Cancer Risks Cancer Rtsks Index HI > 1 

>104 > 1w5 and 2 IO4 > 10dand < IO’ 
Dermal Contact 2.2E-06 __ ._ __ 0.0007 _. 

Adult Resident Groundwater Ingestion 6.1 E-06 __ -_ Arsenic, Vinyt Chloride 0.4 . . 
Dermal Contact 7.7E-06 __ __ Benzo(a)pyrene 0.01 __ 
Inhalation (1) 2.2E-06 __ __ Vinyl Chloride 0.01 __ 

Total 1.6E-05 __ __ Arsenic, Benzo(a)pyrene, 
Vinyl Chloride 0.4 __ 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatilas. 
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7.0 SITE 7 - TORPEDO SHOPS 

7.1 SITE DESCRIPTION 

The Torpedo Shops (Site 7) are located in the northern portion of NSB-NLON on the northern side of 

Triton Avenue. Figure 7-1 shows the general site arrangement. The site location with respect to other 

IRP sites at NSB-NLON is shown on Figure 1-2. The site is bordered on the east and north by 

go-foot-high bedrock cliffs. The remainder of the site slopes to the southwest towards the Area A 

Downstream Watercourses. An earthen berm extends along the base of the eastern portion of the 

exposed rock face. Three buildings (325, 450, and 477) exist at the site. 

Building 325 is a torpedo overhaul facility. It was built in 1955 and had an on-site septic system until 

1983, when all of the building’s plumbing facilities were connected to sanitary sewers. The original septic 

leach field for Building 325 is located southwest of the building, adjacent to Triton Road. This leach field 

became clogged in 1975 and was abandoned. A new leach field (south leach field) was constructed next 

to the original leach field and was used until sanitary sewers were installed in 1983. 

Atlantic personnel performed a visual inspection of Building 325 on March 20, 1989. According to 

interviews with on-site personnel, a variety of fuels, solvents, and petroleum products have been used in 

the building. Otto Fuel II [which comprises propylene glycol dinitrate (76 percent), 2-nitrodiphenylamine 

(1.5 percent), and di-n-butyl sebacate (22.5 percent) and produces hydrogen cyanide when burned], 

high-octane alcohol (190 proof grain alcohol), and TH-Dimer (jet rocket fuel) were observed in 

maintenance areas. Solvents including mineral spirits, alcohol, and 1 ,l,l-trichloroethane, as well as 

petroleum products such as motor oil and grease, were used in this building. A sink in one area was 

previously used for film development, and another sink was used for the overhaul of alkaline batteries. 

This plumbing drained into the on-site septic system until 1983. A maintenance area has a shallow sump 

that is covered with a flush-mounted steel grating. The area surrounding this sump was previously a 

washdown/blowdown area for weapons. It is not known where this sump drains, although there is a fair 

probability that it drains into the south leach field. Two underground No. 2 fuel oil tanks were located on 

the southern side of this building. One of the tanks was closed in 1995. A third tank, which was located 

above ground adjacent to the building, was used for temporary storage of No. 2 fuel oil but, based on field 

reconnaissance, had been removed as of March 15,1995. 

A smaller building attached to the east side of Building 325 was also inspected by Atlantic personnel. It 

was previously used as an assembly shop for torpedoes and was a paint shop at the time of the 

inspection. A storage closet in this building included containers of 1 ,l ,l -trichloroethane and methyl ethyl 

ketone (2-butanone). Drums and cylinders were stored outside on the eastern side of this building. The 
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vessels were labeled as containing propane, isobutane, 2-butanone, xylot, methylene chloride, propellant, 

and zinc chromate. An addition to the northern side of Building 325 was under construction at the time of 

the Atlantic 1989 inspection and has since been completed. This addition is also used as a torpedo shop. 

Building 450 is the primary MK-48 torpedo overhaul/assembly facility. It was built in 1974 and was served 

by its own septic system until 1983, when it was connected to sanitary sewers. Only domestic 

wastewater from toilets, lavatories, and showers in Building 450 had been directed to the septic field 

(north leach field). Torpedo overhaul/assembly operations of Building 450 generate fuels, solvents, and 

petroleum products as wastes. An Otto fuel and seawater mixture is drained from the torpedoes, which 

are then replenished with fresh fuel. The IAS Report indicated that Building 450 generates approximately 

3,000 gallons of Otto fuel wastewater per month. This building was constructed with a waste collection 

system that collected waste products from floor drains and discharged to an underground waste 

tank/sump with a capacity of approximately 1,500 gallons. The waste tank was pumped periodically and 

the contents were disposed off site. Otto fuel product was previously stored in a 4,000-gallon 

underground tank south of Building 450. 

Building 477, approximately 65 feet east of Building 450, was formerly used to store Otto fuel in drums. 

On-site personnel report that solvents including 1 ,l ,l -trichloroethane, TCE, toluene, mineral spirits, 

alcohol, and bulk freon have been used at this facility. Petroleum products including TL-250 motor oil and 

hydraulic fluid have also been used in this building for torpedo maintenance. In the past, only domestic 

wastewater from toilets, lavatories, and showers in Building 450 was directed to the septic field (north 

system). 

Atlantic personnel performed a site inspection of Building 450 on March 20, 1989. The former septic 

leach field is located southwest of this building in a flat, elevated area. The hazardous waste sump was 

no longer in use and, reportedly, was decommissioned in 1987. It was replaced with three 1 ,OOO-gallon 

above-ground tanks located south of the building. The floor drains were sealed and replaced with a new 

system for pumping waste products to the new tanks. A 4,000-gallon above-ground Otto fuel storage 

tank replaced the previous tank and is located south of the building. No construction is planned for the 

immediate future at Building 450. 

7.2 SITE INVESTIGATIONS 

The details of all investigations, including historical and current, conducted at the Torpedo Shops are 

provided in the following subsections. 
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7.2.1 Phase I Remedial lnvestiaation (Atlantic, 1992) 

An investigation of 11 sites was completed at NSB-NLON by Atlantic Environmental Services from 1990 

through 1992. Site 7 was one of the sites investigated. The Phase I RI for this site focused primarily on 

subsurface soils because the source being investigated at that time was the subsurface leach fields. 

Atlantic personnel performed a visual inspection of Building 325 on March 20, 1989. The investigation 

began with a soil gas survey of the area surrounding Buildings 450 and 325. These results were used to 

guide the installation of monitoring wells and the collection of soil samples from the well and test borings. 

Three monitoring wells were installed, including an upgradient well (7MWl) installed in bedrock, as a 

result of the shallow depth to bedrock in the area, and an overburden well (7MW2 and 7MW3) in each of 

the two leach field areas. One groundwater sample was collected from each of the monitoring wells. A 

field duplicate was also collected from 7MWl. The groundwater samples were analyzed for TCL VOCs, 

TCL SVOCs, TCL pesticides/PCBs, and TAL metals (total). The field duplicate was not analyzed for 

pesticides/PCBs. 

One surface (from a depth of less than 2 feet) and nine subsurface soil samples including one field 

duplicate were collected from the three monitoring well borings and six additional test borings. All soil 

samples were analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals (total), and TCLP 

metals. 

One sediment sample and one surface water sample were also collected west (downstream) of the 

buildings and analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals (total). 

The Phase I RI concluded that there were negligible health risks associated with the Torpedo Shops and 

that this site should proceed to Step II of the IR Program. 

7.2.2 Site Characterization Report for OT-10, Buildina 325 and Buildinq 89 (B&R 

Environmental, 1996a) 

In 1995, B&R Environmental performed an investigation to determine whether the two fuel oil tanks 

(ROl Ri and R02) at Building 325 in the Torpedo Shop Area had impacted the soil surrounding the site. A 

secondary objective of the investigation was to install permanent leak detection systems at Building 325 

so that environmental conditions at the site could be monitored over the lifetime of the tanks. Data from 

the investigation were used to support closure of Tank ROlRl and to establish that Tank R02 was 

operating properly and could remain in service. 
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During the investigation, 11 soil samples and four groundwater samples were collected and analyzed for 

BTEX and TPH. Soils around Tank ROlRl that were contaminated with TPH and exceeded the direct 

exposure cleanup standard of 500 mg/kg were excavated and removed at Building 325. The soils were 

replaced with clean sand and gravel fill. The investigation concluded that no further action was necessary 

at this site; however, continued monitoring of the groundwater was suggested. 

7.2.3 Phase II Remedial lnvestiaation (B&R Environmental, 1997a) 

A Phase II RI at 13 sites at NSB-NLON was conducted by B&R Environmental from 1995 through 1997. 

Site 7 was one of the sites investigated in this Phase II RI. Soil sampling conducted during the Phase II 

RI was expanded to cover the entire area surrounding the three buildings, as well as the area 

downgradient of the buildings and their associated leach fields. As with the Phase I RI, the Phase II RI 

began with a soil gas survey. Forty-five soil gas samples were collected from a gridded area surrounding 

Buildings 325 and 450. All samples were field screened for acetone, benzene, freon 113, m- and 

p-xylenes, o-xylenes, toluene, PCE, and TCE. Soil sampling locations were then selected to collect 

confirmatory samples for the soil gas survey and to expand on the Phase I RI. Nineteen soil samples and 

two duplicates were obtained during the Phase II RI; six surface soil samples (from depths of less than 

2 feet) and 13 subsurface soil samples (from depths of greater than 2 feet) were collected from eight 

monitoring wells and nine test borings. 

Eight shallow overburden monitoring wells and three bedrock wells were installed during the Phase II RI. 

Each of the new wells and three previously installed wells were sampled during two rounds of sampling. 

Fifteen samples (including one field duplicate sample) were collected during each sampling round. All 30 

groundwater samples were analyzed for TCL VOCs, TCL SVOCs, and TAL metals (total and dissolved). 

In addition, seven samples were analyzed for TPH, and eight samples were analyzed for BOD, COD, 

TOC, oil and grease (hydrocarbon fraction), hardness, suspended solids, ammonia, and total 

phosphorus. 

A downstream surface water sample (7SWl) and two sediment samples (7SD2 and 7SD3) were collected 

during the Phase II RI. 7SD2 was the most upstream sediment sample, followed by 7SD3. These 

samples were analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals (total). In 

addition, the two sediment samples were analyzed for grain size distribution, moisture content, specific 

gravity, organic content, cation exchange capacity, pH, and TOC. 

Phase II RI sampling results included notable detections of contamination in soil and groundwater near 

the abandoned leach field. A human health risk assessment showed that non-cancer risks were below 

acceptable levels except for the construction worker and future resident, and cancer risks were below 

acceptable levels except for a hypothetical future resident. The Phase II RI recommended that further 
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characterization of the Torpedo Shops should be completed prior to determining whether or not the site 

should proceed to the FS stage. 

7.2.4 Basewide Groundwater OU RI 

During the BGOURI, both soil and groundwater samples were collected from Site 7 to further characterize 

the site. The soil and groundwater sampling and analytical program for Site 7 is summarized in 

Table 7-l. The sampling locations are shown on Figure 7-l. No surface soil samples were collected at 

Site 7 during the BGOURI; however, five subsurface soil samples were collected, four of which were 

analyzed for VOCs, SVOCs, and metals. The fifth sample was analyzed for groundwater fate and 

transport parameters (i.e., bulk density, pH, and porosity). 

Thirteen overburden groundwater samples (including two field duplicate pairs) were collected from the 

permanent monitoring wells and analyzed for VOCs, SVOCs, metals, total dissolved solids, total 

suspended solids, and miscellaneous parameters during the BGOURI. One of these overburden 

groundwater samples was also analyzed for dissolved metals. Additionally, ten overburden groundwater 

samples (including one field duplicate pair) were collected from temporary monitoring wells. Seven of 

these samples were analyzed for VOCs only. The remaining three samples were analyzed for VOCs, 

SVOCs, metals, total dissolved solids, total suspended solids, and miscellaneous parameters during the 

BGOURI. 

Groundwater samples were also collected from four permanent bedrock monitoring wells and analyzed 

for VOCs, SVOCs, metals, and miscellaneous parameters during the BGOURI. One of these bedrock 

groundwater samples was also analyzed for dissolved metals. 

7.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the Torpedo Shops based on 

information generated during the Phase I, Phase II, and BGOU Rls. Topography and surface features, 

surface water, soils, geology, and hydrogeology are discussed in the subsections that follow. 

7.3.1 ToPo(rraphv and Surface Features 

Figure l-3 shows the topography and surface features of the Torpedo Shops. The Torpedo Shops site is 

surrounded on the north and east by an exposed bedrock cliff. The cliff is the result of quarry activity 

along the northern bedrock high. The ground surface slopes gently to the southwest. There is an 

earthen berm along the eastern boundary of the site. 
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Three buildings are located within the fenced area that encompasses the Torpedo Shops. Buildings 450 

and 477 are located at an approximate ground elevation of 60 feet msl. Building 325 is located at a 

slightly lower ground elevation of approximately 50 feet msl. According to the Phase I RI Report (Atlantic, 

1992), an addition was constructed on the northern side of Building 325. There are drainage swales on 

the southern side of Buildings 325 and 450. On the southern side of Building 450, there are three 

l,OOO-gallon above-ground waste storage tanks and one 4,000-gallon above-ground Otto fuel storage 

tank. 

7.3.2 Surface Water Features 

Surface runoff from the Torpedo Shops flows southwestward to drainage swales and storm sewers 

located on the southern side of Buildings 325 and 450. Runoff contained by the berm, as well as the 

storm sewer system, drains through culverts under Triton Avenue into the Area A Downstream 

Watercourses and eventually into the Thames River. 

7.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at the Torpedo Shops as Udorthents-Urban land. This 

soil type is defined as excessively drained to moderately drained soils that have been disturbed by cutting 

and filling. The area within and outside the Torpedo Shops has a history of quarrying and filling activity. 

Native soils have been replaced by fill. 

7.3.4 Geoloav and Hvdroaeoloqy 

Geology 

The geology of the Torpedo Shops consists of a southwestward-thickening wedge of overburden 

materials overlying metamorphic bedrock. The surficial deposits underlying Site 7 consist of fill material 

that varies in thickness from 2 to 10 feet. The fill consists primarily of sand and gravel. The fill either lies 

directly on bedrock (in the northeastern portion of the site) or is underlain by up to 30 feet of silty sand 

(along the southwestern edge of the site). The Torpedo Shops area has a history of quarrying and filling; 

therefore, the silty sand is natural alluvium. 

The Torpedo Shops area is bordered to the north and east by a steep bedrock escarpment. In the 

northeastern portion of the site, the bedrock surface is relatively flat and has a mild slope toward the 

southwest. The bedrock surface in this area has been altered by quarry activity. Overburden thickness is 

typically less than 6 feet in this area (7TB8, 7TB9, 7TB10, 7TB12, 7TB13, 7MW7S, and 7MW2D). 

Southwest of 7MW7S and 7MW2D and southeast of 7TB10, the bedrock slopes to the west and 
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southwest more steeply from elevations of 40 to 45 feet msl to elevations of 15 to 20 feet msl. The 

overburden thickness increases to 30 to 40 feet in this area (7TB15,7MW3D). 

The bedrock at the Torpedo Shops has been identified as the Mamacoke Formation. The bedrock 

surface between 7MWl D and 7MW7S slopes at a grade of approximately 2 percent. The bedrock 

surface between 7MW7S and 7MW3D slopes at a steeper grade of approximately 14 percent. Figures 

4-8 and 4-9 show subsurface cross sections that pass through portions of Site 7. 

Hydrogeology 

Groundwater was encountered in both the overburden and bedrock underlying the Torpedo Shops. 

Depths to groundwater average less than 10 feet across the site. Within the overburden, the water table 

was generally encountered near the fill/alluvium interface, where both units were present. Figures 4-2 

and 4-4 show the overburden groundwater flow pattern across the Torpedo Shops, based on June and 

August 2000 water-level data (Tables 2-2 and 2-3). The general direction of shallow groundwater flow is 

to the west-southwest, toward the Area A Downstream Watercourses. Groundwater flow directions in the 

shallow bedrock, based on data from wells 7MWl D, 7MW2D, 7MW4S, 7MW5D, and 7MW7S, which are 

screened in the bedrock, are to the west and southwest (Figures 4-3 and 4-5). In the overburden, the 

hydraulic gradient across the site is approximately 0.02. Within the bedrock, the flow gradient appears to 

be slightly lower, at 0.015. 

Downward vertical gradients were consistently observed at the Torpedo Shops. Well clusters 7MW2S/2D 

(alluvium/bedrock), 7MW3S/3D (combined fill and alluvium/deep alluvium), and 7MW5S/5D (combined 

overburden and bedrock/deeper bedrock) all had downward vertical gradients, indicating that the Torpedo 

Shops area is a local recharge area for groundwater. 

Slug tests have been performed in three alluvium and 2 bedrock wells at Site 7 over the course of the 

various RI field investigations. The estimated site-specific average hydraulic conductivity for the alluvium, 

based on the slug test results, is 11.4 ft/day. Using a hydraulic gradient of 0.02 and a measured porosity 

of 0.37, the estimated groundwater seepage velocity in the alluvium at the site is 0.62 ft/day. The 

hydraulic conductivity value is somewhat higher than the overall average hydraulic conductivity calculated 

for the alluvium; therefore, the seepage velocity may be somewhat overestimated. 

7.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of soil and groundwater contamination at 

Site 7. The discussion includes historical soil and groundwater data collected during the Phase I and 

Phase II Rls and soil and groundwater (total and dissolved) data collected during the BGOURI. 
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7.4.1 Historic Site lnvestiaations 

Soil and groundwater sampling was conducted at the Torpedo Shops site during the Phase I and Phase II 

Rls. Based upon the results of these investigations, the nature and extent of contamination of the soil 

and groundwater at the Torpedo Shops are discussed on a matrix-specific basis in the following 

subsections. The complete analytical database for historic soil and groundwater samples is contained in 

Appendix D, which presents descriptive statistics and associated COPC screening criteria for each 

analyte detected at least once in soil and groundwater samples collected from the Torpedo Shops. 

7.4.1 .l Soil 

Nine VOCs, including three chlorinated aliphatics, three monocyclic aromatics, two ketones, and carbon 

disulfide, were detected in the soil samples. Most were detected infrequently and at low concentrations. 

Methylene chloride, a common laboratory contaminant, was detected most frequently (in 14 of 27 

samples) at concentrations ranging from 0.003 mg/kg to 0.42 mg/kg. Benzene, toluene, and total xylenes 

were each detected in from one to six of 37 samples at concentrations ranging from 0.0005 mg/kg to 

0.011 mg/kg. 1 ,I -Dichloroethene, 2-butanone, acetone, carbon disulfide, and PCE were each detected in 

from one to five of 27 samples. With the exception of acetone, which was detected at a maximum 

concentration of 0.17 mg/kg, these remaining VOCs were detected at trace concentrations, ranging from 

0.003 mg/kg to 0.032 mg/kg. 

Twenty-five SVOCs, including 17 PAHs, four phthalate esters, 4-methylphenol, benzoic acid, carbazole, 

and dibenzofuran, were detected in soil samples collected from the Torpedo Shops site. PAHs were 

detected most frequently and, with one exception, at the greatest concentrations. Reported 

concentrations of PAHs ranged from 0.018 mg/kg (fluoranthene) to 4.3 mg/kg (phenanthrene). Diethyl 

phthalate was detected at a concentration of 14 mg/kg in the soil sample collected at a depth interval of 1 

to 3 feet bgs from boring 7MW7S, located along the drainage swale south of Building 450. Maximum 

concentrations of nine SVOCs (all PAHs) were associated with the soil sample collected from a depth 

interval of 1 to 3 feet bgs from test boring 71810, located south of Building 325. Maximum concentrations 

of an additional nine SVOCs were associated with the soil sample collected from a depth interval of 1 to 

3 feet bgs from well boring 7MW4S, located near the southeastern corner of Building 325. 

Eight pesticides and one PCB were detected in the Torpedo Shops soil samples. 4,4’-DDT and its 

breakdown products, 4,4’-DDD and 4,4’-DDE, were detected most frequently, with each being detected in 

four or five of 23 samples. Concentrations of these three pesticides ranged from 0.0044 mg/kg to 

0.21 mg/kg. Aroclor 1254 was detected in a single soil sample, collected at a depth interval of 2 to 4 feet 

bgs from well boring 7MW2S, at a concentration of 0.66 mg/kg. Endrin ketone (0.0068 mg/kg), 
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heptachlor (0.0047 mg/kg), and methoxychlor (0.032 mg/kg) were detected in the soil sample collected 

from a depth interval of 1 to 3 feet bgs from well boring 7MW4S, located near the southeastern end of 

Building 325. The remaining two pesticides (endosulfan sulfate and endrin aldehyde) were each detected 

in two samples at concentrations ranging from 0.0055 mg/kg to 0.035 mg/kg. 

Twenty-three metals were detected in the Torpedo Shops soil samples, although mercury, selenium, and 

thallium were each detected in from only one to five of 27 samples. Maximum concentrations of 11 

metals were detected in the soil sample collected from a depth interval of 5 to 7 feet bgs from well boring 

7MW6S, located along the western side of Building 325. 

TCLP extraction followed by analysis for metals was performed for 10 soil samples collected from the 

Torpedo Shops site. In addition, the TCLP leachate of one of these samples was also analyzed for TCLP 

organics (VOCs, SVOCs, pesticides, and herbicides). No organic compounds were detected in this 

leachate. Arsenic, barium, cadmium, and selenium were detected in the TCLP leachate samples. 

Barium was detected in all 10 leachates at concentrations ranging from 0.145 mg/L to 0.49 mgR. Arsenic 

was detected in seven of the leachates at concentrations ranging from 0.13 mg/L to 0.38 mg/L. Selenium 

was detected in two leachates at concentrations of 0.11 mg/L and 0.14 mg/L, and cadmium was detected 

in a single leachate at a concentration of 0.0095 mg/L. 

TPH was detected in 12 of 20 soil samples at concentrations ranging from 28 mg/kg to 898 mg/kg. The 

maximum TPH concentration was detected in the soil sample collected from a depth interval of 4 to 8 feet 

bgs from well boring 7MW8S, located along Triton Road in the western portion of the site. Analyses for 

TOC were performed for five soil samples. Reported results for these five samples range from 2,740 mg/kg 

to 18,800 mg/kg. 

7.4.1.2 Groundwater 

Groundwater samples from both overburden and bedrock wells were collected at the Torpedo Shops site. 

Overburden Wells 

Eight VOCs, including six chlorinated aliphatics, 2-butanone, and carbon disulfide, were detected in 

groundwater samples collected from the Torpedo Shops overburden wells. 1 ,I ,I -Trichloroethane and 

1 ,l -dichloroethane were each detected in six of 20 groundwater samples, at concentrations ranging from 

2 ug/L to 42 ug/L. 1 ,I-Dichloroethene was detected in four groundwater samples at concentrations 

ranging from 1 c(g/L to 2 us/L. The remaining VOCs were detected in one or two samples at 

concentrations ranging from 1 ug/L to 10 ug/L. Maximum concentrations of all VOCs except 2-butanone, 
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chlorobenzene, and methylene chloride were associated with samples collected from well 7MW3S, 

located west of Building 325 in the south leach field. 

Thirteen SVOCs, including six PAHs, three phthalates, 1,6dichlorobenzene, benzoic acid, dibenzofuran, 

and phenol, were detected in the 20 groundwater samples collected from overburden wells. Benzoic acid 

and di-n-butyl phthalate were detected in six and four samples, respectively. The remaining SVOCs were 

each detected in only one or two of 20 samples. With the exception of bis(2-ethylhexyl)phthalate, which 

was detected in a single groundwater sample at a concentration of 380 ug/L, all SVOC concentrations 

ranged from 0.5 ug/L to 9 us/L. Maximum concentrations of eight SVOCs were associated with 

groundwater samples collected from well 7MW8S, located along Triton Road in the western portion of the 

site. 

The two groundwater samples collected during the Phase I RI were analyzed for pesticides and PCBs. 

Neither pesticides nor PCBs were detected in either of these samples. 

Twenty-two metals were detected in unfiltered groundwater samples collected from the overburden wells, 

and 15 metals were detected in the corresponding filtered groundwater samples. In general, maximum 

concentrations reported for metals in unfiltered and filtered samples were relatively similar.(i.e., at the 

same order of magnitude). Close to half of the maximum concentrations of metals were associated with 

groundwater samples collected from well 7MW3D, located near Triton Road and west of the south leach 

field. Notable results include the maximum concentrations reported for antimony (108 ug/L), manganese 

(1,780 us/L), and silver (38.9 ug/L). 

Analyses for oil and grease were performed for four of the groundwater samples, resulting in a 

concentration of 600 ug/L reported for one sample (from well 7MW3D). TPH analyses were performed 

for nine of the groundwater samples collected from overburden wells. TPH was detected in two samples 

(both collected from well 7MW8S) at concentrations of 700 us/L and 1200 us/L. This well is located along 

Triton Road, downstream of the three buildings. 

Analyses for COD, hardness, total phosphorus, and TSS were also performed for selected groundwater 

samples collected from the overburden wells. 

Bedrock Wells 

Minimal organic contamination was detected in the groundwater samples collected from the Torpedo 

Shops bedrock wells. l,l,l-Trichloroethane (2 us/L), methylene chloride (1 ug/L), benzoic acid 

(0.7 us/L), and phenol (0.8 ug/L) were detected in one or the other of two samples collected from well 

7MW5D. 4-Methyl-2-pentanone (21 ug/L) was detected in a groundwater sample collected from well 
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7MW4S, methylene chloride (1 ug/L) was detected in a groundwater sample collected from well 7MW2D, 

and total xylenes (1.2 ug/L) was detected in a groundwater sample collected from well B325-MW2. No 

other VOCs, SVOCs, pesticides, or PCBs were detected in the groundwater samples collected from 

Torpedo Shops bedrock wells. 

Twenty-four metals were detected in unfiltered groundwater samples collected from the bedrock wells, 

and 14 metals were detected in the corresponding filtered groundwater samples. Maximum 

concentrations reported for barium, copper, iron, lead, and zinc in unfiltered samples were more than five 

times greater than maximum concentrations of respective metals reported for filtered samples. This 

indicates that concentrations of these metals in the unfiltered samples may be caused by the presence of 

suspended sediments and may not actually represent contamination of the groundwater. More than half 

of the maximum concentrations of metals were associated with groundwater samples collected from well 

7MW5D, located near the southwestern corner of Building 450. In addition, several maximum 

concentrations were associated with groundwater samples collected from well 7MW4S, located near the 

southeastern corner of Building 325. Notable results include the maximum concentrations reported for 

aluminum (56,200 ug/L), arsenic (112 us/L), barium (585 ug/L), chromium (104 ug/L), copper (797 us/L), 

manganese (7830 us/L), nickel (94 us/L), and zinc (412 us/L). 

Analyses for ammonia, COD, hardness, TOC, total phosphorus, and TSS were also performed for 

selected groundwater samples collected from the bedrock wells. 

7.4.2 Basewide Groundwater OU RI 

A summary of the BGOURI sampling and analytical program for Site 7 is presented in Table 7-l. A 

complete summary of the Site 7 analytical data set is provided in Appendix B. Table 7-2 presents a 

summary of positive soil analytical results for Site 7. Table 7-3 presents a summary of positive 

groundwater (total and dissolved) analytical results for temporary monitoring wells at Site 7, and 

Table 7-4 presents a summary of positive groundwater (total and dissolved) analytical results for 

permanent monitoring wells at Site 7. 

COPCs selected through the risk assessment screening process are summarized in Tables 7-5 (direct 

contact exposures) and 7-6 (potential migration pathways). As part of the HHRA, descriptive statistics 

(i.e., frequency of detections, minimum and maximum concentrations, range of detection limits, and the 

associated sample numbers) and the COPC screening criteria for each analyte detected at least once in 

groundwater at Site 7 were tabulated. Analytical results for soil samples are summarized and screened in 

Tables 7-7 and 7-8 (surface soils) and Tables 7-9 and 7-10 (subsurface soils). Analytical results for 

groundwater are summarized and screened in Tables 7-l 1 and 7-12. Different exposure scenarios (i.e., 

direct exposure and migration) are considered in each table. Tag maps of the chemicals determined to 

120009/P 7-11 CT0 0312 



REVISION 1 
AUGUST 2001 

be COPCs based on the screening assessment were created to show the horizontal extent of 

contamination. Figures 7-2 (soil inorganics), 7-3 (soil organics), and 7-4 (groundwater) show COPCs that 

exceeded direct exposure or migration screening criteria. The analytical detection limit for COPCs is 

presented on the tag maps if the COPC was not detected in a sample. 

Figures 7-2 and 7-3 show both the historical soil data and the soil data collected as part of the BGOURI 

field investigation. Since soil data is not as dynamic as groundwater data, it is believed that the soil data 

sets can be combined for the assessment of risks. In contrast, only the most recent groundwater data 

collected during the BGOURI is presented on Figure 7-4 because groundwater conditions are more 

dynamic. 

7.4.2.1 Soil Samples 

2-Butanone, acetone, carbon disulfide, chlorobenzene, and toluene were detected in the four subsurface 

soil samples. These compounds were detected in from two to three of four samples. The maximum 

detected concentrations of these compounds were less than both the direct contact screening criteria and 

the CTDEP pollutant mobility criteria. 

Pyrene was the only detected SVOC and it was detected only in sample S7SB100607 at a concentration 

of 25 ug/L. This concentration is below both the direct contact criteria and the CTDEP pollutant mobility 

criteria. 

Twenty metals were detected in the four BGOURI soil samples. Eighteen of these 20 metals were 

detected in all four samples. Antimony was detected in only two of four samples and thallium was 

detected only in sample S7SB100607. Most of the maximum detected concentrations of these 20 metals 

were in samples S7SBO90809 and S7SB100607. Of the detected metals, the maximum detected 

concentrations of antimony, arsenic, copper iron, lead, and potassium were less than background, and 

the maximum detected concentrations of the remaining metals were in excess of background. Only 

maximum detected concentrations of manganese and thallium were additionally in excess of direct 

contact screening criteria. None of the metals detections were present at concentrations in excess of the 

CTDEP pollutant mobility criteria. 

7.4.2.2 Temporary Overburden Wells 

1,4-Dichlorobenzene, benzene, and chlorbenzene were the only VOCs detected in the 10 temporary 

monitoring wells. 1,4-Dichlorobenzene was detected in samples S7TWO801, S7TWO901, and 

S7TWlOOl at concentrations of 1.83 ug/L, 9.21 ug/l, and 90.5 ug/L, respectively. Benzene was detected 

in only sample S7TwlOOl at a concentration of 2 ug/L. Chlorobenzene was detected in samples 
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S7TWO901 and S7TWlOOl at concentrations of 6.66 ug/L and 165 ug/L, respectively. The maximum 

detected concentrations of these VOCs were all in excess of their respective direct contact screening 

criteria but did not exceed any CTDEP pollutant migration criteria. The potential sources of VOCs are 

discussed further in Section 7.5.2.1. 

Three of the 10 temporary monitoring wells were analyzed for SVOCs. Bis(2-ethylhexyl)phthalate was 

the only SVOC detected in the temporary monitoring wells. Bis(2-ethylhexyl)phthalate was detected in 

samples S7TWO801 and S7TWO901 at concentrations of 44 ug/L and 49 ug/L, respectively. These 

concentrations of bis(2-ethylhexyl)phthalate were in excess of direct contact screening criteria but not in 

excess of CTDEP pollutant mobility criteria. 

Three of the 10 temporary monitoring wells were also analyzed for total metals. Seventeen metals were 

detected in the groundwater samples collected from Site 7 temporary monitoring wells. Maximum 

detected concentrations of all these metals were found in S7TWO901. Arsenic, barium, chromium, cobalt, 

copper, nickel, silver, vanadium, and zinc were detected in only S7TWO901. Calcium, magnesium, 

manganese, potassium, and sodium were detected in all three samples. Aluminum, iron, and lead were 

detected in two of three samples. Of these detected metals, aluminum, arsenic, barium, chromium, iron, 

lead, nickel, silver, vanadium, and zinc were detected at concentrations in excess of background. In 

addition, aluminum, arsenic, barium, chromium, iron, lead, and vanadium were detected at concentrations 

in excess of direct contact criteria. Arsenic, barium, lead, silver, and zinc were also present at 

concentrations in excess of CTDEP pollutant mobility criteria. The total suspended solids content in 

sample S7TWO901 was two orders of magnitude higher than in the other two samples; this may account 

for the elevated levels of metals in this sample. 

7.4.2.3 Permanent Overburden Wells 

1,3-Dichlorobenzene, 1,4-dichlorobenzene, and TCE were the only VOCs detected in the 13 permanent 

overburden monitoring wells 1,3-Dichlorobenzene and 1 ,Cdichlorobenzene were detected only in 

S7MW03SOl at 2 ug/L, which is in excess of the direct contact criteria for these compounds, However, 

the concentrations of these compounds were not in excess of CTDEP pollutant mobility criteria. TCE was 

detected in S7B325MW0101, S7B325MW0301, S7MW07S01, and S7MW09SOl at concentrations of 

1.93 ug/L, 1.39 ug/L, 2.03 ug/L, and 23 ug/L, respectively. The majority of these TCE concentrations 

were in excess of the 1.6 ug/L direct contact screening criteria. However, these concentrations were well 

below the CTDEP pollutant mobility criteria. 

Bis(2-ethylhexyl) phthalate, fluorene, hexachlorobenzene, and phenanthrene were the only SVOCs 

detected in these 13 monitoring wells. Bis(2-ethylhexyl) phthalate and phenanthrene were detected in 

only sample S7MW08S01, at concentrations of 190 ug/L and 6.5 ug/L, respectively. Hexachlorobenzene 
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was detected only in sample S7MW09SOl at a concentration of 3 ug/L. Fluorene was detected in 

samples S7MW05SOl and S7MW08SOl at concentrations of 0.26 us/L and 6.5 ug/L, respectively. 

Concentrations of bis(2-ethylhexyl) phthalate and hexachlorobenzene were in excess of both direct 

contact criteria and CTDEP pollutant mobility criteria. The concentration of phenanthrene was in excess 

of only the CTDEP pollutant mobility criteria. Concentrations of fluorene were below both direct contact 

criteria and CTDEP pollutant mobility criteria. 

Seventeen inorganics were detected in the unfiltered groundwater samples collected from Site 7 

permanent bedrock monitoring wells. Maximum detected concentrations of these metals were scattered 

among the 13 wells. Arsenic, cadmium, chromium, selenium, and vanadium were detected in only one of 

13 samples. Aluminum, copper, iron, and lead were detected in from four to five of 13 samples. Barium, 

cobalt, and zinc were detected in eight of 13 samples. Manganese was detected in eleven of thirteen 

samples. Calcium, magnesium, potassium, and sodium were detected in all thirteen samples. Of these 

detected metals, arsenic, cadmium, lead, selenium, and zinc were detected at concentrations in excess of 

background. In addition, arsenic, which was detected at a concentration of 2.9 ug/L, is in excess of direct 

contact criteria but not in excess of CTDEP pollutant mobility criteria. Zinc, which was detected at a 

maximum concentration of 194 ug/L, was the only analyte present at a concentration in excess of CTDEP 

pollutant mobility criteria. 

The field duplicate pair (S7MWlOSOl-F and S7MWlOSOl-F-D) was filtered and analyzed for dissolved 

metals. Barium, calcium, copper, magnesium, potassium, sodium, and zinc were detected in this field 

duplicate pair. Concentrations of these metals were all below background, direct contact criteria, and 

CTDEP pollutant mobility criteria. Concentrations of barium and copper were higher in the filtered 

analyses than in the total analysis. Concentrations of the remaining metals were similar in both the total 

and dissolved analyses. 

7.4.2.4 Permanent Bedrock Wells 

TCE was the only VOC detected in the four bedrock groundwater samples collected. TCE was detected 

in samples S7MWOl DO1 , S7MW02D01, and S7MW05DOl at concentrations of 4.09 ug/L, 1.54 ug/L, and 

7.58 ug/L, respectively, which are all in excess of direct contact criteria but below CTDEP pollutant 

mobility criteria. TCE was also detected in overburden groundwater samples. 

No semivolatiles were detected in the bedrock groundwater samples at Site 7. 

Eleven metals were detected in the unfiltered groundwater samples collected from the bedrock aquifer at 

Site 7. The majority of the maximum detected concentrations of these 11 metals were divided between 

samples S7MW03DOl and S7MW05DOl. Calcium, magnesium, potassium, and sodium were the only 
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metals detected in all four bedrock groundwater samples. Copper and nickel were only detected in 

sample S7MW05DOl. The remaining detected metals were present in from two to three of the four 

samples collected. The concentrations of lead, nickel, and zinc were in excess of background but were 

below their respective direct contact screening criteria. Only the maximum detected concentration of zinc 

(157 ug/L in S7MWOl DOl) was in excess of CTDEP pollutant mobility criteria. The total dissolved solids 

and total suspended solids contents in samples S7MW03DOl and S7MW05DOl were similar and were 

higher than those of the other two bedrock monitoring wells. 

Sample S7MWOl DOl-F was filtered and analyzed for dissolved metals. Calcium, magnesium, 

manganese, potassium, sodium, and zinc were the only dissolved metals detected in this sample. The 

concentrations of these dissolved metals were similar to those detected in the total metals analysis of this 

sample. Concentrations of these metals were all below background, direct contact criteria, and CTDEP 

pollutant mobility criteria. 

7.5 CONTAMINANT FATE AND TRANSPORT 

7.5.1 Chemical-Specific Evaluation 

Nine classes of chemicals were detected in soil and groundwater samples collected at Site 7 in the Phase 

II RI and BGOURI. These classes were distributed as follows: 

l Surface Soil - monocyclic aromatics, halogenated aliphatics, PAHs, metals. 

. Subsurface Soil - ketones, monocyclic aromatics, halogenated aliphatics, PAHs, pesticides, PCBs, 

phthalate esters, and metals. 

l Groundwater - monocyclic aromatics, halogenated aliphatics, PAHs, phthalate esters, metals, and 

miscellaneous volatiles (carbon disulfide). 

Ketones 

Two ketones (acetone and 2-butanone) were detected in subsurface soil at Site 7 at concentrations well 

below screening levels. These ketones were also detected in surface and subsurface soil samples in the 

Phase II RI. The presence of ketones at the site is likely a result of their use as solvents. 2-Butanone 

was found in storage drums at the site in previous investigations. One ketone, 4-methyl-2-pentanone, 

was detected in one groundwater sample in the Phase II RI. Ketones are highly volatile and soluble and 

do not readily adsorb to soil. The fact that ketones were not detected in surface soil at Site 7 is in 

keeping with the nature of ketones, which would be expected to volatilize from surface soil or to migrate 
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to subsurface soil as leachate in rainwater. Hydrolysis is generally not a significant fate process for this 

class of chemicals nor is bioconcentration significant. Once in the groundwater, ketones may slowly 

degrade. Acetone and 2-butanone are also common laboratory and field contaminants often detected in 

environmental samples. 

Monocvclic Aromatic Compounds 

Several types of monocyclic aromatic compounds were detected at Site 7 in the Phase II RI and in the 

BGOURI. Fuel-related compounds (i.e., benzene, toluene, and xylenes) were detected in soil and 

groundwater. Chlorinated aromatics (mono- and di-chlorobenzenes) were detected in subsurface soil 

and groundwater, and hexachlorobenzene was detected in groundwater. The fact that chlorobenzenes 

were only detected in subsurface soil and groundwater indicates that these constituents were probably 

released directly to the subsurface, from the septic systems, for example. 4-Methylphenol (p-cresol) was 

detected in subsurface soil. Hexachorobenzene was detected in two of 20 groundwater samples in the 

BGOURI but was not detected in the Phase II RI. The monocyclic aromatics were generally detected at 

low frequencies. For example, benzene was detected in two of 35 subsurface soil samples. With the 

exception of hexachlorobenzene, the monocyclic aromatic compounds detected at Site 7 are not 

considered to be persistent in the environment, particularly in comparison to chemicals such as PAHs and 

PCBs. They may migrate through the soil column when solubilized by infiltrating precipitation. Some 

portion of these chemicals is retained by the soil, but most of them will continue migrating downward until 

they reach the water table. Bioconcentration in aquatic animals is not expected to be significant for 

monocyclic aromatics. They are subject to degradation via the action of both soil and aquatic 

microorganisms. Although these compounds are amenable to microbial degradation, it is not anticipated 

that degradation will occur at an appreciable rate, although macronutrient availability is not known. 

The source of hexachlorobenzene at Site 7 has not been identified. It may have been released to the 

environment from its use as a fungicide or it may have been released to the environment as a waste 

product in the production of several chlorinated hydrocarbons and pesticides. Hexachlorobenzene is 

expected to be immobile in soils, based upon log K, values in the range of 3.6 to 5.5 measured in soils 

and sediment. Volatilization of hexachlorobenzene from dry soil surfaces is not expected based upon the 

vapor pressure of this compound. Volatilization from moist soil surfaces is expected based on the 

Henry’s Law constant of 1.32 x 1 a3 atm-m3/mole at 25°C but this process may be attenuated due to 

adsorption. Hexachlorobenzene is not expected to biodegrade based on a measured half-life in soil of 

over 1,500 days. In water, hexachlorobenzene is expected to adsorb to sediment or particulate matter 

based on its high measured &, values. This compound is expected to volatilize from water surfaces 

given its Henry’s Law constant, but adsorption may offset this process. Estimated volatilization half-lives 

for a model river and model lake are 7 and 180 hours, respectively, when neglecting adsorption. The 

volatilization half-life from a model pond (2 m deep) is approximately 5 years if adsorption is considered. 
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Biodegradation is not expected in water based on aerobic and anaerobic biodegradation half-lives on the 

order of several years in fresh waters. Bioconcentration in aquatic organisms is very high based on BCF 

values in the range of 1,600 to 20,000 measured in fish. 

The occurrence, possible sources and transport processes, of 1,3- and l,Cdichlorobenzene, 

chlorobenzene, and benzene are discussed in Section 7.5.2.1, “Chemicals of Concern.” 

Haloaenated Aliphatics 

Several halogenated aliphatics (e.g., TCE and PCE) were detected in soil and groundwater at Site 7 in 

both the BGOURI and the Phase II RI. These constituents were found mainly in subsurface soil and 

groundwater. Only one halogenated aliphatic, methylene chloride, was detected in surface soil at 

concentrations ranging from 3 to 14 ug/kg. Methylene chloride is also a common laboratory contaminant 

and its presence may be attributable to laboratory contamination. Halogenated aliphatic hydrocarbons 

are relatively water soluble and have a low capacity for retention by soil organic carbon. Therefore, they 

are frequently detected in groundwater. They may migrate through the soil column after being released 

by a spill event or by a subsurface release when solubilized by infiltrating precipitation. Some portion of 

halogenated aliphatic may be retained by the soil, but most of the chemical will continue migrating 

downward until it reaches the water table. At that time, migration is primarily with the hydraulic gradient. 

The most recent data collected at the site do not indicate that significant migration of halogenated 

aliphatics has occurred because they were detected at low frequencies in soil and groundwater samples. 

They can migrate to surface water and sediment, but attenuation and dilution factors, such as 

volatilization, generally result in their disappearance. It does not appear that appreciable degradation of 

halogenated aliphatics has occurred at Site 7 since few degradation products have been detected. Only 

one potential degradation product of PCE and TCE, 1 ,l -DCE, was detected in 1 subsurface soil sample 

in the Phase II RI. No degradation products were detected in groundwater in the BGOURI, although 

several degradation products were detected in groundwater during the Phase II RI, at low frequencies. 

Polvnuclear Aromatic Hvdrocarbons (PAHs) 

Low-molecular-weight and high-molecular-weight PAHs were detected in surface and subsurface soil 

samples at Site 7. Only low-molecular-weight PAHs (phenanthrene and fluorene) were detected in 

BGOURI groundwater samples. The occurrence of the low-molecular-weight and high-molecular-weight 

PAHs is similar to findings of the Phase II RI. As in the Phase II RI, the maximum BGOURI 

concentrations of PAHs in subsurface soil were reported in shallow subsurface soil samples (i.e., 1 to 

4 feet bgs). PAHs are generally considered to be fairly immobile in the environment. As noted in Section 

3.3, PAHs have very low solubilities, vapor pressures, and Henry’s Law constants and high &s and 

&,s. The low-molecular-weight PAHs (e.g., acenaphthene, anthracene, fluorene, and phenanthrene) are 
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more mobile (higher solubilities, etc.) than the high-molecular-weight PAHs [e.g., benzo(a)pyrene, 

benz(a)anthracene, chrysene, etc.]. PAHs in soil are much more likely to bind to soil and be transported 

via mass transport mechanisms than go into solution. PAHs can be degraded via aerobic bacteria, but 

may be relatively persistent in the absence of microbial population or macronutrients such as 

phosphorous and nitrogen. 

Polvchlorinated Biphenvls (PCBs) 

One PCB, Aroclor 1254, was detected in one subsurface soil sample at Site 7 in the Phase II RI but was 

not detected in the BGOURI. The source of the PCB has not been established. No PCBs were detected 

in surface soil or groundwater. PCBs are considered to be very persistent organic chemicals. In soil, 

Aroclor 1254 will become tightly adsorbed to the soil particles. In the presence of organic solvents, 

Aroclor 1254 will have a greater tendency to leach through soil. Screening studies indicate that Aroclor 

1254 is susceptible to biodegradation in soils. Biodegradation is the only process known to transform 

PCBs under environmental conditions, and only the lighter compounds are measurably biodegraded. 

Although the volatilization rate of Aroclor 1248 may be low from soil surfaces due to tight adsorption and 

low vapor pressure, the total loss by volatilization over time may be significant because of the persistence 

and stability of Aroclor 1254. Volatilization from water surfaces is expected to be an important fate 

process based upon Aroclor 1254’s estimated Henry’s Law constant values ranging from 2.2 x la4 to 

3.4 x 1 OM4 atm-m3/mole. Estimated volatilization half-lives for a model river and model lake will range from 

5.5 to 6.2 hours and 8.8 to 9.4 days, respectively. However, volatilization from water surfaces is expected 

to be offset by adsorption to suspended solids and sediment in the water column. Aroclor 1254 is 

expected to undergo anaerobic biodegradation in sediments. Aroclor 1254 is known to bioconcentrate 

significantly in aquatic organisms, with measured BCFs ranging from 26,000 to 102,000 L/kg. 

Pesticides 

Eight pesticides were detected in soil at Site 7. 4,4’-DDT and its metabolites were detected most 

frequently (5 of 21 samples). Most of the pesticide detections occurred in surface soil samples collected 

in the Phase II RI. Five of the pesticides (endosulfan sulfate, endrin aldehyde, endrin ketone, heptachlor, 

and methoxychlor) were detected in one or two samples in the Phase II RI but not in the BGOURI. 

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for 

these chemicals. They are expected to be generally immobile or only slightly mobile in soil. Surface soil 

runoff may carry pesticides to adjacent surface water bodies where adsorption to sediment is expected to 

be a major fate process. Pesticides have been detected in groundwater in the United States, indicating 

that movement to groundwater can occur. Soil volatility tests have found that some pesticides can 

volatilize significantly from soil surfaces, particularly moist soil surfaces; however, shallow incorporation 

into soil will greatly restrict volatile losses. They are highly lipophilic and therefore readily bioaccumulate. 
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Four phthalate esters were detected in soil samples at Site 7 in the Phase II RI but none were reported in 

samples collected in the BGOURI. One phthalate, bis(2-ethylhexyl) phthalate was detected in shallow 

groundwater samples in the Phase II RI and the BGOURI at low frequencies. Phthalate esters are 

considered to be relatively persistent chemicals in the environment. Volatilization is not expected to be 

an important process from wet or dry soil surfaces based on vapor pressures and Henry’s Law constants 

for these compounds. Biodegradation is expected to be an important process in both water and soil 

under aerobic conditions. If released into water, soil/sediment K, values indicate that bis(2-ethylhexyl) 

phthalate will adsorb to suspended solids and sediment in the water column. Volatilization from water 

surfaces is not expected to occur based upon the estimated Henry’s Law constant. Measured BCFs for 

phthalates indicate bioconcentration in aquatic organisms will be high. However, experiments with 

rainbow trout showed that the majority of bis(2-ethylhexyl) phthalate did not reach the systemic circulation 

of the fish but was present in the exposure water as metabolites as a result of presystemic branchial 

metabolism of this compound. If released to air, phthalates will exist in both the vapor and particulate 

phases in the ambient atmosphere. The vapor phases will be degraded in the atmosphere by reaction 

with photochemically produced hydroxyl radicals. Particulate-phase phthalates will be physically removed 

from the atmosphere by wet and dry deposition. Phthalates are also common laboratory and field blank 

contaminants, and their presence may be the result of equipment or laboratory contamination. 

Metals 

Twenty-three metals were detected in soil and groundwater at Site 7. As noted in Section 3.3, metals are 

highly persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze, etc. The 

major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of the soil 

structure) and bioaccumulation. 

Under normal conditions, metals are not very mobile in the environment. Because metals frequently 

remain bound to particulate matter, the major transport mechanism for metals is bulk movement 

processes (erosion). However, metals can become mobile in the environment under certain conditions. 

The mobility of metals is influenced primarily by their physical or chemical properties, in conjunction with 

the physical and chemical properties of the soil matrix. Factors that assist in predicting the mobility of 

metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The mobility of 

metals generally increases with decreasing soil pH and cation exchange capacity. The effect of REDOX 

potential varies for each metal. 
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7.5.2 Natural Attenuation Evaluation 

This section contains the site-specific natural attenuation evaluation. The procedure used to conduct the 

evaluation is summarized in Section 3.3.4. This evaluation is preliminary, and it is understood that 

additional data collection activities and data evaluation would be necessary prior to selecting monitored 

natural attenuation as a remedial alternative. 

As stated in Section 3.3.4, the goals of the assessment are as follows: 

l To determine if natural attenuation of petroleum and chlorinated hydrocarbons is currently occurring 

in the groundwater. 

. To determine the process by which natural attenuation is occurring in the groundwater. 

l To determine if natural attenuation and/or bioremediation are viable processes for remediation of 

petroleum and chlorinated hydrocarbons in the groundwater. 

The three lines of evidence that can be used to estimate natural attenuation of petroleum and chlorinated 

hydrocarbons are as follows: 

. Historical groundwater 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. 

. Hydrogeological 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. 

l Data from field or microcosm studies that directly demonstrate the occurrence of a particular natural 

attenuation process at the site and its ability to degrade the contaminants of concern. 

The first and second lines of evidence are used to assess natural attenuation in this RI. The following 

natural attenuation evaluation is segregated into three subsections (i.e., hydrogeology, chemicals of 

concern, and geochemical). These three subsections provide the necessary information to prove or 

disprove that natural attenuation is occurring via the two lines of evidence discussed above. The results 

of the assessment are summarized in a conclusions section. 
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7.5.2.1 Evaluation 

Hvdroqeoloay 

Hydrogeologic data are important in natural attenuation assessments to show groundwater flow directions 

and possible contaminant migration pathways from source areas to downgradient receptors. The data 

can also be incorporated into a groundwater contaminant fate and transport model to predict the effects of 

natural attenuation in the future. For this assessment, the data will only be used to show groundwater 

flow directions and possible contaminant migration pathways. 

Two rounds of water-level measurements were taken at select monitoring wells in the Northern Region 

during this RI. Measurements were taken in overburden and bedrock monitoring wells. The 

measurements were used to create potentiometric surface maps for the overburden and bedrock 

aquifers. Figures 4-2 and 4-4 depict the June 2000 and August 2000 overburden potentiometric surface 

maps, respectively. Figures 4-3 and 4-5 depict the June 2000 and August 2000 bedrock potentiometric 

surface maps, respectively. 

From the figures, it is evident that the overall groundwater flow direction is from east to west toward the 

Thames River. The overburden and bedrock maps show that groundwater flows from the upland hills to 

the south and north toward the valley and then toward the Thames River. The effect of the Area A 

Wetland is also evident on the potentiometric surface maps. Another observation that can be made from 

the figures is that water levels were generally higher in June 2000 than in August 2000. 

Water levels were measured in several overburden/bedrock well clusters during both the June and 

August measurement events. There is a downward flow gradient in monitoring well clusters 7MW2S/D, 

7MW5S/D, and 2DMW24S/D, which are located along the fringe of the valley near the toe of the upland 

hills. An upward flow gradient was detected in well cluster 2DMW28S/D during both sampling events. 

This cluster is located in the middle of the valley at the downgradient end. 

The only potential source area located upgradient of the Torpedo Shops is the Area A Weapons Center. 

This site is shown on the potentiometric surface maps. A recent memorandum regarding the use, 

storage, and disposal of hazardous materials and waste at Naval Submarine Base New London Weapons 

Complex is included in Appendix F. 

Chemicals of Concern 

Analytical data for groundwater samples are summarized in Tables 7-l 1 and 7-l 2. Groundwater COPCs 

for the Torpedo Shops are depicted on Figure 7-4. From the tables and figure, it can be seen that TCE 

120009/P 7-21 CT0 0312 



REVISION 1 
AUGUST 2001 

and chlorinated benzenes (i.e., chlorobenzene, 1,3-dichlorobenzene, 1,6dichlorobenzene, and 

hexachlorobenzene) were detected in groundwater and both types of compounds are susceptible to 

biodegradation. 

TCE was detected in 7 of 27 groundwater samples at concentrations ranging from 1.4 to 23 pg/L. The 

highest concentration was detected in downgradient monitoring well 7MW9S. TCE was also detected in 

upgradient locations such as bedrock monitoring wells 7MWlD and 7MW5D and overburden monitoring 

wells B325-MWl and B325-MW3. Historically, TCE was detected less frequently (one detection in 

7MW3S) and at lower concentrations (1 ug/L) in the groundwater at the Torpedo Shops than during this 

RI (see Appendix D). No daughter products generated during biodegradation of TCE were detected in 

groundwater samples. These data suggest that TCE is not biodegrading at detectable rates in the 

groundwater. 

Based on the distribution of TCE detections and groundwater flow directions, it appears that there are 

multiple, low-level sources of the compound. The data suggest that there are possibly three source 

areas. The first area is upgradient and north of Building 450. This unknown source is contributing to the 

TCE detections in bedrock monitoring wells 7MWlD, 7MW5D, and 7MW2D. Building 477, which is 

located in close proximity to 7MWlD, has been used as a solvent storage area, and a spill may have 

occurred in this area in the past. The second area is upgradient of Building 325 and is contributing to the 

TCE detections in the overburden monitoring wells B325-MWl and B325-MW3 along the southern side of 

this building. PCE was detected in a historical soil sample collected during the installation of 7MW4S, 

and the location of this well indicates that it is close to the probable source area. TCE is a daughter 

product of PCE and therefore the PCE in the soil may be the source of the TCE in the downgradient 

groundwater. The third source area may be the historical south leach field. This leach field is located 

upgradient of overburden monitoring wells 7MW8S and 7MW9S, which both had detections of TCE. The 

third source area may also be contaminated soil in the vicinity of these wells. PCE was detected in 

historical soil samples collected during the installation of 7MW8S, 7MW9S 7TB14, and 7TB15. As 

discussed above, TCE is a daughter product of tetrachloroethene. 

A small isolated plume of chlorinated benzenes was detected in groundwater west of Building 325. The 

source appears to be located near the northwestern corner of Building 325. Historically, a septic tank 

was located in this area, and currently a storm sewer is located in this area. These compounds have 

been shown to biodegrade under aerobic and anaerobic conditions. The highly chlorinated benzenes 

(i.e., hexachlorobenzene) degrade under anaerobic conditions via reductive dechlorination, and the less 

chlorinated benzenes (i.e., chlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene) degrade under 

aerobic conditions via aerobic oxidation. 
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Chlorobenzene was detected in temporary monitoring wells 7TW9 and 7TWlO at concentrations ranging 

from 6.7 to 165 J ug/L. Chlorobenzene was also detected in soil samples collected during the installation 

of 7TWO9 and 7TW18. Chlorobenzene was only detected once (3 J us/L) in a single monitoring well 

(3MW3S) during previous investigations. Chlorobenzene is primarily used as a solvent for pesticide 

formulations and degreasing. Chlorobenzene is also a degradation compound of more highly chlorinated 

benzenes (i.e., 1 ,&dichlorobenzene and 1 ,Cdichlorobenzene). 1 ,SDichlorobenzene was detected in 

monitoring well 7MW3S at a concentration of 1.7 us/L. This compound is typically used as a fumigant, an 

insecticide, and a chemical intermediate. 1,4-Dichlorobenzene was detected in monitoring wells 7MW3S, 

7TW8, 7TW9, and 7TWlO at concentrations ranging from 1.7 to 90.5 J ug/L. This compound is used 

principally as a space deodorant for toilets and refuse containers and as a fumigant for control of moths, 

molds, and mildews. Hexachlorobenzene was detected in one groundwater sample from 7MW9S. 

Hexachlorobenzene is typically produced as a by-product or impurity in the manufacture of chlorinated 

solvents. Because this compound was only detected once in a downgradient well, its detection seems to 

be unrelated to the chlorinated benzene plume west of Building 325. 

Geochemical 

The analytical results for the geochemical parameters collected for this natural attenuation assessment 

are summarized in Table 4-3. The sample numbers for the Torpedo Shops begin with “S7.” Tag maps of 

the significant geochemical parameters were also prepared and are presented on Figures 4-18 through 

4-30. 

Dissolved oxygen concentrations ranged from 0.05 to 7.0 mg/L. Dissolved oxygen concentrations 

indicative of anaerobic conditions were detected in monitoring wells 7MW3S, 7MW3D, 7MW6S, 7MW8S, 

7MW11 S, B325-MW3, and 7TWO8. The dissolved oxygen concentrations detected in monitoring wells 

7MW2S and B325-MWl were slightly above the criteria for anaerobic conditions (0.5 mg/L). The 

dissolved oxygen concentrations in bedrock wells indicate that groundwater is aerobic. Low dissolved 

oxygen concentrations correspond fairly well with the detection of organic contaminants, with the 

exception of the dissolved oxygen concentrations detected in 7TWO9 and 7TWlO. These wells have the 

highest concentrations of chlorinated benzenes but had dissolved oxygen concentrations indicative of 

aerobic conditions. 

REDOX potentials measured in Site 7 groundwater ranged from -151 mV to 162 mV. REDOX potentials 

indicative of anaerobic, reductive conditions were measured in groundwater at monitoring wells 7MW02S, 

7MW05D, 7MW6.S 7MW8S 7MWll S, 7TWO8, 7TWO9, and 7TWlO. About half of these wells correlate 

with the list of wells with low dissolved oxygen concentrations. Therefore, it is probable that reductive 

conditions exist at monitoring wells 7MW02S 7MW06S, 7MW08S, 7MWll S, and 7TWO8. The cause of 

the reductive conditions at 7TWO8 may be biological activity related to the low levels of organic 
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contamination detected at this well. The cause of the reductive conditions at the other wells is not 

apparent. 

Nitrate concentrations detected in Torpedo Shops groundwater samples were all below 0.5 mg/L, with the 

exception of the concentration detected in the sample from 7MWllS (0.55 mg/L). Nitrate was not 

detected in 7MW09S. Low concentrations of nitrite were detected in most Site 7 groundwater samples; 

the exceptions were 7MWOl D, 7MW03D, 7MW9S, 7MWll S, 7TWO8 and 7TWlO. The concentrations 

ranged from 0.001 to 0.008 mgR. Ammonia was also detected at low concentrations in most 

groundwater samples, and detected concentrations ranged from 0.1 to 0.54 J mg/L. Ammonia was not 

detected in 7MW04S and B325-MW03. Based on the low concentrations of nitrate and the positive 

detections of nitrite and ammonia, it appears that limited denitrification is occurring within the Torpedo 

Shops. 

Divalent iron [Iron (II)] was detected in monitoring wells 7MW02S, 7MW6S, 7MW8S, 7MWllS, 7TWO8, 

7TWO9, and 7TWlO. The concentrations ranged from 0.6 mg/L to 3.5 mg/L. Monitoring wells 7MW02S, 

7MW06S, 7MW08S, 7MWl lS, and 7TWO8 also had low dissolved oxygen concentrations and negative 

REDOX potentials, which confirms reducing conditions are present in the groundwater in the vicinity of 

these wells. 

Soluble manganese [Mn (II)] was detected at low concentrations in groundwater samples from the 

Torpedo Shops; however, none of the concentrations exceeded the screening criterion of 1 mg/L. These 

data indicates that manganese reduction is not occurring at a significant rate in the Torpedo Shops 

groundwater. 

Analytical data suggest that sulfate reduction is occurring within a limited area of the Torpedo Shop 

groundwater. Sulfate was detected in all groundwater samples at concentrations ranging from 3.46 mg/L 

to 71.6 J mg/L. Hydrogen sulfide was detected in groundwater samples from 7MW3D and 7TWlO. 

Sulfide was also detected in 7TWlO at 0.07 mg/L, confirming that sulfate reduction is occurring in the 

vicinity of this temporary well. 

Significant concentrations of methane (i.e., greater than 200 ug/L) were not detected in any of the 

groundwater samples from the Torpedo Shops. Concentrations in the wells ranged from nondetect to 

41 J ug/L. These data suggest that methanogenesis is not occurring in the groundwater in the Torpedo 

Shops. Carbon dioxide measurements were generally uniform in all Torpedo Shop wells, ranging from 

nondetect to 50 mg/L, with most concentrations between 17 mg/L and 50 mg/L. Because 

methanogenesis does not seem to be occurring, no correlation between low carbon dioxide 

concentrations and high methane concentrations is expected. 
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Ethane and ethene, which are end products of dechlorination of chlorinated solvents, were not detected in 

any groundwater samples collected at the Torpedo Shops. This information correlates with the low-level 

detections of a parent chlorinated solvent (TCE) in the Torpedo Shops groundwater and the lack of 

daughter products (i.e., 1,2-DCE or vinyl chloride). It suggests that, although conditions may be 

amenable to reductive dechlorination, definitive evidence of complete dechlorination was not detected. 

Chloride concentrations ranged from 5.84 mg/L to 155 J mg/L. The highest concentrations of chloride 

(i.e., greater than 120 mg/L) were detected in 7MW04S, 7MW05D, 7MW09S, and 7MWlOS. Of these 

wells, 7MW09S was the only well with a detection of a chlorinated solvent, but no degradation 

compounds were detected in this well. Therefore, these data are inconclusive regarding reductive 

dechlorination. 

The pH of the Torpedo Shops groundwater was slightly acidic to near neutral, with values ranging from 

5.79 to 7.23. This range is similar to values measured in upgradient monitoring well 2DMW23D and 

monitoring wells from the Area A Weapons Center. The pH range is within the optimal range for 

bioactivity. Alkalinity and pH values correlate fairly well throughout the Torpedo Shops. The pH and 

alkalinity data do not suggest that there are any significant areas of biological activity in the Torpedo Shop 

groundwater. 

TOC concentrations in the groundwater at the Torpedo Shops ranged from 0.9 mg/L to 120 mg/L. The 

concentration of TOC detected in 7MW07S (120 mg/L) strongly suggests that a significant source of 

carbon is present in the vicinity of this well. Analytical data do not indicate that the source is 

anthropogenic. The concentrations of TOC detected in 7TWO8 and 7TWO9 indicate that a weak source 

of carbon is present in the vicinity of these wells. The analytical data indicate that the source may be 

anthropogenic. 

7.5.2.2 Conclusion 

Hydrogeologic and groundwater analytical data from this RI suggest that there are multiple minor 

sources of chlorinated hydrocarbons impacting the Torpedo Shops groundwater. The data suggest that 

there are possibly three TCE source areas. The first area is likely near Building 477, which has been 

used as a solvent storage area. The second area is upgradient of Building 325. The third source area 

may be the historical south leach field or contaminated soil. A small plume of chlorinated benzenes was 

detected in groundwater west of Building 325. The source appears to be located near the northwestern 

corner of Building 325. Historically, a septic tank was located in this area, and currently a storm sewer is 

located in this area. 
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Chemical data are not conclusive regarding biodegradation as a significant natural attenuation process 

that is occurring in the Torpedo Shops groundwater. No daughter products of TCE were detected in any 

groundwater sample. This indicates that TCE is not biodegrading at a significant rate. 

Hexachlorobenzene, 1 ,Cdichlorobenzene, 1,3-dichlorobenzene, and chlorobenzene were all detected in 

groundwater samples from the Torpedo Shops. Chlorobenzene was detected at the highest 

concentration of any chlorinated benzene. It is possible that chlorobenzene was the original product 

released since one of its uses is a degreaser and degreasers are used at the Torpedo Shops. However, 

it is also possible that it is present in the groundwater as a result of biodegradation of more highly 

chlorinated benzenes (e.g., dichlorobenzene). Because there is no definitive information available 

regarding the original source of chlorinated benzenes, it is uncertain whether biodegradation is a 

significant natural attenuation process for chlorinated benzenes at Site 7. The geochemical data 

collected during the RI indicate that biodegradation processes are occurring to a limited extent in the 

Torpedo Shops groundwater. The processes identified include denitrification, iron reduction, and sulfate 

reduction. Biological activity related to the chlorinated benzenes west of Building 325 is probably the 

cause of sulfate reduction. It is not evident that denitrification and iron reduction are occurring as a result 

of biological activity related to chlorinated hydrocarbons. 

Overall the hydrogeologic, chemistry, and geochemical data indicate that multiple sources of chlorinated 

hydrocarbons are impacting the Torpedo Shops groundwater and biodegradation is not a significant 

natural attenuation process that is acting to reduce organic contaminant concentrations. It is likely that 

other natural attenuation processes such as dilution, dispersion, and volatilization are acting to reduce 

contaminant levels in the Torpedo Shops groundwater. Because of this information, it is not 

recommended that a monitored natural attenuation alternative be pursued for the Torpedo Shops. 

7.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific HHRA for the identified exposure scenarios for Site 7. The risk 

assessment methodology was described in Section 3.4, and detailed calculations including RAGS Part D 

tables are presented in Appendix C. A summary of previous HHRAs for the site is also presented. 

7.6.1 Dali Evaluation 

COPCs were identified for Site 7 using the risk-based screening levels, as discussed in Section 3.4.1. 

Tables 7-5 and 7-6 summarize the COPCs retained for Site 7. A discussion of direct contact exposure 

COPCs (i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COPCs is provided below. Additional COPCs are identified on chemical 

migration tendencies: migration from soil to groundwater, migration from groundwater to surface water, 

and migration of volatiles from soil and groundwater through building foundations into indoor air. These 
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additional COPCs are not quantitatively evaluated in the HHRA because they are not considered to be 

significant contributors to the direct contact exposure pathways identified for potential human receptors. 

Surface Soil (0 to 2 feet) 

A comparison of the maximum detected concentrations in surface soil to risk-based screening criteria for 

direct contact exposure is presented in Table 7-7. The maximum detected concentrations of the following 

chemicals in surface soil exceeded the direct contact risk-based COPC screening levels and were 

retained as COPCs for surface soil: 

l SVOCs-benzo(a)pyrene and dibenzo(a,h)anthracene 

l Inorganics-antimony, cadmium, and manganese 

The maximum detected concentrations of benz (a)pyrene, dibenzo(a,h)anthracene, and cadmium 

exceeded their respective USEPA PRGs but were below their respective CTDEP RSRs for residential 

exposures. The maximum detected concentration of arsenic exceeded its respective USEPA Region IX 

PRG but was within background levels; consequently, arsenic was not retained as a COPC for surface soil. 

The maximum detected concentrations of all chemicals were less than the USEPA SSLs for soil to air; 

therefore, exposures through inhalation of fugitive dust and volatiles were not retained for evaluation in 

the risk assessment for surface soils at Site 7. 

A comparison of the maximum detected concentration in surface soil to migration criteria is presented in 

Table 7-8. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria, indicating a potential for these chemicals to migrate to groundwater: 

l Inorganics-antimony 

The maximum detected concentration of antimony in soil exceeded the USEPA SSL for migration from 

soil to groundwater, although it should be noted that antimony was not detected in groundwater at Site 7. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

soil to indoor air. 

Subsurface Soil (2 to 10 feet) 

A comparison of the maximum detected concentrations in subsurface soil to risk-based screening criteria 

for direct contact exposure is presented in Table 7-9.. The maximum detected concentrations of the 
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following chemicals in subsurface soil exceeded the direct contact risk-based COPC screening levels and 

were retained as COPCs for subsurface soil: 

l SVOCs-benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and indeno(l,2,3-cd)pyrene. 

l PCBs-aroclor 1254. 

. Inorganics-antimony, arsenic, cadmium, chromium, manganese, nickel, silver, thallium, and 

vanadium. 

The above chemicals will also be retained as COPCs in surface soil for those receptors that are exposed 

to both surface soil and subsurface soil. The maximum detected concentrations of benz (a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, indeno(l,2,3-cd)pyrene, Aroclor 1254, antimony, arsenic, 

cadmium, chromium, nickel, silver, thallium, and vanadium exceeded their respective USEPA PRGs but 

were below their respective CTDEP RSRs for residential exposures. 

The maximum detected concentrations of all chemicals were less than the USEPA SSLs for soil to air; 

therefore, exposures through inhalation of fugitive dust and volatiles were not retained for evaluation in 

the risk assessment for subsurface soil at Site 7. 

A comparison of the maximum detected concentration in subsurface soil to migration criteria is presented in 

Table 7-10. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria, indicating a potential for these chemicals to migrate to groundwater: 

l VOCs-methylene chloride. 

l SVOCs-benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, carbazole, chrysene, and 

indeno(l,2,3-cd)pyrene. 

l PCBs-Aroclor 1254. 

l p Inorganics-antimony, chromium, and thallium 

Chromium was the only chemical with a maximum detected concentration exceeding migration from soil to 

groundwater criteria that was detected in groundwater. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

soil to indoor air. 
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Groundwater 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 7-11. The maximum detected concentrations of the following 

chemicals in groundwater exceeded the direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

l VOCs-1,4-dichlorobenzene, chlorobenzene, 1,3-dichlorobenzene, benzene, and TCE. 

l SVOCs-bis(2-ethylhexyl) phthalate and hexachlorobenzene. 

l Metals-arsenic, barium, chromium, lead, and vanadium. 

The maximum detected concentration of manganese exceeded its USEPA Region IX PRG but was within 

background levels; consequently, manganese was not retained as a COPC. 

A comparison of the maximum detected concentration in groundwater to migration criteria is presented in 

Table 7-12. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria for protection of migration to surface water: 

l SVOCs-bis(2-ethylhexyl) phthalate, hexachlorobenzene, and phenanthrene 

l Metals-arsenic, lead, silver, and zinc 

The maximum detected concentration of copper exceeded its CTDEP surface water protection RSR but 

was within background levels; consequently, copper was not retained as a COPC. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

groundwater to indoor air. 

7.6.2 Exposure Assessment 

Potential receptors for exposures to soil at Site 7 included construction workers, full-time employees, and 

future residents. Potential receptors for exposures to groundwater at Site 7 included construction workers 

and future adult residents. Exposure assumptions for these receptors were presented in Table 3-14. 

Potential exposure pathways are summarized in Table 7-l 3. 

Construction workers were assumed to be exposed to surface and subsurface soil. Potential exposure 

pathways included incidental ingestion and dermal contact. Construction workers could come into 

contact with groundwater while excavating building foundations. In such an instance, workers could be 

exposed to the groundwater via dermal contact. 

120009/P 7-29 CT0 0312 



REVISION 2 
DECEMBER 2001 

Full-time employees may be exposed to site media while performing site inspections or daily duties. This 

receptor was only evaluated for exposures to surface soil. Potential exposure pathways included 

incidental ingestion and dermal contact. 

Future child and adult residents were assumed to be exposed to surface soil,and subsurface soil. Also, 

future adult residents were assumed to be exposed to groundwater. Potential exposure pathways for soil 

included incidental ingestion and dermal contact. Potential exposure pathways for groundwater included 

ingestion, dermal contact, and inhalation of volatile emissions. As previously discussed, future residential 

receptors were included in the baseline risk assessment at the direction of USEPA and CTDEP. These 

receptors are not potential receptors under current land use and are included only to provide an indication 

of potential risks if the facility were to close and then be developed for residential use. 

Exposure point concentrations for Site 7 are presented in Table 7-14. As discussed in Section 3.4, since 

fewer than 10 surface soil samples were collected, the maximum detected concentration and average 

concentration were used for the exposure point concentrations for surface soil under the RME and CTE, 

respectively. The 95 percent UCL was used as the exposure point concentration for exposures to 

subsurface soil under the RME and CTE scenarios. The maximum detected concentration and average 

concentration were used for the exposure point concentrations for groundwater under the RME and CTE, 

respectively. 

7.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers, full-time employees, and future residents 

exposed to soil and groundwater using the methodology presented in Section 3.4. The results are 

summarized in Tables 7-15 and 7-16 and are discussed below. Sample calculations and chemical- 

specific risks in RAGS Part D format are provided in Appendix C. 

The results of the human health risk assessment indicate that cancer risks and hazard indices exceed 

USEPA and CTDEP acceptable levels for future adult residents exposed to groundwater. Even though 

the calculations were not per performed, cancer risks and hazard indices for future child residents would 

also be expected to exceed USEPA and CTDEP acceptable levels. 

Carcinogenic Risks 

ICRs for Site 7 ranged from 1 .l x lo-’ for full-time workers (CTE) to 4.8 x 10m6 for child residents (RME). 

All ICRs for exposures to soil at Site 7 were less than or within USEPA’s target risk range of lOa to lo4 
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and less than CTDEP’s acceptable level of 1 x 1g5 for cumulative exposures. Although all ICRs were 

less than CDTEP’s target level for cumulative exposures, chemical-specific ICRs for arsenic (child 

residents) and benzo(a)pyrene (full-time workers and child residents) exceeded CTDEP’s target level of 

1 x 10Y6 for individual chemicals. It should be noted that the maximum detected concentrations of 

benzo(a)pyrene and arsenic were less than their respective CTDEP RSRs for residential exposures. . 

Groundwater 

ICRs for a construction workers exposed to groundwater were 4 x lo-’ and 1 x IO-’ for the RME and CTE 

scenarios, respectively, which were less than USEPA’s target risk range of 10e4 to IO” and CTDEP’s 

acceptable risk level of 10e5 for cumulative exposures. 

The ICR for an adult resident exposed to groundwater was 5.8 x lOa under the RME scenario, which 

exceeds USEPA’s target risk range of 10m4 to 10m6 and CTDEP’s acceptable risk level of 10m5 for 

cumulative exposures. Chemical-specific ICRs for arsenic, benzene, bis(2-ethylhexyl) phthalate, 

hexachlorobenzene, and TCE exceeded CTDEP’s target level of 1 x 10” for individual chemicals. The 

ICR for an adult resident exposed to groundwater was 4.4 x 10m5 under the CTE scenario, which was 

within USEPA’s target risk range of 10m4 to 10” but exceeded CTDEP’s acceptable risk level of 10e5 for 

cumulative exposures. Chemical-specific ICRs for arsenic, benzene, bis(2-ethylhexyl) phthalate, and 

hexachlorobenzene exceeded CTDEP’s target level of 1 x lo6 for individual chemicals. Chemical- 

specific ICRs for arsenic and hexachlorobenzene exceeded USEPA’s target risk range. 

Noncarcinogenic Risks 

All HIS for exposure to soil at Site 7 were less than USEPA’s and CTDEPs acceptable level of 1 .O. HIS for 

Site 7 ranged from 0.002 for full-time employees (CTE) and adult residents (CTE) to 0.5 for child 

residents (RME). 

Groundwater 

HIS for a construction workers exposed to groundwater were 0.09 and 0.05 for the RME and CTE 

scenarios, respectively, which were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

The HI for adult residents exposed to groundwater was 5.3 under the RME scenario, which exceeds 

USEPA’s and CTDEP’s acceptable level of 1 .O. Arsenic (HQ = 1 .O), bis(2-ethylhexyl) phthalate 

(HQ = 0.65), chromium (HQ = 1.4), and hexachlorobenzene (HQ = 0.52) were the major contributors to 

the HI. The HI for adult residents exposed to groundwater was 1 .l under the CTE scenario, which slightly 
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exceeds the USEPA’s and CTDEP’s acceptable level of 1 .O, although the chemical-specific HQs for the 

individual target organs were all less than 1 .O. 

Lead 

Lead was identified as a COPC in groundwater at Site 7. Lead was detected at a maximum 

concentration of 32.8 us/L, which exceeds the Safe Drinking Water Act action level and CTDEP RSR of 

15 pg/L. 

USEPA’s IEUBK model was used to evaluate exposures to lead in groundwater by future child residents. 

As recommended by the model, the average concentrations of lead in groundwater of 3.92 us/L and in 

soil of 8.5 mg/kg were used as the exposure point concentrations. Default parameters were used for the 

rest of the model input parameters: IEUBK model outputs are included in Appendix C. The estimated 

geometric mean blood-lead level for children exposed to lead in groundwater was 1.6 pg/dL, which is less 

than the level of concern of 10 ug/dL. The IEUBK Model estimates that approximately 100 percent of 

children are expected to have blood-lead levels less than 10 ug/dL. These results indicate that no 

adverse effects are anticipated for hypothetical future child residents exposed to lead in groundwater at 

Site 7. 

7.6.4 Summary of Previous Risk Assessments 

The baseline human health risk assessment conducted during the Phase II RI for the Torpedo Shops site 

considered the potential exposure of three receptor groups, including full-time employees, construction 

workers, and future potential residents. In accordance with USEPA Region I guidance, CTE and RME 

exposure scenarios were considered for each receptor. Groundwater was not considered to be a 

potential medium for exposure for the full-time employee. Dermal contact with groundwater was 

evaluated as a potential route of exposure for the construction worker. Exposures to groundwater 

through direct ingestion, dermal contact while showering/bathing, and inhalation of volatiles while 

showering/bathing were evaluated for future potential residents. 

Noncarcinogenic risks associated with exposure to groundwater exceeded the USEPA acceptable level of 

one for the construction worker under the RME scenario and for the future resident under the RME and 

CTE scenarios. The noncarcinogenic risks for the construction worker are attributable to potential 

exposure to manganese in groundwater. Elevated noncarcinogenic risks for the future resident are a 

result of groundwater exposure to bis(2-ethylhexyl) phthalate and several metals (antimony, arsenic, 

manganese, and thallium). 
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Incremental cancer risk associated with exposure to groundwater was less than USEPA and CTDEP 

target cancer risks for the CTE construction worker. For the RME construction worker, incremental 

cancer risk associated with exposure to groundwater was less than the CTDEP target cancer risk of 

1 x 1 Om5 and was within USEPA’s acceptable target risk range of 1 x 10” to 1 x lOA. Incremental cancer 

risk associated with exposure to groundwater for the CTE future potential resident was also within the 

USEPA target risk range; however, this value exceeded the CTDEP’target cancer risk. Carcinogenic risk 

associated with exposure to groundwater exceeded 1 x lO:5 and 1 x lOA for the RME future resident. 

Bis(2-ethylhexyl) phthalate and arsenic contributed significantly to the carcinogenic risks for this receptor; 

chemical-specific incremental cancer risks for these chemicals via direct ingestion of groundwater and 

dermal contact with groundwater exceeded 1 x lOA. 

7.6.5 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 7 are discussed below. 

Elimination of Chemicals as COPCs on the Basis of Background 

In accordance with U.S. Navy policy, chemicals were eliminated as COPCs on the basis of comparison to 

background. Arsenic in surface soil and manganese in groundwater were the only chemicals with 

maximum detected concentrations that exceeded their respective direct contact screening criteria but, 

they were not retained as a COPC on the basis of background. Arsenic was retained as a COPC in 

subsurface soil and therefore was retained as a COPC for those receptors that were exposed to both 

surface and subsurface soil (construction workers, child residents, and adult residents). Consequently, 

full-time workers were the only receptor groups that were impacted by the elimination of arsenic as a 

COPC in surface soil on the basis of background. If arsenic was retained as a COPC in surface soil, then 

the ICR from exposures to arsenic would be 1.4 x 10” and the cumulative ICR from exposures to all 

COPCs in surface soil would be 3.3 x 10”. The ICR is within USEPA’s target risk range of lOA to 10” 

and CTDEP’s acceptable risk level of 10e5 for cumulative exposures, although the individual ICR for 

exposure to arsenic exceeds CTDEP’s target level of 1 x 10” for individual chemicals. 

Potential risks from dermal exposures to manganese in water are insignificant (USEPA, 2000d); 

consequently the elimination of manganese as a COPC on the basis of background does not affect the 

risk estimates for the construction worker since this receptor was only evaluated for dermal exposures to 

groundwater. Future adult residents were evaluated for ingestion and dermal contact with groundwater; 

therefore, the estimated risks would be higher for the future adult resident if exposures to manganese 

were evaluated in the HHRA. If exposures to manganese in groundwater by a future adult resident were 
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evaluated in the HHRA, then the resulting HQ for manganese would be 1.4 and the total HI would be 6.8, 

which exceeds the USEPA and CTDEP acceptable level of 1 .O. 

7.7 SUMMARY AND RECOMMENDATIONS 

7.7.1 Nature and Extent of Contamination 

Several VOCs were identified as COPCs for groundwater at Site 7, including TCE, benzene, 

chlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene. The detections were disperse and 

generally of low concentration, with the exception of chlorobenzene and 1,Cdichlorobenzene in 

temporary well 7TWlO. All the other VOC detections in groundwater were less than 10 ug/L. 

Six SVOCs, all PAHs, were identified as COPCs for Site 7 soil based on historic sampling data. Only one 

semivolatile (pyrene) was detected in the BGOURI samples, at a concentration below applicable 

screening criteria. Even though PAHs are commonly found in the vicinity of roadways, because they are 

. a major component of road tars/asphalt, the results were evaluated in the RI to be conservative. 

Three SVOCs [bis(2-ethylhexyl) phthalate, hexachlorobenzene, and phenanthrene] were identified as 

COPCs for Site 7 groundwater based on sampling data. Bis(2-ethylhexyl) phthalate was detected in two 

samples, and hexachlorobenzene and phenanthrene were detected at trace (less than 4 us/L) 

concentrations in one sample each. Given the low frequency of detections and the low mobilities of these 

compounds, groundwater contamination by SVOCs does not appear to be a significant concern at Site 7. 

A number of metals were identified as COPCs for soil (primarily for subsurface soil) based on a 

combination of historic and BGOURI sampling results. Most of the highest soil concentrations for 

inorganics in general were in soil samples collected from the western side of Building 325; however, the 

highest concentrations of inorganic COPCs were found at various locations across the site. Metals 

detected most frequently at levels above background include manganese, antimony, and cadmium. No 

clear pattern of contamination was apparent, and most detections exceeding background were only 

marginally higher than the background concentration. 

For metals in groundwater, there were only four sampling locations with detections above background. 

Two of the four points had a single detection above background. Another point had two detections in 

excess of backgrounds. Temporary well TWO9 located along the western edge of Building 325, had six 

exceedances of background. Aside from three above-background detections of zinc and two of lead, no 

metal was found at above-background levels more than once. The locations with background 

exceedances were scattered over the site, which, in combination with the marginal levels, suggests that 
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the elevated metals concentrations in groundwater are localized and do not constitute a plume of any 

magnitude. 

7.7.2 Contaminant Fate and Transport 

TCE and methylene chloride are the only two halogenated aliphatic hydrocarbons identified as COPCs in 

soil or groundwater. Given the length of time since waste disposal activities were thought to occur and 

the mobilities of these compounds, it is expected that the observed concentrations of these chemicals 

likely are indicative of steady-state or slowly declining concentrations within the groundwater. Several 

types of monocyclic aromatic compounds were identified as COPCs at Site 7 in soil and/or groundwater. 

Chlorinated aromatics (mono- and di-chlorobenzenes) were detected in subsurface soil and groundwater, 

and hexachlorobenzene was detected in groundwater. The fact that chlorobenzenes were only detected 

in subsurface soil and groundwater indicates that these constituents were probably released directly to 

the subsurface, possibly from the septic systems. A preliminary evaluation of natural attenuation data 

(i.e., hydrogeologic, chemistry, and geochemical data) indicated that multiple sources of chlorinated 

hydrocarbons are impacting the groundwater at the Torpedo Shops and biodegradation is not a 

significant natural attenuation process that is acting to reduce organic contaminant concentrations. 

Because of this information, it is not recommended that a monitored natural attenuation alternative be 

pursued for the Torpedo Shops. 

Several low-molecular-weight and high-molecular-weight PAHs were identified as COPCs for surface 

and/or subsurface soil samples at Site 7. Only one low-molecular-weight PAH (phenanthrene) was 

identified as a COPC for Site 7 groundwater. PAHs are generally considered to be fairly immobile in the 

environment. 

One PCB, Aroclor 1254, was identified as a COPC based on a detection in one subsurface soil sample at 

Site 7 in the Phase II RI. PCBs are considered to be very persistent organic chemicals. 

One phthalate, bis(2-ethylhexyl) phthalate was identified as a groundwater COPC. Phthalate esters are 

considered to be relatively persistent chemicals in the environment. 

Seven metals for soil and seven metals for groundwater metals were identified as COPCs for Site 7. 

Three of the metals were COPCs common to both media, with four metals identified as COPCs for one 

medium but not the other. Metals are persistent in the environment but generally not very mobile, due to 

their low solubilities and affinities for binding to soil particles. 
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7.7.3 Summary of Human Health Risk Assessment 

The following is a summary of the HHRA for Site 7: 

. The HHRA for Site 7 considered exposures to soil by construction workers, full-time employees, and 

future residents and exposures to groundwater by construction workers and future adult residents. 

Potential exposure pathways for soil included incidental ingestion and. dermal contact for all 

receptors. Potential exposure pathways for groundwater included dermal contact for construction 

workers and incidental ingestion, dermal contact, and inhalation of volatile emissions for future adult 

residents. The maximum detected concentrations of all chemicals in surface and subsurface soil 

were less than USEPA SSLs for migration from soil to air. Consequently, potential exposures via 

inhalation of fugitive dust and volatiles were not evaluated. 

l The maximum detected concentrations of benzo(a)pyrene, dibenzo(a)anthracene, cadmium, and 

manganese in surface soil exceeded their respective direct contact screening criteria and were 

retained for quantitative evaluation in the HHRA. It should be noted that the maximum detected 

concentrations of all chemicals except manganese exceeded their respective USEPA PRGs but were 

below their respective CTDEP RSRs for residential exposures. 

l The maximum detected concentrations of benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, indeno(l,2,3-cd)pyrene, Aroclor 1254, antimony, arsenic, barium, cadmium, 

chromium, manganese, nickel, silver, thallium, and vanadium in subsurface soil exceeded their 

respective direct contact screening criteria and were retained for quantitative evaluation in the HHRA. 

It should be noted that the maximum detected concentrations of all chemicals except manganese 

exceeded their respective USEPA PRGs but were below their respective CTDEP RSRs for residential 

exposures. 

l Maximum detected concentrations of antimony in surface soil and methylene chloride, 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, carbazole, chrysene, and 

indeno(l,2,3-cd)pyrene, Aroclor 1254, antimony, chromium, and thallium in subsurface soil exceeded 

the screening criteria for migration from soil to groundwater. Chromium was the only chemical 

detected in groundwater with a maximum detected concentration in soil exceeding the screening 

criteria for migration from soil to groundwater. 

l The maximum detected concentrations of all chemicals in surface and subsurface soil were less than 

the CTDEP criteria for migration from soil to indoor air. 
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l Both ICRs and HIS for direct contact soil exposure were within acceptable ranges for both construction 

workers and hypothetical future residents. 

l The maximum detected concentrations of 1,4dichlorobenzene, chlorobenzene, 1,3dichlorobenzene, 

benzene, TCE, bis(Zethylhexyl) phthalate, hexachlorobenzene, arsenic, barium, chromium, lead, and 

vanadium exceeded the direct contact risk-based COPC screening levels for groundwater and were 

retained for evaluation in the HHRA. 

l Maximum detected concentrations of bis(2ethylhexyl) phthalate, hexachlorobenzene, phenanthrene, 

arsenic, lead, silver, and zinc exceeded CTDEP’s screening criteria for protection of migration of 

groundwater to surface water. 

l The maximum detected concentrations of all chemicals in groundwater were less than the CTDEP 

criteria for migration from groundwater to indoor air. 

l ICRs and HIS for construction workers exposed to groundwater at Site 7 were within USEPA and 

CTDEP acceptable levels. 

l The ICR for future adult residents exposed to groundwater under the RME scenario exceeded 

USEPA’s target risk range of lOA to 10” and CTDEP’s acceptable risk level of 10m5 for cumulative 

exposures. Chemical-specific ICRs for arsenic, benzene, bis(Zethylhexyl) phthalate, 

hexachlorobenzene, and TCE exceeded CTDEP’s target level of 1 x 10” for individual chemicals. 

l The ICR for future adult residents exposed to groundwater under the CTE scenario was within 

USEPA’s target risk range of lOa to IO” but exceeded CTDEP’s acceptable risk level of 10T5 for 

cumulative exposures. Chemical-specific ICRs for arsenic, bis(2-ethylhexyl) phthalate, and 

hexachlorobenzene exceeded CTDEP’s target level of 1 x IO” for individual chemicals. 

l HIS for future adult residents exposed to groundwater at Site 7 exceeded USEPA’s and CTDEP’s 

acceptable level of 1 .O under the RME scenario. Arsenic and chromium were the major contributors 

to the HI, based on a single above-background detection of each. 

l The results of the human health risk assessment indicate that cancer risks and hazard indices exceed 

USEPA and CTDEP acceptable risk levels for future adult residents exposed to groundwater. Even 

though the calculations were not performed, cancer risks and hazard indices for future child residents 

would also be expected to exceed USEPA and CTDEP acceptable levels. 
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l There was one detected concentration of lead in groundwater that exceeded the Safe Drinking Water 

Act action level and CTDEP RSR of 15 pg/L. The IEUBK model was used to evaluate exposures 

lead in groundwater by hypothetical residential children. The IEUBK model indicated that no adverse 

effects are anticipated for hypothetical future child residents exposed to lead in groundwater at Site 7. 

l The maximum detected concentration of arsenic in surface soil and manganese in groundwater 

exceeded their respective screening criteria but were within background levels, consequently arsenic 

and manganese were not retained as COCs in the HHRA. ICRs and HIS for all receptors would have 

been within USEPA and CTDEP target levels if arsenic had been evaluated in the HHRA. HIS for 

adult residents exposed to manganese in groundwater would exceed the acceptable level of 1 if 

manganese were evaluated in the HHRA. 

7.7.4 Recommendations 

A small soil removal action was completed at the Torpedo Shops to address TPH contamination from a 

UST. This removal action was performed under the CTDEP’s UST Program and not CERCLA. Soil 

adjacent to Building 325 with TPH concentrations in excess of 500 mg/kg was excavated and disposed at 

an off-site location. The leach fields that were historically used at Site 7 for wastewater disposal and 

were the primary suspected sources for releases have been permanently decommissioned. All the 

buildings at Site 7 are connected to public water and sewer, essentially cutting off this potential migration 

pathway for contaminants. 

The objectives of the BGOURI at Site 7 were to further characterize the nature and extent of soil and 

groundwater contamination in the vicinity of the abandoned septic system and to quantify the risks to 

human receptors from the soil and groundwater. Organic contaminant detections in soils were scattered 

and were primarily PAHs. Metals detections above background were scattered and were in general only 

slightly above the background concentrations. Of the seven metals identified as COPCs based on 

screening criteria, only three were also COPCs for groundwater, and only one of these three was 

detected in groundwater at a concentration above screening criteria (chromium, in one well), indicating 

that soils are not impacting groundwater to any significant degree. Groundwater sampling results for the 

Torpedo Shops indicate that there are only sporadic, low-concentration detections of contaminants in site 

monitoring wells. There are no discernible contaminant plumes of any size, indicating that there are no 

significant sources leaching contamination to groundwater at Site 7. Several wells located within the 

western portion of Site 7 had several MCL exceedances in groundwater; however, the exceedances 

varied from well to well. Aside from three exceedances of the MCL for bis(2-ethylhexyl) phthalate and two 

exceedances for TCE, no compound was detected above the MCL in groundwater more than once. A 

preliminary evaluation of natural attenuation indicated that biodegradation is not a significant natural 

attenuation process that is acting to reduce organic contaminant concentrations. Because of this 
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information, it was not recommended that a monitored natural attenuation alternative be pursued for the 

Torpedo Shops. 

Cumulative carcinogenic and noncarcinogenic risks posed by exposure to soils at Site 7 were either less 

than or within USEPA and CTDEP acceptable risk ranges, indicating that soils do not pose an 

unacceptable risk via direct contact exposures: The HHBA determined that risks posed by exposure of 

construction workers to groundwater at Site 7 are within USEPA and CTDEP acceptable levels, assuming 

that the workers are exposed to the maximum observed concentrations of site contaminants. The HHf?A 

evaluated future residential groundwater usage, and calculated risks were marginally above the 

acceptable risk range based on maximum concentrations. The groundwater, however, is classified by 

CTDEP as GB groundwater (i.e., not suitable for direct human consumption without treatment) and it is 

not expected that it will be used for human consumption in the foreseeable future. 

Because the risks associated with Site 7 soil are within USEPA and CTDEP acceptable risk ranges, an 

FS for the soil operable unit at Site 7 is not necessary. A no-further-action decision document should be 

prepared for this operable unit. However, even though contaminant concentrations were generally low 

and risks are acceptable under the current land use scenario, it is recommended that an FS be prepared 

for the groundwater operable unit associated with Site 7. The FS should evaluate, at a minimum, land 

use controls and monitoring for the site. This recommendation is made for the following reasons: 

l The source areas are not fully understood, but the current groundwater data (i.e., extent of 

contamination and concentrations) do not indicate that the sources are significant and warrant further 

investigation to completely characterize them. 

l A limited groundwater monitoring program would verify the trend in groundwater contaminant 

concentrations and determine the impact of any changes in site/source area conditions in the future. 

l A change in land use would potentially result in unacceptable risks to potential receptors. 
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TABLE 7-l 

SUMMARY OF THE SAMPLING AND ANALYTICAL PROGRAM FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Sample ID 1 voc~ 1 svocs I Metals I Mist 1 
GROUNDWATER SAMPLES 
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~~ 11 X X c X 
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S7MWO4SO’ X 

S7MW05DC 
S7MW05SOl I 
S7tvlWO6S01 A I A I n I * I 
S7MWl-n '.SOl 1 x I x I x I x I 

I. r. -_ 
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;; 
I r. X X x . 

I X X X X 
X X X X 
I. Y ” 

;; 
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I I ,\ I -* . 

! ii ! X ! X 
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11 I X I X I X I x 
11-F X 

. . I 
X X X X 

X 
X 

6;; X 

J701 x 
._ .I ” \~ 

s7TWO801 I X I I I 
s7lw0901 X ii ; ; 

S7TWlOOl 
SOIL SAMPLE 
S7SBO109‘ 
S7SBO806L v 
s7SRmnRm 

12 n 
n7 X X X 

-. -------- X‘ X X 

S7SB100607 X X X 

S7SB180506 X X X 

Notes: 
1 Miscellaneous groundwater parameters include all natural attenuation 

parameters plus TDS, TSS and perchloratr% 
2 Miscellaneous soil parameters include bulk density, pH, and porosity. 
3 Samples with a ‘F” suffix are filtered metals samples. 



TABLE 7-2 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 10 
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SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTtGATlON 

NSB-NLON, GROTON, CONNECTICUT 
.PAGE 2 OF 10 

7TBl 
080998-TTBl(2-4) 

7TB1(2-4) 
2 
4 

8tO/QO 

081080-7TBy6-8) 081390.7MWl(O-2) 08139OJTB3(44 xfqypzy 7MW3S 7TB4 
081490-7MW3(6-8) 081480-7TBq4-B 

7MW3(6-8) 7TB4(4-8) 
6 4 
8 6 

8J14/90 8/14/M 

20 u 22 u 

20 u 22 u 
10 u 11 u 

100 u 110 u 
Inorganic8 (mglkg) 
ALUMINUM 
ANTIMONY 
ARSFNIC 

13100 I 16900 19700 I 13500 19600 I 13700 I 10200 1 8460 I 110!30 
I 14.5 UJ 15.2 UJ I 15 UJ 19.4 J I 16.2 UJ 1 19.4 J 17.9 J 14.2 J 17.3 J 

73 .I I 1 R .I 71 .I I 2.1 .I 2.8 I I.4 I 14 I 2.2 I 7.7 

J I 1100 J I 1510 J I 5630 I II 

6 I 20 J I 9.7 J I 39.8 J I 

[MANGANESE 277 J 239 J 269 J 273 J I 136 J 3OOJ 364J 229 J 141 J I I MERCURY I 0.11 u I 0.11 u I 0.13 u I 0.11 u I 0.14 u I 0.12 u 0.11 u 0.11 u 0.12 u 
NICKEL 12.9 J 15 J 12.3 10 J 11.2 J 

2600J 1 2440 J 106OJ 
.45 u 0.46 U 

Miscellaneous Parameters (mg/kg) 
TPH 
TOTAL ORGANIC CARBON 
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nsample 
sample 
top-depth 
bottom-dep 
sample-dat 
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SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
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7TB6 7TBlO 7MW4S 7MW6S 7MW6S ‘IMWIOS 7MWllS 
081490~7TB8(6-8) 7 SD 10 0103 7 SO 4S 0103 7 SO 6S 0306 7 SO 6S 0507 7MWlOS-0608 7MWllS-0607 

7T,B6(6-8) 7 SO 10 0103 7 SC 4S 0103 7 SO 8S 0305 7 SO 8S 0507 7MWlOS-0608 7MWllS.0507 
8 1 1 3 5 6 5 
8 3 3 5 7 8 7 

8ll4iQO 3/6/94 3/6/94 3J6/94 3/6/94 2w94 3w94 
tmupucare I I I I 
Volatile 

I I 
Organlcs (w/kg) 

I I 



TABLE 7-2 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTtGATlON 

NSB-NLON, GROTON. CONNECTICUT 
.PAGE4bFlO 

35 u 
35 u 
6.6 J 
4.7 J 
32 J 

7MWlOS-0808 
7MWlOS-0808 

7MWlIS 7MW5S 7MW7S 
7MWllS-0507 7MW5S-1011 7MW7S-0103 
7MWll S-0507 7MW5S-1011 7MW7S-0103 

5 10 1 
7 11 3 

#St94 3/8/94 3ni94 

37 u 35 J 
37 u 35 u 
37 u 35 u 
19 u 16 U 

190 u 160 u 

7MW8S 
7MW8S-0408 
7MW8S-0408 1 4 

8 
2w94 

MANGANESE 103 J 164 367 437 1 7 
MERCURY 0.11 u 0.1 UJ 0.11 UJ 0.26 
NICKEL 0.2 J 5.1 a 9.4 
POTASSIUM 575 J 2100 J 4610 J 5690 

42.1 J 12.4 12.7 6.4 5.4 J 10 
J 16400 J 1360 809 4540 3710 J 991 

SELENIUM I 0.5 u 1 0.6 U I 0.65 U I 0.71 U 0.6 U 0.68 UJ 0.85 UJ 0.67 UJ 0.6 U 0.71 UJ 
SILVER 5.4 J 1 0.4 UJ 1 0.65 U 1 0.47 UJ 0.4 UJ 0.46 U 0.56 u 0.66 0.4 UJ 0.47 u 

J 240 J 103 u 203 109 207 J 270 
J 1 J 0.23 U 0.26 u 0.36 u 0.2 u 0.24 U 
II 66.7 12.3 26.6 24.6 26.9 U 23.6 

30.2 

SODIUM 
THALLIUM 
VANADIUM 
ZINC 
Miscellaneous Parameters (mg/kg: 
TPH 
TOTAL ORGANIC CARBON I 

167 J 340 J 706 221 
1 u 0.2 u 0.26 0.38 
27.6 14.3 u 31.9 u 38.4 _ , 

26.6 J 40.7 J 133 J 76.6 J 1 84.2 J I 10.7 I 31.4 I 101 1 46.7 J I 

I 1 11.6 UJ 1 14.2 U 1 1 696J 
I 16600 I I I 9370 1 I 2740 
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SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
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-- . . . . . “.I..._ “.I 
--- - 

HYLPHENOL 4mu I 1 3wlJ , 

rPHTHENE 400 U 1 400 U 1 43 J 1 
iPHTHYLENE 40- (’ ’ .^^ .* I ^^ - 

ANTHRACENE 40 --..--... - ;I: I 4WU 400U I 16OJ ZIJJ 1 I 38ou 1 39Ou 1 1 1 I 1 38ou I 39Ou 1 1 1 
ou I 650 1 I 36 J I 3QOu 1 1 

l(K)FLUORANTHENE I 40 x I 1 4wu 4OQu , I 57 J 39Ou 1 1 1 , 520 35 J I 39Ou d 

)oU 1 2OOQU 1 44J I 
1 

57 J I 19OQu I 2 

, 4wu 4uu u YZ J 3t?u u 

’ 
390 ” 4 

^YlU 400 u 720 36J 390 u ,’ 

3U 400 u 360 u 22 J 39Ou 8 
3U 400 u 380 u 380 u 390 u 4 
3U 400 u 27 J 360 u 390 u F 

I 411ou 400 u 360 u 380 u 1 
1 

39Ou 
Arwl II A.-.,+ I, ^^^ _^ 8 --- ,I 

INZOFURAN I 40( 
ulrTHYL PHTHALATE 1 430 u *^ 
FLUORANTHENE 400 u 430 u ‘WV ” 

, 4W” , 
EJ 

I I IU J 

I 
I 3Yuu 

FLUORENE 
400 u 21 J 

400 u 400 u 1 1 1 
, 

360 U 390 U lNDENO(l,2,3CD)PYRENE 400 ’ 1 I u I 430 u 40^ ” ,^^ ,* _^^ 38ou 1 -_ 
” ’ mu .4%-l II “r-7 I I 

NAPHTHALENE 4ou v , ‘4LN 
PHFNANTHRFNF 

1ucJ u 
*̂  ̂ . . I .̂  ̂ .̂  ̂ . . 1 .-. . .-. .- 

IPYRENE 
PaaticidedPf?R. Immllm\ . ---.-.--I. --” \“~“=, 
4,4’-DDD 
4$-DDE 
4,4’-DDT 

u ” I 4”” u 

,A,, I 4nn u 

I 4w u 1 4w u 
, ‘t” ’ ‘“0 u 1 400 u 

SbU 

360 u 
570 
660 

14 J 
6.4 J 

16 J 

420 U 420 U 
-VU” ” -P” cl 420 U 420 U 
430 u 360 u 420 U 420 U 

VW u 1 430 u 100 J 25 J 420 U 
400U 1 21 J 160 J 40 J 22 J 

50 J 39Ou 1 
360 u 39Ou 1 
63 J 39Ou ‘ 
64J 390u 

6.1 J 
37 u , “.T ” “S ” I TL ” 
37 u 1 26J 1 37 u I 42 U 

1 4.4 J 1 37 u I 42 U 42 U 
I Ii*, I 

I 
17 II 1’) II 42 U I 

I AROCLOR-1254 I I I 370 u I I 370 u ( I 
I 42 U 

1 430 u 1 370 U 1 420 U 1 420 U 

. 
---. 



lnamar 

7MWQS 
7MW8S-0608 
7UWSS-OsqS 

6 
8 

2ml84 
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IICS (mdkg) 
‘UM 
INY 

1 10700 I 11200 I 13900 I I 9630 1 5220 1 10900 1 7030 1 15600 1 193Ml 1 127M) I 
1 9.6 J 1 6.6 R 1 5.2 R 1 5.6 1 5.1J 1 6J I 3 U 1 3.4 UJ 1 3.7 
I ^< I -.- I I., I I n I I nn I In n I I .hll I AC 

___ 
UJ 3.4 UJ 

ir; I U.1 I 1.3 1 5.4 J , I 

34.3 39.9 I 154 I i6.y 
I J..J I 

1 17.4 J 1 49: 
I I.0 ” +.d u 3u 
1 1i.6dJ 155 86.8 69.1 

0.26 J 0.44 J 0.79 0.51 
izFi- -... - 0.61 U IU 0.5 u 
666J 1240 2610 2070 

10.7 26.6 23.3 16.9 
I.1 1.6 u 9 7.0 6.9 
3.2 7.6 45 37.4 32 
!uul I 97nn 17m 14700 

22.2 J 
..--- 

22.4 J 
, “ll” 

161 140 I 329 
0.12 ,,J 

I 
Miscellaneous Parameters (mg/kg: 

ITPU I 1 . . ., 
TOTAL ORGANIC CARBON 

2UJ 1 12.2UJ 1 160 1 236 1 11.6 UJ 1 12.2 UJ 

I 1 6390 1 4740 1 I 
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7TB8 
7TB9-0002 
7TB9&002 

0 
2 

3l8lQ4 

B325-MWI 
B325-SOO1-0204 
B325-MWOI-0204 

2 
4 

1 l/4/94 

B325-MWI B325-MW3 B325-MW3 B325-MW4 B325.MW4 
8325~SOO1-0408 B325-SOO3-0002 B325-SOO3-0408 8325.5004-0406 B325-SOO4-0608 
B325-MWOI-040 B325-MW03-0002 B325-MW03-0408 B325-MW04-0406 B325-MW04-0608 

4 0 4 4 6 
6 2 8 6 8 

1 l/W94 1 llW94 1114194 1 l/W94 1 ml94 
Iduplicate I I 
Volatile Organic8 (ug/kg) 
l,l-DICHLOROETHENE I IIU I I I I I I I I 

.METHYLPHENOL 360 U 1 

INO(l,P,B-CD)PYRENE 360 U I 

[PYRENE 360 U 1 
PesticideslPCBs (y/kg) 
4,4’-DDD 36 U 
4,4,-DDE 36 U 
4.4’-DDT 36 U 
AROCLOR-1254 360 U 
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Ilocation 
nsample 
sample 
top-depth 
bottom-dep 
sample-dat 

CHROMIUM 6.6 
COBALT 3.5 u 
COPPER 9.2 
IRON 4580 

Miscellaneous Parameters (mglkg: 
TPH I 

TOTAL ORGANIC CARBON 



TABLE 7-2 
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BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
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7SB16 
S7SB160606 
S7SB160506 

5 
6 

6/l 3m0 

location 
nsample 
sample 
top-depth 
bottomdep 
sample-dat 
A,nlirr*s 

3) 

IETHYLENE CHLORIDE 7u 6U 7u 6U 
IETRACHLOROETHENE 7u 6U 7u 7u 

TOLUENE 1.11 u 1.1 u 1.05 u 2J 3J 7u 2J 

XYLENES, TOTAL 0.78 J 1.1 u 0.53 J 21 u 17 u 20 u 20 u 

Ilkg) 
I I I I I I 33nti I mnii I 77nll I 37n iI I 

CENAPHTHYLENE I 220 u I 200 u I 220 u I 220 u 

I I I I I I 220 u I 200 u I 220 u I 220 u 
puumNTHENE I 220 u 1 2 -- ” ’ 
i.H.l\PERYI FNE I I I I I I 33n1i.i I 71 

PesticideslPCBs (ugkg) 
4,4’-DDD 
4.4’-DDE 
4,4’-DDT 
AROCLOA-1254 

!O(A,H)ANTHRACENE 1 I 220 UJ 200 UJ 220 

~PHENANTHRENE 220 u 2 
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llneatinn 

sample 
top-depth 
bottom-dep 
sample-dat 

8325~SB6 
8325~S006-0002 
B325-MWO6-0002 

0 
2 

1116794 
duplicate 
ENDOSULFAN SULFATE 
ENDRIN ALDEHYDE 
ENDRIN KETONE 
HEPTACHLOR 
METHOXYCHLOR 

7SBlO 
S7SB100607 
S7SB100607 

6 
7 

6/13/W 

S7SB160506 
S7SB160506 

I I I I I I 

COBALT I I I 6.6 I I I .c I 
I I 

I 
!.2J 1 13.2J 1 16.1 I 0.0 J I 

“IL. LI 

SODIUM 
THALLIUM 
VANADIUM 
ZINC 
Miscellaneous Parameters (mgkg: 
TPH I 
TOTAL ORGANIC CARBON 

-.- 3.6 3.9 3.7 
164 232 197 173 

0.48 u 0.46 u 0.55 J 0.52 U 
31.9 29.3 38.4 27.3 
39.2 42.5 40.3 29.1 

367 I 290 253 I 92.4 157 I I. I I 
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SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR TEMPORARY WELLS AT SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
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location 
sample 
sacode 
sample-dat 
Volatile Organlcs (ug/L) 
1,4-DICHLOROBENZENE 
BENZENE 
CHLOROBENZENE 
Dissolved Gases (ug/L) 

IMETHANE 

7TWl 7TW2 7TW3 7Tw4 7lws 7TW6 7TW6 7TW9 7TWlO 
S7TWOlOl S7TW9201 S7TWO301 S7TWO401 S7TWO501 S7TWO601 S7TWO701 FD0611001 s7TW9601 s7TW0901 S7TWlool 
NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL DUP DUP NORMAL NORMAL NORMAL 

6/11/00 6/l 1100 6/11/00 6/l l/00 6/l 1100 6/l l/00 6/11/00 6/l 1100 6t24lO9 6l24loo 6/25/w _ 

1 u 1 u 1 u 1 u 1 u 1 u 1 u 1 u I 1.83 9.21 90.5 J 
1 u 1 u 1 u 1 u 1 u 1 u 1 u 1 u 1 u 1 u 2J 
1 u 1 u 1 u 1 u 1 u 1 u 1 u 1 u I 1 u 8.68 165 J 

I I I I I I I 19 I 8 I 6 I 
Semivolatile Organics (ug/L) 

IBlS(2-ETHYLHEXYL)PHTHALATE 1 
Total Metals fll-ll \ 

I I I I I I 44 I 49 I 5u ] 
I ,UyfYL, 

_-.-. I I I I I I I 891 1 57500 1 50.5 u 
W I I 1 2.3 U 1 11.4 1 2.3’ U’ , . . .--a 

BARIUM 
CALCIUM 
CHROMll 
COBALT 
COPPER 

I I I I I I- I 1 38.6 U 1 434 1 20.5 U 
1 23900 ] 37000 1 1260(313_. . 

8.2 .U- - 
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location 7-Wl 7TW2 TM13 7Tw4 7TW5 7TW6 
sample s7TW0101 s7TWo201 s7TWo301 wrWo401 wrWo501 s7TWo601 
sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 

l- 7TW6 7Tw9 7TWlO 
S7TWO701 FDO611001 S7TWO601 s7TWo601 s7TW1001 

DUP DUP NORMAL NORMAL NORMAL 
6/l lloo 6/11/00 6&!4/00 6mmo 6/25/w Isample-dat 1 6/11/w 1 6/11/00 I 6/11/w I 6/11100 I 6/11/w I 6/11/00 
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SUMMARY OF GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITE 7 
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A. 

_. 

. . . 
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location B325-MWl B325-MW3 B325-MW4 7MWl D 7MWlD 7MW2D 7MW2S 
sample S7B325MWOlOl S7B325MW0301 S7B325MW0401 S7MWOlDOl S7MWOlDOl-F S7MWOZDOl S7MW02SOl 
sacode NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL 
sampledat 7/9/w 7/6/w 7/l o/w 7l7lW 7l7lW 7/6/w 7/6/w 

edrock I I Overburden I Overburden I Overburden I B 

18.7 u 
17600 
6.8 u 
14713 

I Becrodk I Overburden I 1 Aquifer 
Dissolved Metals &g/L) 
BARIUM 
CALCIUM 
COPPER 
MAGNESIUM 

I I I I I 1l.Y I I I I I 
eous Parameters (mg/L) 
TY 68.5 J 67 J 66.5 J 39.7 J 19 J 15.5 J 59.2 I 75.7 

_.. L 0.18 J 0.18 
“I’ 4S NITROGEN 0.11 0.1 u 0.54 J 0.13 0.14 ,-.,.a,.. I 

nn II 0.2 u 0.2 u 0.2 u 0.2 u 0.2 u 

Miscellanc 
ALKALINI 
AMMOW 
AMMOlwn, I 
AMMONIUM 
CHLORIDE 
HARDNESS as CaC03 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL ORGANIC CARBON 
TOTAL SUSPENDED SOLIDS 

U.&f 
“4 ” 0.4 0.2 u 
96.8 J 95 J 59.5 1 5.84 J 1 I 8.84 J I 8.26 J I 104 85.1 

90.3 80.4 63.8 I 42.8 I I 26.7 I 18.8 I 09.8 664 
49.9 J 43 J 21.5 --. .-.- 
158 U 355 289 

5u I 5u I 3.5 I 6 I I 5u 6 I 8 1.4 
5 UJ 26 .I 41 J 5 UJ !i II.1 I In .I 67 r; II 

--.. .-.- --.- --. 
1 14.1 J 1 1 13.5 J 1 18.3 J 1 65.4 I AA9 I 

! 302 J 211 J ! 111 u I 1 66.2 U 1 90U I 

SIUM I I I I 1730 I I I I 
I 4690 

I I I I A-,,. I I I I 
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location 7MW4S 7MWSD 7MW5S 7MW5S 7MW6S 7MW7S 7MW6S 7MW9S 7MWlOS 
sample S7MW04SOl S7MWOSDOl S7MWOSSOl FD071WOl S7MWO6SOl S7MWO7S91 S7MWO6SOl S7MWO9S91 S7MWlOSOl 
sacode NORMAL NORMAL DUP DUP NORMAL NORMAL NORMAL NORMAL DUP 
sample-dat 7t9laO 7/l l/W 7/l o/o0 7/l oio9 7/11100 7/l 0100 7/6/w 7/f lmo 7ffmtl 
Aquifer Bedrock Bedrock Overburden Overburden Bedrock Overburden Overburden Overburden 
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SUMMARY OF GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
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location 7MW10S 7MWlOS 7MWlOS 7MWllS 

sample FDO707Wl S7MWlOSOl-F FD0707Wl-F S7MWllSol 

sacode DUP DUP DUP NORMAL 
sample-dat 7fflOO 7moo 7l7lW 7l11100 
Aquifer Overburden Overburden 
. . . . . . . , ,.. 

5U 5lJ 
4E 0.05 u 0.1 u 
nRnRENZENE 5u 5u 

/.......b.. E 0.03 u 0.05 u 
letals (ug/L) 
WM 

IIRON 

MAGNESlUk 
MANGANESE 
NICKEL Y.L ” 3.L ” 
POTASSIUM 3630 6050 
SELENIUM 2.8 U 2.8 U 
snm IM 47300 61000 
VANADIUM 
ZINC 1 72.8 J 1 I I 4.6 U I 

_ - 
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Dissolved Metals (udl) 
/BARIUM I ! 35.5 I 3fi 9 I I 
CALCIUM I 22200 23400 1 I 
COPPER 1R 

MAGNESIUM 6890 7280 
MANGANESE 2.7 UJ 2.7 UJ 
POTASSIUM 3480 351” ev I 

SODIUM 45Qoo 476 00 1 

ZINC 67.4 
a 

56.4 
I 

I 
I 

I 
Miscellaneous Parameters (mg/L) 

IAI KAI INITY 41.9 J I I RR I 



I 

TABLE 7-5 

CHEMICALS RETAINED AS COPCs FOR SiTE 7 
DIRECT CONTACT EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNiT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Surface Soil Subsurface Soil Groundwater 
Direct Soil to Direct Soil to Direct Groundwater 

Chemical Contact Air Contact Air Contact to Indoor Air 
Volatile Organic Compounds 
1,4-Dichlorobenzene X 

Chlorobenzene X 

1,3-Dichlorobenzene X 

Benzene X 

Trichloroethene X 

PCBs 
IAroclor-1254 
Metals 

I I X I I I 

Notes: 
X - Chemical is retained as a COPC. 



TABLE 7-6 

CHEMICALS RETAINED AS COPCs FOR SITE 7 
POTENTIAL MIGRATION PATHWAYE 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlOh 
NSB-NLON, GROTON, CONNECTICUT 

Surface Soil Subsurface Soil Groundwater 
Soil to Soil to Soil to Soil to Groundwater Groundwater 

Chemical Groundwater Indoor Air Groundwater Indoor Air to Surface Water to Indoor Air 
Volatile Organic Compounds 

lhnethylene Chloride I I I X I I I 

[Aroclor-1248 I I I X I I I 

Notes: 
X - Chemical is retained as a COPC. 



TABLE 7-7 

OCCURRENCE, DISTRIBUTlON, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SlTE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

SASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 2 

Scenario Tlmefmma: Curmnt/Futum 
Medium: Surface Sol1 
Exposure Medium: Surhxe Soil 

cExposum Point: Torpedo Shops (Site 7) 
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OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNlT REMEDIAL INVESTtGATlON 
NSB-NLON. GROTON, CONNECTICUT 
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Scsnsrio Tknsfmme: CurnnffFuturs 
Medium: Surface Soil 
Exposun Msdium: Surfscs Soil 
Exposum Point: Topsdo Shops (Sits 7) 

CAS CAS 
Number Number 

Chnicsl Chnicsl 

7439-92-l LEAD 7439-92-l LEAD 

7439-95-4 MAGNESIUM 7439-95-4 MAGNESIUM 

coz2::o” y;; coz2::o” y;; 
co~~~~on ya”a~ U”~ E;p;’ DstNtion co~~~~on ya”a~ U”~ E;p;’ DstNtion 

CO”CS”bSti0” CO”CS”bSti0” POts”tial POts”tial POts”usl POts”usl 
R~t’onsk ‘or R~t’onsk ‘or 

Background Background Rtsk-Bawd Rtsk-Bawd COPC Co”tanIlM”t COPC Co”tanIlM”t 
used ‘or used ‘or 

IO IO tv tv Concsntmtlon Concsntmtlon 
Fmy”w Range of Nondstscts’” Fmy”w Range of Nondstscts’” 

scrmnlng”’ scrmnlng”’ 
VSIUS” VSIUS” CDPC Scmning AR;dy “RkF nsg CDPC Scmning AR;dy “RkF nsg Dslstlo” or Dslstlo” or 

LSVSP LSVSP -tb”t.t -tb”t.t 

4.5 4.5 J J 7.1 7.1 J J me/kg 061390-7MWl(O-2) 2/2 me/kg 061390-7MWl(O-2) 2/2 NA NA 7.1 7.1 17.5 17.5 400 (9) 400 (9) NJA NJA SSL-INH NO SSL-INH NO BSL. BKG BSL. BKG 
500 CTRESSOIL 500 CTRESSOIL 

1510 1510 6440 6440 mgrkg 061390.7MWl(O-2) 2/2 mgrkg 061390.7MWl(O-2) 2/2 

ma/kg 061390.7MWl(O-2) 2/2 ma/kg 061390.7MWl(O-2) 2/2 

7440-02-o NICKEL 7440-02-o NICKEL 7.5 7.5 14.4 14.4 J J mgikg 061390.7MWl(O-2) 2/2 mgikg 061390.7MWl(O-2) 2/2 

A shaded value indicates that the concentration used for screening exceeds the criterion or background value 

A shaded chemical name indicates that the chemical has been selected ss s COPC 

EQQlfQ&: 

1 Sample and duplicate sre counted ss two separate ssmplss when dstsrmlnlng the 

minimum and maximum detected concentrsttons. 

2 Values presented srs ssmplespscittc quantitation Ilmits. 

3 The maximum detected concentration Is used for screening purposes. 

4 Atlantic Environmental Services. April 1995. Background ooncsntrstions 01 lnorgsnlcs in Soil - Naval Submarine Base - 

New London. Ii the maximum deteCted concentration of s” inorganic is less than the background concentration, then 

mat metal is not Sslsctsd ss s COPC. 

5 The risk-based COPC screening level lor residential land use is presented. The vslus is based on s 

target Hszsrd Quotient of 0.1 for “oncsrcinogsns (denoted with s ‘N’ Hag) or sn lncrsmsntsl cancer 

risk 01 lE-6 for carcinogens (denoted wkh s ‘C’ Hag) (USEPA. Region IX. November 2000). 

6 The chemical is selected ss s COPC if ths maximum detected concentration exceeds the risk-based 

COPC screening level and/or an ARARITBC(s). 

7 Pyrens is used as s surrogate for benzo(g.h,i)psrytens and phenanthrsne. 

6 Hexavalsnt Chromium. 

9 OSWER soil screening level lor residential land use (USEPA. July 1994). 

m 

061390.7MWl((t2) 8325.SOO5-0002 

7TB13-Owl 8325.SOC6-COO2 

7rB94002 8325.S006-0002-D 

8325.SOO3-0002 8325.soO7-0003 

ARAWTBC = Applicable or Relevant and Appropriate Requlremsnblo Be Cwidsrsd. 

c = Csrcinogen. 

COPC = Chemical of Concern. 

J = Estimated Value. 

N = Noncsrdnogen. 

NA = Not Applicable. 

SSL-INH = Soil Screening Level for transfers from soil to sir (Inhalation) (USEPA. May 1996). 

CTRESSOIL - CTDEP direct contact cdtsda for residential exposures to soil. 

‘” QS: 

For Selection ss s COPC: 

ASL = Above COPC Screening Lsvel/ARAR/lBC. 

For Elimination as a COPC: 

BKG = Within Background Levels. 

BSL = Below COPC Screening LeveVAAAMBC. 

NUT = Essentisl Nutrient. 

NTX = No criteria available. 

EPA1 = USEPA Region 1 does not advocate evslustto” of this chemical. 



TABLE 7-6 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 7 
MIGRATION PATHWAYS 

EASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 2 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surlace Soil 
Exposure Point: Torpedo Shops (Site 7) 

I I CAS 
1 ~et~don I 

CTDEP ICT~ftloill Tation= 
-̂̂  ̂ ---*--:---- 

Number 
Chemical Frsquenv Range 01 Nondetect.“’ 

1 1 1 1200 1 NO 1 BSL 
1 19.5 1 500 1 NO 1 BSL 

0.27 1 NA 1 2 
/1(0-Z) 1 l/2 0.36 0.57 1 NA 1 6 1 

0.61 
0.54 

fl(o-2) I l/2 I 0.36 7 0.5i 1 NA 
. 

~. _ 

I-.- .._ 
5-01-6 1 PYRENE 6 

Inorganics (mgng) 
7429-90-5 IALUMINUM 

I Y. IS I I) , w I I , LI , ,,,rynq, M’“zw,nl..I,YL( 
1 0.33 I J I 0.33 1 J ImrqkaI 0613aO-7MW1(0-2~ 

I mdka I 0613907MWl(O-2) 
19.4 1 J I 19.4 1 J Ima\ 06139&7!~*1~9’ ,.,... <“.., 112 3.3 

-oooz I 2/z I 
I I 

NA I 3.5 3.6 1 29 NIA 1 I 

*. -. I 2l2 I NA 1: ._ 

I 3.5 1 J I mp/kaI 7TBS 
I 159 I I ma&a 1 
I mqkal 

0813907MWl(O-2) 
0.56 1 1 08139Q7MW~~~~~ 

I 

I 5 
I 5630 
I 16.4 

14.6 
40 

mqAq 061390.7MVI 
mo/ka 081390-7MW1(02~ 

.I mgka 06139&7MW*‘n”\ 
mq&a 0613907MM 

J mo/ka 0813907MW1(0-21 
y.?g 
Ill&9, 

:NIC 
tlAHllJM 

O-41-7 BERYLLIUM 
O-43-9 CADMIUM 
0-70-Z CALCIUM 
o-47-3 CHROMIUM 
Q-46-4 COBALT 
n.=.n.n r-ADDECI 

1.4 
23.2 
0.56 
4.6 

1230 
6.6 
14.6 
01 

” “” ., ,-.,. L.l I.C 

439-69-6 IRON 4560 21600 mqika I 061390.7Mb 
439-92-l LEAD 4.5 J 7.1 J ,ykgI 0613QG7M# 

‘“Q-95-4 MAGNESIUM 1510 6440 
9-96-5 MANGANESE 07.7 300 J 

mgkg 1 Oi31390-7MWi(O-2) 2l2 NA 6440 
mgkgl 0613907MWi(C-2) 2/Z NA YXJ 

1 , 1 mnhn 1 OQIRQ”.7MWl(O-2) ?.I2 NA 14.4 

‘l(02) 212 NA 5360 

1 J ~mgikg~O613QO-7MW1(02) 2/Z NA 5.5 
( .I (mwknI 061390.7MWl1021 2i2 NA 

0-02-O (NICKEL 1 7.5 1 1 14.4 , ” ,... ~..~,~~~~~.~.~~ 

744o-09-7 IPOTASSIUM I 1020 I / 5360 ( J ImgkgI 0613907MW 
(7440-22-4 [SILVER 1 0.5 1 1 5.5 

7440-23-5 ISODIUM 1 60.9 1 1 366 I , ~..=, 
7440-62-Z IVANADIUM ( 7.7 ( ( 46.6 ( mqk~ [ 081390-7MW1(@2) 

N/A NO NTX 

NIA NO NTX 
N/A NIA NO BSL 
NIA WA NO NT)! 

NIA N/A 1 N/A 1 NO ( NTX 

17440-66-6 [ZINC I 13.8 I 1 62.9 1 J 1 mqkgl 06139@7MWl(0-2) 1 2/Z NA 1 62.9 

A shaded value indicates that the concentration used for screening exceeds the ctiteriw or background value. 

A shaded chemical name indicates that the chemical has been selected es a CoPC 



TABLE 7-S 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 7 
MIGRATION PATHWAYS 

SASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSS-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

EQQ&Q&: 

1 Sample and duplicate are counted es two separate samples when determining the 

minimum and maximum detected concentrations. 

2 Values presented are sample-specific quantitetkm limlk. 

3 The maximum detected concentratkm is used for screening purposes. 

4 Atlantic Environmental Services. April 1995. Background concenlrations of lnorganics in Soil Navel Submarine Base 

New London. If the maximum detected concentration ol a” inorganic is less then Ihe backgrcund concentration. the” 

that metal is not selected as a COPC. 

5 USEPA Soil Screening Level Guidance. May 1996. 

6 CTDEP Ftemediation Standard Regulations. 1996. 

7 The chemical is sdected as e COPC if the maximum detected concentration exceeds Ihe risk-based 

COPC screening level and/or en ARAR/TBC(s). 

6 Pyrene is used es e surrogate far be”ro(g.h,i)perylene and phenanthrene. 

B 

06139&7MW1(02) B325-SOO5-tXX?2 

7TB13.0031 8325.SOO6-0@62 

7TB9-coo2 8325.SOC&CQO2-D 

B325-SO030002 8325.SOO7-0003 

Q&i&&$: 

ARAFlilBC = Applicable or Relevent and Appropriate RequiremenVTo Be Considered 

c = Carcirogen. 

COPC = Chemical Or Concern. 

J = Estimated Value. 

N = Nmcarcinogen. 

NA = Not Applicable. 

For Selection as a COPC: 

ASL = Above COPC Screening LeveVARAfUrBC 

For Elk”inetio” es e COPC: 

BKG = WitMn Background Levels 

NTX = No cdlerla wailable. 



TABLE 7-9 

OCCURRENCE, DISTRIBUTION, AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN AT SUBSURFACE SOIL AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON, CONNECTlCUT 

Scenario nmefmma: curnntthw~ 
PAGE 1 OF 4 

Medium: Subawfaca Soil 
Exwwe Medium: Subsurface Soil 
Exporun Point: Torpedo Shw (Site 7) 



Pc4ential Potential 
ARAR/TEC ARAIUTBC 

vakn SOWU 

TABLE 7-S 

OCCURRENCE, DISTRIEUTlON, AND SELECTION OF CJiEMICALS OF POTENTlAL CONCERN AT SUBSURFACE SOIL AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON. GROTON, CONNECTICUT 

PAGEZOF4 
Scsnario Titirmne: CurmnVFutun 
Medium: Subsurface Boil 
Exposun Medium: Subm~~ac-a Soil 
Exlxxure Point: Towdo Shops (Sit. 7) 



TABLE 7-9 

OCCURRENCE, DISTRIBUTlON. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN AT SUBSURFACE SOIL AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON, GROTON, CONNECTlCUT 

Scenario Timeframe: Currenwutun 
Medium: Subruriaca Soil 
Erpowe Medium: Subaurfaca Soil 
Exposure Point: Torpedo Shop8 (Site 7) 

PAGE 3 OF 4 

I I I I I I I I I I I I I 2mo lCTREss0i~l 

A shaded value tndiiates that the con~entratio” used for xreeninp exceeds the criteria 01 background value. 
A shaded chemvxl name indrcates met the chemical has been selected as a COPC. 

EMOQkS 
t Sample and duplicate are counted as two separate samples when determining me 

minimum and maximum detected concentrations. 
2 Values presented are sample-spxilk quantitation limb. 
3 The maximum detected concentration IS used for screening purposes. 
4 Atlanlic Environmental Services. April 1995. Background ccncenlralions 01 lnorganks in Soil - Naval Submanne Base 

New London. If the “%%i”Iu”I detected comenbalion of an l”OrQa”k is less MB” Me background Con~entr~tio”. the” 
lhat metal is not selected as a COPC. 

5 The risk-based COPC screening level for residential land use is presented. The value is based on a 
targel Hazard Quotient 010.1 for “oncarcinogens (denoted wi”, a ‘N’ f,aQ) or an i”cremenb,l cancer 
risk of IE-6 for Carcinogens (denoted with a ‘c’ flag) (USEPA. Region IX. November ZOOO). 

6 The chemcal is selected as a COPC it the maximum detected concenlration exceeds the risk-based 
COPC scree”i”Q level and&v B” ARAmBC(s). 

ARAfUfBC = Applkable or Relevant and Appropriate Requirement/lo Be Considered. 
c = Carclnoge”. 
COPC = Chemical 01 Concern. 
J = Estimated Value. 
N = Noncarcinogen. 
NA = Not Applicable. 
SSL-INH = Sal Screening Level for transfers horn soil IO air (Inhalation) (USEPA. May 1996). 
CTRESSOIL CTDEP direct contact criteria for residential exposures to soil. 

For SelectIon as a COPC: 
ASL = Above COPC SCrw”i”Q LeveVARARTTBC. 



TABLE 7-S 

OCCURRENCE, DISTRIBUTlON, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN AT SUBSURFACE SOIL AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON, CONNECTtCUT 

PAGE 4 OF 4 
Scenario Timeframe: CurrentlFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsuriaca sdl 
Exposure Point: Torpedo Shops (Sita 7) 

Detection Concentmtlon POtentbl POtenlbl 
Rationab lof 

CAS 
used for 

Background COPC Contaminant 
Number 

Chemical F’WJ=W.Y Range of Nondetects”’ 
SClWllifl&P~ 

VSIU~” R,,ke&,& CDpC ARAR/-rBC ARAR/TBC 
~~ingLe”,# Vd”S Bo”fw 

Flag Debtion or 
.&lac”on”’ 

7 value IS for naohmaiene. 
6 Pylene is used es e surrogate lo1 acenaphthylene. ber!zo(g.h.i)pe~ene. end phenanthrene 
9 Value is lor endosulfan. 
10 Value Is Ior endrtn. 
11 Hexavalent Chromium. 
12 OSWER soil screening level Ior residentlal land use (USEPA. July 1994) 

&&ated Samdeg 
060990.7MW2(2-4) 7 so 4s 0103 
060990.7TB1(2-4).AVG 7 so 6s 0305 
060990-7TB2(24) 7 so 6s 0507 
06109wTB5(6-6) 7MWlOS0606 
061390.7MWl(O-2) 7MW l 1 s-0507 
0613QO-7TB3(4-6) 7MW5S1011 
061460-7MW3(6-6) 7MW7S.0103 
061490~7TB4(4-6) 7MWBS-0406 
061490.7TB6(6-6) 7MW9S-0608.AVG 
7so 100103 7TBl Z-0204 

7TB13-0001 8325.SoO3-0002 
7TB1301.5 03.5 8325.5003.0406 
7TBl4-0507 8325.5004-04~ 
TTBl5-0606 B325-SO@-0606 

7TBl60305 8325.SoO5-0002 

7TB7-0408 B325-SoO5-CM6 
7TB64202.9-AVG B325-SCX&LXOZ-AVG 

7TB9-wO2 83255007.ODO3 

8325.SOOI-0204 B325SS0203 

8325-50014406 B325SW-0203 

For Elimination es a COPC: 
BKG = Within BackQlOund Levels. 
BSL = Below COPC Scrwnlng L~v~VARARJTBC. 
NUT = Essenttal Nutrient. 
NTX = NO criterta availabte. 
EPAI = USEPA Region I does not advocate evaluallon of this chemkal. 

S7SBO60607 
S7SBO90699 
S7SBlO9607 
S7SBl90506 



TABLE 7.10 

OCCURRENCE, otsmtBunor4, AND swcnoN OF C~IEMICALS OF PommAL CONCERN IN SUBSURFACE SOIL AT SITE 7 
MlGRATlON PATHWAYS 

~Scenarlo Timeframe: CumnffFuture 1 

BASEWlDE GROUDNWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON, GROTON. CONNECTlCUT 

PAGE 1 tiF 3 

Medium: Subrwfsce Soil 
Exposure Medium: Subswface Soil 
Exposure Point: Torpedo Shops (Bite 7) 

“.w3 0.032 m, 
57-64-l (ACETONE 0.011 .I 0.17 
71-43-2 IBENZENE 

m! 
OCO4 J 0.004 J Ill, 

---- -‘SULFIDE 0.003 J 0.025 J mghgl 081Ow-7TB 
:NZENE DWI .I “l-MM I 

Range of Nondetects 

_ -.--- . 

1330-20-7 IXYLENES. TOTAL 1 1 1 1 lmgkgj 1 
, , ,." 

0.00096 J 0011 J 7s04s0103 3i35 1 
, , 

0.00107-0. 061 1 0011 1 N/A 1 190 1 19.5 1 5OO 
nits 

1 NO 1 BSL 

‘HYLNAPHTHALENE I DO23 I .I I “17 I I n,.n* I I I 

_- .__.__ - . -  - -  . , ,  .  .,,” , I.” 

“, 7s0100103 ) I 
, , , , 

3R9 0.2 0.5 - 1 0055 ] N/A 1 NIA ) 84 1 N/A 1 NO 1 SSL 
7s0100103 I S/29 I 02-05 13 NIA I N,, I J 1.3 

J 2.7 mc 
J 1.9 mc 
J 3.2 J mc 

0.02 J 1.3 J mc 

J~LUV~~N, nENE 0.024 J 0.52 mgmg , nBlZ-OZO4 
: ACID 0 023 J 0 13 J m@gj 7SO4SO103 
-IYLHEXYUPHTHALATE I n 74 

[207-W-9 LBENZO(K”’ ’ ‘^-*“-I’ 

, , 0.2 - 0 5 3 2 N/A 

I 0.2 - 0.5 1 1.3 1 N/A 1 4200 (6) J.” 
I I 

, , , 
Bi29 09-0s I “57 I I 49 I I Wlh I Nn I 

-.- -- 

I 07-05 I “RI I WA I Rd 

“.“Zb J 2.4 nlg 
002 J 0 17 

ENZOFURAN 
J !qMg 08149O-7TB4(4-6)) lOf29 1 

0 027 J 0.35 J mgkg 7SO4SO103 I 3R9 I 
THYL PHTHALATE 0.094 J 14 mQkg 7Mw7S0103 1 ’ 

lTHENE 0.018 J 38 J mgkg 7SO100103 
n ““? n 7. __I__ 

Ml-6 IPHENANTHRENE 
L1501-6 I PYRENE 

.--- 

I 0.025 1 J 43 ! I ) J jmg&j 
I 0.021 [ J ( 4.2 I J lmgkgl 

7s04s0103 I 

7s0100103 1 14R9 1 0.2 _ 0.5 4 2 N/A 4; 

so-5 IALU~.~INUM 

Rl I 0.02 - 0.047 N/A 16 1 N/A 
, , .r21 I 

N/A- I I NC 
0.02-0047 1 021 / N/A 1 54 1 N/A 1 N/A 

1 
I NC 

5121 DO>-DO47 I 
, 

I I N,& I ,.,,A I N,-, I 

_ __ ---.. . , ,.,- , I.” , 
0 098 - 0.24 -0032 / N/A N/A BSL 



TABLE 7-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTlAL CONCERN IN SUBSURFACE SOIL AT SITE 7 
MlGRATlON PATHWAYS 

kcenario Ttmefmme~ CurrenffFuture 

! soil 
iubswface Soil 
pedo Shops (SMe 7) 

BASEWlDE GROUDNWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON, GROTON, CONNECTlCUT 

PAGE 2 OF 3 

Minimum Maximum 
 ̂

ntion Mu’m”m 
Location of DetectIon Comentration CTDEP CTDEP Soil 

oualmer Uftits F~;YY Range of Nondetecta”’ used for 
--__ 

screenina~’ 

17440-70-2 (CALCIUM 

,--” .,-- 

7439-896 1 IRON 
, l.0 , 

I 
I 

67.so I 
43 , 

I 
I m! 

. . 

29/29 N/A 2610 

,-.-- I 
‘76249-2 ISELENIUM I 077 I I 0.77 I 

,  _. - .  

J 708 m9k7 7 so 4s 0103 26/29 103 1 706 
0.26 1 1 J mgn(9 7 SO 6s 0507 5i29 0.2 1 2 - 

12.3 1 
1 

66.7 maw 7 SO 6S 0507 I II!?, 

167 ) 133 J mm 7 S04S 0103 29QQ NIA 1 133 

A shaded value indicates that the concentration used for screening exceeds the cntenon or background value 

A shaded chemical name indicates that the chemical has been selected as a COPC 

Footnotes 

1 Sample and dupltcate are counted as two separate samples when determlnmg the 

minimum and maximum detected concantrabons. 

2 Values presented are sample-specific quanbtation limits 

3 The mawmum detected concentration IS used for screening purposes. 

4 Atlantic Environmental Services, Apn11995. Background concentrations of lnorganics in SolI - Naval Submarine Base - 

New London. If the maximum detected concentration of an inorganic 1s less than the background concentration, then 

that metal IS not selected as a COPC 

5 USEPA Soil Screenmg Level Guidance. May 1996 

6 CTDEP Remediation Standard Regulations, 1996 

7 The chemical is selected as a COPC If the maximum detected concentration exceeds the risk-based 

COPC saeanmg level and/or an ARAFUTBC(s) 

6 Pyrene is used as a surrogate for benzo(g.h.i)perylene and phenanthrene 

9 Value is for endosulfan 

10 Value is for endtin 

Definlbons: 

ARAMBC = Appkcable or Relevant and Appropriate RequlremenVTo Be ConsIdered 

C = Carmogen 

COPC = Chemical of Concern 

J = Esbmated Value 

N = Noncarunqen. 

NA = Not Applicable. 

Rationale Codes- 

For Selection as a COPC 

ASL = Above COPC Sweenlng Level/ARAR/TBC 

For Ellmmation as a COPC 

BKG = Within Background Levels. 

NTX = No cntena avallable. 



TABLE 7-10 

OCCURRENCE, DISTRIBUTION, AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN IN SUBSURFACE SOIL AT StTE 7 
MIGRATION PATHWAYS 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 

BASEWIDE GROUDNWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 3 OF 3 

Exposure Medium: Subsurface Soil 
Exposure Point: Torpedo Shops (Site 7) 

060990.7MW2(2-4) 7 so 4s 0103 7TBl3.Owl 

060990.7TS1(2-4).AVG 7 SO 6S 0305 7TSl301.5 03.5 

060990-7TB2(2-4) 7 SO 6s 0507 7TSl4-0507 

061090~7TB5(6-6) 7MW10.%0606 7TSl5-c606 

061390-7MWl(O-2) 7MWll s-0507 7TBl60305 
061390-7TB3(4-6) 7MWSS.1011 7TB7-0406 

061490-7MW3(6-6) 7Mw7S0103 7TB6-0202.9.AVG 

061490-7TB4(4-6) 7MW6S-0406 7TB9-ow2 
0d1490-7T86(6-6) 7MW9S0608-AVG 8325~SOOI-0204 

7 so 10 0103 7TBl2-0204 6325~SOOl-0405 

8325.SOO3-0002 S7SBO60607 

8325.SOO3-0406 5758090609 

8325-5004-0406 s7sBloMo7 

8325.SOO4-0606 S7SBl60506 

8325.SOO5-0002 

8325.5005-0406 

B325-SON-0002.AVG 

8325.SOO7-ooO3 

832555-0203 

B325SW-0203 



TABLE 7-11 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSE-NLDN, GROTON, CONNECTICUT 

PAGE 1 OF 4 



TABLE 7.11 

OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 7 
DIRECT CDNTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLDN. GRDTON, CONNECTICUT 

PAGE 2 OF 4 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Twpedo Shops (Site 7) 

N/A CTDEP-MCL 
7439-954 MAGNESIUM 871 19500 lq/L S7TW0901 2ono N/A 19500 191wo NM N/A CTOEP RSR NO NUT, EKG 

N/A FEDMCL 
N/A CTDEP-MCL 

7439-96-5 MANGANESE 46 J 1250 tq/L S7TW0901 17120 27 1250 117M) N N/A m ii CTOEP RSR NO BKG 
B FEDSMCL 

N/A CTDEP-MCL 7440-02-O NICKEL 34.3 52.6 
J UP/L S7TW0901 2/20 9.2 52.6 

m 
73 N 100 CTOEP RSR NO BSL 

“. 

N/A FEDMCL 
100 CTDEP-MCL 7440-09-7 POTASSIUM 917 11600 

w/L 
S7TW0901 20/20 N/A 11600 

70600 
NIA N/A 

CTDEPRSR NO NUT. 
BKG ; 

N/A FED-MCL 
.” 

N/A CTDEP-MCL 
m N 7702-49-2 SELENIUM 3.2 J ,32 J “q/L S7MW07S01 l/20 2.6 3.2 10 50 CTDEP RSR NO BSL 

50 FEDMCL 
..A 

54 CTDEP-MCL 
7440-22-4 SILVER 16.3 16 3 “q/L S7TW0901 1120 5 2 - 5.6 10 N 34 CTDEP RSR NO BSL 

100 FEDSMCL 
50 CTDEP-MCL 

-i *i 

7440-23-5 SODIUM 4020 91600 w/L S7MW03DOl 20/20 N/A 91600 1900fDl N/A N/A CTDEP RSR NO NUT, BKG 
NIA FEDMCL 
NIA CTDEP-MCL 

.- 

7440-62-2 w/L s7Two901 2120 6.3 151 mrr;m .N I CTDEP RSR m ASL 
N/A FEDMCL 
N/A CTDEP-MCL 

7440-66-6 ZINC 6.4 J 194 J w/L S7MWlOSOl 1 l/20 4.6-27.1 194 CTDEP RSR NO BSL 
5000 FEDSMCL 
N/A CTDEP-MCL 

Dissolved Metals 
7440-39-3 BARIUM, FILTERED 35 5 36.9 UdL S7MWIOSOl-F-D IL? 16.7 369 124 260 N 1000 CTDEP RSR NO BSL. BKG 

2000 FED-MCL 
2ow CTDEP-MCL 

7440-70-Z CALCIUM, FILTERED 17600 23400 “q/L S7MWlOSOl-F-D 2/2 N/A 23400 152000 N/A N/A CTOEP RSR NO NUT, BKG 
N/A FED-MCL 
N/A CTDEP-MCL 

7440-50-6 COPPER. FILTERED 14 10 UdL S7MWIOSOl-F l/2 6.6 10 39.4 140 N 13M) CTDEP RSR ND ESL, BKG 
1330 FED-MCL 
N/A CTDEP-MCL 

7439-954 MAGNESIUM, FILTERED 1470 7260 WL S7MWtOSOI-F-D 2/2 NIA 7260 15mQo N/A N/A CTDEP RSR NO NUT. BKG 
N/A FEPMCL 
N/A CTDEP-MCL 

7439-96-5 MANGANESE, FILTERED 7.0 J 7.6 J lq/L S7MWOiDOl-F l/2 27 70 9400 00 N N/A CTDEP RSR NO BSL. BKG 
50 FEPMCL 

N/A CTDEP-MCL 
7440-047 POTASSIUM, FILTERED 1736 3520 usn STMWlOSOl-F-D 212 N/A 3520 6OOiXI N/A N/A CTDEPRSR NO NUT, BKG 

N/A FEDMCL 
N/A CTDEP-MCL 

7440-235 SODIUM, FILTERED 4690 47600 WG S7MWlOSOl-F-D 2/2 N/A 47600 158OOCQ N/A N/A CTDEP RSR NO NUT, BKG 
N/A FED-MCL 
N/A CTDEP-MCL 

7440-666 ZINC, FILTERED 56.4 173 usr/L S7MWOlDOl-F 2/2 N/A 173 u] I’ 1100 N 5004 CTDEP RSR NO BSL 
9300 FEDMCL 
N/A CTDEP-MCL 



TABLE 7-f 1 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDtAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE 3 OF 4 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Torpedo Shops (Site 7) 

Yl”kn”rn 
co~:fn~a;on :;;A&; units Loy-;tw.wm DeteCtion N;~;c;$ Core;y: “=;:B:,3y”” ,,;KQ 

Risk-Based 

CAS Number 
Mlnlmum 

Ratton& for 

Chemical CO”C~“tWlOll 
Cwdtfter 

Frequency ggc [z;, coF$ c~~m~laat 

IO 0, IO Screening”’ VlkM Source 

Miscellaneous Parameters 

Le”el’l’ selecumW’ 

E-14506 ALKALINITY IO J 124 W/L S7MW05Wl 20/20 N/A 124 1950 N/A N/A CTDEP RSR NO BKG 
N/A FED-MCL 

7664-41-7 AMMONIA 0.15 0.46 
N/A CTDEP-MCL 

J mq/L S7MW07SOl 0/0 N/A 0.48 m . N/A N/A CTDEP RSR NO NTX 
NIA FEDMCL 

7664-41-7 AMMONIA. AS NITROGEN 0.1 0.54 
N/A CTDEP-MCL 

J mq,L S7MWOlDOl IO/12 N/A 054 m . N/A N/A CTDEP RSR NO NTX 
N/A FED-MCL 

7664-41-7 AMMONIUM 02 0 44 
N/A CTDEP-MCL 

mgiL S7TW0601 6120 N/A 0.44 - I NIA N/A CTDEP RSR NO NTX. 
N/A FED-MCL 

000-02-0 CHLORIDE 5.64 J 155 
N/A CTDEP-MCL 

J mq/L S‘IMWIOSOI 20/20 N/A 155 4540 N/A NlA CTDEP RSR NO BSL. BKG 
250 FEDSMCL 

E-11776 HARDNESS as CaC03 10.0 265 
N/A CTDEP-MCL 

w/L S7MW05DOl 20/20 N/A CTOEP RSR NO NTX 
N/A FEDMCL 

1400679;8 SULFATE 3.46 J 716 
N/A CTDEP-MCL 

J mq/L S7MWlOSOl 20120 N/A 71 6 w-e N/A N/A CTDEP RSR ND BSL 
250 FEDSMCL 

16496-256 SULFIDE 0 07 007 
CTDEP-MCL N/A 

mqiL S7TWlOOl 1112 005-2 0.07 m . N/A NIA CTDEP RSR NO NTX 
N/A FEPMCL 

000-09-0 TOTAL DISSOLVED SOLIDS 50 J 464 
N/A CTDEP-MCL 

mq/L S7MW05DOl 15120 66.2. 158 464 6260 N/A NIA CTDEP RSR NO BSL. BKG 
500 FED-SMCL 

7440-44-O TOTAL ORGANIC CARBON 0.9 
N/A CTDEP-MCL 

120 mq/L S7MW07SOl 15/20 l-5 120 - N/A N/A CTDEPRSR NO NTX 
N/A FED-MCL 

000-00-9 TOTAL SUSPENDED SOLIDS 10 
N/A 

J 2950 mqiL 
CTDEP-MCL 

S7TW0901 8120 5 2950 m N/A N/A CTbEP RSR NO NTX 
N/A FEDMCL 
N/A CTDEP-MCL L 

A shaded value ~ndocates that the concentration used for screening exceeds the criterion or background value 
A shaded chemical name indicates that the chemical has been selected as a COPC 

Defnbons: 
AP.AP.ABC = Applicable or Relevant and Appropriate RequlremenVTo Be Considered 

Footno(ep 
C = Carcinogen 
COPC = Chemical of Concem. 

1 Sample and duplicate are counted as two separate samples when determining the minimum and ma~lm~m J = Estimated Value. 

detected concentrations. 
2 Values presented are sample-speafnc quantitation limits. 

N = Noncarcinogen. 
N/A = Not Applicable. 

3 The maximum detected concentration IS used fw screening purposes. FEDMCL = Federal Maximum Contaminant Level (USEPA. AUQUS~ 2000). 

4 95% Upper Tolerance Limit (UTL) of site backgrwnd data. FEDSMCL = Federal Secondary MaxImum Contaminant Level (USEPA. August 2000). 

5 The risk-based CDPC screening level for tap water USC is presented The value is based on a FED-AL = Federal Action Level (USEPA. August 2000). 

target hazard quotient of 0 1 for noncarcincgens (denoted with a ‘N’ flag) or an incremental cancer CTOEP-RSR = Connecbcut DEP Remedtation Standard Regulations. 1996 

risk of lE-6 for carcinogens (denoted with a ‘c’ flag) (USEPA. Region IX. November 2COO). CTDEP-MCL = Connecticut Maximum Contaminant Level. 

6 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based 
COPC screening level and/or an AP.AFUTEC(s) Rabonale Codes: 

7 Pyrene is used as a surrogate for phenanthrene Fw Selection as a COPC: 

0 Value is for hexavalent chromium. ASL = Above CDPC Screening Level/ARAPfrBC 

9 The US EPA has approved a new MCL fw arsemc of IO UQ/L. The new MCL QoeS Into effect I” 2006. 
The reduction of the MCL does not impact the human health risk assessment. 



TABLE 7-11 

OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 7 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE 4 OF 4 

Scenario TImeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exportwe Point: Torpedo Shops (S,u, 7) 

Asscaled Samples: For Elimlnalon as a COPC 
S78325MWOlOl S7MW02SOl S7MW05SOl-0 S7MWlOSOl-D S7TWO301 S7TW0801 BKG = Within Background Levels 
S7B325MW0301 S7MW03a1 S7MW06S01 S7MWlOSOVF S7TW0401 s7Two901 ESL = Below COPC Screening LevellARARITBC 
S7B325MW0401 S7MWO3501 S7MW07S01 STMWlOSOl-F-D S7TWO501 s7TW1001 NUT = Essential Nutnenf. 
S7MWOlDOl S7MWo4.501 S7MWOSSOI S7MWllSOl S7TWO601 NTX = NO Toxicity Information 
S7MWOlDOI-F S7MW05DDI S7MW09S01 S7TWOlOl s7TWo701 EPA1 = USEPA Regmn 1 does not advocate evaluatica of this chemical 
S7MW02DOl S7MW05S01 S7MW10501 s7TWo201 S7TW0701-D 

.- 

__ 



TABLE 7-12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SlTE 7 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON. GROTON, CONNECTICUT 

PAGE 1 OF 2 

Scenario Timeframe: Future 
kdlum: Gmundwtier 
Exposure Medium: Gmundwatw 
Exposure Poinl: Torpedo Shopa ISIt. 7) 

CAS Number 

datik Oradcs 

Chemical 
Mlnlmum 

COllC~lratkll 
IO 

Mlnimum 
Ouallfier 

J 1 I I 41 1 J 1 u$L[ S7MWO6SOl 1 7/20 1 l-2 1 41 1 N/A 1 NIA 1 N/A 1 NO 1 NTX 1 

I 44 190 I 3 3 I UslLl ..^,I S7M C-,.. 

3.7 3.7 Ug/L 
 ̂ ^̂  -- 

woaso1 I 320 1 5- 10 1 190 
~rmWO9SO1 I 200 I 5-10 I 3 
S7MWO9SOl 1 l/20 I 0.03-5 I 3.7  ̂ _. . .~ 

l/20 I 0.05-5 I 6.5 -1 NIA ~14OODO. N/A 1 NO I BSL 

440-02-O [NICKEL 34.3 52.8 J Ug/L S7TWO901 

440-09-7 IPOTASSIUM 917 11600 l&I/L s7rw0901 

782-49-2 3.2 J 3.2 J 
183 UOA 

1. FILTERED I 7280 1 S7k 

--*a-, , “.I, , I I I mw., 
564-41-7 IAMMONIA. AS NITROGEN I 0.1 I I I i ImwLl S7M 

I 0.2 I I 0.44 I c- 
I end I I .cc I I 

x3 *s CaC03 I IS.8 1 1 295 1 IWLI S: 
I 346 I J 1 71.6 1 J 1 rnfll S 

j-25.9 ISULFIDE I 0.07 I I 007 I lmalll 



TABLE 7.12 

OCCURRENCE, DISTRIBUTION, AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SlTE 7 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTICUT 

PAGE 2 OF 2 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Torpedo Shops (Site 7) 

Minlmum 
Rationale tar 

CAS Number Chemkal Concentration 
Minimum FregW”Cy 

IO Ouslifier 
c,,;E;;;o, ~uxii~ units Loc~~;noum DemcUo” zta~;~~, C~~~~ Bac:cy;nd ‘;z;;$’ VoI$zaw C;I; Co$;ta 

Ul 0, SCNO”i”p Clitettd” 
SektiO”” 

7440-44-O TOTAL ORGANIC CARBON 0.9 120 mgiL S7MW07S01 N/A NA NO NTX 

ODO-08-9 TOTAL SUSPENDED SOLIDS 10 J 2950 me/L s7-rw0901 NIA NA NO NTX 

A shaded value indicales that the concentration used for screening exceeds the criterion or background value 
A shaded chemical name indicates that the chemical has been selected as a COPC 

@Q@Q&: 

1 Sample and duplicate ate counted as two separate samples when detenining the minimum and maximum 

detect& concentrations. 

2 Values presented are sample-specilic quantitation limits. 

3 The maximum detected concentration is used for screening purposes. 

4 95% Upper Tolerance Limit (UTL) 01 site background data. 

5 Connectkxt DEP Surtace Water Protection criteria. 

6 Connecticut DEP Volatilization cnteria for residential exposures. 

7 The chemical is selected as a COPC if the maximum detected concentration exceeds the 

CTDEP surlace water protection or volatilization criteda. 

&&ted SampIeS. 

s78325Mwoiol S7MWOZSOl S7MWOSSOl.D S7MWlOSOl-D s7Two301 

S7B325MW0301 S7MW03DOl S7MWO6SOl S7MWlOSOl-F s7Two401 

S78325MW0401 57MW03.501 S7MW07SOl S7MWlOSOl-F-D S7TWO501 

S7MWOlDOl S7MWo4M1 S7MWOBSO1 S7MWI IS01 S7TWO601 

S7MWOlDOl-F S7MW05DOl S7MWOgSOl s7Tw0101 s7Two701 

S7MW02DOI S7MW05SOl S7MW1OSO1 s7Two201 S7TW0701.D 

QQ&&Q$: 

ARARITBC = Applicable or Relevant and Approprtate RequiremenVTo Be Considered. 

c = Cardnogen. 

COPC = Chemical of Concern. 

J = Estimated Value. 

N = Noncarcinogen. 

NA = Not Applicable. 2 

.A 

For Selection as a COPC: 

ASL = Above COPC Screening LeveWARAmBC. 

S7TWOBOl 

s7-rw0901 

s7Tw1001 

For Elimination as a COPC: 

BKG = Within Background Levels. 

BSL I Below COPC Screening LeveUARAR!TBC. 

NTX = No Toxicity Information. 

:. 

.P 



TABLE 7-13 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

PAGE 1 OF 2 

Scenario 
Timeframe 

Medium Exposure Exposure 
Medium Point 

Receptor 
Population 

Receptor 

Age 

Exposure 
Route 

On-SW 
Off-Sl9 

Type of 
Analysis 

Rationale for Selection or Exclusion 

ot Exposure Pathway 

:UrrenVFUtUre Surface Soil Sudacs Soil Surface Soil Construction Adult Ingestion On-Site Quant Construction workers may have contact with surface soil during excavation 
Workers Dermal On-Site Ouant activities. 

Full-time Adult Ingestion On-Site &ant Full-time employees may contact surface soil during normal work actiiities. 
Employees Dermal On-Site Quant 

Trespassers Adolescents Ingestion On-Site Quant Trespassers may be exposed to surface soil while at the site. 
Dermal On-Site Quant 

Air Surface Soil Construction Adult Inhalation On-site None NO COPCs were identified in surlace soil for the inhalation pathway. 
Workers 

Full-time Adult Inhalation On-site None No COPCs were Uentified in surface soil for the inhalation pathway. 
Employees 

Trespassers Adolescents Inhalation On-Site None No COPCs were identified in surface soil lor the inhalation pathway. 

Subsurface Soil Subsuriace Soil Subsurface Soil Construction Adult Ingestion On-Site Quant Construction workers may have contact with subsurface soil during excavation 
Workers Dermal On-Site Quant activities. 

Full-time Adult Ingestion On-Site None Full-time employees ars not exps5d to subsurface soil. 
Employees Dermal On-Site None 

Trespassers Adolescents Ingestion On-Site None Trespassers are not exposed to subsurface soil. 
Dermal On-Site None 

Air Subsurface Soil ConstructIon Adult Inhalation On-site Quant Construction workers may be exposed to fugitive dust and volatile 
Workers emissions during construction activities. 
Full-time Adult Inhalation On-site None Full-time employees are not exposed to subsurface soil. 

Employees 

Trespassers Adolescents Inhalation On-Site None Trespassers are not exposed to subsurface soil. 

Future Surface Soil Suriace Soil Surface Soil Residents Child Ingestion On-Site Quant Child residents may contact surface soil. 
Dermal On-Site &ant 

Adult Ingestion On-Site C&ant Adult residents may contact surlace soil. 
Dermal On-Site Quent 

Air Surface Soil Residents Child Inhalation On-site Quant Child residents may be exposed to fugitive dust and volatile emissions 

from suffsce soil. 
Adult Inhalation On-site &ant Adult residents may be exposed to fugitive dust and volatile emissions 

lrom surface soil. 

Subsurface Soil Subsurface Soil Subsurface Soil Residents Child Ingestion On-Site Quant Child restdents may contact subsurface soil that has been brought to the 
Dermal On-Site Quant surtace. 

Adult Ingestion On-Site Quant Adult residents may contact subsurface soil that has been brought to the 
Dermal On-Site Quant surface. 

Air Subsurface Soil Residents Child Inhatation On-site Quant Child resaents may be exposed 10 fugitive dust and volatile emissions 
from subsurface soil that has been brought to the surface. 

Adult Inhalation On-site Ouent Adult residents may be exposed to fugitive dust and volatile emissions 

from subsurface soil that has been brought to the surface. . 



TABLE 7-13 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

PAGE 2 OF 2 

Scenario Medium Exposure Exposure Receptor Receptor Exposure On-SW Type of Rationale for Selection or Exclusion 
Timeframe Medium Point Population Age Route Off-Site Anatysie of Exposure Pathway 

Current/Future Groundwater Groundwater Overburden/Bedrock Construction Adult Ingestion On-Site None Construction workers may have dermal contact with groundwater during 
Aquifer Workers Dermal On-Site Quant excavation activities. 

Full-time Adult Ingestion On-Site None Full-time employees are not exposed to groundwater. 
Employees Dermal On-Site None 

Trespassers Adolescents Ingestion On-Site None Trespassers do not have contact with groundwater. 
Dennal On-Site Norm 

Residents Adult Ingestion On-Site Quant Groundwater may be used as a potable water source in the future. 
Dermal On-Site Quant 

Child Ingestion On-Site Exposures to a child resident are less than those for en adult resident. 
Dermal On-Stte None 

Air Overburden/Bedrock Construction Adult Inhalation On-site None Construction workers exposure via volatilization is expected to be insignificant 
Aquiter Workers due to dilution with outdoor air. 

Full-time Adult Inhalation On-site None FulCtime employws are not exposed to chemicals volatilizing from 
Employees groundwater. 

Trespassers Adolescents Inhalation On-Site None Trespassers do not have contact with site groundwater. 

Residents Adult Inhalation On-sits Quant On-sits residents may be exposed to volatile emissions from groundwater 
while showering. 

Child Inhalation On-site None Exposures to a child resident are less than those for an adult resident. 



TABLE 7-14 

EXPOSURE POINT CONCENTRATIONS FOR SITE 7 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Surface Soil I Subsurface Soil Groundwater 
RME”’ ! CTE”’ RME ! CTE ! RME”’ ! CTE(” 

(mg/kg) 1 

NA 
NA 
NA 
NA 

(mglkg) 1 

NA 
NA 
NA 
NA 

(mg/kg) 1 

NA 
NA 
NA 
NA 
NA 

(mglkg) 1 

NA 
NA 
NA 
NA 
NA 

(ug/L) (l&J/L) I 

1.73 0.546 
90.5 4.25 
165 6.82 

2 0.556 
23 1.91 

Chemical 

Volatile Organic Compounds 
1 ,SDichlorobenzene 
1,4-Dichlorobenzene 
Chlorobenzene 
Benzene 
Trichloroethene 

Notes: 
All values are 95 percent UCL except where noted. 
1 - The maximum detected concentration is used for the RME scenario and the average concentration 

is used for the CTE scenario. 
2 - The average concentration is used for lead (USEPA, 1994). 



TABLE 7-15 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SlTE 7 
REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNlT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Construction Worker 

Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

>104 >10”ands104 > lo4 and 5 1m5 
Surface/Subsurface Soil Ingestion 2.6E-07 ._ __ .- 0.2 -- 

Denal Contact 3.5E-06 __ __ _- 0.005 -- 
Total 3.2E-07 ._ __ __ 0.2 __ 

Groundwater Dermat Contact 4.2E-07 __ __ __ 0.09 __ 

Full-Time Workers Surface Soil Ingestion 1 9.7E-07 1 __ __ 
Denal Contact 1 9.6E-07 1 __ __ 

Total 1 1.9E-06 1 __ __ 

-_ I 0.04 I __ 
__ 1 0.0606 1 __ 

Benzo(a)pyrene I 0.04 I __ 

Child Resident Surface/Subsurface Soil Ingestion 4.2E-06 1 __ I __ I Arsenic, Benzo(a)pyrene 0.4 I __ 
Dennal Contact 6.7E-07 1 __ __ I __ 0.02 I __ 
Total 4.6E-06 1 __ I __ I Arsenic, Benzo(a)pyrene 0.5 I -_ 

P hdult Resident 8urface/Subsudace Soil Ingestion 1.6E-06 
Dermal Contact 3.7E-07 
Total 2.1 E-06 

iroundwater Ingestion 3.2E-04 

H- 
Dennal Contact 2.9E-04 

Total 6.4E-04 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatiles. 

f 

Hexachlorobenzene Bis(2-ethylhexyhphthalate, 
1 .CDichlorobenzene 

__ 
I I 

I 1 ,CDichlorobenzene I Benzene, Trtchlorcethene 
I I 

Arsenic, Bis(2-ethylhexyl)phthalate, 
Hexachlorobenzene 1.4-Dichlorobenzene 

Benzene, Trichloroethene 

0.05 
0.002 
0.05 

__ t 

3.6 Arsenic, Chromium 1 

I - 
1.3 

0.5 

5.6 

-/k--l 
Arsenic, Chromium 



TABLE 7-16 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 7 
CENTRAL TENDENCY EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Construction Worker 

Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Haxard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI> 1 

>104 >10~5an4~104 > 10d and 5 IO* 
Surface/Subsurface Soil Ingestion 9.5E-08 __ -_ __ 0.06 __ 

Dermal Contact 2.3E-09 _- __ -_ 0.0004 __ 

Total 9.7E-08 __ -- __ 0.06 _- 
Groundwater Dermal Contact 1 .OE-07 -_ _- __ 0.05 -- 

Full-Time Employees Surface Soil Ingestion 9.1 E-08 __ __ __ 0.002 __ 

Dermal Contact l .EE-08 _- __ __ o.oooQ‘l -_ 

Total 1 .I E-07 __ __ __ 0.002 __ 

Child Resident Surface/Subsurface Soil Ingestion 6.9E-07 __ __ __ 0.2 -_ 

Dermal Contact 8.7E-08 __ __ __ 0.005 __ 

Total 7.8E-07 __ __ -- 0.2 __ 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatiles. 

,- -..-. - 



AREA A 

NO-l-Q 

1. UNDERGROUND UTlLlTY LOCATIONS ARE APPROXIMATE. 
2. BASE MAP AND UTlLlTY INFORMAllON FROM MAPS 

PHASE I MONITORING WELL 
PHASE II MONITORING WELL 

@3325-MWl ;l&lfTEC&~~CTEf[ZATION 

PHASE I TEST BORING 
PHASE II TEST BORING 

@B325-SB6 SITE CHARACTERlZATlON SOIL BORING 
PHASE I EXISTING SURFACE WATER SAMPLE 
PHASE II SURFACE WATER SAMPLE 
PHASE I SEDIMENT SAMPLE 
PHASE II SEDIMENT SAMPLE 
PHASE II STAFF GAUGE 

GROUNDWATER OU RI TEST BORING LOCATlOP 

GROUNDWATER OU RI TEMPORARY WELL 

-1c - TOPOGRAPHIC CONTOUR 
BUILDING No. 

-...-b_ WATERCOURSE 
--sTbq- STORM SEWER AND 

CATCH BASIN 
EXPOSED BEDROCK 

110 220 

SCALE IN FEET 

I I I 
NSB-NLON 

I 
SCALE GROTON, CONNECTlCUT 

I 
DRAWING NO. 

FIGLJRF 7-l 1 r. REV. 

FORM CADD NO. TtNUS-BH.DGN - REV 0 - l/20/98 



ll-lNLlUY 0.24 U 
VANADUJU 16.5 J 

\ 

) 

2.1 J 
SUIUM 5.2 
IRWIUU lb.9 
WGANESE 273 J 
IWUU 0.94 u 250 J 

Cuwllul 0.61 u 

I CHROUWM 26.6 
MANGANESE 357 J 
n4IwY 0.34 J 
VANADIUY F& 

ikNlC 3.5 j 
CADUIUM 0.44 u 
OIRCMJM 6.6 
Y*pIzoQHEsE 67.7 
THb.LlJUU 0.22 u 
VANMIUY 7.7 

7Mw7s or-3I 

ummy 3 u 
ARSENIC 
CAOMIUM 
CtiRCMUM 
uANcANEsE 

ANTWNY 
ARSENIC 1.2 J 
cAouluu 0.11 1 
CHROMlUM 23.2 
MANGAtEsE 181 
MULlUY 0.55 J 

h 
STM 

VANAOIUM 38.4 1 

l&EclQL 

7825 
~~‘n~MONITCMNG WLL 

8 
7Mw7s 

We’yn& MONITORING WELL 

0 PHASE 1 TEST B#tlNG 
7TBl 

l 
7TB12 

PHASE II TEST EWING 

v GROUNDWATER OU RI GROUDWATER 
7Twl2 MONITWING PDlNT 

-lo---- EXISTING CONTOUR 

1 BUlLDING No. 

- . - WATERCOURSE 

--SW+ STORM SEER AND 
CATCH BASIN 

%ti% EXPOSED BEDROCK 

FENCE 

U NONDETECT 

J ESTMATED 
\_ STREAM 2 

NORTH LAKE 

R RE&ClED 

m9/k9 MILUGRAUS PER KILOGRAM 

\ UNDERGROUND UTlLlTy LOCAnONS ARE APPROMMATE. 

EASE MAP AND UnLlTY INFORMAnON FROM MAPS OF 
NSB-NLW AND PHASE II Rl WORK PLAN, (An-ANTIC, 
MAY 1993). 

DEPTH INTERVALS INDICATED BY NUMBERS FOLLOWING 
SAMPLE LocAnoN. 

SAT TO DA 

:ODE I.D. NO. 800s 
SCALE : 

SPEC. NO. 04 - 

XNSTRN. CONTR. NO. 
N62472- -C- 

UAWAC DRAMNG NO. 

SHEET 

zg&& 



7lB7(2-4) 
nrulu- 
UElHbLENE CHLORIDE 

BENZqApVRENE 
EENZqB)FLUORANTHENE 
CARWZ0l.E 
CHRVSEWE 

‘MEENZqAH)ANTHRACENE” 
‘INDutql.2,3-W)PbREN~ 

420 U 
420 u 

420 U 
420 U 

420 u 

7Mws 
WdAlu- 
YETtlYLENE C+lLORIDE WY 
ulaE- h/W 

I BENZqA)ARlHR*CEM 
BENtqAMVtENE I pW&loRAN~M BENZqApYRENE CHRYSENE 420 420 25 21 U J U J I 420 420 420 420 U U U U 

BENZqAPmYRP(E 3QOU 
BENZqe)FwoRANTHP(E 39OU 
CAREAZOLE 39OU 
CnRYSENE 39OU 
‘oeENZqMl)AN?HRACENE- 390 u 

CARStidlE 
CHRYSEM 
=DlBENZqA.H)ANTHRACENE~ I ‘DlBENZqA,H)ANlHRACENE= 

‘IMIENqr.zs-mpuR~ 

UElHYLPlE CHLORlDE 
-uE- 
BENZqA)ANTHRACENE 
RENZ~A)PIRENE 4OOU 
BENZqB)FLUCUANTMNE 4WU 
CARBA2Cd.E 
CHRY’SENE 400U 

=D@ENZqA+H)ANlHt?ACCNE= 4ODU 
‘INMNq1,2.3-CD)PWKNE= 

-m- 
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8.0 SITE 20 - AREA A WEAPONS CENTER 

8.1 SITE DESCRIPTION 

Site 20, the Area A Weapons Center, consists of Building 524 and the weapons storage bunkers. The 

storage bunker area is divided into two portions (north and south areas) that were constructed at different 

times and are of different design. The site is located at the southeastern end of Triton Avenue and is 

adjacent to and on the northwestern side of the Area A Wetland. The general configuration of the Area A 

Weapons Center site is shown in Figure 8-1. The location of the site with respect to other IRP sites within 

NSB-NLON is shown on Figure 1-2. 

The Area A Weapons Center (Building 524) is located near the top of a local topographic and bedrock 

high. Building 524 was constructed in 1990-l 991. Portions of the site were blasted to remove bedrock to 

accommodate construction of the building. The weapons storage bunkers are located southeast and 

downhill of Building 524 and are adjacent to and at a slightly higher elevation than the Area A Wetland. 

Prior to construction of the Area A Weapons Center, the site consisted of woodlands in the vicinity of 

Building 524. The bunker areas were part of the Area A Wetlands. Based on review of aerial 

photographs, the southern area of weapons storage bunkers was first evident in 1969. The northern area 

of weapons storage bunkers was first evident in February 1974. 

Atlantic personnel inspected the Area Weapons Center on September 11, 1992. The following 

information was obtained during the site inspection. Building 524 is used for administration, minor 

torpedo assembly, and storage of simulator torpedoes. No weapons production takes place in this 

building. Small quantities of chemicals and chemical waste generated by activities in this building are 

stored in l- to 5-gallon containers in seven metal storage cabinets located on a paved area south of the 

building. Chemicals include cleaning and lubricating compounds, paints, and adhesives. Many of these 

materials are classified as corrosive or flammable materials. The waste storage and management 

practices appeared to be good. 

The weapons storage bunkers are located southeast of Building 524. Liquid fuels present in the weapons 

storage bunkers include Otto fuel, JP-10, and TH Dimer (kerosene). The group of southern area bunkers 

has been reconstructed in the last 10 years. A major part of the reconstruction involved removal of 

structurally unsuitable soil from the site. 
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Routine maintenance and security improvements for the Area A Weapons Center include grouting and 

waterproofing of bunkers, repaving of roads, installation of culverts, and regrading associated with these 

activities. 

A ROD was signed for the soil and sediment operable units associated with Site 20 in June 2000. A 

minor (200 cubic yard) soil removal action is planned for Site 20 for the spring of 2001, to address PAH 

and metals contamination in soil and sediment. The remedial action is targeted towards mitigating direct 

contact exposures to soil and sediment. 

The site is near the farthest upgrade end of the subase. There are no known contaminant sources 

existing upgradient of Site 20. 

8.2 SITE iNVESTlGATlONS 

The details of all investigations, including historical and current, conducted at the Area A Weapons Center 

are provided in the following subsections. 

8.2.1 Phase I Remedial Investigation (Atlantic, 1992) 

This site was not investigated during the Phase I RI. Although samples were obtained in the vicinity of 

the site, these samples were collected as part of the Area A Wetland investigation. One groundwater 

sample was collected from bedrock monitoring well 2WMW4D, installed as part of the Phase I RI. Well 

2WMW4S was drilled but not completed due to a lack of significant groundwater in the shallow 

overburden. One surface soil sample 2WMW4 (0 to 2 feet) was collected from the boring for 2WMW4S. 

The Phase I RI concluded that several exposure scenarios exceeded acceptable levels at this site and 

recommended that the Area A Weapons Center proceed to an FS. 

8.2.2 Phase II Remedial lnvestiqation (B&R Environmental, 1997a1 

A Phase II RI at 13 sites at NSB-NLON was conducted by B&R Environmental from 1995 through 1997. 

The Area A Weapons Center was one of the sites investigated as part of the RI. Ten soil samples (plus 

two field duplicate samples) were collected from two monitoring well borings and eight test borings. 

Three samples (plus one field duplicate) were collected from depths of less than 2 feet (i.e., surface 

soils). Seven samples (plus one field duplicate) were collected from depths between 2 and 18 feet (i.e., 

subsurface soils). All soil samples were analyzed for TCL VOCs, TCL SVOCs, and TAL metals (total). In 

addition, eight of the soil samples (including both field duplicates) were also analyzed for TCL 

pesticides/PCBs, and one subsurface soil sample was also analyzed for TCLP metals. 

8-2 CT0 0312 
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Three new shallow overburden groundwater wells were installed and sampled. Additionally, bedrock well 

2WMW4D from the Phase 1 RI was sampled. Two rounds of groundwater samples were collected and 

four samples (plus one field duplicate during Round 1 only, from well 2WCMWiS) were collected during 

each sampling round. All groundwater samples in both rounds were analyzed for TCL VOCs, TCL 

SVOCs, and TAL metals (total and dissolved). In addition, one groundwater sample in each round was 

analyzed for radiological parameters including gross alpha, gross beta, and a complete gamma spectrum 

analysis. 

During the Phase II RI, 15 sediment samples plus one field duplicate sample were collected at the site. 

The sediment samples were collected from three distinct drainage areas. Two surface water samples 

were also collected from stormwater drainageways at the Area A Weapons Center. All sample locations 

are shown on Figure 8-l. 

The Phase II RI concluded that, although there is minimal contamination of groundwater and surface 

water at the site, this area may be a contaminant source for the Area A Wetlands. The Phase II RI 

Report recommended that the Area A Weapons Center proceed to the FS stage. 

8.2.3 Basewide Groundwater OU RI 

As part of the field work conducted for the BGOURI, four existing monitoring wells at Site 20 were 

sampled to further characterize the site. A summary of the sampling and analytical program is presented 

in Table 8-1. The monitoring wells that were sampled are shown on Figure 8-1. One groundwater 

sample was analyzed for filtered metals. The methodology used to complete groundwater sampling was 

discussed in Section 2.3. 

a.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the Area A Weapons Center based on 

information generated during the Phase I, Phase II, and BGOURls. Topography and surface features, 

surface water, soils, geology, and hydrogeology are discussed in the subsections that follow. 

8.3.1 ToPoaraPhv and Surface Features 

Figure l-3 shows the topography and surface features of the Area A Weapons Center. The site consists 

of Building 524 and the weapons storage bunkers. The Area A Weapons Center is located along the 

southern side of the northern topographic and bedrock high. The ground surface generally slopes from 

the northern bedrock high across the site to the south toward the Area A Wetland. The go-foot ground 

surface contour surrounds the site. The shape of this contour is consistent with the topography on the 
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historical surficial geology map (USGS, 1960). The ground surface across the Area A Weapons Center 

was altered (flattened) when the bedrock was blasted during construction of Building 524. To the west 

and southwest, the ground surface slopes to a ravine (Area A Downstream Watercourses) and toward the 

OBDANE. 

8.3.2 Surface Water Features 

Two drainage culverts (one along the northwestern side and one along the southeastern side of the site) 

collect runoff from the surrounding hillsides and from the Area A Weapons Center and discharge it to the 

Area A Wetland. The drainage culvert along the northwestern side eventually discharges to a storm 

sewer that passes along the southern side of the site and discharges into the Area A Wetland. The 

drainage culvert along the southeastern side collects runoff from the hillside north of the site and 

continues along the southeastern side of the site, eventually discharging to another drainage area of the 

Area A Wetland. The Area A Wetland discharges to the Area A Downstream Watercourses and 

subsequently into the Thames River. Water typically flows in these drainage culverts immediately 

following precipitation events. 

8.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at the Area A Weapons Center as Udorthents-Urban 

land. This soil type is defined as excessively to moderately drained soils that have been disturbed by 

cutting and filling. The bedrock surface has been altered by blasting in some areas of the site. Other 

areas have been filled with dredge spoils. Native soils at the Area A Weapons Center were likely the 

same as those along the northern bedrock high. The SCS Map classifies this soil as the Hollis-Charlton- 

Rock complex, which is defined as stones and boulders intermingled with a dark, fine, sandy loam. 

Bedrock outcrops are prevalent. 

8.3.4 Geolow and Hvdroneoloay 

Geology 

The overburden materials at the Area A Weapons Center consist of 4 to 16 feet of coarse sand, gravel, 

and rock fill that is underlain by up to 17 feet of fine-grained dredge spoils. At the 2WCTBl and 2WCTB4 

test boring locations, 8 and 4 feet, respectively, of fill material rests directly on bedrock (Mamacoke 

Formation). These are the only test borings where bedrock was encountered and dredge spoils were not 

present. The overburden thickness generally increases to the south and east, toward the Area A 

Wetland. Geologic cross sections that include portions of Site 20 are shown on Figures 4-8 and 4-10. 
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The bedrock surface generally slopes to the southwest across the site, toward the valley occupied by the 

Area A Wetland. The bedrock elevations at the 2WCTBl and 2WCTB4 test borings are higher than at 

the 2WCTB6 test boring, which indicates that the bedrock surface does not slope uniformly and that 

localized bedrock surface depression(s) are present. This identified depression is most likely the result of 

the blasting activities that occurred during the construction of the Area A Weapons Center. The historical 

surficial geology map (USGS, 1960) indicates that, prior to blasting/construction activities, the bedrock 

surface rose steeply to the 2WCTBl and 2WCTB4 test borings and then rose gently to the 2WCTB6 test 

boring. 

Hydrogeology 

Groundwater is present in both the overburden and bedrock underlying the Area A Weapons Center. The 

saturated thickness of the overburden deposits is variable, ranging up to 25 feet or more. Overburden 

groundwater is primarily found within the dredge spoil materials, with only the lowermost few feet of the 

coarser-grained fill deposits saturated. Figures 4-2 and 4-4 show shallow overburden groundwater 

contours for the Area A Weapons Center and nearby areas, based on June and August 2000 rounds of 

water levels (Tables 2-2 and 2-3). Figures 4-3 and 4-5 show bedrock groundwater contours for the same 

area. Groundwater in both the overburden and bedrock flows across the weapons center to the west and 

southwest. Although overburden monitoring well 2WMW6S was dry during the August round of data 

collection, the June data indicate a downward gradient between 2WMW6S and adjacent bedrock well 

2WMW6D, indicating downward flow from the overburden to the bedrock in this area. 

The shallow overburden hydraulic gradient across the Area A Weapons Center varies considerably; it is 

steeper in the area of Building 524 and lower at the storage bunkers near the Area A Wetlands. The 

overall lateral groundwater flow gradient in the overburden, based on the June and August 2000 water- 

level data, averages approximately 0.04. Assuming an average horizontal hydraulic conductivity of 

2.7 ft/day (based on the Area A Landfill pumping test) and a porosity of 0.30, the seepage velocity for 

overburden groundwater in this area is estimated to be about 0.36 ft/day. 

8.4 NATURE AND EXTENT OF CONTAMINATION 

8.4.1 Previous lnvestiaations 

Soil, sediment, groundwater, and surface water sampling was conducted at the Area A Weapons Center 

during the Phase I, Phase II, and BGOU Rls. Based upon the results of these investigations, the nature 

and extent of contamination of the soil and groundwater at the Area A Weapons Center are discussed on 

a matrix-specific basis in the following subsections. 
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8.4.1 .i Historic Soil Data 

Five VOCs, including acetone, 2-butanone, carbon disulfide, toluene, and TCE, were infrequently 

detected in the Area A Weapons Center soil samples. Acetone and 2-butanone, which are both common 

laboratory contaminants, were detected at concentrations of 0.69 mg/kg and 0.24 mg/kg, respectively, in 

the soil sample collected from a depth interval of 8 to 10 feet bgs from boring 2WCTB6. The remaining 

VOC concentrations ranged from 0.002 mg/kg to 0.011 mg/kg. These analytical results do not indicate 

significant VOC contamination at this site. 

SVOCs, particularly PAHs, were detected more frequently and at greater concentrations than VOCs. The 

soil sample collected from a depth interval of 0 to 2 feet bgs from boring 2WCTB2, located southwest of 

the bunkers along Triton Road, yielded the greatest concentrations of PAHs. For example, some of the 

PAHs and associated concentrations reported for this sample include fluoranthene (5.7 mg/kg), 

phenanthrene (4.2 mg/kg), pyrene (4 mg/kg), benzo(b)fluoranthene (3.2 mg/kg), chrysene (2.3 mg/kg), 

and benzo(a)anthracene (2.1 mg/kg). Concentrations of PAHs generally decreased with depth. The 

maximum concentration of any PAH reported for soil samples collected at depths greater than 2 feet bgs 

was 0.5 mg/kg (pyrene in the sample collected at a depth interval of 8 to 10 feet bgs from boring 

2WCTB6, located in the central part of the complex). 

Three phthalate esters, which are common field and laboratory contaminants, were also detected in the 

historic Area A Weapons Center soil samples. These compounds were detected infrequently (each in 

two or three of 11 samples) at concentrations ranging from 0.028 mg/kg to 0.36 mg/kg. Carbazole 

(0.4 mg/kg and 0.72 mg/kg) was also detected in the soil sample and field duplicate sample collected at a 

depth interval of 0 to 2 feet bgs from boring 2WCTB2. Dibenzofuran was detected at concentrations of 

0.084 mg/kg and 0,031 mg/kg in soil samples (both 0 to 2 feet bgs) collected from borings 2WCTB2 and 

2WCTB1, respectively. Benzoic acid, ranging in concentration from 0.047 mg/kg to 0.48 mg/kg, was 

detected in 5 of 11 soil samples. 

Three pesticides were detected in the Area A Weapons Center soil samples. 4,4’-DDE was detected in 

one sample and its associated field duplicate sample at concentrations of 0.004 mg/kg and 0.0074 mg/kg. 

Endrin was detected in two samples at concentrations of 0.011 mg/kg and 0.014 mg/kg. Endrin aldehyde 

was detected in two samples at concentrations of 0.0064 mg/kg and 0.007 mg/kg. Maximum 

concentrations of these three pesticides were detected in the soil sample or field duplicate sample 

collected at a depth interval of 0 to 2 feet bgs from boring 2WCTB2, located along Triton Road. Aroclor 

1260 was detected at a concentration of 0.05 mg/kg in the soil sample collected from boring 2WMW4S 

(0 to 2 feet bgs). 
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Twenty-two metals were detected in the Area A Weapons Center soil samples, although antimony, 

cadmium, mercury, and silver were each detected in only two or three samples. Maximum concentrations 

of 10 metals were reported for the soil sample collected from a depth interval of 4 to 6 feet bgs from 

boring 2WCTB3, located on the northwestern side of the northern bunkers. Maximum concentrations for 

six additional metals were reported for the soil sample collected from a depth interval of 16 to 18 feet bgs 

from boring 2WCMW3S, located south of the bunkers. 

TCLP extraction followed by analysis for metals was performed for three Area A Weapons Center soil 

samples. Barium was detected in all three TCLP leachates at concentrations ranging from 0.0317 mg/L 

to 0.248 mg/L. Arsenic, chromium, and selenium were each detected in the TCLP leachate of the soil 

sample collected from a depth interval of 6 to 8 feet bgs from boring 2WCTB5. 

8.4.1.2 Historic Groundwater Data 

Groundwater samples from both overburden and bedrock wells were collected at the Area A Weapons 

Center. Appendix D presents descriptive statistics (frequency of detection, minimum and maximum 

concentrations, range of detection limits for nondetects, 95% UCL, and sample number and location 

associated with maximum concentration) and associated COPC screening criteria for each analyte 

detected at least once in groundwater samples collected from the Area A Weapons Center. 

Overburden Wells 

No overburden groundwater samples were collected from the Area A Weapons Center during the Phase I 

RI field investigation. Three overburden wells were installed and sampled during the Phase II RI field 

investigation; however, no VOCs were detected. Five SVOCs were detected at low concentrations. 

Bis(2-ethylhexyl) phthalate, a common field and laboratory contaminant, was detected in three of six 

samples at concentrations ranging from 2 ug/L to 3 ug/L. 1,3-Dichlorobenzene (0.6 ug/L), 

benzo(g,h,i)perylene (1 us/L), dibenzo(a,h)anthracene (0.8 us/L), and indeno(l,2,3-cd)pyrene (1 ug/L) 

were each detected in one or the other of two groundwater samples collected from well 2WCMWl S. 

Nineteen metals were detected in unfiltered groundwater samples collected from the overburden wells. 

Sixteen metals were detected in the corresponding filtered groundwater samples. A majority of the 

maximum concentrations of metals were associated with groundwater samples collected from well 

2WCMW3S, located south of the site along the drainageway into the Area A Wetland. Concentrations of 

metals in filtered and unfiltered samples were relatively similar (i.e., at the same order of magnitude). 

Notable concentrations reported for groundwater samples include the maximum concentrations of arsenic 

(19.9 us/L), boron (3,810 ug/L), manganese (6,540 us/L), and sodium (3,580,OOO us/L). 

120009/P 8-7 CT0 0312 



REVISION 1 
AUGUST 2001 

Analyses for hardness were performed for two filtered and six unfiltered groundwater samples. Reported 

results for hardness for the two filtered samples were 125 mg/L and 436 mg/L. Reported results for 

hardness for the six unfiltered groundwater samples ranged from 64 mg/L to 4,000 mg/L. 

Bedrock Wells 

Three groundwater samples were collected (during the Phase I RI and Rounds 1 and 2 ‘of the Phase II RI) 

from a single Area A Weapons Center bedrock well (2WMW4D). Six VOCs were detected at 

concentrations ranging from 1 ug/L to 12 us/L. These VOCs include three ketones and three 

halogenated aliphatics. Three SVOCs were detected at concentrations ranging from 2 ug/L to 7 ug/L. 

Benzoic acid and di-n-octyl phthalate were each detected in one of three samples, and bis(2-ethylhexyl) 

phthalate was detected in two of the samples. 

Thirteen metals were detected in unfiltered groundwater samples collected from the bedrock. Seven 

metals were detected in the corresponding filtered groundwater samples. The maximum concentrations 

of a majority of metals in overburden well samples are more than an order of magnitude greater than 

respective maximum concentrations of metals detected in bedrock well samples. 

Radionuclide analyses (gross alpha and gross beta) were performed for the three groundwater samples 

collected from bedrock well 2WMW4D. Gross alpha was detected at concentrations ranging from 

10.1 pCi/L to 20 pCi/L, and gross beta was detected at concentrations ranging from 4.4 pCi/L to 22 pCi/L. 

Maximum concentrations of both parameters were associated with the sample collected during Round 2 

of the Phase II RI. Complete gamma spectrum analyses performed for samples collected from this well 

during Rounds 1 and 2 of the Phase II RI detected no radionuclides. 

Analyses for hardness were performed for one filtered and two unfiltered groundwater samples. The 

reported result for hardness for the filtered sample was 94 mg/L. Reported results for hardness for the 

two unfiltered groundwater samples were 92 mg/L and 118 mgR. 

8.4.1.3 Historic Sediment Data 

During the Phase II RI, fifteen sediment samples (plus one field duplicate were collected at this site (B&R 

Environmental, 1997b). VOCs, SVOCs, pesticides and inorganics were detected at the Area A Weapons 

center at low concentrations. The potential exists for contaminants to migrate from the site to the Area A 

Wetland and impact ecological receptors. Although notable contamination has been detected in soils and 

sediment at the site, the most prevalent contaminants detected included phthalate esters and PAHs, 

which are relatively less soluble compounds, and are therefore less mobile. Elevated levels of PAHs 

were detected in one of the Area A Wetland sediment samples; however the data show that this 
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occurrence is limited in extent. The HHRA conducted on the samples indicated low human health risks. 

The Phase II RI concluded that little risk is posed to ecological receptors due to the current site 

conditions. 

8.4.1.4 Historic Surface Water Data 

During the Phase II RI two surface water samples were also collected from the stormwater drainageways 

at the Area A Weapons Center. The only organic compounds detected in surface water were 

di-n-octylphthalate and butylbenzylphthalate at a concentration of 2 us/L or less. Several inorganics were 

detected in surface water at inconsequential concentrations. The HHRA and ecological risk assessments 

for surface water indicated no risk to receptors. 

8.4.2 Basewide Groundwater OU RI 

This section presents a discussion of the current nature and extent of groundwater contamination at the 

Area A Weapons Center site, based on groundwater data collected during the BGOURI. A summary of 

the groundwater sampling and analytical program is presented in Table 8-l. Table 8-2 presents a 

summary of the positive analytical detections at Site 8. As part of the HHRA (Section 8.6), a screening 

process for COPCs was performed. The analytes selected as COPCs for Site 20 groundwater are 

presented in Table 8-3. Tables 8-4 and 8-5 present descriptive statistics and the COPC screening criteria 

for each analyte detected in at least one groundwater sample at the Area A Weapons Center. The 

distribution of COPCs and their concentrations are presented in Figure 8-2. Chemicals that were not 

selected as COPCs are not presented on the tag map. 

Overburden Wells 

TCE and 4-methyl-2-pentanone were the only VOCs detected in the groundwater samples collected from 

the overburden wells. TCE and 4-methyl-2-pentanone were detected in one sample from well 

2WCMW2S at concentrations of 5.02 ug/L and 1.29 J ug/L, respectively. VOCs were not detected in 

groundwater samples collected from the overburden aquifer during previous investigations. 

PAHs and 4-methylphenol were the only SVOCs detected in groundwater samples collected from the 

overburden aquifer. PAHs were detected at trace levels in one groundwater sample from well 

2WCMW2S at concentrations ranging from 0.03 J ug/L [benzo(k)fluoranthene] to 0.13 ug/L 

(fluoranthene). 4-Methylphenol was detected in one sample from well 2WCMW3S at a concentration of 9 

ug/L. PAHs were also detected at low concentrations in groundwater samples collected during the 

previous investigations. 
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Sixteen metals were detected in unfiltered overburden groundwater samples and two metals (calcium and 

zinc) were detected in filtered overburden groundwater samples. The concentrations of the metals were 

higher in unfiltered samples than filtered samples. In general, metals were also detected at similar 

concentrations (i.e., at the same order of magnitude) in groundwater samples collected during the 

previous investigations. 

Bedrock Well 

TCE at a concentration of 3.8 J ug/L was the only VOC detected in the groundwater sample collected 

from the bedrock aquifer. TCE was also detected at similar concentrations in groundwater samples from 

the bedrock aquifer during previous investigations. 

No SVOCs were detected in the groundwater sample collected from the bedrock aquifer. Benzoic acid, 

bis(2-ethylhexyl) phthalate, and di-n-octyl phthalate were detected at low concentrations in groundwater 

from the bedrock aquifer during previous investigations. 

Calcium, magnesium, potassium, and sodium were the only metals detected in the groundwater sample 

from the bedrock aquifer. These metals were also detected at similar concentrations (i.e., at the same 

order of magnitude) in groundwater samples collected from the bedrock aquifer during the previous 

investigations. 

8.5 CONTAMINANT FATE AND TRANSPORT 

8.5.1 Contaminant Fate and Transport Processes 

Five classes of chemicals were detected in groundwater at Site 20 in the BGOURI: ketones, halogenated 

aliphatics, phenols, PAHs, and metals. These classes, in general, correspond with those detected in the 

Phase II RI (B&R Environmental, 1997a), except for phenols (namely, 4-methylphenol), which were not 

detected in the Phase II RI, and phthalates, which were detected in the Phase II RI but not in the 

BGOURI. 

No sites are upgradient of Site 20 and therefore any detections of COPCs at Site 20 are likely from 

historic, on-site activities. Site 20 is upgradient of the Area A Wetlands (Site 2) and the OBDA and 

Downstream Watercourses (Site 3). Historic groundwater data from downgradient monitoring well 

2WMWGS and 2WMW6D do not show any potential for transport from the Area A Weapons Center. 
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Ketones 

Several ketones have been detected in the groundwater at Site 20, all at concentrations below screening 

levels. The sources of the ketones have not been identified but it is likely that the sources are the 

solvents known to have been used at the Weapons Center. Ketones are highly volatile and soluble and 

do not readily adsorb to soil. Therefore, they, are not considered to be persistent in the environment. 

Hydrolysis is generally not a significant fate process for this class of chemicals, nor is bioconcentration 

significant. Once in the groundwater, ketones may slowly degrade. 

2-Butanone, 2-hexanone, and 4-methyl-2-pentanone were detected in one bedrock sample in the 

Phase II RI, and 4-methyl-2-pentanone was found in one overburden well sample in the BGOURI. 

Acetone and 2-butanone were detected in several soil samples collected in the Phase II RI, mainly in one 

subsurface soil sample collected from the 8 to IO-foot depth interval. This is in keeping with the nature of 

ketones, which would be expected to volatilize from surface soil or to migrate to subsurface soil as 

leachate in rainwater. Acetone and 2-butanone are also common laboratory and field contaminants often 

detected in environmental samples. 

Halogenated Aliphatics 

One halogenated aliphatic (TCE) was reported in one deep groundwater sample (S202WMW4DOl) and 

in one shallow groundwater sample (S202WCMW2SOl) at concentrations of 3.8 ug/L and 5.0 pg/L, 

respectively. TCE was also detected in one subsurface soil sample collected in the Phase II RI at a 

concentration of 3 pg/kg but was not detected in any surface soil samples. TCE was not detected in any 

shallow overburden wells in the Phase II RI but was detected in one bedrock sample at a low 

concentration (1.6 us/L). Halogenated aliphatic hydrocarbons such as TCE are relatively water soluble 

and have a low capacity for retention by soil organic carbon. Therefore, TCE is frequently detected in 

groundwater. TCE may migrate through the soil column after being released by a spill event or by a 

subsurface release when solubilized by infiltrating precipitation. Some portion of TCE may be retained by 

the soil, but most of the chemical will continue migrating downward until it reaches the water table. At 

that time, migration is primarily lateral with the hydraulic gradient. The most recent groundwater data 

collected at the site do not indicate significant lateral transport because TCE was detected in the more 

upgradient wells but not in the downgradient wells and TCE was not detected in any downgradient Site 20 

wells in the Phase II RI. Even through TCE was not detected in any Site 20 monitoring wells, it has been 

detected in monitoring wells in Sites 3 and 7 which are downgradient of Site 20. It remains possible that 

TCE releases from Site 20 have impacted downgradient groundwater. TCE can migrate to surface water 

and sediment, but attenuation and dilution factors, such as volatilization, generally result in its 

disappearance. 
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TCE is reportedly susceptible to degradation, primarily in anaerobic groundwater environments. It does 

not appear that appreciable degradation of halogenated aliphatics occurs in aerobic aquatic systems 

(USEPA, 1982) or in unsaturated soils (Lyman et al., 1990). There is little evidence that degradation is 

occurring in the groundwater at Site 20 since few degradation products have been detected. Low 

concentrations of two potential degradation products of TCE, 1 ,1,2-TCA and 1,2-DCA, were detected in 

the Phase II RI but none were found in groundwater samples collected in the BGOURI. The absence of 

degradation products may also be a reflection of the low concentrations of TCE present in the 

groundwater. 

Phenols 

One phenol (4-methylphenol) was detected in one shallow groundwater sample at the site at a 

concentration slightly above the quantitation limit. No phenols were detected in any soil or groundwater 

samples in the Phase II RI. Based on its water solubility and K, values, 4-methyiphenol is expected to 

have moderate to high mobility in the environment. In water, 4-methylphenol may adsorb to suspended 

solids and sediment in the water column based upon the I& values. 4-Methylphenol is not expected to 

undergo hydrolysis. An estimated BCF of 16 suggests that the potential for bioconcentration of 

4-methylphenol in aquatic organisms is low. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

Both low-molecular-weight and high-molecular-weight PAHs were detected in one shallow groundwater 

sample (MW2SOl) at Site 20. Only high-molecular-weight PAHs were detected in one overburden well 

(MWlS) in the Phase II RI. Eighteen PAHs were detected in soil samples in the Phase II RI. PAHs are 

generally considered to be fairly immobile in the environment. As noted in Section 3.3, PAHs have very 

tow solubilities, vapor pressures, and Henry’s Law constants and high t&s and K,,&. The low-molecular- 

weight PAHs (e.g., acenaphthene, anthracene, fluorene, phenanthrene) are more mobile (higher 

solubilities, etc.) than the high-molecular-weight PAHs [e.g., benzo(a)pyrene, benzo(a)anthracene, 

chrysene, etc.]. PAHs in soil are much more like!y to bind to soil and be transported via mass transport 

mechanisms than to go into solution. PAHs can be degraded via aerobic bacteria but may be relatively 

persistent in the absence of microbial population or macronutrients such as phosphorous and nitrogen. 

PAHs have very low solubilities and generally do not enter into solution. However, the concentrations of 

the high-molecular-weight PAHs detected in groundwater exceed the publishea solubilities (See 

Table 3-5) for these compounds. These concentrations indicate that the PAHs detected in the one 

groundwater sample may be the result of adherence to the soil particles present in the groundwater 

sample (i.e., samples with high turbidity) rather than being present in the dissolved phase. 
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No PAHs were found in the deeper bedrock wells. The absence of these compounds at depth may be 

related to the fact that downward migration of PAHs from the surface is less likely because of their 

tendency to adhere to soil. 

Metals 

At Site 20, 18 metals were detected in shallow and deep groundwater samples. As noted in Section 3.3, 

metals are highly persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze, 

etc. The major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of 

the soil structure) and bioaccumulation. 

In addition, under normal conditions, metals are not very mobile in the environment. Because metals 

frequently remain bound to particulate matter, the major transport mechanism for metals is bulk 

movement processes (erosion). However, metals can become mobile in the environment under certain 

conditions. The mobility of metals is influenced primarily by their physical or chemical properties in 

conjunction with the physical and chemical properties of the soil matrix. Factors that assist in predicting 

the mobility of metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The 

mobility of metals generally increases with decreasing soil pH and cation exchange capacity. The effect 

of REDOX potential varies for each metal. 

The list of metals detected in the BGOURI is similar to that of the Phase II RI. A notable exception is 

silver, which was detected in one filtered overburden groundwater sample in the RI at a concentration of 

3.7 ug/L but was detected in two overburden wells in the BGOURI at concentrations of 114 and 326 ug/L. 

The published distribution coefficients (Kds) for silver range from 10 to 1,000 mUg (Table 3-6), and it is 

likely that the silver detected at the site is bound to particulate matter. Silver was detected in three of 11 

soil samples in the Phase II RI at concentrations less than SSLs for migration of groundwater. 

8.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific HHRA for the identified exposure scenarios for Site 20. The risk 

assessment methodology was described in Section 3.4 and detailed calculations including RAGS Part D 

tables are presented in Appendix C. A summary of previous HHRAs for the site is also presented. . 

8.6.1 Data Evaluation 

COPCs were identified for Site 20 using the risk-based screening levels, as discussed in Section 3.4.1. 

Table 8-3 summarizes the COPCs retained for Site 20. A discussion of direct contact exposure COPCs 

(i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 
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exposure criteria) and additional COPCs is provided below. Additional COPCs are identified on chemical 

migration tendencies: migration groundwater to surface water and migration of volatiles from groundwater 

through building foundations into indoor air. These additional COPCs are not quantitatively evaluated in 

the HHRA because they are not considered to be significant contributors to the direct contact exposure 

pathways identified for potential human receptors. 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 8-4. The maximum detected concentrations of the following 

chemicals in groundwater exceeded the direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

. VOCs-TCE 

l SVOCs-benzo(a)pyrene 

l Metals-antimony, arsenic, nickel, silver, and thallium 

The maximum detected concentration of manganese exceeded its USEPA Region IX PRG but was within 

background levels; consequently, manganese was not retained as a COPC. 

A comparison of the maximum detected concentration in groundwater to migration criteria is presented in 

Table 8-5. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria for protection of migration to surface water: 

l Metals-arsenic, silver, and zinc 

The maximum detected concentration of copper exceeded its CTDEP surface water protection RSR but 

was within background levels; consequently, copper was not retained as a COPC. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration 

from groundwater to indoor air. 

8.6.2 Exposure Assessment 

Only groundwater samples were collected during the current investigation; consequently, only exposures 

to groundwater were evaluated in the HHRA for Site 20. Potential receptors included construction 

workers and future residents. Exposure assumptions for construction workers were presented in 

Table 3-l 4. Potential exposure pathways are summarized in Table 8-6. 
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Construction workers could come into contact with groundwater while excavating building foundations. In 

such an instance, construction workers could be exposed to the groundwater via dermal contact. 

Potential exposure pathways for future adult residents exposed to groundwater included ingestion, dermal 

contact, and inhalation of volatile emissions. As previously discussed, future residential receptors are not 

potential receptors under current land use and are included only to provide an indication of potential risks 

if the facility were to close and be developed for residential use. As discussed in Section 3.4, the 

maximum detected concentration and average concentration were used for the exposure point 

concentrations for the RME and CTE, respectively. Exposure point concentrations for Site 20 are 

presented in Table 8-7. 

8.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers and future adult residents exposed to 

groundwater using the methodology presented in Section 3.4. The results are summarized in Table 8-8 

and Table 8-9 and are discussed below. Sample calculations and chemical-specific risks in RAGS Part D 

format are provided in Appendix C. 

The results of the human health risks assessment indicated that cancer risks and hazard indices 

exceeded USEPA and CTDEP acceptable levels for future adult residents exposed to groundwater. Even 

though the calculations were not performed, cancer risks and hazard indices for future child residents 

would also be expected to exceed USEPA and CTDEP acceptable levels. 

Carcinogenic Risks 

ICRs for construction workers exposed to groundwater were 1 .l x 1 O-’ and 2.4 x 1 Om8 for the RME and 

CTE scenarios, respectively, which were less than USEPA’s target risk range of lOA to lo6 and CTDEP’s 

acceptable risk level of 1 OS5 for cumulative exposures. 

The ICR for future adult residents exposed to groundwater was 3.5 x 10m4 for the RME scenario, which 

exceeds USEPA’s target risk range of 10m4 to 10” and CTDEP’s acceptable risk level of 10e5 for 

cumulative exposures. The ICR for future aduit residents was 2.1 x 10” for the CTE scenario, which was 

within USEPA’s target risk range but exceeded CTDEP’s acceptable risk level for cumulative exposures. 

The chemical-specific ICR for arsenic under the RME scenario exceeded USEPA’s and CTDEP’s 

acceptable risk levels. The chemical-specific ICR for TCE and benzo(a)pyrene under the RME scenario 

also exceeded CTDEP’s target level of 1 x lo6 for individual chemicals. The chemical-specific ICR for 

arsenic and benzo(a)pyrene under the CTE scenario exceeded CTDEP’s target level of 1 x 10” for 
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individual chemicals. It should be noted that the maximum detected concentrations of benzo(a)pyrene 

and arsenic were less than their respective CTDEP RSRs for residential exposures. 

Noncarcinogenic Risks 

HIS for construction workers exposed to groundwater were 0.0002 and 0.00008 for the RME and CTE 

scenarios, respectively, which were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

The HI for adult residents exposed to groundwater was 5.1 under the RME scenario, which exceeds 

USEPA’s and CTDEP’s acceptable level of 1 .O Arsenic (HQ = 1.4), silver (HQ = 1.8), and thallium (HQ = 

1.5) were the major contributors to the HI under the RME scenario. It should be noted that the maximum 

detected concentrations of arsenic and thallium were less than their respective CTDEP RSRs for 

residential exposures. The HI for adult residents exposed to groundwater was 1.0 under the CTE 

scenario, which is equal to USEPA’s and CTDEP’s acceptable level of 1 .O. 

8.6.4 Summarv of Previous Risk Assessments 

Three potential receptor groups were considered during the Phase II RI risk assessment for Site 20 

based on current and projected future land use. These included full-time employees, construction 

workers, and potential future residents. Both noncarcinogenic and carcinogenic risk estimates were 

generated for these receptor groups for both CTE and RME scenarios. Groundwater was not considered 

to be a potential medium for exposure for the full-time employee. Dermal contact with groundwater was 

evaluated as a potential route of exposure for the construction worker. Future residents were assumed to 

use groundwater as potable water; therefore, exposures to groundwater through direct ingestion, dermal 

contact while showering/bathing, and inhalation of volatiles while showering/bathing were evaluated for 

future potential residents. 

The noncarcinogenic risk estimate associated with dermal contact with groundwater for the CTE 

construction worker was less than one. Noncarcinogenic risks for the RME construction worker and 

potential future residents (CTE and RME) exceeded the USEPA acceptable level of 3 .O. The majority of 

the noncarcinogenic risks were associated with exposure to manganese in groundwater. Manganese is a 

commonly found naturally occurring metal. Arsenic and thallium were additional noncarcinogens of 

concern for the future resident exposed to groundwater under the RME scenario. Dermal contact with 

groundwater was the primary route of concern for the construction worker, and ingestion of groundwater 

was the primary route of concern for the future resident. 

incremental cancer risks were less than 1 x 10m6 for the construction worker under both exposure 

scenarios and for the future resident (for both dermal contact and inhalation routes of exposure) under the 
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CTE scenario. The incremental cancer risk associated with the ingestion of groundwater for the CTE 

future resident (6.4 x 10m5) was within USEPA’s target risk range of 1 x IO4 to 1 x lOA but exceeded the 

CTDEP target cancer risk of 1 x 10e5. However, for the RME future resident, the cumulative incremental 

cancer risk associated with exposure to groundwater (6.4 x lOa) exceeded 1 x 10q4, the upper limit of 

USEPA’s target risk range and the CTDEP target cancer risk. Estimated carcinogenic risks for future 

residents are primarily a result of exposure to dibenzo(a,h)anthracene and arsenic in groundwater. The 

exposure route that most contributes to the elevated carcinogenic risks for the future resident is incidental 

ingestion of groundwater. 

8.6.5 Uncertainty Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 20 are discussed below. 

Elimination of Chemicals as COCs on the Basis of Background 

In accordance with U.S. Navy policy, chemicals were eliminated as COPCs on the basis of comparison to 

background. Manganese was the only chemical in groundwater with a maximum detected concentration 

that exceeded the direct contact screening criteria, but it was not retained as a COPC on the basis of 

background. Potential risks from dermal exposures to manganese in water are insignificant 

(USEPA, 2000e); consequently, the elimination of manganese as a COPC on the basis of background 

does not affect the risk estimates for the construction worker since this receptor was only evaluated for 

dermal exposures to groundwater. Future adult residents were evaluated for ingestion and dermal 

contact with groundwater; therefore, the estimated risks would be higher for the future adult resident if 

exposures to manganese were evaluated in the HHRA. If exposures to manganese in groundwater by a 

future adult resident were evaluated in the HHRA, then the resulting HQ for manganese would be 2.5 and 

the total HI would be 7.6, which exceeds the USEPA and CTDEP acceptable level of 1 .O. 

8.7 SUMMARY AND RECOMMENDATIONS 

8.7.1 Nature and Extent of Contamination 

One volatile organic, TCE, was identified as a COPC for groundwater, due to two low-level detections 

(i.e., maximum of 5.02 us/L). One detection was from an overburden monitoring well and the other was 

from a bedrock well. 

For semivolatile organics, the only COPC identified for Site 20 groundwater was benzo(a)pyrene. It was 

detected at a concentration of 0.05 pg/L in one overburden monitoring well. 

120009/P 8-l 7 CT0 0312 



REVISION 2 
DECEMBER 2001 

Metals identified as COPCs for Site 20 groundwater include antimony, arsenic, nickel, silver, thallium, and 

zinc. One or more metals were detected above background in three of the four wells sampled. The 

COPCs were only identified in samples taken from the overburden monitoring wells. Silver and arsenic 

had two detections each above screening criteria; the remaining metals had single detections each above 

their respective screening criteria. The metals exceedances did not follow any discernible pattern in 

regards to areal distribution. 

8.7.2 Contaminant Fate and Transport 

One halogenated aliphatic (TCE) was identified as a COPC. Halogenated aliphatic hydrocarbons such as 

TCE are relatively water soluble and have a low capacity for retention by soil organic carbon. The most 

recent groundwater data collected at the site do not indicate significant lateral transport because TCE 

was detected in the more upgradient wells but not in the downgradient wells, and TCE was not detected 

in any downgradient wells in the Phase II RI. 

The only semivolatile organic identified as a COPC for Site 20 groundwater is benzo(a)pyrene, a high- 

molecular-weight PAH. PAHs have very low solubilities and low environmental mobilities. In soil, PAHs 

are much more likely to bind to soil and be transported via mass transport mechanisms than go into 

solution. No PAHs were found in the bedrock well. The absence of these compounds at depth may be 

related to the fact that downward migration of PAHs from the surface is less likely because of their 

tendency to adhere to soil. 

At Site 20, several metals were identified as COPCs for groundwater. Metals are highly persistent 

environmental contaminants. They do not biodegrade, photolyze, hydrolyze, etc. Factors that assist in 

predicting the mobility of metals are the soil/pore water pH, REDOX potential, and cation exchange 

capacity. The mobility of metals generally increases with decreasing soil pH and cation exchange 

capacity. Based on the mobility of silver in comparison to the BGOURI-detected concentrations, it is likely 

that the silver detected at the site is bound to particulate matter. 

8.7.3 Summary of Human Health Risk Assessment 

The following is a summary of the results of the HHRA for Site 20: 

l The HHRA for Site 20 considered exposures to construction workers and future adult residents. No 

soil samples were collected at Site 20; therefore, only exposures to groundwater were evaluated. 

Potential exposure pathways included dermal contact with groundwater. 
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The maximum detected concentrations of TCE, benzo(a)pyrene, antimony, arsenic, nickel, silver, and 

thallium exceeded the direct contact risk-based COC screening levels and were retained for 

evaluation in the HHRA. 

Maximum detected concentrations of arsenic, silver, and zinc exceeded CTDEP’s screening criteria 

for protection of migration of groundwater to surface water. 

The maximum detected concentrations of all chemicals in groundwater were less than the CTDEP 

criteria for migration from groundwater to indoor air. 

ICRs and HIS for construction workers exposed to groundwater at Site 20 were within USEPA and 

CTDEP acceptable levels. 

The ICR for future adult residents exposed to groundwater at Site 20 under the RME scenario 

exceeded USEPA’s target risk range of lo4 to lo4 and CTDEP’s acceptable risk level of 10m5 for 

cumulative exposures. Chemical-specific ICRs for arsenic, benzo(a)pyrene, and TCE exceeded 

CTDEP’s target level of 1 x IO” for individual chemicals. It should be noted that the maximum 

detected concentrations of benzo(a)pyrene and arsenic were less than their respective CTDEP RSRs 

for residential exposures. 

The ICR for future adult residents exposed to groundwater at Site 20 under the CTE scenario was 

within USEPA’s target risk range of lo4 to IO” but exceeded CTDEP’s acceptable risk level of loo5 

for cumulative exposures. Chemical-specific ICRs for arsenic and benzo(a)pyrene exceeded 

CTDEP’s target level of 1 x IO” for individual chemicals. 

The HI for future adult residents exposed to groundwater at Site 20 exceeded USEPA’s and CTDEP’s 

acceptable level of 1.0 under the RME scenario. Arsenic, silver, and thallium were the major 

contributors to the HI. It should be noted that the maximum detected concentrations of arsenic and 

thallium were less than their respective CTDEP RSRs for residential exposures. 

The results of the human health risk assessment indicate that cancer risks and hazard indices exceed 

USEPA and CTDEP acceptable risk levels for future adult residents exposed to groundwater. Even 

though the calculations ere not performed, cancer risks and hazard indices for future child residents 

would also be expected to exceed USEPA and CTDEP acceptable levels. 

The maximum detected concentration manganese exceeded its direct contact screening criteria and 

the maximum detected concentration of copper exceeded its migration to surface water criteria, but 

8-l 9 CT0 0312 



REVISION 3 
JANUARY 2002 

were within background levels, consequently manganese and copper were not retained as COCs for 

groundwater in the HHRA. HIS for adult residents exposed to manganese in groundwater would 

exceed the acceptable level of 1 if manganese were evaluated in the HHRA. 

8.7.4 Recommendations 

A small soil removal action is planned for the Area A Weapons Center to address soil contaminated with 

PAHs and metals. The removal action is scheduled to be completed in the spring of 2001. it will address 

all the known soil contamination that could be affecting the groundwater at the site. 

The objectives of the BGOURI at Site 20 were to further characterize the nature and extent of 

groundwater contamination and to quantify the risks to human receptors from the groundwater. In 

general, organic and inorganic contaminants were detected infrequently and at low concentrations in the 

groundwater at Site 20. TCE and benzo(a)pyrene were the only organic contaminants identified as 

groundwater COPCs. Metals identified as COPCs were antimony, arsenic, nickel, silver, thallium, and 

‘zinc. High levels of TSS and TDS in one sample may be the reason for the elevated concentrations of 

two metals. All the organic and inorganic COPCs were identified in samples from overburden monitoring 

wells. 

The HHRA determined that risks posed by exposure of construction workers to groundwater at Site 20 

are below USEPA and CTDEP acceptable levels, assuming that the workers are exposed to the 

maximum observed concentrations of site contaminants. The HHRA also evaluated future residential 

groundwater usage, and calculated risks were above the CTDEP acceptable levels and were marginally 

above the USEPA acceptable risk range based on maximum concentrations. The groundwater, however, 

is classified by CTDEP as GB groundwater (i.e., not suitable for direct human consumption without 

treatment) and it is not expected that it will be used for human consumption in the foreseeable future. 

Even though contaminant concentrations were generally low and risks are acceptable under the current 

land use scenario, it is recommended that an FS be prepared for the groundwater operable unit 

associated with Site 20. The FS should evaluate, at a minimum, land use controls and monitoring for the 

site. This recommendation is made for the following reasons: 

l The source areas are not fully understood, but the current groundwater (i.e., concentrations and 

extent) data do not indicate that the sources are significant and therefore they warrant further 

investigation to completely characterize them. 

l A limited groundwater monitoring program would verify the trend in groundwater contaminant 

concentrations and determine the impact of any changes in site/source area conditions in the future. 
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l A change in land use would potentially result in unacceptable risks to potential receptors. 
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TABLE 8-1 

SUMMARY OF THE SAMPLING AND ANALYTICAL PROGRAM 
FOR SITE 20 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID vocs svocs Metals Mist 

S202WCMWl SO1 X X X X 
S202WCMW2SOl X X X X 
S202WCMW3SOl X X X X 
S202WCMW3SOl -F X 
S202WMW4DOl X X X X 

Notes: 
1 Miscellaneous parameters include perchlorate, TSS, and TDS. 
2 The “F” suffix indicates that the sample was filtered. 



TABLE 8-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR SITE 20 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

location PWCMWlS 2WCMW2S 2WCMW3S 2WCMW3S 2WCMW4D 2WMW6D 2WMW6S 

sample S202WCMWlSOl S202WCMW2SOl S202WCMW3SOl S202WCMW3SOl-F S202WMW4DOl 2WGW6D-2 2GW6S 
sample-dat 7/25/00 7/25/00 7/26/00 7127100 7/24/00 7/l o/94 3/l 6194 

Volatile Organics (ug/L) 
4-METHYL-2-PENTANONE 1 5u I 1.29 J 5u 5u 10 u I 10 u 
TRICHLOROETHENE 1 u 5.02 J 1 u 3.8 J I 10 u 1ou 

PHENANTHRENE I 0.05 u 0.04 J 0.05 u I 0.05 u I 10 u I 1ou 
PYRENE 0.05 u 0.11 0.05 u I 0.05 u 1ou 1ou 

IRON 40200 25900 14900 188 u I 23,400 
I rrn I on I I I I I 

. . I . -.4”u 653 “u 10.2 J I -.- - I 245 24.6 U 22.7 U I 13.5 u I I ;83 



TABLE 8-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR SITE 20 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

location 2WCMWlS 2WCMW2S 2WCMW3S 2WCMW3S 2WCMW4D 2WMW6D 2WMW6S 
sample S202WCMWlSOl S202WCMW2SOl S202WCMW3SOl S202WCMW3SOl-F S202WMW4DOl 2WGW6D-2 2GW6S 
sample-dat 7/25/00 7/25/00 7/26/00 7/27/00 7/24/00 7/l 0194 3/l 6l94 
Dissolved Metals (ug/L) 
CALCIUM I I 348 J I I I 
ZINC 53.4 
Miscellaneous Parameters (mg./L) 
AMMONIUM 2.3 1.5 13.6 0.2 u 
TOTAL DISSOLVED SOLIDS 1160 211 5142 J 135 
TOTAL SUSPENDED SOLIDS 5u 8 2788 J 5u ..r 

Note: 
1 Results from monitoring wells 2WMW6S and 2WMW6D were not sampled during the BGOURI. The values were not used for statistical analayses. 

They are included here to show impacts downgradient of the Area A Weapons Center. 

-- 



TABLE 8-3 

CHEMICALS RETAINED AS COPCS IN GROUNDWATER FOR SITE 20 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Direct Migration Pathways 
Chemical Contact Surface Water 1 Volatilization 
Volatile Organic Compounds 

[Trichloroethene I X I I) I 1 
Semivolatile Organic Compounds 

1 Benzo(a)pyrene I X I I 1 
Metals 
Antimony X 
Arsenic X X 
Nickel X 
Silver X X 
Thallium X 
Zinc X 

Notes: 
X - Chemical is retained as a COPC. 

- __.-.. -- . ..-. ._- .~.. .-... .-.. 



TABLE 8-4 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 20 
DIRECT CONTACT EXPOSURE SCENARIOS 

EASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON, CONNECTICUT 

Scenario Timeframe: Future PAGE 1 OF 3 

Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Area A Weapons Center (Site 20) 

C::“~~O” y;$y; coM.zr:~Q” “,;;;; lJ”,& ‘y&-;$;;“m De’ectio” Noy;;c;,,, %T:ao:ion ““;:B:,9;;:“” ,,;fe~“, 

Risk-Based RatIonale for 

CAS Number Chemical Frequency &cgf;, E& cg. c;;on,naJt 
(0 ,I, (1, scresning’~’ Value SOW3 

Volatile Organ& 
L ,p SdMlOd” 

108-10-1 4-METHYL-P-PENTANONE 1.29 J 1.29 J “q/L SZOZWCMWZSOl 114 5 1.29 NA 16 N 7 CTOEP RSR NO BSL 
N/A FED-MCL 

79-01-6 3.6 
N/A 

J 5.02 
CTOEP-MCL 

J WL S202WCMW2S01 CTOEP RSR m ASL 

106-44-5 4-METHYLPHENOL 9 9 “q/L SZOZWCMW3SOl 114 5 9 NA 16 N 35 CTOEP RSR NO BSL 
N/A FEDMCL 

56-553 BENZO(A)ANTHRACENE 0 04 J 0 04 J 
N/A CTDEP-MCL 

w/L S202WCMW2301 114 0 05 0.04 NA 0092 c 0.06 CTDEP RSR NO BSL 
N/A FED-MCL 

50-32-B : . ..- m 005 
N/A CTDEP-MCL 

0.05 “q/L SZOZWCMWZSOl 114 0 05 0.05 NA m III* c 0.2 CTDEP RSR m ASL 
0.2 FED-MCL 

20599-2 BENZO(B)FLUORANTHENE 0.08 J 0.08 J 
N/A CTDEP-MCL 

“q/L SZOZWCMWZSOI l/4 01 0.08 NA 0092 c 0.08 CTDEP RSR NO BSL 
NIA FED-MCL 

191-24-2 BENZOIG.H,l)PERYLENE 0 07 
NIA 

J 0 07 
CTDEP-MCL 

J “q/L S202WCMWZSOl 114 01 0 07 NA 18(7) N 210 CTDEP RSR NO BSL 
NIA FED-MCL 

207-08-9 BENZO(K)FLUORANTHENE 0 03 
N/A 

J 0 03 
CTDEP-MCL 

J “q/L S202WCMW2S01 t/4 0 05 0 03 NA 092 c 0.5 CTDEP RSR NO BSL 
NIA FED-MCL 

216-01-9 CHRYSENE 0.05 
NIA 

J 0.05 
CTDEP-MCL 

J w/L S202WCMW2S01 114 0 05 0 05 NA 92 c 4.6 CTDEP RSR NO BSL 
NIA FEDMCL 

206-44-o FLUORANTHENE 0.13 
N/A CTDEP-MCL 

0.13 “q/L SZOZWCMW2SOl 114 01 0 13 NA 150 N 280 CTDEP RSR NO BSL 
N/A FEDMCL 

193-39-5 INDEN011.2.3-CD)PYRENE 0.07 
N/A CTDEP-MCL 

0 07 w/L SZOZWCMWZSOl 114 0 05 0 07 NA 0092 c 0.5 CTDEP RSR NO BSL 
N/A FED-MCL 

6501-8 PHENANTHRENE 0 04 
N/A 

J 0.04 
CTDEP-MCL 

J “q/L SZOZWCMWZSOl 114 0.05 0.04 NA 18/7) N 200 CTDEP RSR NO BSL 
N/A FED-MCL 

129-00-O PYRENE 0.11 
N/A CTDEP-MCL 

0.11 UqlL SZOZWCMWZSOl 114 0.05 0.11 NA IS N 200 CTDEP RSR NO BSL 
N/A FED-MCL 

Total Metals 
N/A CTDEP-MCL 

SZOZWCMW3SOl 



TABLE S-4 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwatlr 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GRDUNDWATER AT SITE 20 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 3 

Euwsure Point: Area A Weapons Center (Site 20) 

Risk-Based 

CotZnZTon t$&y Co”n~~n~~on ~~~~~~ Units Loc~~c~~t~~ Detecuo” No~~~c~,,, coZ%? ‘a~:~~~~” sc~~e~ng 

Rationale for 

CAS Number Chemical Frequency 
IO ,?I ,I, Scrernklg’f’ 

;;gc [gg& c;irJ c;;mml,t 

L*“* ‘, V&l* SOU,C4 ~kctlon”’ 
7440-40-4 COBALT 108 100 lq/L SZOZWCMW3SOl 114 53-12 10.8 46 6 220 N N/A CTDEP RSR NO BSL. BKG 

N/A FEDMCL 
N/A CTDEP-MCL 

7440-50-8 COPPER 9.1 J 66.6 Uq/L SZMWCMWlSOl 2,4 6.8 66 6 107 140 N 1300 CTDEP RSR NO BSL. BKG 
1300 FEDMCL 
NIA CTDEP-MCL 

7439-89-6 IRON 14900 40200 lqlL S202WCMW1S01 3/4 100 40200 mm : ,I I* N N/A CTDEP RSR NO EPAI 
m FED-SMCL II 

N/A CTDEP-MCL 
7439-92-1 LEAD 0.9 09 W/L S2O2WCMWlSOl l/4 1.0 0.9 u; . . N/A 15 CTDEP RSR NO BSL 

15 FEE-AL 
N/A CTDEP-MCL 

7439-954 MAGNESIUM 2640 130000 Uq/L SZOZWCMW3501 414 0 138000 191000 N/A N/A CTDEP RSR NO NUT. BKG 
N/A FEDMCL 
N/A CTDEP-MCL 

7439-96-5 MANGANESE 007 2170 w/L SZOZWCMWlSOl 314 17.2 2170 11700 I; i: N N/A CTDEP RSR NO BKG 
B FED-SMCL 

N/A CTDEP-MCL 
7440-02-o 137 J 102 U@L SPOPWCMWlSOl Z/4 92 CTDEP RSR m ASL 

~.CTDEP-MCL II 
7440-09-7 POTASSIUM 1440 100000 “q/L SZOZWCMW3SOl 414 0 100000 w ,:I, N/A N/A CTDEP RSR NO NUT 

N/A FED-MCL 
CTDEP-MCL 

7440-22-4 114 J 326 J “-q/L SZOZWCMWlSOl 214 5.2 - 6 326 ASL 

7440-23-5 SODIUM 9530 1220000 J “q/L SZOZWCMW3SOl 414 0 1220000 1900000 N/A N/A CTDEP RSR NO NUT. BKG 
N/A FED-MCL 
N/A CTDEP-MCL 

J 38 J ULllL SZOZWCMW3SOl l/4 3 3.8 m-- I N 5 CTDEP RSR m ASL 

7440-62-Z VANADIUM 10.2 J 10.2 J “q/L S202WCMW3SOl 114 63-104 10.2 10.2 26 N 50 CTDEP RSR NO BSL. BKG 
N/A FEDMCL 
N/A CTDEP-MCL 

7440-66-6 ZINC 245 245 “q/L S2O2WCMWlSOl l/4 13.5-246 245 B 1109 N 5000 CTDEP RSR NO BSL 
SOD8 FEPSMCL 
N/A CTDEP-MCL 

Dissolved Metals 
7440-70-z CALCIUM. FILTERED 340 J 340 J w/L SZOZWCMW3501.F 111 0 340 152Mx) N/A N/A CTDEP RSR NO NUT. BKG 

N/A FED-MCL 
N/A CTDEP-MCL 

7440-66-6 ZINC. FILTERED 53.4 53.4 WV- SZOZWCMW3SOl.F 171 0 53.4 109 1100 N 5000 CTDEP RSR NO BSL. BKG 
500l FEDSMCL 
N/A CTDEP-MCL 



TABLE 8-4 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 20 
DlRECT CONTACT EXPOSURE SCENARIOS 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Area A Weapons Center (Site 20) 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTICUT 

PAGE 3 OF 3 

r 

CAS Number 

I 

Chemical I 
Miscellaneous Parameters 
cm-040 TOTAL DISSOLVED SOLIDS 

ooc-08-9 TOTAL SUSPENDED SOLIDS 

135 5142 

a 2786 

J lllq/L SZOZWCMW3SOi 414 0 5142 6260 N/A N/A CTOEP RSR NO BKG 
m FEDSMCL II 

N/A CTDEP-MCL 
J mqiL S202WCMW3SOl 214 5 N/A N/A CTOEP RSR NO NTX 

N/A FED-MCL 
N/A CTDEP-MCL 

A shaded value indicates that the concentration used for screening exceeds the cnterion or background value 
A shaded chemical name indicates that the chemcal has been selected as a COPC 

&g!g& 

1 Sample and duplicate are counted as two separate samples when determinmg the mimmum and maxunum 
detected concentrations. 

2 Values presented are samplespecific quanbtabon limits. 
3 The maxmwn detected concentration is used for screenmg purposes. 
4 95% Upper Tolerance Limit (UTL) of site background data. 
5 The risk-based COPC screenmg level for tap water use is presented. The value 1s based on a 

target Hazard Duobent of 0.1 for n~lcarcmqens (denoted with a ‘N’ flag) 01 an nncremental cancer 
risk of IE-6 for carcinogens (denoted wth a “c” flag) (USEPA. Region IX. November 2000). 

6 The chemical IS selected as a COPC if the maxmwm detected concentration exceeds the risk-based 
COPC screening level and/or an ARAP.ABC(s). 

7 Pyrene 1s used as a sumgate for benzo(g.h.l)peryfene and phenanthrene. 
6 Value 15 for hexavalent chromium. 
9 The US EPA has appmved a new MCL for arsemc of 10 q/L. The MCL goes IntO effect !n 2006. 

The reduction of the MCL does not impact the human health nsk assessment 

Asscaated Samples: 
S2O2WCMWlSOl 
S202WCMW2S01 
S202WCMW3SOl 
S202WCMW3SOl-F 
S202WMW4DOl 

ARARiTBC = Appkcable or Relevant and Appropriate RequlremenVTo Be Considered 
C = Carcinogen 
COC = Chemical of Concern. 
J = Esbmated Value 
N = Noncarc,“oge” 
N/A = Not Appkcable. 
FEDMCL = Federal Maxwnum Contaminant Level (USEPA. August 2000). 
FEDSMCL = Federal Secondary Maximum Contaminant Level (USEPA. August 2000) 
FED-AL = Federal Acbon Level (USEPA. August 2OM)). 
CTDEP-RSR = Cormecteut DEP Remedmbon Standard Regulations. 1996. 
CTDEP-MCL = Carnnticut Maximum Contammant Level. 

Rabonale Codes: 

For Selection as a COC. 
ASL = Above COC Screemng LeveUARARABC 

For Eliminabon as a COC: 
EKG = Wlthln Background Levels. 
BSL = Below COC Screentng LeveWAPARABC 
NUT = Essential Nutrient. 
NTX = No Toxictty Infonation. 
EPA1 = USEPA Regwn one does not advocate evaluation of this chemtcal. 

-.. 

P 



TABLE S-5 

OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 20 
MIGRATION PATHWAYS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE 1 OF 2 

Scenario Timeframe: Future 
Medium: Groundwater 
Expowre Medium: Groundwner 
Exposure Point: Area A Weapon8 Center (Site 20) 

, , “.I” , 

I ““7 I I 

17440-48-4 ICOBALT 16.8 I I 18.8 I I u@L I S202WCM 

,MWPSOi I l/4 I 5 1 1.29 1 WA 1 N/A 1 WA 1 NO 1 NTX 
:MWPSOt I 2/4 I 1 1 5.02 1 NIA 1 2340 1 2t9 1 NO 1 BSL 

4GNESIUM I 2640 I I UdL I S202WCMI 
I 007 I 

17440-66-S 245 1 245 1 I UolL I S2D2WCMWlSOt I 114 , 135.2,.6 I 245-e I WA m ASL I 
Diuolved Metab 
7440.70.2 [CALCIUM. FILTERED 
7440-66-6 IZINC, FILTERED 
Mbcelbweou~ Pommelera 

ITOTAL DISSOLVED SOLIDS 

I 348 I J I 346 1 J I UdL I S202WCMW3SOl.F I t/l I tuA I 34s I WA 
I 53.4 I I 53.4 I I UQfL I 

152Ixm I I tuA IN01 BKG 
S202WCMW3SOi.F I l/t I N’A 1 53.4 1 109 1 123 1 WA 1 NO 1 BSL,BKG 

I 135 I I 5142 I J I mgR I SZOZWCMW3SDi 414 I NIA I NOI BKG 
1 NIA 1 NO 1 NTX 



TABLE 8-5 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 20 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

A shaded value indicates that the concentration used for screening exceeds the crttertcn or background value. 
A shaded chemical name indicates that the chemical has been selected as a COPC. 

&&K!&: 

1 Sample and duplicate are ccwnted as two separate samples when determining the minimum and maximum 

detected concentrations. 

2 Values presented are sample-specttic quantttation limits. 

3 The maximum detected concentration is used for screening purposes. 

4 95% Upper Tolerance Limit (UTL) of site background data. 

5 Connecticut DEP Sulfate Water Protection criteria. 

6 Connecticut DEP Volatilization criteria for residential exposures. 

7 The chemical is selected as a COPC if the maximum detected comentratkm exceeds the 

CTDEP surface water protection or volatilization crtterta. 

B 

S202WCMW1S01 

S202WCMW2S01 

S202WCMW3SOi 

S202WCMW3SOl-F 

S202WMW4Wl 

ARARITBC = Ap@icable or Relevant and Appmprfate Requirementrro Be Considered 

C = Carcinogen. 

COC = Chemical ot Concern. 

J = Estimated Value. 

N = Noncarcirqen. 

NA = Not Applicable. 

-Codes: 

For Selectton as a COPC: 

ASL = Above COPC Screening LeveVARAfUfBC 

For Elimination as a COPC: 

BKG = Withtn F&zkgmund Levels. 

BSL = Below COPC Screening LevetIARAFUTBC. 

NTX = No Toxicity Information. 



TABLE 8-6 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 20 

BASEWIDE GROUNDWATER OPERABLE UNlT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Scenario 
Timeframe 

:urrentlFuture 

Medium 

Groundwater 

EXpoSUre 
Medium 

Groundwater 

Air 

Exposure 
Point 

Overburden/Bedrock 

Aquifer 

‘OverburdenBedrock 

Aquifer 

Receptor 
Population 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Residents 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Residents 

Receptor Exposure on-sits/ Tvpe of Rationale for Selection or Exclusion 

Age Route Off-Site Analysis of Exposure Pathway 

Adult Ingestion On-Site None Construction workers may have dermal contact with groundwater during 

Dermal On-Site Quant excavation activities. 
Adult Ingestion On-Site None Full-time employees are not exposed to groundwater. 

Dermal On-Site None 

Adolescents Ingestion On-Site None Trespassers do not have contact with groundwater. 
Dermal On-Site None 

Adult Ingestion On-Site Quant Groundwater may be used as a potable water source in the future. 
Dermel On-Site Quant 

Child Ingestion On-Site Norm Exposures to a child resident are tess than for an adult resident. 
Dermal On-Site NOM) 

Adult lnhalatton On-site None Construction workers exposure via volatilization is expected to be insignificant 

due to dilution with outdoor air. 
Adult Inhalation On-site None Full-time employees are not exposed to groundwater. 

Adolescents Inhalation On-Site None Trespassers do not have contact with site groundwater. 

Adult Inhalation On-site Chant Adult residents may be exposed to volatile emissions horn groundwater 
while showering. 

Child Inhalation On-site None Exposures to a child resident are less than those for an adult resident. 



TABLE 8-7 

EXPOSURE POINT CONCENTRATIONS FOR SITE 20 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Groundwater 
Chemical RME”’ CTE”’ 

(q/L) (ug/L) 
Volatile Organic Compounds 

ITrichloroethene I 5.02 I 2.46 I 
Semivolatile Organic Compounds 

\Benzo(a)pyrene I 0.05 I 0.031 I 
lnorganics 
Antimony 3.5 1.85 
Arsenic 15.1 5.38 
Nickel 102 31.2 
Silver 326 111 
Thallium 3.8 2.08 

Notes: 
1 - The maximum detected concentration is used for the RME scenario and the 

average concentration is used for the CTE scenario. 



TABLE 8-8 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 20 
REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTlCUT 

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemkals with Haxard Chemicals with 
Routa Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

>104 >10aand<104 >104ands10d 
Construction Worker Groundwater Dermal Contact l.lE-07 .- __ __ 0.0002 -- 

Adult Resident Groundwater Ingestion 2.7&04 Arsenic __ Benzo(a)pyrene 5.1 Arsenic, Silver, Thallium 
Dermal Contact 7.4E-05 __ Benzo(a)pyrene __ 0.003 _- 

Inhalation (1) ME-04 __ __ -- 0.02 __ 

Total 3.5E-04 Arsenic Benzo(a)pyrene Tdchloroethene 5.1 Arsenic, Silver, Thallium 

Notes: 
1 - Inhalation risk is assumed to be equal lo risk from ingestion for volatile% 



TABLE 8-9 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 20 
CENTRAL TENDENCY EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media 

Construction Worker Groundwater 

Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Rib Index HI > 1 

> IO4 > 10dand s lo4 >lOdand<lO* 
Oermal Contact 2.4E-06 _- __ __ 0.00006 -_ 

Adult Resident Groundwater Ingestion 1.4E-05 _. Arsenic __ 1 .o __ 
Oermal Contact 7.6E-06 _- __ Benzo(a)pyrene 0.002 __ 

Inhalation (1) 4.5E-06 _- __ -_ 0.005 __ 

Total 2.1 E-05 _- Arsenic Benzo(a)pyrene 1 .o ._ 

Notes: 
1 . Inhalation risk is assumed to be equal to risk from ingestion for volattles. 
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9.0 SITE 16 - HOSPITAL INCINERATOR 

9.1 SITE DESCRIPTION 

Site 16 consists of the two locations where an incinerator was used at Naval Hospital Groton. In the 

1980s the Naval Hospital Groton operated a skid-mounted waste incinerator at two sites adjacent to the 

hospital. The two sites (i.e., 16A and 16B) are located west of Tautog Road, adjacent to Building 449 and 

Building 452. The sites are shown on Figure 9-l. The location of the site, relevant to other IR sites, is 

shown on Figure l-2. 

According to the FFA, the incinerator was used to destroy medical records and medical waste contaminated 

with pathological agents. Ash generated by the waste incinerator was transferred to dumpsters for disposal 

at the municipal landfill. 

9.2 SITE INVESTIGATION 

Site 16 was evaluated during the IAS that was conducted in March 1983 for NSB-NLON. No sampling 

activities were conducted as part of the study. The study’s recommendation for this site was to not 

pursue further investigation of the site because, at the time of the IAS study, the site was still operational. 

As a result, no investigation of Site 16 was conducted during either the Phase I or Phase II Rls. The 

Navy has subsequently ceased operation of the incinerator at the hospital. The Navy included the site in 

this RI to determine the impact of the operation of the incinerator. 

The field sampling and analytical program for the BGOURI at this site focused on soil. Both surface soil 

and subsurface soil samples were collected for analysis during test boring activities at the site. The 

locations of the test borings are shown on Figure 9-l. The soil samples collected during the RI and the 

analyses performed on the samples are summarized in Table 9-l. Seven surface soil samples (0 to 2 feet 

bgs) and one subsurface soil sample (2 to 10 feet bgs) were collected during the field effort. The 

methods used to collect the samples are described in Section 2.2. According to the final work plan, 

temporary groundwater monitoring wells were to be installed and sampled at this site; however, they were 

not installed or sampled because shallow bedrock was encountered at this site. 

In addition to the sampling and analytical program, interviews were conducted during the RI to obtain 

historical information about the incinerator (i.e., operating parameters of the incinerator and a summary of 

the waste that was incinerated). Personnel at the Naval Groton Hospital (i.e., Director of Records and 

Regional Coordinator) and the NSB-NLON Public Works Department were contacted regarding this issue. 
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None of the personnel had or could locate any historical information about the incinerator or could provide 

any insight on the operation of the incinerator. 

9.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of physical characteristics for the Hospital Incinerator site, based on 

information from the FFA, literature sources, and the preliminary field investigations and this RI. 

Topography and surface features, surface water, soils, geology, and hydrogeology are discussed in the 

following subsections. 

9.3.1 Surroundinn ToDoqraphv and Surface Features 

The skid-mounted incinerator was operated in two areas, one adjacent to Building 452 (16A) and the 

other adjacent to Building 452 (16B). Based on mapping provided in the FFA, it appears that these two 

areas are within or directly adjacent to parking lots. 

The hospital complex is located on the top of the bedrock hill located in the central portion of NSB-NLON. 

Surface topography for this site is shown on Figure l-3. Maximum elevations in this area exceed 200 feet 

above msl. The topography in this area indicates that surface water would flow toward the west and 

ultimately discharge into the Thames River. 

9.3.2 Surface Water 

Surface water runoff from the hospital parking lot is collected by a storm sewer system. The surface 

water is discharged to drainage swales outside the parking lot. 

9.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil around the hospital complex as Urban land. Bedrock 

exposures (Hollis-Charlton-Rock outcrop complex) are prevalent because the central bedrock high 

extends toward the south and west. The soils overlying the bedrock range from very stony fine sandy 

loam to gravelly loam. 

9.3.4 Geoloav and Hvdroaeology 

Geology 

The geology of the Hospital site is characterized by a very shallow (less than 10 feet thick), unsaturated 

weathered bedrock surface overlying a less weathered bedrock surface. The investigations conducted at 
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the site during this RI were conducted with direct-push technology (DPT) methods that were incapable of 

penetrating the more resistant bedrock. The unconsolidated material consisted of silty sand with some 

rock fragments. At most drilling locations, the DPT rig was unable to penetrate more than 3 feet due to 

bedrock refusal. This is consistent with information received from the NSB-NLON Public Works 

Department that indicated bedrock was excavated in order to build the hospital. The Precambrian 

Mamacoke Formation is the bedrock that underlies Site 16. 

Hydrogeology 

There have been no hydrogeologic investigations of Site 16; therefore, site-specific information is not 

available. The inferred bedrock groundwater potentiometric surface in the vicinity of the hospital is shown 

on Figure 1-6. The drawing shows that groundwater flows in a southwestward direction toward the Lower 

Subase and the Thames River. 

9.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of soil contamination at Site 16. The 

discussion includes only soil data collected during the BGOURI. Groundwater was not encountered 

during the investigation and was therefore not sampled or analyzed. Since the exposure scenarios for 

surface soil and subsurface soil are different, the discussion addresses each soil type separately. Soil 

sample locations are shown on Figure 9-l. 

A summary of the BGOURI sampling and analytical program for Site 16 is presented in Table 9-l. A 

complete summary of the Site 16 analytical data set is provided in Appendix B. Table 9-2 presents a 

summary of positive soil analytical results for Site 16. Table 9-3 presents a summary of SPLP results. 

As part of the HHRA, descriptive statistics (i.e., frequency of detections, minimum and maximum 

concentrations, range of detection limits, and the associated sample numbers) and the COPC screening 

criteria for each analyte detected at least once in soils at the Hospital Incinerator site were tabulated. 

Analytical results for surface soils are summarized and screened in Tables 9-6 through 9-8. Different 

exposure scenarios (i.e., direct exposure and migration) are considered in each table. Analytical results 

for subsurface soil samples are summarized and screened in Tables 9-9 through 9-l 1. Tag maps of the 

chemicals determined to be COPCs based on the screening assessment were created to show the 

horizontal extent of contamination. Figure 9-2 shows COPCs that exceeded direct exposure or migration 

screening criteria, and Figure 9-3 presents COPCs that exceeded CTDEP’s SPLP criteria. The analytical 

detection limit for COPCs is presented on the tag maps if the COPC was not detected in a sample. 
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9.4.1 Surface Soil 

For this discussion, surface soils are considered to be soil samples collected from 0 to 2 feet bgs. The 

nature and extent of each chemical fraction are discussed separately below. 

Seven dioxin/furan congeners were detected in surface soil samples; five of which were at concentrations 

exceeding the CTDEP pollutant mobility criterion. None of the dioxin/furan congeners were detected at 

concentrations exceeding any direct exposure criteria. At least one dioxin/furan congener was detected 

in every Site 16 soil sample; therefore, the horizontal extent of dioxin/furan contamination was not fully 

defined. 

1,2,3,4,6,7,8-HPCDD was detected in five of seven samples at concentrations ranging from 7 ng/kg to 

120 ng/kg. The maximum concentration was detected in sample S16SBO70001, which was taken from 

Site 16B. Surface soil sample SlGSSOl, taken at Site 16A near the outlet of the storm sewer outfall, had 

a concentration of 1,2,3,4,6,7,8-HPCDD of 31 ng/kg. 

1,2,3,4,6,7,8-HPCDF was detected in five of seven surface soil samples at concentrations ranging from 

0.41 to 5.4 ng/kg. The maximum concentration was detected in surface soil sample SlGSSOl and it was 

the only concentration that exceeded the CTDEP pollutant mobility criterion of 4.7 ng/kg. In general, 

1,2,3,4,6,7,8-HPCDF was detected more frequently and at higher concentrations at Site 16A than at Site 

16B. 

1,2,3,7,8-PECDF, 2,3,4,7,8-PECDF, and 2,3,7,8-TCDF were detected only once in sample 

s16sB050001. The concentrations of 2,3,4,7,8-PECDF (0.36 ng/kg) and 2,3,7,8-TCDF (1.8 ng/kg) 

exceeded their respective CTDEP pollutant mobility criterion (0.093 ng/kg and 0.47 ng/kg, respectively). 

OCDD was detected in all surface soil samples at concentrations ranging from 110 to 29,000 ng/kg. The 

maximum concentration of this congener was detected in sample S16SBO70001. Concentrations of 

OCDD in four of the seven soil samples were greater than the CTDEP pollutant mobility criterion for this 

compound (467 ng/kg). 

OCDF was detected in three of seven soil samples at concentrations ranging from 2.9 to 12 J ng/kg. The 

maximum concentration of this congener was detected in surface soil sample S16SSOl. None of the 

detected concentrations exceeded the CTDEP pollutant mobility criterion. 

Three VOCs (2-butanone, acetone, and toluene) were detected at relatively low concentrations (i.e., 

below CTDEP pollutant mobility criterion) in Site 16 surface soil samples. 2-Butanone was detected in 

five of seven samples at concentrations ranging from 3 ug/kg J to 5 J ug/kg. Acetone was detected in two 
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of seven soil samples at a maximum concentration of 180 J ug/kg, and toluene was detected in four of 

seven soil samples at a maximum concentration of 4 J ug/kg. 

A total of 15 SVOCs were detected in Site 16 surface soil samples. A majority of the maximum 

concentrations of PAHs were detected in soil sample S16SB05001. The only SVOC that was detected at 

a concentration that exceeded a direct contact exposure criteria was benzo(a)pyrene. None of the 

detected concentrations exceeded the CTDEP pollutant mobility criterion. Benzo(a)pyrene was detected 

in five of seven samples at concentrations ranging from 0.02 to 0.330 mg/kg. The highest concentrations 

of benzo(a)pyrene were detected in soil samples from Site 16A. None of the samples collected from Site 

16B had concentrations in excess of the direct contact screening criteria. However, it should be noted 

that the two samples collected at Site 16B with nondetect concentrations had detection levels that were in 

excess of the screening criteria. 

Five pesticides (i.e., 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, alpha chlordane, and gamma chlordane) and one 

PCB (i.e., aroclor 1248) were detected infrequently in Site 16 surface soil samples. The maximum 

concentrations of all the pesticides and the PCB were detected in sample S16SBO7001. None of the 

pesticides were detected at concentrations in excess of any screening criteria. Aroclor 1248 was found at 

a concentration of 0.006 mg/kg in sample S16SBO70001, which exceeds the CTDEP pollutant mobility 

criterion. This concentration is well below the TSCA residential cleanup criterion of 1 mg/kg; therefore, 

this detection does not suggest a problem. 

Twenty inorganics were detected in the soil samples collected from Site 16. Arsenic, manganese, and 

thallium were detected at concentrations that exceeded direct contact screening criteria and background 

concentrations. Arsenic was detected in all seven samples at levels were above the risk-based screening 

level of 0.39 mg/kg. The concentrations of arsenic ranged from 1.7 to 8.5 mg/kg. Manganese was also 

detected in all seven surface soil samples at concentrations ranging from 100 to 400 mg/kg. Only sample 

SlGSSOl (400 mg/kg) had a detection above the direct contact exposure criteria and site background. 

Thallium was detected in six of seven samples at concentrations ranging from 0.49 J (S16SB060001) to 

1.2 J (S16SSOl) mg/kg. 

The maximum detected concentration of thallium (SlGSSOl) exceeded the USEPA SSL. The SPLP 

results for the Site 16 surface soil samples, presented in Table 9-8, indicate that chromium, copper, lead, 

and vanadium are a potential concern due to contaminant migration. 
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9.4.2 Subsurface Soil 

For this discussion, subsurface soils are considered to be soil samples collected from 2 to 10 feet bgs. 

Only one subsurface soil sample (S16SBO80405) was collected at Site 16. The chemical fractions 

detected in this sample are discussed below. 

1,2,3,4,6,7,8-HPCDD was detected at a concentration of 24 q/kg in sample S16SB080405. This 

concentration was similar to concentrations of this congener found in surface soil samples and it 

exceeded the CTDEP pollutant mobility criterion of 4.7 ng/kg. 

OCDD was detected at a concentration of 6,400 ng/kg in the subsurface soil sample. This concentration 

was the second highest concentration detected in any soil sample from this site. The OCDD 

concentration exceeded the CTDEP mobility criterion 47 ng/kg. 

Three VOCs (bromomethane, chloromethane, and toluene) were detected at relatively low concentrations 

(i.e., below direct exposure and CTDEP pollutant mobility criterion) in the single Site 16 subsurface soil 

samples. Toluene was also detected at low concentrations in four surface soil samples. 

No SVOCs were detected in sample S1658080405; however, this is probably because the detection 

limits for SVOCs were elevated for this sample. Several of the detection limits exceeded the screening 

criteria. 

No pesticides or PCBs were detected in sample S1688080405. 

Fourteen inorganics were detected in the single subsurface soil sample. Antimony, beryllium, cobalt, 

nickel, sodium, and zinc were positively detected in surface soil samples but were not detected in the 

subsurface soil sample S1688080405. Of the 14 inorganics detected, arsenic was the only compound 

that was detected at a concentration that exceeded any screening criteria. Arsenic was detected at a 

concentration of 4.4 mg/kg, which slightly exceeds background (3.6 mg/kg) and exceeds the direct 

contact screening criterion (0.39 mg/kg) by approximately one order of magnitude. 

No detected concentrations of inorganics in subsurface soil sample S16SB080405 exceeded any USEPA 

SSLs. In addition, the SPLP results for the Site 16 subsurface soil sample, presented in Table 9-l 1, do 

not indicate that the inorganics pose a potential concern due to contaminant migration. 
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9.5 CONTAMINANT FATE AND TRANSPORT 

9.5.1 Contaminant Fate and Transport Processes 

Nine classes of chemicals were detected in seven surface soil samples and one subsurface soil sample 

at Site 16 during the BGOURI: ketones, monocyclic aromatics, halogenated aliphatics, PAHs, 

dioxins/furans, pesticides, PCBs, phthalate esters, and metals. No samples were collected at this site in 

previous investigations. 

Cross contamination to Site 16 or from Site 16 is minimal. Other than the incinerator there have been no 

historical sources of contamination. The site is paved which reduces rainfall recharge. The data shows 

that the skid mounted incinerator has not impacted soils. Groundwater is not an issue since it occurs in 

very small quantities in a poorly developed bedrock fracture system. 

Ketones 

Two ketones (acetone and 2-butanone) were detected in surface soil at Site 16 at concentrations well 

below screening levels. No ketones were detected in the one subsurface soil sample collected at the site. 

Ketones are highly volatile and soluble and do not readily adsorb to soil. Therefore, they are not 

considered to be persistent in the environment. Hydrolysis is generally not a significant fate process for 

this class of chemicals, nor is bioconcentration significant. Once in the groundwater, ketones may slowly 

degrade. Acetone and 2-butanone are also common laboratory and field contaminants often detected in 

environmental samples. 

Monocyclic Aromatic Compounds 

One monocyclic aromatic compound, toluene, was detected in surface and subsurface soil at Site 16, 

with maximum concentrations well below screening levels. Monocyclic aromatic compounds are not 

considered to be persistent in the environment, particularly in comparison to chemicals such as PAHs and 

PCBs. Vapor-phase toluene will be degraded in the atmosphere by reaction with photochemically 

produced hydroxyl radicals; the half-life for this reaction in air is estimated to be 3 days. In soil, toluene is 

expected to have high to moderate mobility based upon K, values in the range of 37 to 178. 

Volatilization from moist soil surfaces is expected to be an important fate process based on published 

Henry’s Law constants. Toluene may volatilize from dry soil surfaces based upon its vapor pressure. 

Biodegradation is expected to occur rapidly in soil surfaces, with half-lives in the range of several hours to 

71 days. If released into water, toluene is not expected to adsorb to suspended solids and sediment 

based on published K, values. Biodegradation is expected to occur rapidly in water, with reported half- 

lives of 4 and 56 days in aerobic and anaerobic water, respectively. Volatilization from water surfaces is 
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expected to be an important fate process based upon this compound’s Henrys Law constant. Estimated 

volatilization half-lives for a model river and model lake are 1 hour and 4 days, respectively. Measured 

BCF values in fish suggest bioconcentration in aquatic organisms is low to moderate. Hydrolysis is not 

expected to be an important environmental fate process for toluene due to a lack of hydrolyzable 

functional groups. 

Halogenated Aliphatics 

Two halogenated aliphatics (chloromethane and bromomethane) were detected in subsurface soil at the 

site. These chemicals have relatively high vapor pressures and, if released to air, will exist solely as a 

gas in the ambient atmosphere. The gas-phases of chloromethane and bromomethane are likely to be 

degraded in the atmosphere by reaction with photochemically produced hydroxyl radicals. In soil, they 

are expected to have very high mobility based on their estimated & values. Volatilization from moist soil 

surfaces is expected to be an important fate process based on their Henry’s Law constants. 

Chloromethane and bromomethane may volatilize from dry soil surfaces based upon their vapor 

pressures. The topography of the site indicates that groundwater and surface water at the site ultimately 

discharges in the Thames River. If released into water, these chemicals are not expected to adsorb to 

suspended solids and sediment in water. Volatilization from water surfaces is expected to be an 

important fate process based upon these compounds’ Henry’s Law constants. Estimated volatilization 

half-lives for chloromethane in a model river and model lake are 46 minutes and 3 days, respectively. 

Estimated BCFs of 3.2 and 4.2 for chloromethane and bromomethane suggest that the potential for 

bioconcentration in aquatic organisms is low. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

Both low-molecular-weight and high-molecular-weight PAHs were detected in surface soil samples at Site 

16. No PAHs were detected in subsurface soil. The highest concentrations of PAHs were reported in 

Sample S16SB050001, which is located near Building 452. PAHs are generally considered to be fairly 

immobile in the environment. As noted in Section 3.3, PAHs have very low solubilities, vapor pressures, 

and Henry’s Law constants and high K,& and &,,,s. The low-molecular-weight PAHs (e.g., 

acenaphthene, anthracene, fluorene, phenanthrene) are more mobile (higher solubilities, etc.) than the 

high-molecular-weight PAHs [e.g., benzo(a)pyrene, benzo(a)anthracene. chrysene, etc.]. PAHs in soil 

are much more likely to bind to soil and be transported via mass transport mechanisms than go into 

solution. PAHs can be degraded via aerobic bacteria but may be relatively persistent in the absence of 

microbial population or macronutrients such as phosphorous and nitrogen. 
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Dioxins/Furans 

Dioxins and furans were detected in surface and subsurface soil at Site 16. Seven congeners were 

detected in surface soil and two in subsurface soil. Dioxins are currently released to the environment 

primarily through emissions from the incineration of municipal and chemical wastes, in exhaust from 

automobiles using leaded gasoline, and from the improper disposal of certain chlorinated chemical 

wastes. Their presence at Site 16 would not be unexpected since medical waste was incinerated at the 

site. The fact that most dioxin/furan congeners (and higher concentrations) were detected in surface soil 

versus subsurface soil indicates that air deposition was likely the primary release mechanism. 

Information is not available on the fate of all dioxin/furan congeners in the environment. However, 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is expected to be fairly immobile in soil. Leaching through the 

soil column is possible in soils of very low organic carbon content as a result of solvation or biotic mixing 

by earthworms. Photodegradation on terrestrial surfaces may be an important transformation process. 

Volatilization from soil surfaces during warm conditions may be a major removal mechanism. The 

persistence half-life of TCDD on soil surfaces may vary from less than 1 year to 3 years, but half-lives in 

soil interiors may be as long as 12 years. Screening studies have shown that TCDD is generally resistant 

to biodegradation. If released to water, TCDD will predominantly be associated with sediments and 

suspended material. TCDD near the water’s surface may experience some photodegradation. 

Partitioning from the water column to sediment and suspended material will occur. Volatilization from the 

water column may be important, but adsorption to sediment will limit the overall rate by which TCDD is 

removed from water. The persistence half-life of TCDD in surface water (i.e., lakes) has been estimated 

to be in excess of 1.5 years. Bioconcentration in aquatic organisms is expected based on bW and BCF 

values. If released to the atmosphere, vapor-phase TCDD may be degraded by reaction with hydroxyl 

radicals and direct photolysis. Particulate-phase TCDD may be physically removed from air by wet and 

dry deposition. 

Polychlorinated Biphenyls (PCBs) 

One PCB, Aroclor 1248, was detected in one surface soil sample (S16SB070001) at Site 16. No PCBs 

were detected in subsurface soil. PCBs are considered to be very persistent organic chemicals. In soil, 

Aroclor 1248 will become tightly adsorbed to the soil panicles. In the presence of organic solvents, which 

may be possible at waste sites, Aroclor 1248 will have a greater tendency to leach through soil. 

Screening studies indicate that Aroclor 1248 is susceptible to biodegradation in soils. Biodegradation is 

the only process known to transform PCBs under environmental conditions, and only the lighter 

compounds are measurably biodegraded. Although the volatilization rate of Aroclor 1248 may be low 

from soil surfaces due to tight adsorption and low vapor pressure, the total loss by volatilization over time 

may be significant because of the persistence and stability of Aroclor 1248. Volatilization from water 

surfaces is expected to be an important fate process based upon Aroclor 1248’s estimated Henry’s Law 
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constant values ranging from 1.6x1 Oq4 to 7.4x1 Om5 atm-m3/mole. Estimated volatilization half-lives for a 

model river and model lake will range from 7.5 to 16 hours and 9 to 14 days, respectively. However, 

volatilization from water surfaces is expected to attenuate by adsorption to suspended solids and 

sediment in the water column. Aroclor 1248 is expected to undergo anaerobic biodegradation in 

sediments. Aroclor 1248 is known to bioconcentrate significantly in aquatic organisms, with measured 

BCFs ranging from 60,000 to 120,000. 

Pesticides 

Two types of pesticides were detected in surface soil at Site 16, DDT and its metabolites (DDD and DDE) 

and chlordanes (alpha-chlordane and gamma-chlordane). These pesticides were detected mainly in 

Sample S16SBO70001, which is located directly south of Building 449. No pesticides were detected in 

subsurface soil. Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the 

ultimate sink for these chemicals. Surface soil runoff may carry pesticides to adjacent surface water 

bodies (i.e., the Thames River). Bioconcentration of pesticides in the food chain is another important fate 

mechanism. Hydrolysis, oxidation, and photolysis are not generally important fate mechanisms for 

pesticides in soil or water. Hydrolysis half-lives for several pesticides are reported in periods of months to 

years. Some properties of the pesticides found at Site 16 are discussed below. 

DDT and its metabolites (DDD and DDE) are considered to be persistent chemicals. They undergo 

extensive adsorption to soil and are not highly soluble. Biodegradation may occur under both aerobic and 

anaerobic conditions in the presence of certain soil microorganisms. Under aerobic conditions, DDT may 

be transformed to DDE and, under anaerobic conditions, DDD may result. DDD, DDE, and DDT are, 

however, somewhat volatile, with a reported half-life of 100 days for DDT. They are highly lipophilic and 

therefore readily bioaccumulate. 

Chlordane has been released into the environment primarily from its application as an insecticide. 

Currently, there are no approved uses for chlordane in the United States. If released to soil, chlordane 

may persist for long periods of time; under field conditions, the mean degradation rate has been observed 

with a mean half-life of 3.3 years. Chlordane is expected to be generally immobile or only slightly mobile 

in soil based on field tests. However, it has been detected in various groundwaters in the United States, 

indicating that movement to groundwater can occur. Soil volatility tests have found that chlordane can 

volatilize significantly from soil surfaces on which it has been sprayed, particularly moist soil surfaces; 

however, shallow incorporation into soil will greatly restrict volatile losses. If released to water, chlordane 

is not expected to undergo significant hydrolysis, oxidation, or direct photolysis. Studies suggest that 

chlordane may be very persistent in the adsorbed state in the aquatic environment. Adsorption to 

sediment is expected to be a major fate process based on soil adsorption data, estimated K, values 

(15,500 to 24,600) and extensive sediment monitoring data. Bioconcentration is expected to be 
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important based on experimental BCF values that are generally above 3,200. The volatilization half-life 

from a river was estimated to be 7.3 to 7.9 hours in one study, and the volatilization half-lives from a 

representative environmental pond, river, and lake were estimated to be 18 to 26, 3.6 to 5.2 and 14.4 to 

20.6 days, respectively. However, adsorption to sediment significantly attenuates the importance of 

volatilization. If released to the atmosphere, chlordane exists in the vapor phase. 

Phthalate Esters 

One phthalate, butyl benzyl phthalate, was detected in one surface soil sample at Site 16. Pbthalate 

esters are considered to be relatively persistent chemicals in the environment. Although numerous 

studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is a slow 

process in both soils and surface waters. Certain microorganisms have been shown to excrete products 

that increase the solubility of phthalate esters and enhance their biodegradation. Biodegradation of 

phthalates in water is an important fate mechanism, with a half-life of 2 to 3 weeks reported for 

bis(2-ethylhexyl) phthalate. Bioaccumulation is also a significant fate process. Hydrolysis of phthalate 

esters is very slow, with calculated half-lives of 3 years (dimethyl phthalate) to 2,000 years 

[bis(2-ethylhexyl) phthalate] (USEPA, 1979). Phthalates are also common laboratory and field blank 

contaminants, and their presence may be the result of equipment or laboratory contamination. 

Metals 

Twenty metals were detected in surface and subsurface soil at Site 16. The concentrations of most of the 

detected metals were within naturally occurring background levels. As noted in Section 3.3, metals are 

highly persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze, etc. The 

major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of the soil 

structure) and bioaccumulation. 

Under normal conditions, metals are not very mobile in the environment. Because metals frequently 

remain bound to particulate matter, the major transport mechanism for metals is bulk movement 

processes (erosion). However, metals can become mobile in the environment under certain conditions. 

The mobility of metals is influenced primarily by their physical or chemical properties in conjunction with 

the physical and chemical properties of the soil matrix. Factors that assist in predicting the mobility of 

metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The mobility of 

metals generally increases with decreasing soil pH and cation exchange capacity. The effect of REDOX 

potential varies for each metal. 
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9.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific risk assessment for the identified exposure scenarios for Site 16. 

The risk assessment methodology was described in Section 3.4 and detail calculations including RAGS 

Part D tables are presented in Appendix C. 

9.6.1 Data Evaluation 

COPCs were identified for Site 16 using the risk-based screening levels, as discussed in Section 3.4.1. 

Tables 9-4 and 9-5 summarize the COPCs retained for Site 16. A medium-specific discussion of COPCs 

is presented in the following subsections. Within a given medium, discussions of direct contact exposure 

COPCs (i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COPCs are provided. Additional COPCs are identified on chemical 

migration tendencies: migration from soil to groundwater and migration of volatiles from soil through 

building foundations into indoor air. These additional COPCs are not quantitatively evaluated in the 

HHRA because they are not considered to be significant contributors to the direct contact exposure 

pathways identified for potential human receptors. 

Surface Soil (0 to 2 feet) 

A comparison of the maximum detected concentrations in surface soil to risk-based screening criteria is 

presented in Table 9-6. The maximum detected concentrations of the following chemicals in surface soil 

exceeded the direct contact risk-based COC screening levels and were retained as COPCs for surface 

soil: 

l SVOCs-benzo(a)pyrene 

l Inorganics-arsenic, manganese, and thallium 

The maximum detected concentrations of benzo(a)pyrene, arsenic, and thallium exceeded their 

respective USEPA PRGs but were below their respective CTDEP RSRs for residential exposures. 

The maximum detected concentrations of all chemicals were less than the USEPA SSLs for soil to air; 

therefore, exposures through inhalation of fugitive dust and volatiles were not retained for evaluation in 

the risk assessment for surface soils at Site 16. 

A comparison of the maximum detected concentration in surface soil to migration criteria is presented in 

Table 9-7. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria, indicating a potential for these chemicals to migrate to groundwater: 
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l Dioxins-1,2,3,4,6,7,&HPCDD, 1,2,3,4,6,7,8-HPCDF, 2,3,4,7,8-PECDF, 2,3,7,8-TCDF, and OCDD 

. Pesticides/PCBs-Aroclor 1248 

. Inorganics-thallium 

Maximum detected concentrations of 1,2,3,4,6,7,8-HPCDD, 1,2,3,4,6,7,8-HPCDF, 2,3,4,7,8-PECDF, 

2,3,7,8-TCDF, and OCDD exceeded their respective CTDEP pollutant mobility criierion but were less than 

their respective USEPA SSLs for migration from soil to groundwater. The maximum detected concentration 

of Aroclor 1248 exceeded its CTDEP mobility pollutant criterion and the maximum detected concentration of 

thallium exceeded its USEPA SSL, although SPLP results for Aroclor 1248 and thallium were all non-detect. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

soil to indoor air. 

Under Connecticut RSR (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are addressed 

using SPLP data. A comparison of site-specific SPLP data and RSRs is presented in Table 9-8. The 

maximum detected concentrations for chromium, copper, lead, and vanadium exceeded their respective 

CTDEP mobility criterion and were retained as COPCs for the soil to groundwater migration pathway. 

Subsurface Soil (2 to 10 feet) 

A comparison of the maximum detected concentrations in subsurface soil to risk-based screening criteria 

is presented in Table 9-9. The maximum detected concentrations of the following chemicals in 

subsurface soil exceeded the direct contact risk-based COC screening levels and were retained as 

COPCs for subsurface soil: 

. Inorganic+arsenic 

The maximum detected concentrations of all chemicals were less than the USEPA SSLs for soil to air; 

therefore, exposures through inhalation of fugitive dust and volatiles were not retained for evaluation in 

the risk assessment for subsurface soil at Site 16. 

A comparison of the maximum detected concentrations in subsurface soil to migration criteria is presented 

in Table 9-l 0. The maximum detected concentrations of 1,2,3,4,6,7,8-HPCDD and OCDD exceeded their 

respective CTDEP mobility criteria; therefore, these chemicals were retained as COPCs for the soil to 

groundwater migration pathway. The maximum detected concentrations of all chemicals were less than the 

CTDEP criteria for migration from soil to indoor air. 
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Under Connecticut RSR (CTDEP, 1996) concerns regarding the mobility of inorganics in soil are 

addressed using SPLP data. A comparison of site-specific SPLP data and RSRs is presented in 

Table 9-11. The maximum detected concentrations of all inorganics were less than their respective 

CTDEP mobility criteria. 

Groundwater 

As discussed in Section 9.4, no groundwater samples were collected at Site 16. 

9.6.2 Exposure Assessment 

Only soil samples were collected during the current investigation; consequently, only exposures to soil 

were evaluated in the risk assessment for Site 16. Potential receptors for Site 16 included construction 

workers, full-time employees, older child trespassers, and future residents. Exposure assumptions for 

these receptors were presented in Table 3-14. Potential exposure pathways are summarized in 

Table 9- 12. 

Construction workers were assumed to be exposed to surface and subsurface soil. Potential exposure 

pathways included incidental ingestion and dermal contact with soil. 

Full-time employees may be exposed to site media while performing site inspections or daily duties. This 

receptor was only evaluated for exposures to surface soil. Potential exposure pathways included 

incidental ingestion and dermal contact with soil. 

Older child trespassers may be exposed to soil while trespassing on or near the site while exploring, 

playing, or performing other activities. This receptor was only evaluated for exposures to surface soil. 

Potential exposure pathways included incidental ingestion and dermal contact with soil. 

Future child and adult residents were assumed to be exposed to surface soil and subsurface soil. 

Potential exposure pathways for soil included incidental ingestion and dermal contact with soil. As 

previously discussed, future residential receptors are not potential receptors under current land use and 

are included only to provide an indication of potential risks if the facility were to close and then be 

developed for residential use. 

As discussed in Section 3.4, since fewer than 10 soil samples were collected, the maximum detected 

concentration and average concentration were used for the exposure point concentrations for the RME 

and CTE, respectively. Exposure point concentrations for Site 16 are presented in Table 9-l 3. 
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9.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers, full-time employees, older child 

trespassers, and future residents exposed to soil, using the methodology presented in Section 3.4. The 

results are summarized in Tables 9-14 and 9-15 and are discussed below. Sample calculations and 

chemical-specific risks in RAGS Part D format are provided in Appendix C. 

Carcinogenic Risks 

ICRs for Site 16 ranged from 5.7 x 1u8 for older child trespassers (CTE) to 7.8 x 10T6 for child residents 

(RME). All ICRs for exposures to soil at Site 16 were less than or within USEPA’s target risk range of 10m4 

to 10m6 and less than CTDEP’s acceptable level of 1 x 10M5 for cumulative exposures. Although all ICRs 

were less than CDTEP’s target level for cumulative exposures, chemical-specific ICRs for arsenic 

(full-time workers, older child trespassers, child residents, and adult residents) and benzo(a)pyrene (child 

residents) exceeded CTDEP’s target level of 1 x 1u6 for individual chemicals. It should be noted that the 

maximum detected concentrations of benzo(a)pyrene and arsenic were less than their respective CTDEP 

RSRs for residential exposures. 

Noncarcinogenic Risks 

All HIS for exposure to soil at Site 16 were less than USEPA’s and CTDEPs acceptable level of 1 .O. HIS 

for Site 16 ranged from 0.007 for full-time employees (CTE) and adult residents (CTE) to 0.3 for child 

residents (RME). 

9.6.4 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 16 are discussed below. 

Migration of Dioxins from Soil to Groundwater 

Maximum detected concentrations of several dioxin congeners exceeded the CTDEP pollutant mobility 

criterion but were less than USEPA SSLs for migration from soil to groundwater. The CTDEP pollutant 

mobility criterion are derived by multiplying the groundwater protection criterion by 20, which is based on the 

fact that the TCLP test requires a soil-to-extract ratio of 20. USEPA SSLs are derived using a simple 

conservative groundwater modet and the chemicals’ physical constants. Although both sets of criteria are 

conservative, the USEPA SSLs give a more realistic indication of a chemical’s potential to migrate from soil 

to groundwater since the USEPA SSLs are based on chemical-specific parameters. In addition, as 

discussed in Section 3.3, dioxins are considered to be very persistent and relatively immobile in soil and are 
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essentially insoluble in water. Consequently, the migration of dioxins from soil to groundwater at Site 16 is 

not expected to be a significant migration pathway. 

Exposure Point Concentrations 

The maximum detected concentration was used as the exposure point concentration for the RME 

scenario since fewer than 10 soil samples were collected at Site 16. As a result of using the maximum 

detected concentration, the estimates of risk are most likely to be overstated since it is unlikely that 

potential receptors would be exposed to the maximum concentration over the entire exposure period. 
. 

Lack of Dermal Absorption Values for Some Chemicals 

No dermal absorption value was available for thallium; consequently, dermal exposures to thallium in soil 

could not be evaluated. The lack of a dermal absorption value for thallium does not significantly impact 

the estimated risks. The highest HI for exposures to thallium in soil occurred for a child resident (HI = 0.1) 

under the RME scenario. The HI would still be less than the acceptable level of 1.0, even with 

100 percent dermal absorption of thallium (HI = 0.3). Therefore, there is no significant uncertainty due to 

the lack of a dermal absorption for thallium. 

Lack of Groundwater Data 

According to the final work plan, temporary groundwater monitoring wells were to be installed and 

sampled at the site; however, they were not installed or sampled because shallow bedrock was 

encountered. The contaminants detected in soil samples collected from the site are typically not mobile 

and are not expected to migrate vertically to groundwater beneath the site. The potential source of 

contamination is a former skid mounted incinerator which would not introduce contamination in the 

subsurface such as an UST might. Based on the Navy’s experience with drilling a bedrock well (i.e., 

2LMW35B) at a location upgradient of the site, the depth of drilling may exceed 100 feet until a 

substantial fracture is encountered that would yield sufficient groundwater. Consequently, it is unlikely 

that contamination in surface soil at the site has impacted groundwater beneath the site. Also, there are 

no current potential exposure pathways from groundwater. The only potential future exposure pathway 

would be if groundwater at the site was developed as a potable well supply which is not likely based on 

the expect future site use. Therefore, the absence of groundwater data for Site 16 does not introduce any 

major uncertainty in the HHRA for the site. 

Elevated Detection Limits Associated With Sample S16SBO50001 

The reported detection limits for anthracene and dibenzo(a,h)anthracene in sample S16SBO5001 were 

elevated. The reported detection limit of 850 ug/kg .for anthracene is below its USEPA Region IX 
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residential PRG of 22,000,OOO fig/kg and CTDEP residential RSR of l,OOO,OOO pg/kg, consequently the 

elevated detection limit for anthracene does not impact the HHRA. The reported detection limit of 

850 ug/kg for dibenzo(a,h)anthracene exceeds it USEPA Region IX residential PRG of 62 pg/kg but is 

below its CTDEP residential RSR of 1,000 ug/kg. Other PAHs were detected in this sample so it is likely 

that dibenzo(a,h)anthracene is also present in this sample at a concentration below the detection limit. 

ICRs at Site 16 were highest for a child resident (7.8 x 10”). Conservatively assuming that 

dibenzo(a,h)anthracene is present in soil at a concentration equal to the detection limit of 850 pg/kg 

results in an ICR of 1.2 x 1 O-5, which is within USEPA’s target risk range, but slightly exceeds CTDEP’s 

acceptable risk level of 1 x 10m5 for cumulative exposures. Based on the concentrations of the other 

carcinogenic PAHs detected in soil samples at Site 16 it is unlikely that dibenzo(a,h)anthracene is present 

at a concentration of 850 ug/kg in sample S16SB050001. Therefore, although the ICRs for receptors 

exposed to PAHs in soil at Site 16 are likely higher than those estimated in the HHRA, they would still be 

with USEPA and CTDEP acceptable levels if dibenzo(a,h)anthracene was evaluated in the HHRA. 

Consequently, the elevated detection limits for dibenzo(a,h)anthracene do not impact the conclusions of 

the HHRA. 

9.7 SUMMARY AND RECOMMENDATIONS 

9.7.1 Nature and Extent of Contamination 

Seven surface soil samples and one subsurface soil sample were collected at Site 16. At least one 

congener of dioxin or furan was detected in all the soil samples. The pervasive detections of these 

compounds are probably related to the past operation of the incinerator at Site 16. Although 

dioxins/furans were detected throughout Site 16, the concentrations are considered low when compared 

to direct exposure and EPA SSL criteria. 

Three VOCs were detected in surface soil samples and three were detected in subsurface soil samples. 

Toluene was the only VOC detected in both surface and subsurface soil samples. The detected 

concentrations of toluene and the other VOCs were all below the relevant screening criteria. 

SVOCs were only detected in Site 16 surface soil samples and may be related to the asphalt pavement, 

which covers a majority of the site. A total of 15 SVOCs were detected in Site 16 surface soil samples. 

The only SVOC that was detected at a concentration that exceeded a direct contact exposure criterion 

was benzo(a)pyrene. 

Pesticides and PCBs were only detected in Site 16 surface soil samples. The maximum concentrations 

of all the pesticides (4,4’-DDD, 4,4’-DDE, 4,4’-DDT, alpha chlordane, and gamma chlordane) and the 

PCB (Aroclor 1248) were detected in sample S16SBO7001. None of the pesticides were detected at 
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concentrations in excess of any screening criteria. Aroclor 1248 was found at a concentration of 

0.006 mg/kg in sample S16SB070001, which exceeds the CTDEP pollutant mobility criterion. This 

concentration is well below the TSCA residential cleanup criterion of 1 mg/kg; therefore, this detection 

does not suggest a problem. 

Twenty inorganics were detected in the soil samples collected from Site 16. Arsenic, manganese, and 

thallium were detected at concentrations that exceeded direct contact screening criteria and background 

concentrations. Arsenic was detected in all the soil samples (surface and subsurface). All seven 

samples were above the risk-based screening level of 0.39 mg/kg but were very close to the background 

value of 3.6 mg/kg. Manganese was also detected in all soil samples, but only the concentration detected 

in a single surface soil sample exceeded screening criteria. Thallium was detected in six of seven 

samples. The maximum detected concentration of thallium (Sl SSSOl) exceeded the USEPA SSL. 

The SPLP results for the Site 16 surface soil samples indicate that chromium, copper, lead, and 

vanadium are a potential concern due to contaminant migration. The SPLP results for the Site 16 

subsurface soil sample do not indicate that inorganics pose a potential concern due to contaminant 

migration. 

9.7.2 Summarv of Human Health Risk Assessment 

The following items summarize the HHRA for Site 16. 

l The HHRA for Site 16 considered exposures to construction workers, full-time employees, older child 

trespassers, and future residents. No groundwater samples were collected at Site 16; therefore, only 

exposures to soil were evaluated. Potential exposure pathways included incidental ingestion and 

dermal contact with soil. The maximum detected concentrations of all chemicals were less than EPA 

SSLs for migration from soil to air; consequently, potential exposures via inhalation of fugitive dust 

and volatiles were not evaluated. 

l Maximum detected concentrations of 1,2,3,4,6,7,8-HPCDD, 1,2,3,4,6,7,8-HPCDF, 2,3,4,7,8-PECDF, 

2,3,7,8-TCDF, OCDD, Aroclor 1248, and thallium in surface soil and 1,2,3,4,6,7,8-HPCDD and OCDD 

in subsurface soil exceeded the CTDEP pollutant mobility criterion for migration from soil to 

groundwater, indicating the potential exists for these chemicals to migrate from soil to groundwater. 

However, concentrations of all dioxin congeners were below USEPA SSLs for migration from soil to 

groundwater. SPLP results for Aroclor 1248 and thallium were all non-detect. 

l The maximum detected concentrations of all chemicals in surface and subsurface soil were less than 

the CTDEP criteria for migration from soil to indoor air. 
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l All ICRs for exposure to soil at Site 16 were less than or within USEPA’s target risk range of 10m4 to 

la6 and CTDEP’s acceptable risk level of 1 Om5 for cumulative exposures. Chemical-specific ICRs for 

arsenic (full-time workers, older child trespassers, child residents, and adult residents) and 

benzo(a)pyrene (child residents) exceeded CTDEP’s target level of 1 x lo4 for individual chemicals. 

It should be noted that the maximum detected concentrations of benzo(a)pyrene and arsenic were 

less than their respective CTDEP RSRs for residential exposures. 

l All HIS for exposure to soil at Site 16 were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

9.7.3 Recommendations 

One objective of the RI at Site 16 was to perform an initial characterization of the nature and extent of 

contamination at the site because no sampling or analytical programs had been completed at the site in 

the past. Another objective of the RI was to quantify the risks to human receptors associated with the 

site. Risks to ecological receptors were not evaluated during this RI, in accordance with the final work 

plan, because the site is paved. 

The first objective of the RI was completed by conducting a field sampling and analytical program. The 

program for this site focused on soil. Both surface soil and subsurface soil samples were collected and 

analyzed. Temporary groundwater monitoring wells were proposed to be installed and sampled at this 

site in the final work plan; however, these wells were not installed or sampled because of the shallow 

depth of bedrock at this site. 

The nature and extent and HHRA results from this RI indicate that the past operation of the skid-mounted 

incinerator at Site 16 has not significantly impacted the surrounding soil and the site soils do not pose 

significant risks to any potential human receptors. All ICRs for exposure to soil at Site 16 were less than 

or within USEPA’s target risk range of la4 to la6 and CTDEP’s acceptable risk level of 10e5 for 

cumulative exposures. All HIS for exposure to soil at Site 16 were less than USEPA’s and CTDEP’s 

acceptable level of 1 .O. 

Even though several chemicals were detected at concentrations that exceed screening criteria for 

contaminant migration from soil to groundwater, it is unlikely that the groundwater beneath this site is 

impacted because of the following reasons: 

l The CTDEP pollutant migration criterion, which were used to identify migration COPCs, are overly 

conservative and the COPCs at this site (i.e., dioxins/furans, PCBs, and metals) are not typically 

mobile in dissolved phase. 
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l Asphalt paving covers a majority of the site and limits infiltration through the soil and erosion of 

surface soil. 

l Relatively competent bedrock is very shallow at this site and it is likely that it would impede vertical 

contaminant migration. 

The results of this RI do not indicate that subsequent rounds of investigation are necessary to further 

characterize this site. In addition, the results do not suggest that a FS is necessary for this site. 

Therefore, it is recommended that a no further action decision document be prepared for this site. 
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TABLE 9-1 

SUMMARY OF THE SAMPLING AND ANALYTICAL PROGRAM FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

SPLPM - SPLP Metals 
SPLP - SPLP PCBs 



/ .I sam le-dat 

TABLE 9-2 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 
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TABLE 9-2 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 
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matrix 
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TABLE 9-3 

SUMMARY OF SPLP SAMPLING AND ANALYTICAL PROGRAM FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
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TABLE ‘9-4 

CHEMICALS RETAINED AS COPCs AT SITE 16 
DIRECT CONTACT EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Surface Soil Subsurface Soil 
Direct Soil to Direct Soil to 

Chemical Contact Air Contact Air 
Semivolatile Organic Compounds 
Benzo(a)pyrene I X I I I I 
Met&s 
Arsenic X X 
Manganese X 
Thallium X 

Notes: 
X - Chemical is retained as a COC. 



CHEMICALS RETAINED AS COPCs AT SITE 16 
POTENTIAL MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 
DioxinsFurans 
1,2,3,4,6,7,8-HPCDD 
1,2,3,4,6,7,8-HPCDF 
2,3,4,7,8-PECDF 
2,3,7,8-TCDF 
OCDD 
Total HXCDD 
Pesticides/PCBs 

I Aroclor-1248 
Metals 
Chromium 
Copper 
Lead 
Thallium 
Vanadium 

Surface Soil Subsurface Soil 
Soil to Soil to Soil to Soil to 

Groundwater Indoor Air Groundwater Indoor Air 

X X 
X 
X 
X 
X X 

I X I I I I 
X 
X 
X 
X 
X 

Notes: 
X - Cherhical is retained as a COC. 



TABLE 94 

OCCURRENCE. DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 16 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSS-NLON, GROTON. CONNECTICUT 

PAGE 1 OF 3 

Scenario Timeframe: CurrenVFuture 
Medium: Surbce Soil 
Exposure Medium: Surbce Soil 
EXPO~U~ Point: Hospital Incinerator (Site 16) 



TABLE S-6 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTlAL CONCERN IN SURFACE SOIL AT SITE 16 
DIRECT CONTACT EXPOSURE SCENARIOS 

EASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON. GROTON. CONNECTlCUT 

PAGE 2 OF 3 

Scenario Timeframe: CumnVFulun 
Medium: Surface Soil 
Exposum Medium: Surtace Soil 
Exp~sufe Point: Hospital IncInwator (Site 16) 



TABLE 6-6 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 16 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNlT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTtCUT 

PAGE 3 OF 3 

Scenario Timeframe: CurranUFutum 
Medium: Surface Sol1 
Exposure Madium: Surlacs Soil 
Ex~osun Point: Hospital Incinerator (Site 16) 

A shaded value indicates that the concentration used lor screening exceeds the criterion or background value. 
A shaded chemical name mdlcates that the chemical has been selected as a COC 

EQQl@Q&: 

1 Sample and duplicate are counted as two separate samples when determining the 

m~mmum and maximum detected concentrations. 
2 Values presented are sample-specific quantitation limits. 
3 The maximum detected concentration is used for screening purposes. 
4 Atlantic Environmental Services. Apdl 1995. Background concentrations of lnorganks in SalI Naval Submarine Base. 

New London. II the maximum detected concentration of an inorganic is 1e01 than me background concentration. then 
that metal is not selected as a COC. 

5 The risk-based COC screening level lor restdenbal land use is presented. The value is based an a 
target Hazard Quotient 010.1 lor noncarcinogens (denoted wim a ‘N’ flag) M an incremental csncer 
risk of lE-6 for carcinogens (denoted with a ‘c’ flag) (USEPA. Region IX. November ZQQQ). 

6 The chemical is selected as a COC if the maximum detected concentration exceeds the risk-based 
COC screening level and/or an ARAlVlBC(s). 

7 Acenaphthane is used as a surrogate lor acenaphmytene. 
6 Pyrene is used as a surrogate for benzo(g.h.i)perylene and phenanmrene. 
9 Haxavalent Chromium. 
IO OSWER soil screening level Ior residential land use (USEPA, July 1994). 

s16s6010001 S16SB070001 
s16sB030001 s16sBQ6QcnJ1 
S16SBO50001 SIGSSOI 
S16SBO6ooO1 

,. 
ARAFUTBC = Applicable or Relevant and Appropriate RequtremenVro Be Constdered 
C = Carcinogen. 

COC = Chemical of Concern. 
J = Estimated Value. 
N = NWCarCinOQen. 
NA = Not Appliiabie. 
SSL-INH = Soil Screening Level lor transfers from soil to ak (lnhalatton) (USEPA. May 1996). 
CTRESSOIL - CTDEP direct contact criteria for restdenttal exposures to soli. 

For Selection as a COC: 
ASL = Above CCC Screening LeveVARAFVTBC. 

For Elimination as a COC: 
EKG = Within BaCkgrOund Levels. 
BSL = Below COC Screening LeveVARAwBC. 
NUT = Essential Nutrient. 
NTX = NO criteria available. 
EPAI = USEPA Region 1 does not advocate evaluation of mis chemical 



TABLE 9-7 

OCCURRENCE, OISTRIBUTiON, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 16 
MlGRATlON PATHWAYS 

BASEWIOE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTlCUT 

PAGE 1 OF 2 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surtace Soil 
Exposure Point: Hospital Incinerator (Site 16) 

CAS 
Number 

Chemical 
Concentration 

concantntiorl CTOEP CTDEP Soil 
Rstionale for 

Range of Nondetects”’ Used for 
Background EPA SSL-Soil 

MObilitV Vapor 
COPC Contamtnant 

scrmttnQ”’ 
value”’ to GW+’ 

Criteria’” Votattlization”’ Ftsg 
Deletion w 

OioxinslFumns 

vciatile OrQaniM 
76-93-3 IP-BUTANONE 
67-M-l ( ACETONE 
106-66-3 1 TOLUENE 

I 0.003 I J I 0.005 I J Im@kgl S16SBO30001 I 5l7 I 0.01 -0.012 1 0.005 i NA 1 NA 1 60 1 2400 I NO 1 BSL 
I 0.037 I 1 0.16 1 J IwIkQl SlGSSOl I 2!7 I 0.01 -0.067 I 0.16 I NA 1 i6 1 140 I 2400 IN01 BSL 
I O.Wl I J I 0.003 I J Ir@kQl Sl6SBO30001 I 4” I 0.005 -0.006 I 0.003 1 NA 1 12 1 67 1 760 I NO ( BSL 

21003 
0.71 
6.5 
47 

I 1 mglkg I S16SBO7ooO1 [ 7f7 1 ZIOCKI 8 8 NA”o’ NA NO NTX 
1 1 2.05 1 5 1 NA”o’ NA 1 NO 1 BSL 

.  I -  I ”  -  , . . . , . - . . - - . - . . .  . “ “ ”  “ “ “1  

7439-96-5 IMANGANESE 1 104 1 J i 400 t 

NA 1 NA 1 NO 1 BKG 

NA NA 1 NO 1 NUT 



TABLE 9-7 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 16 
MlGRATlON PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON, GROTON. CONNECTlCUT 

PAGE 2 OF 2 

Scenario Timeframe: CunenVFutura 
Medium: Surface Soil 
Exposure Padium: Surface Soil 
Exwrura Point: Hospital Incinerator (Site 16) 

A shaded value indicates that me Concentrahon used lor screening exceeds the cnterton or background value. 
A shaded chemical name indicates that the chemical has been Selected as a COC 

EQQQg& 

1 Sample and duplicate are counted as two separate samples when determining the 
minimum and maximum detected Concentrations. 

2 Values presented are sample-specific quantttation limds. 

3 The maximum detected concentration is used lor screening purposes, 

4 Atlanbc Enwronmental Services. April 1995. Background concentrations 01 lnorganks tn Soil Naval Submarine Base. 
New London. If the maximum detected Concentrabon of an vxxgank is less than the background concentration. *‘la” 
that,metal is not selected as a COC. 

5 USEPA Soil Screening Level Guidance. May 1996. 
6 CTDEP Remedlabon Standard Regulations. 1996. 
7 The chemical IS selected as a COC if the maxvnum detected collcentrabon exceeds the risk-based 

COC screening level and/or an ARARfTBC(s). 
6 TTNUS, April 14. 1999. Toxicity cnteria not awlable Toxlc~ty criteria for 2.3.7.6.TCOO used in conjunction wth toxicity 

equivalent factor (TEF) (EPA(625I3-69m16. March 1969) to cakulate a vatua. 
9 Pyrene is used as a surrogate lor banro(g.h.t)perylene and phenanthrene 

10 See Table 9.6-5 

Associaled 
Sl6SBOlMK)I S16SBO7OCQ1 
sI6sBo3wo1 sl6sBo6oco1 
S16SBO50001 Si6SSOl 
51658060001 

34 NA 1 NO ( BSL 

ASL 
1 NO 1 BSL 

NA 1 NO 1 BSL 

pelinMon6: 

ARARJTBC = Applicable or Relevant and Appopriate RequiremenVTo Be Considered 
C = Carcinogen 

CCC = Chemical 01 Concern 
J = Estimated Value 
N = Noncarcinogen 
NA = Not Applicable 

-Codes: 
For Selection as a COC: 

ASL = Above COC Screemng LeveVARAlwBC 

For Ellminabon as a CCC: 
BKG = Wkhin Background Levels 
NTX = No criteria available. 

- I -  

-  _ 

_-__ 

.  

. -  



TABLE !+6 

OCCURRENCE, DISTRIBUTION, AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE SOIL AT SITE 16 
MIGRATION PATHWAYS - SPLP RESULTS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON. GROTON. CONNECTICUT 

Scenario Timeframe: Curmnt/Fubm 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Hospital Incinemtor (Site 16) 

A shaded value indicates that the concentmtion used for screening exceeds the criterion or background value. 

A shaded chemical name indicates that the chemical has been selected as a COC 

Footnotes: 

1 Sample and duplicate are counted as two separate samples when determining the 

minimum and maximum detected concentrations. 

2 Values presented are sample-specilic quantitstion limits. 

, 3 The maximum detected concentration is used for screening purposes. 

4 SPLP analysis was not performed on background samples. 

5 The chemical is selected as a COC il the maximum detected concentration exceeds the risk-based 

COC screening level. 

S16SBO10001-SO-P 

S16SBO30001.SO-P 

S16SBO50001.SO-P 

s16sBO60001-SO-P 

S16SB070001-SO-P 

s16sB060001-SO-P 

S16SSOl.SO-P 

c = Carcinogen 

COC = Chemical of Concern 

J = Estimated Value 

N = Noncarcinogen 

NA = Not Applicable 

For Selection as a CCC: 

ASL = Above COC Screening Level 

For Elimination as a COC: 

NTX = NO criteda avaIlable 



TABLE 9-9 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SUBSURFACE SOIL AT SITE 16 
DIRECT CONTACT EXPOSURE PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSE-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 2 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposum Medium: Subsurface soil 
Exposure Point: Hospital Incinerator (Site 16) 

CAS 
Number 

DioxinslFumns 

Chemical 
Detection Concentration Risk-Bawd Potenlal Potential 

Concentration 
FW~Y Range of Nondete~ts” used for 

Background 

scrmning” 
Value”’ 

COPC SC3OOning ARAROBC ARAR/TSC 
LOVOP’ Value !3ource 

7440-39-3 BARIUM 34 

7440-70-Z CALCIUM 1500 

7440-47-3 CHROMIUM 15 

7440-50-6 COPPER 14 

7439-69-6 IRON 10000 

7439-92-l LEAD 3.6 

7439-95-4 MAGNESIUM 2500 

7439-96-5 MANGANESE 160 

7440-09-7 POTASSIUM 1200 

7440-22-4 SILVER 2.6 

7440-26-O THALLIUM 0.44 

7440-62-Z VANADIUM 20 

34 

1500 

15 

14 

1oow 

3.6 

2500 

160 

1200 

2.6 

0.44 

20 

10 CTRESSOIL 
mgfkg S16SBO60405-SO l/l . . . 34 57.2 540 N 690000 SSL-INH NO BSL.BKG 

4700 CTRESSOIL 
J mgIkg S16SBO60405-SO l/l . . . 1500 m . . NA NA SSL-INH NO NUT” 

NA CTRESSOIL 
“IS% S1658080405-SO l/l -. 15 21.5 3o’n c 270 SSL-INH NO BSL.BKG 

loo CTRESSOIL 
mghg S16SBO60405-SO l/l . . . 14 25.6 290 N NA SSL-INH NO BSL.BKG 

2500 CTRESSOIL 
J mg/kg S16SBO60405-SO l/l -. 10000 17200 m II N NA SSL-INH NO BKG. EPA1 

NA CTRESSOIL 
“JSWI S16SBO60405-SO l/i . . . 3.6 17.5 400” N NA SSL-INH NO BSL.BKG 

500 CTRESSOIL 

“,g,kg 516SBO60405-SO l/l . . . 2509 3650 NA NA SSL-INH NO NUT 
NA CTRESSOIL 

J mgikg Sl6SB060405-SO l/l . . . 160 166 160 N NA SSL-INH NO BSL.BKG 
NA CTRESSOIL 

mgkg Sl6SBO60405-SO l/l -. 1200 2560 NA NA SSL-INH NO NUT 
NA CTRESSOIL 

mgkg S16SBO60405-SO l/l _.. NA SSL-INH NO BSL 
340 CTRESSOIL 

J mgkg S16SBO60405-SO l/l ._. 0.52 N NA SSL-INH NO BSL 
5.4 CTRESSOIL 

mgkg S16SEO60405-SO l/l . . 20 35.1 55 N NA SSL-INH NO BSL.BKG 
470 CTRESSOIL 

A shaded value indicates that the concentration used lor screening exceeds the criterion or background value. 

A shaded chemical name indicates that the chemical has been selscted es a COPC 



OCCURRENCE, DISTRIBUTION, AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN IN SUBSURFACE SOIL AT SITE 16 
DIRECT CONTACT EXPOSURE PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSS-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

&&g& 

1 Sample and duplicate are counted as two separate samples when determining ths 

minimum and maximum detected concentrations. 

2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concenfration is used for screening purposes. 

4 Atlantic Environmental Services. April 1995. Background concentrations 01 Inorganica in Soil - Naval Submarine Base - 

New London. If the maximum detected concentration 01 an inorganic is less than the background concentration, then 

that metal is not selected as a COC. 

5 The risk-based COPC screening level lor residential land use is presented. The value ls based on a 

target Hazard Quotient of 0 1 lor noncarcinogens (denoted with a ‘N’ flag) or an incremental cancer 

risk of lE-6 lor carcinogens (denoted with a ‘C’ flag) (USEPA. Region IX. November ZOOO). 

6 The chemical is selected as a COC if the maximum detected concentration exceeds the risk-baaed 

COC screening level and/or an ARARfrBC(s). 

7 Hexavalent Chromium. 

6 OSWER soil screening level for residential land use (USEPA. July 1994). 

Q&&Q$: 

ARARffBC = Applicable or Relevant and Appropriate Requirement/To Be Considered 

C = Cardnogen. 

COC = Chemical of Concern. 

J = Estimated Value. 

N = Nommlnogen. 

NA = Not Applicable. 

SSL-INH = Soil Screening Level for translars from soil to air (Inhalation) (USEPA. May 1996) 

CTRESSOIL - CTDEP direct contact crileria lor residential exposure to soil. 

Rationale: 

For Selection as a COC: 

ASL = Above COC Screening LeveVARAiUTBC 

For Elimination as a COC 

BKG E Within Background Levels. 

BSL = Below COC Screening LeveVARAR/TBC 

NUT = Essential Nutrient. 

NTX = No crlterla available. 

Azsociated Samoles: 

S16SBO60405-SO 

TABLE 9-9 



TABLE 6-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SUBSURFACE SOIL AT SITE 16 
MIGRATION PATHWAYS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSE-NLON, GROTON. CONNECTICUT 

Scenario Tim&am+: Currenthture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Poinl: Hospital Incinerator (Site 16) 

CAS 
Number 

DioxindFurans 

.,_1_.:1_ ,-._-_-:__ 

Chemical 
Maximum 

Locmion of Detection Concentration 
Rationale for 

Background EPA SSL-Soil 
CTDEP CTDEP Soil 

COPC Contaminant Co:ZZYZon ~~~~e~ CoZIZntiZon aualifier Unit* Maximum Frequency Used for Mobility Vapor 
,o “1 

Range of Nondetects”’ 
Concertration (0 Screenir@ 

value”’ to GW”’ 
CritdP Vola6liztiio#’ FM Deletion or 

Setectianm 

0.003024 o.OcaO24 mgkg S16SBO60405-SO 1 111 1 2.4E-05 NA 
0.0064 0.0034 mo/kq Sl6SBO60405-SO 1 10 . . 

I 0.030043 
1 6.4E-03 NA 

o.OwJ43 mglkq Sl6SBO6IMO%SO 1 l/l . 1 4.3E-05 NA 

MO5-so 1 l/l 1 1 0.032 1 NA I 0.2 I 2 [ NA 1 NO 1 BSL 
I ..- , .,-.. 

. . 1 17600 1 NA NA , NV , 
. . .̂  

,, St65B”BwO5-SO I 111 . 166 1 NA NA , N” , 

1 nykgl S16SBO90405-SO 1 t/l . 20 1 35.1 1 M)(M 1 NA’” , NA ] NV ] BSL.BK 

A shaded value indicates that the concentration used lor screening exceeds the criterion or background value. 

A shaded chemical name indicates that the chemical hes been selected es a COC. 

k&!&Q& 

1 Sample end duplicate are counted as two separate samples when determining the 

minlmum and maximum detected concentrations. 

2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concentration is used for screening purposes. 

4 Atlantic Environmental Services, April 1995. Background concentrations of lnorganics in Soil Naval Submarine Base 

New London. II the maximum detected concentration of an inorganic is less than the background concentration. then 

that metal is not selected as a COC. 

5 USEPA Soil Screening Level Guidance. May 1996. 

6 CTDEP Remediation Standard Regulations. 1996. 

7 The chemical IS selected as a COC if the maximum detected concentration exceeds the risk-based 

COC screemng level and/or an ARAWTBC(s). 

8 TTNUS. April 14, 1999. Toxicity critena MI available. Toxicity criteria for 2.3.7.8TCDO used in conjunction with toxicity 

equivalent factor (TEF) (EP&‘625/3-69/016. March 1969) to calculate a value. 
9 See Table 9.7-6 

A%ociated SamvIeS; 

S16SBO60405-SO 

Definitions: 

ARARKBC = ApplicaMe or Relevant and Appmpdate Requirementilo Be Considered. 
C = Carck-tcgen. 

COC = Chemical of Concern. 

J = Estimated Value. 

N = Noncarcinogen. 

NA = Not Applicable. 

SSL-MIGR = Soil Screenmg Level lor transfers from soil to groundwater lor 

Dilution and Attenuation Factor of 1 (USEPA. May 1996). 

For Selection es a CCC: 

ASL = Above COC Screening LeveVARAMBC 

For Elimination es a CCC: 

BKG = Within Background Levels. 

BSL = Below CCC Screening LeveVARAR/iBC 

NUT = EssentM Nutdenl. 

NTX = No criteria available. 



TABLE 9-11 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SUBSURFACE SOIL AT SITE 16 
MIGRATION PATHWAYS - SPLP RESULTS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Hospital Incinerator (Site 16) 

CAS 
Number 

Chemical 
Concentration 

Rationale for 

Frequency Range of Nondetec@ Used for 
Background CTDEP COPC Contaminant 

Screening@’ 
Value”’ 

Mobility 
Criteria Flag Deletion or 

Selection”’ 
lnorgenics 
7439-95-4 ~MAGNESIUM 150 1 150 1 ug/L 1 S16SB060405-SO-P 1 l/l 1 -- 150 ] NA 1 NA INO1 NTX 
7439-96-5 IMANGANESE 24 24 1 ug/L 1 S16SBO60405-SO-P 1 l/l 1 ___ I 24 1 NA 1 NA 1 NO 1 NTX 

A shaded value indicates that the concentration used for screening exceeds the ctitericm or background value. 
A shaded chemical name indicates that the chemical has been selected as a COC 

Footnotes 

1 Sample and duplicate are counted as two separate samples when determining the 
minimum and maximum detected concentrations. 

2 Values presented are sample-speclc quantiiation limils. 
3 The maximum detected concentration is used for screening purposes. 
4 SPLP analysis was not performed on background samples. 
5 The chemical is selected as a COC if the maximum detected concentration exceeds the risk-based 

COC screening level. 

Associated Samoles: 
S16SBO60405-SO-P 

Definitions: 

C = Carcinogen. 
COC = Chemical of Concern. 
J = Estimated Value. 
N = Noncarcinogen. 
NA = Not Applicable. 

Rationale Codes: 

For Selection as a COC: 
ASL = Above COC Screening Level. 

For Elimination as a COC: 
NTX = No criteria available. 



TABLE 9-12 

SELECTlON OF EXPOSURE PATHWAYS FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

Scenario 
Timeframe 

Medium Exposure 
Medium 

Exposure 
Point 

Receptor 
Population 

Receptor 

Age 

Exposure 
Route 

On-Site/ 
Off-Site 

Type of 
Analysis 

Rationale for Selection or Exclusion 
of Exposure Pathway 

:urrentlFuture Surface Soil Surface Soil 

Air 

Surface Soil 

Surface Soil 

Construction 
Workers 

Full-lime 
Employees 

Trespassers 

Construction 
Workers 

Adult 

Adult 

Adolescents 

Adult 

Ingestion 
Dermal 

Ingestion 
Detmal 

Ingestion 
Oermal 

Inhalation 

On-Site 
On-Site 
On-Site 
On-Site 
On-Sile 
On-Site 

On-site 

Quant Conslruction workers may have contact with surface soil during excavation 

&ant activities. 

Quant Full-time employees may contact surface soil during normal work activities. 

Quant 
Quant Trespassers may be exposed to surface soil while at the site. 

Quant 
None No COCs were identified in surface soil for the inhalation pathway. 

Full-time 
Employees 

Trespassers 

Adult lnhalatron On-site None No COCs were identified in surface soil for the inhalation pathway. 

Adolescents Inhalation On-Site None No COCs were identifii in surface soil for the inhalation pathway. 

Subsurface So11 Subsurface Soil 

Air 

Subsurface Soil 

Subsurface Soil 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Adult Ingestion On-Site &ant Construction workers may have contact with subsurface soil during excavation 
Oermal On-Site Quant activaies. 

Adult Ingestion On-Site None Full-time employees are not exposed to subsurface soil. 
Dermal On-Site None 

Adolescents Ingestion On-Site None Trespassers are not exposed lo subsurface soil. 
Dermal On-Site Norm 

Adult Inhalation On-site Quant Construction workers may be exposed to fugitive dust and volatile 
emissions during construction activities. 

Adult Inhalation On-site None Full-time employees are not exposed to subsurface soil. 

Adolescents inhalation On-Site None Trespassers are not exposed to subsurface soil. 

Future Surface Soil Surface Soil 

Air 

Subsurface Soil Subsurface Soil 

Air 

Surface Soil 

Surface Soil 

Subsurface Soil 

Subsurface Soil 

Residents 

Residents 

Residents 

Residents 

Child 

Adult 

Child 

Adult 

Child 

Adult 

Child 

Adult 

Ingestion 
Oermal 

Ingestion 
DerMl 

Inhalation 

Inhalation 

Ingestion 
Oermal 

Ingestion 
Oermal 

lnhalatron 

lnhalqtron 

On-Site 
On-Site 
On-Site 
On-Site 

On-site 

On-sire 

OnSite 

On-Site 
On-Site 

OnSite 

On-site 

On-site 

Quant Child residents may contact surface soil. 

Duant 
Quam Adult residents may contact surface soil. 

&ant 
Cuant Child residents may be exposed to fugitive dust and volatile emissions 

lrom surface soil. 
Duant Adult residents may be exposed to fugitive dust and volatile emissions 

from surface soil. 
Cluant Child residents may contact subsurface soil that has been brought to the 

Duant surface. 
Quani Adult residents may contact subsurface soil that has been brought to the 
@ant surface. 
Chant Child residents may be exposed to fugitive dust and volatile emissions 

from subsurface soil that has been brought 10 the surface. 
Quant Adult residents may be exposed to fugitive dust and volatile emissions 

from subsurface so11 that has been brought to the surface. 



TABLE 9-12 

Scenario 
Timeframe 

ZurrenVFuture 

Medium 

Groundwater Groundwater 

Exposure 

Medium 

Air 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

NSB-NLON. GROTON, CONNECTICUT 
PAGE 2 OF 2 

Exposure 
Point 

Receptor 
Population 

Receptor 

Age 

Overburden/Bedrock 

Aquifer 
Construction 

Workers 

Full-time 
Employees 

Trespassers 

Residents 

Adult 

Adult 

Adolescents 

Adult 

Child 

Overburden/Bedrock 

Aquifer 

Type of 

I 

Rationale for Selection or Exclusion 

Analysis of Exposure Pathway 

I 

None Construction workers may have dermal contact with groundwater during 
Now 1 excavation activities. Not evaluated . No groundwater samples were collected. 
None Full-time employees are not exposed to groundwater. 
None 1 I 

Trespassers do not have contact with groundwaler. 

Groundwater may be used as a potable water source in the future. 
Not evaluated - No groundwater samples were collected. 
Exposures to a child resident are less than those for an adult resident 

None Construction workers may be exposed to chemicals that have volatilized from 
groundwater during excavation activities. Not evaluated _ No groundwater samples 
coIlacted. 

Norm Full-time employees are not exposed to chemicals volatilizing from 
aroundwater. 

None 

I 

Trespassers do not have contact with site groundwater. 
I 

None lOn-site residents may be exposed to volatile emissions from groundwater I 
while showering. Not evaluated. No groundwater samples collected. 

None Exposures to a child resident are less than those for an adult resident 



TABLE 9-l 3 

EXPOSURE POINT CONCENTRATIONS FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Surface Soil All Soil 
Chemical RME I CTE RME I CTE 

(msn<s) I OWW MWW i (mg/W 
Semivolatile Organic Compounds 

[Benzo(a)pyrene I 0.33 I 0.12 I 0.33 I 0.11 
lnorganics 

I 

Arsenic 8.5 4.0 8.5 4.1 
Manganese 400 173 400 174 
Thallium 1.2 0.61 1.2 0.59 

Notes: 
Less than 10 soil samples were collected; therefore, the maximum detected 
concentration is used for RME and the average detected concentration is 
used for CTE. 



TABLE 9-14 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 16 
REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media ElQOstlrs 
Route 

Cancer 
Risk 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancsr Risks 

Chemicals with 
Cancer Risks 

Hazard 
Index 

Chemicals with 
HI > 1 

Construction Worker 
>104 >10dand5104 >10dand510” 

Surface/Subsurface Soil Ingestion 4.9C07 __ __ __ 0.1 __ 
Dermal Contact 3.5E-06 __ __ __ 0.003 -- 

Full-Time Workers Surface Soil Ingestion 1 3.2E-06 1 
Denal Contact 1 1 .l E-06 1 
Total 1 4.3E-06 1 

__ 
__ 
__ 

I __ I Arsenic I 0.03 I __ 
_- __ I 0.004 I .- 

I __ I Arsenic I 0.03 I _- 

Older Child Trespasser Surface Soil Ingestion 1.7E-06 1 __ _. I Arsenic I 0.04 I -_ 
Dermal Contact 4.6E-07 1 __ __ __ 1 0.004 1 __ 
Total 2.1 E-06 1 __ _- I Arsenic I 0.04 I _- 

Child Resident Surface/Subsurface Soil Ingestion 7.1 E-06 __ __ I Arsenic, Benzo(a)pyrene I 0.3 I __ 
Dermal Contact 6.6E-07 __ _. I __ I 0.01 I __ 
Total 7.6E-06 __ -_ I Arsenic, Senzo(a)pyrene I 0.3 I __ 

Adult Resident Surface/Subsurface Soil Ingestion 1 3.1E-06 
Dermal Contact I 3.7E-07 
Total 1 3.4E-06 

__ 
_- 
__ 

__ 
-_ 
__ 

Arsenic 
__ 

Arsenic 

0.03 I __ 

0.001 I __ 

0.03 I _. 



TABLE 9-15 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 16 
CENTRAL TENDENCY EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNlT REMEDtAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Construction Worker 

Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI> 1 

.104 >10”and<104 > lo* and 5 IO4 
Surface/Subsurface Soil Ingestion 7.5E-06 __ __ __ 0.02 __ 

Dennat Contact 9.9E-10 __ __ __ 0.0901 __ 

Total 7.6E-06 _. __ __ 0.02 ._ 

Full-Time Employees Surface Soil Ingestion 1 1.7E-07 1 _. I ._ __ I 0.007 I _. 

Dermal Contact I 1 .l E-06 I __ __ __ I 0.0002 I __ 
Total 1 1.9E-07 1 __ I _. _. I 0.007 I ._ 

Older Child Trespassers Surface Soil ingestion 1 4.9~~06 1 
Dental Contact I 7.9E-09 1 
Total 1 5.7E-06 1 

__ I ._ I ._ I 0.004 I -_ 
__ __ __ I 0.0003 I __ 
__ I -. I __ I 0.004 I -_ 

Child Resident Surface/Subsurface Soil tngestion 1 5.4E-07 1 __ I __ I __ 1 0.06 1 __ 
Dennal Contact I 2.9E-06 I -_ __ __ I 0.001 I -_ 

Total 1 5.7G07 1 . . I __ I _. I 0.07 I __ 

Adult Resident Surface/Subsurface Soil Ingestion 1 2.OE-07 1 ._ I __ I __ I 0.007 __ 
Denal Contact I 6.5E-09 I -_ __ -. I o.oooo9 __ 

Total 1 2.1E-07 1 __ I __ I __ I 0.007 __ 
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10.0 SITE 8 - GOSS COVE LANDFILL 

10.1 SITE DESCRIPTION 

Goss Cove Landfill (Site 8) is located in the southwestern portion of NSB-NLON, adjacent to the Thames 

River. It is west of Shark Boulevard and the intersection of Crystal Lake Road and Military Highway, east 

of the Thames River, and north of Goss Cove. The site location is depicted on Figure 1-2. Figure 1 O-l 

displays the general site arrangement and historical sampling locations. The Nautilus Museum and a 

paved parking lot were constructed directly over the site of the former landfill. The Nautilus Museum is a 

submarine museum operated by the Navy that is open to the public. A landfill cap is currently being 

installed over the former landfill. 

The IAS Report indicated that a landfill was operated at this site from 1946 through 1957. Incinerator ash 

and inert rubble were disposed at the site, in what was then the northern portion of Goss Cove. It is not 

known if any other materials were disposed in the former landfill. It has been reported that several large 

compressed-gas cylinders were uncovered during the excavation of a utility trench in the parking area 

north of the Nautilus Museum building. One of the cylinders was leaking propane, one was filled with 

ammonia, and the others were empty. 

. 

As part of Phase I, Atlantic personnel reviewed archive photographs of the Goss Cove area that were 

available at the Connecticut State Library (Atlantic, 1992). In a 1934 aerial photograph, the limits of Goss 

Cove appeared to be open water with no evidence of fill. Railroad tracks are shown at their present 

position between the cove and the Thames River. In 1951 aerial photographs, the fill extended 

southward to approximately the location of an access driveway to the museum. The 1965 aerial 

photographs show the landfill extending to the present limit of encroachment on Goss Cove. Aerial 

photographs from 1965, 1970, 1975, and 1980 show cars parked on the landfill surface. In 1986 

photographs, the Nautilus Museum is present on the southern limits of the landfill and a paved parking 

area extends over the remaining limit of the landfill to the north. Construction of the Nautilus Museum 

was completed in 1985. 

Atlantic personnel reviewed boring logs generated during the construction of the Nautilus Museum. The 

boring logs indicated the presence of fill material consisting of cinders, metal, brick, glass, and sand and 

gravel to a depth of 15 feet. Beneath the fill is a layer of organic silt approximately 10 to 15 feet thick. This 

material is presumably the sediment bottom of the former cove. The silt is underlain by fine sand to depths 

ranging from 25 to 100 feet below the surface. The thickness of overburden increases from east to west, 

toward the river. 

120009/P 10-l CT0 0312 



REVISION 1 
AUGUST 2001 

10.2 SITE INVESTIGATIONS 

The details of all investigations, including historical and current, conducted at the Goss Cove Landfill are 

provided in the following subsections. 

10.2.1 Phase I Remedial Investigation (Atlantic, 1992) 

Atlantic Environmental Services, Inc. completed an investigation of 11 sites at NSB-NLON from 1990 

through 1992. Atlantic investigated seven of the 11 sites as Initial Site Inspections (ISIS) and four sites 

under a Phase I RI. The investigation at Goss Cove Landfill was an ISI. 

The Phase I RI field investigation at this site consisted of a soil gas survey, test borings, monitoring well 

installation, and soil, surface water, and groundwater sampling. A soil gas survey was conducted in an 

attempt to locate potential sources of volatile organic contamination. Seven subsurface (3 feet deep) soil 

samples plus one field duplicate were collected from three test borings and four monitoring well borings to 

confirm the soil gas survey results. The soil borings showed the thickness of fill to range from 10 to 

20 feet. Fill materials consisted of sand and gravel with small quantities of brick, glass, sandblast grit, 

ash, wood, and metal. All soil samples were collected from within the landfill material, generally at or 

below the water table. Four overburden monitoring wells were installed within the former landfill and one 

groundwater sample was obtained from each well. One surface water sample was collected in the 

Thames River downstream of the landfill. As a result of the investigation, Atlantic recommended that this 

site proceed to Step I of the IRP and that additional investigations be conducted at the site. 

10.2.2 Phase II Remedial Investigation (B&R Environmental, 1997a) 

B&R Environmental conducted a Phase II RI at 13 sites at NSB-NLON. The Goss Cove Landfill was one 

of the sites included in the investigation. Three rounds of investigation were completed at Goss Cove 

Landfill during the Phase II RI. Five surface (less than 3 feet deep) and four subsurface (greater than 

3 feet deep) soil samples were collected during the installation of six monitoring wells during Round 1 of 

the Phase II RI. In addition, four surface and 11 subsurface soil samples plus two field duplicates were 

collected from 12 test borings during the Round 1 sampling event. Three supplemental surface soil 

samples plus a field duplicate were collected during the Round 3 sampling event. Three shallow and four 

deep monitoring wells were also installed during the Phase II RI. Eleven groundwater samples (plus two 

field duplicates) were collected from the seven new and four previously installed monitoring wells during 

both Rounds 1 and 2. 

Surface water and sediment sampling during the Phase II RI focused on Goss Cove. Five surface water 

samples (plus one field duplicate) and five sediment samples (plus one field duplicate) were collected 
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from the perimeter of the cove. One additional sediment sample was collected from Goss Cove during 

the supplemental ecological sampling round of the Phase II RI. 

Three rounds of air sampling were performed during the Phase II RI. Air samples were collected from 

three locations in or near the Nautilus Museum during Round 1; these locations included the ledge above 

the sump in the boiler room of the museum (8ASl), the museum floor on top of the USS Plunger 

showcase (8AS2), and the top of the rail on the deck outside the museum (8AS3). Samples were 

collected from these same three locations during Round 2. A fourth location, the pipe chase area 

beneath the western end of the museum that leads to the docked Nautilus submarine, was also sampled 

during Round 2 (8AS4). Samples collected during Rounds 1 and 2 were analyzed for TCL VOCs using 

USEPA methodology (Method TO-l). 

A confirmatory third round of air sampling was performed using sampling and analysis methods specified 

by the National Institute for Occupational Safety and Health (NIOSH) since it had been determined that 

these methods may be more appropriate in evaluating the air at the museum. Four air samples plus one 

field duplicate were collected from the same four locations used for air sampling during Round 2. Three 

tubes were used for sample collection at each location; these included two tubes in series (Tl and T2), 

which were filled with coconut charcoal, and a third tube (T3) filled with Anasorb. Tubes Tl and T2 were 

used for the analysis of acetone, toluene, ethylbenzene, methyl chloride, methylene chloride, and 

1 ,l ,l -trichloroethane. Tube T3 was used for the analysis of 2-butanone. Most of these compounds were 

previously detected in sample Rounds 1 and 2, which served as the basis for selection and analysis 

during sample Round 3. 

The Navy initiated additional sampling at the Goss Cove Landfill and Nautilus Memorial Museum (Site 8) 

because of public concern for the possible unacceptable risks at the site reported in the Draft Phase II RI 

Report. The additional sampling was conducted by B&R Environmental in July 1995 and consisted of the 

collection of four soil samples and two rounds of air sampling within and outside the museum. The letter 

report concluded that no unacceptable risks associated with exposure to the air or soil at Goss Cove 

exist. 

The Phase II RI Report recommended that an FS of remedial alternatives be conducted at the Goss Cove 

Landfill site. The report indicated that a phased approach should be used to proceed to the FS. The 

report indicated that sufficient data had been collected for the sediment and surface water media and an 

FS could be completed for these media. Additional investigation of the soil and groundwater was 

recommended to verify the source and extent of the PCE contamination detected in the upgradient wells. 

It was recommended that groundwater be evaluated separately in a base-wide groundwater FS. 

120009/P 1 o-3 CT0 0312 



REVISION 1 
AUGUST 2001 

10.2.3 Data Gap lnvesticration (B&R Environmental, 1997d) 

B&R Environmental conducted a data gap investigation at the Goss Cove Landfill to address the source 

of chlorinated VOC contamination detected in the groundwater of upgradient wells at the site. Borings 

and wells were installed and soil and groundwater samples were collected during the investigation. The 

results of the investigation concluded that chlorinated compounds are migrating onto the site from an 

upgradient off-site source. The upgradient off-site source appears to be Fosconi Cleaners. The DGI 

report states that a fracture system is aligned northwest-southeast and appears to transport 

contamination from the dry cleaners to the monitoring well 8MS838MW8D location. This also evidenced 

by the DGI Figure 2-2 that shows groundwater flow in the shallow system moves from monitoring well 

8MW9S at the dry cleaners site to lower potentiometric heads at monitoring wells 8MWl OS and 8MS8S at 

the gate near the Nautilus Museum. The DGI also indicates that there are numerous utility conduits that 

may contribute to local groundwater flow characteristics. 

The report recommended that further groundwater characterization be completed to address the 

contaminant source. The report also recommended that the upcoming FS for the Goss Cove Landfill 

should be prepared separately from the ongoing upgradient groundwater characterization activities. 

10.2.4 Wetlands Function and Values Assessment (TtNUS, 1998a) 

A Wetlands Function and Values Assessment was completed by Connecticut College for TtNUS in July 

1998 to evaluate if the ecological stress in the Goss Cove water body was a result of natural conditions or 

due to contaminant migration from other NSB-NLON sites. This study evaluated the marginal cove 

vegetation in terms of its ecological functions and values and identified the wetland species associated 

with the fringing belt. A detailed vegetation inventory of the taxa, which included an inventory of all 

species of vascular plants present above mean high tide and an examination of the biota associated with 

the intertidal zone, was undertaken. 

No discrete wetland plant communities were identified. A few wetland species were found. The results of 

this assessment concluded that the contrast between the Thames River and cove side is dramatic due to 

the lack of tidal flushing. Although the tidal range is reflected within the cove, it does not appear 

adequate to aid in supporting a rich viable intertidal algal population and invertebrate biota. This may be 

related to water quality since it appears that estuarine organisms can and have become established in the 

cove in the past but fail to thrive. Although there are tidal fluctuations, the absence of regular tidal 

flushing may concentrate any constituents that may be present. 
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10.2.5 Phase l/II Environmental Site Assessment of Fusconi Dry Cleaners (CTDEP, 1999) 

CTDEP conducted a Phase l/II Environmental Site Assessment of Fusconi Dry Cleaners in July and 

August of 1998. The dry cleaner has operated at a location east and upgradient of the Goss Cove 

Landfill site on the corner of Crystal Lake Road and Military Highway for approximately 50 years. The dry 

cleaner uses tetrachloroethene in its cleaning process. Tetrachloroethene has been detected in the 

groundwater at the Goss Cove Landfill. The purpose of the investigation was to assess the dry cleaner’s 

operation and to determine if a release of tetrachloroethene had occurred on site. 

The assessment involved interviewing the operator of the dry cleaner and collecting medium-specific 

samples. The interview revealed that, historically, it was common practice to dump spent (i.e., used) 

tetrachloroethene out the back door of the facility onto the ground. The dry cleaner now retains the 

services of Safety Kleen to dispose of spent filters and product. A drum of liquid waste in the rear of the 

establishment was damaged and had rainfall overflowing the container. A PID scan of the drum showed 

concentrations of 349 meter units. It was also determined that the building was historically hooked up to 

a septic system and leachfield but currently utilizes municipal sewer. 

Thirteen soil samples, two groundwater samples, and one aqueous drum sample were collected by 

CTDEP during the investigation. The samples were obtained and collected utilizing a 

Geoprobe@/microwell system and analyzed for VOCs. Tetrachloroethene was detected in each of the 

media sampled in nearly all the samples. Several other VOCs were also detected. Soil, groundwater, 

surface water and sediment data were collected as part of the Phase I and II RI investigations at Goss 

Cove. The CTDEP represented these data to show the distribution of chlorinated solvents in the area 

surrounding the Fosconi’s Dry Cleaner site. Although the CTDEP does not directly indicate that the 

detections at the Goss Cove area are from the Fosconi site, the reporting would imply that a relationship 

is possible. 

The results of the investigation conclusively showed that a release of tetrachloroethene occurred at the 

site. This suggests that the dry cleaner is the source of the tetrachloroethene that was detected in the 

downgradient groundwater at the Goss Cove Landfill. Fusconi Dry Cleaners has procured a consultant to 

help them address their environmental concerns. They also voluntarily removed a drum of spent 

tetrachloroethene and completed a soil removal action in the vicinity of the drum. The consultant will also 

perform further investigations to determine the nature and extent of the contamination and produce a 

remedial action plan to address site issues. 
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10.2.6 Evaluation of Chemical and Toxicoloqical Data for Goss Cove (SAIC, 1999) 

The purpose of this study, conducted by Science Applications International Corporation (SAIC) in 1998, 

was to provide the necessary information to reach conclusions regarding the degree and extent of 

ecological risk posed by chemical contamination for Goss Cove. The objectives of the study were to 

establish toxicological response relationships to contaminants in Goss Cove sediments, to describe the 

extent of ecological risks associated with chemical contaminants in Goss Cove sediments, and to identify 

risks for biological effects. Based on data needs, 10 stations were sampled for chemical, toxicological, 

and Toxicity Identification Evaluation (TIE). The TIE involves chemical manipulation of the sediment to 

separate contaminant classes. The TIE employed three manipulations: Cl8 column extraction, 

ethylenediaminetetraacetic acid (EDTA) chelation, and an aeration/ULVA treatment. Ulva is an algae. 

These three steps remove organic compounds, metals, and hydrogen sulfide/ammonia, respectively. 

The results of the study clearly support the conclusion that a complete pathway does not exist between 

site-specific contaminants and observed ecological effects. The likely source of toxicity in one of two 

species where toxicity was observed was ammonia from natural sources. It may be possible to improve 

benthic habitat quality by reducing the hypoxic conditions in the cove, thereby reducing the ammonia 

concentrations that appear to be the cause of the depauperate aquatic community. 

10.2.7 Feasibilitv Studv for Soil Operable Unit (TtNUS, 1999d) 

An FS for the soil and sediment OUs at Goss Cove Landfill (TtNUS, 1999d) was prepared in 1999. 

Additional investigations conducted as part of the FS (SAIC, 1999) showed that the contaminant levels 

detected in the sediment and surface water in Goss Cove did not pose potential adverse risks to human 

health or the environment. Based on these findings, no further action was recommended for these 

media. The two remedial alternatives evaluated in the FS were no action and installation of engineered 

control cap with institutional controls and monitoring. The capping alternative was selected for the Goss 

Cove Landfill and was presented in the Proposed Plan for the site. The Proposed Plan was presented at 

a public meeting in June 1999. The ROD for this site was signed by the Navy and regulators in 

September 1999. 

10.2.8 Biddina Documents for Goss Cove Landfill (TtNUS, 2OOOb) 

TtNUS completed the design of the landfill cap and replacement storm sewer system for the Goss Cove 

Landfill in 2000. The Bidding Documents version of the design was issued by TtNUS in July 2000. The 

package included design drawings and specifications. A total of 43 design drawings were prepared to 

show the necessary details regarding grading, storm drainage, construction details, etc. The 

specifications address pilings, culverts, replacement utilities, grading, and other earth work activities. The 
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document also addresses land use restrictions, site monitoring, and 5-year site reviews. The storm sewer 

and landfill cap are currently being constructed at Goss Cove Landfill by the Navy’s Remedial Action 

Contractor. 

10.2.9 Basewide Groundwater OU RI 

During the BGOURI, only groundwater samples were collected from historical monitoring wells to further 

characterize this site. A summary of the sampling and analytical program is presented in Table 10-l. 

The nine monitoring wells (8MW01, 8MW02S, 8MW02D, 8MW03, 8MW04, 8MW5S, 8MW06S, 8MW06D, 

and 8MW09S) that were sampled are shown on Figure 1 O-l. A field duplicate was also collected from 

monitoring well 8MW06S. The methodology used to complete groundwater sampling was discussed in 

Section 2.3. 

Monitoring well 8MW09S is located upgradient of the Goss Cove Landfill site. The analytical results from 

this well were included in the nature and extent of contamination evaluation provided in this RI but were 

not included in the HHRA evaluation since the contamination within the groundwater at this well location 

is not site related. 

Monitoring wells 8MW8S, 8MW8D, and 8MWlOS were sampled during this RI but were considered 

background wells. Their locations are shown on Figure 10-l. These wells have historically been 

associated with the Goss Cove Landfill. However, similar to 8MW09S, the contamination present in these 

upgradient wells is not considered to be site related. The positive analytical results for samples collected 

from these wells are presented in Table 3-2 and are discussed in the nature and extent of contamination 

section provided below. 

10.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of physical characteristics for the Goss Cove Landfill based on 

information generated during the Phase I and Phase II Rls and the BGOURI. Topography and surface 

features, surface water, soils, geology, and hydrogeology are discussed in the following subsections. 

10.3.1 Surroundinq Topoaraphv and Surface Features 

Figure l-3 shows the topography and surface features at the Goss Cove Landfill. An exposed bedrock 

high is located along the northeastern edge of the landfill. In the most northern portion of the landfill, the 

ground surface has an approximate slope along the bedrock ridge of 50 percent. The slope of the hill is 

steeper in the central part of the landfill. The ground surface across the remainder of the site slopes 

mildly toward the Thames River. 
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The Nautilus Museum and a paved parking lot were constructed directly over the site of the former 

landfill. Railroad tracks are located between the site and the Thames River. Remaining portions of the 

site are grass covered. 

A landfill cap is currently being constructed over the landfill wastes and will result in a final grade that is 

greater in elevation than the pre-construction grade. 

10.3.2 Surface Water Features 

The Goss Cove Landfill is located along the eastern bank of the Thames River. Goss Cove borders the 

site to the south. Historically, several storm sewer pipes transected the site, running east-west, and 

discharged to the Thames River. All drainage from the site flows west and southwest to the Thames 

River and Goss Cove. 

The storm sewers that existed prior to 1999 have been removed or grouted shut. A 4-foot by lo-foot box 

culvert has been installed to replace the three 42-inch corrugated metal storm sewers that conveyed 

upgradient stormwater through the site to the Thames River. A shallow replacement stormwater drainage 

system will also be installed after the landfill cap is completed to collect and transmit stormwater runoff. 

10.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at the Goss Cove Landfill as Rock Outcrop-Hollis. 

This soil is defined as rock outcrop covered by Hollis soil and Urban land. The bedrock outcrop occurs 

along the northeastern border of the site. The overlying Hollis soil is a very dark brown, fine, sandy loam. 

As a result of landfilling activity, Urban land exists across most of the site. 

10.3.4 Geolonv and Hvdroqeology 

This section provides a discussion of the geology and hydrogeology of the Goss Cove Landfill. A 

discussion of the site conceptual model is provided in Section 4.0. Section 4.0 addresses larger scale 

issues and presents additional interpretations of the site. 

The geology of the Goss Cove Landfill generally consists of alluvial deposits overlying metamorphic 

bedrock. Fill overlies the natural geologic materials within the landfill area. The approximate limit of fill is 

shown on Figure 1 O-l. A bedrock hill rises northeast of the site and a cove borders the site to the south. 

The site contains fill materials (primarily sand and graver with miscellaneous rubble) that slightly thicken 
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as the bedrock surface slopes to the southwest toward the Thames River. Across most of the landfill, the 

overburden immediately beneath the fill consists of clayey silt that thickens toward the southwest. 

Beneath the clayey silt, or beneath the fill where the clayey silt is not present, the overburden consists of 

irregular thicknesses of fine to medium sand with intervals that contain gravel and rock fragments. The 

natural materials are mapped as stratified drift of glacial outwash streams (USGS, 1960) but may also be 

modern-day stream deposits. 

The bedrock at the site has been identified as the Mamacoke Formation on the bedrock geologic map 

(USGS, 1967). The bedrock surface was field identified in the northern outcrop area and at monitoring 

well 8MW8D at an elevation of 7.8 feet. The bedrock surface dips steeply southwest toward the Thames 

River. Recent piling activities for the installation of the replacement storm sewer have shown the depth to 

the bedrock surface to be in excess of 100 feet below preconstruction grade. Figures 4-l 6 and 4-l 7 are 

geologic cross sections that include portions of the Goss Cove Landfill. 

Hydrogeology 

Two rounds of groundwater-level measurements were taken in Goss Cove Landfill monitoring wells 

during the BGOURI. The measurements and the associated elevations are summarized in Tables 2-2 

and 2-3 in Section 2.0. The elevations were used in conjunction with water-level elevations from other 

Southern Region sites to create the potentiometric surface maps provided in Section 4.0. Figures 4-12 

and 4-14 show overburden groundwater flow patterns, and Figures 4-13 and 4-15 show bedrock 

groundwater flow patterns. Drawing l-5 shows historic shallow overburden groundwater contours for the 

Goss Cove Landfill. 

During historical and current investigations at this site, groundwater was encountered within both the 

overburden and bedrock. The depth to groundwater averages about 7 feet, and the water table extends 

up into the landfill materials over most of the site. Groundwater flows west and southwest through the 

Goss Cove area toward the Thames River. Manmade (utility conduits) and natural (bedrock fractures) 

occur at this site to impact the direction of groundwater and contaminant flow. There is a downward 

component of flow from the overburden to the bedrock at the 8MW8 well cluster. There was also a 

downward component of flow from the shallow to the deeper overburden for two of the three 

comprehensive water-level measurement rounds at the 8MW2 and 8MW6 well clusters. The downward 

gradient at the 8MW2 cluster and the detection of chlorinated solvents in the deeper well (8MW2D) give 

credence to the argument that the chlorinated solvent occurrence is due to upgradient contamination. 

Contamination is introduced at a shallow upgradient source and a portion goes into the dissolved phase. 

The dissolved phase contamination gets transported deep due to the gradients and is manifested as a 

higher concentration of chlorinated compounds at depth (8MW2D) versus more shallow (8MW2S). Had 

the source of the chlorinated solvent contamination been from a landfill source the shallow well should 
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have a higher concentration than the deeper well. All other volatile organic compounds show 

concentrations greater in 8MW2S versus 8MW2D. The source of these contaminants is likely from the 

landfill itself. 

Based on tidal studies performed at the Lower Subase, it is expected that shallow overburden 

groundwater levels will fluctuate with the tide over most of the area of the Goss Cove Landfill. Based on 

slug test results for the Goss Cove Landfill (Table 4-l), the fill materials appear to be much more 

permeable than the alluvium. The estimated average hydraulic conductivities based on these slug tests 

are 43 ft/day for the fill and 0.4 ft/day for the alluvium. 

An average shallow groundwater hydraulic gradient of .0075 was calculated using the groundwater-level 

measurements/potentiometric surface maps for June and August 2000. Based on the average hydraulic 

conductivity of 43 ft/day, the flow gradient of 0.0075, and an assumed porosity of 0.30, the average 

shallow groundwater flow velocity across Site 8 is 1.1 ft/day. 

10.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of groundwater contamination at Site 8. The 

discussion includes historical data collected during Rounds 1 and 2 of the Phase II RI and groundwater 

data collected during the BGOURI. Groundwater sample locations are shown on Figure 1 O-l. 

10.4-l Previous lnvestiqations 

Soil, overburden groundwater, and bedrock groundwater sampling was conducted at the Goss Cove 

Landfill during the Phase I and Phase II Rls and the Data Gap Investigation. Based upon the results of 

these investigations, the nature and extent of contamination of the soil and groundwater at the Goss Cove 

Landfill are discussed on a matrix-specific basis in the following subsections. A summary of historical 

groundwater analytical data is contained in Appendix D. 

10.4.1 .l Historic Soil Data 

Several VOCs, including three ketones, five monocyclic aromatics, five chlorinated aliphatics, and carbon 

disulfide, were detected in the Goss Cove Landfill soil samples. With the exception of acetone, 

2-butanone, ethylbenzene, PCE, toluene, and total xylenes, VOCs were infrequently detected (i.e., in 

from one to four of 39 samples) in soil samples. Acetone and 2-butanone, which are both common 

laboratory contaminants, were detected at concentrations ranging from 0.053 mg/kg to 23 mg/kg and 

from 0.028 mg/kg to 0.12 mg/kg, respectively. 
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Two of the five detected monocyclic aromatic compounds were present at relatively high concentrations 

in the soil sample collected from a depth interval of 10 to 12 feet from boring 8TB8 (ethylbenzene at 

69 mg/kg, toluene at 15 mg/kg, and total xylenes at 480 mg/kg), which is located in the central portion of 

the site. These results indicate the presence of fuel-related contamination. The maximum detection of 

toluene was found in location 8MW3 at 22 mg/kg. Concentrations of ethylbenzene, toluene, and total 

xylenes increased with depth. PCE was the most frequently detected VOC (15 out of 39 samples). PCE 

was detected at a maximum concentration of 0.086 mg/kg in boring 8SBlOS. Concentrations of VOCs 

were generally higher in soil samples collected at depths greater than 6 feet. It is important to note that 

the highest concentrations of PCE are associated with the Fusconi Dry Cleaner’s site, which is upgradient 

of the Goss Cove Landfill. This dry cleaner is the contributing source of the PCE at soil boring 8SBlOS. 

This source also impacts downgradient groundwater sampling points at Goss Cove. 

Thirty-one SVOCs were detected in the Goss Cove Landfill soil samples. Sixteen of these SVOCs were 

PAHs. Maximum concentrations of eight SVOCs were detected in the soil sample collected from a depth 

interval of 0 to 2 feet bgs from boring 8MW8S (collected just outside the eastern border of the former 

landfill). Maximum concentrations of eight more SVOCs were detected in the soil sample collected from a 

depth interval of 8 to 9 feet bgs from boring 8TB6. PAHs were the most prevalent class of SVOCs and 

were generally detected at the highest concentrations. PAHs were detected in from 22 to 34 samples out 

of 34 samples collected, making PAHs the most frequently detected class of SVOCs. Maximum 

concentrations of PAHs ranged from 7.5 mg/kg [benzo(g,h,i)perylene] to 500 mg/kg (chrysene). 

2,4-Dimethylphenol, 2-methylphenol, 3,3’-dichlorobenzidine, 4-methylphenol, benzoic acid, 

bis(2-ethylhexyl) phthalate, butyl benzyl phthalate, di-n-butyl phthalate, di-n-octyl phthalate, dibenzofuran, 

diethyl phthalate, isophorone, and phenol were also each detected in from one to nine samples. 

Seventeen pesticides and three PCBs were detected in the Goss Cove Landfill soil samples. Maximum 

detected concentrations of five pesticides and two PCBs were found in the soil sample collected at a 

depth interval of 14 to 16 feet from boring 8TB5. 4,4’-DDT, 4,4’-DDD, and 4,4’-DDE were the most 

frequently detected pesticides. 4,4’-DDT and its breakdown products were also detected at higher 

concentrations than other pesticides. The maximum concentrations of the three detected PCBs ranged 

from 0.5 mg/kg (Aroclor 1260) to 33 mg/kg (Aroclor 1254), and the maximum concentrations of 4,4’-DDT 

and its breakdown products were 1.2 mg/kg (4,4’-DDE) and 3.4 mg/kg (4,4’-DDT). Endrin, endrin 

aldehyde, and heptachlor were detected in from 11 to 17 samples collected. The remaining pesticides 

and PCBs were detected in from one to nine soil samples. 

Of the two soil samples collected, OCDD was detected in one sample (8TB5-1416) at a maximum 

concentration of 0.0028 mg/kg in Goss Cove soil samples. 
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Twenty-four metals were detected in the Goss Cove Landfill soil samples. Fourteen of these metals were 

detected in 34 out of 34 soil samples. Maximum concentrations of 12 metals were detected in the soil 

sample collected from a depth interval of 4 to 6 feet but in various different sample locations. Antimony, 

beryllium, cadmium, cobalt, lead, manganese, nickel, vanadium, and zinc were selected in the EDSR 

(TtNUS, 1999~) as COPCs. Antimony, selenium, and thallium were detected the least frequently, in from 

two to five soil samples. 

TCLP extraction followed by analysis for metals was performed for 17 Goss Cove Landfill soil samples. 

Seven metals were detected in TCLP leachates of the soil samples. Barium, cadmium, chromium, and 

lead were detected in eight or more of the leachates (i.e., in from eight to 17 of the 17 leachates). 

Maximum concentrations of arsenic, selenium, and silver were detected in from three to four of the 17 

leachates. Lead was detected at the highest concentration (4.8 mg/L). 

10.4.1.2 Historic Groundwater Data 

Groundwater samples from both overburden and bedrock wells were collected at the Goss Cove Landfill. 

Well 8MW8S was screened at an interval that spans both the overburden and bedrock aquifers. 

Groundwater samples collected from this well are considered to be representative of the overburden 

aquifer for purposes of data evaluation. It is important to note that monitoring wells 8MW8S, 8MW8D, 

8MW9S, and 8MWlOS are upgradient of the Goss Cove Landfill site and are being impacted by a release 

of PCE from the fusconi Dry Cleaner’s site. Appendix D presents descriptive statistics (i.e., frequency of 

detection, minimum and maximum concentrations, range of detection limits for nondetects, 95% UCL, 

and sample number and location associated with maximum concentration) and associated COPC 

screening criteria for each analyte detected at least once in groundwater samples collected from 

overburden wells at the Goss Cove Landfill. 

Overburden Groundwater Data 

Fifteen VOCs, including four monocyclic aromatics, seven chlorinated aliphatics, three ketones, and 

carbon disulfide, were detected in the groundwater samples collected from overburden wells. The 

reported concentrations of most of these VOCs were relatively low, ranging from 1 ug/L to 12 ug/L. 

However, reported maximum concentrations of the fuel-related monocyclic aromatics (ethylbenzene, 

toluene, and total xylenes) ranged from 120 ug/L (ethylbenzene) to 610 ug/L (total xylenes). Benzene, 

ethylbenzene, and total xylenes were the most frequently detected VOCs (detected in from eight to 16 out 

of 27 groundwater samples). Additionally, the maximum reported concentrations for acetone and 

4-methyl-2-pentanone were also relatively high (700 and 200 ug/L, respectively) but these VOCs were 

only detected in from one to three of 27 samples. PCE was detected in 11 of 27 samples at a maximum 

concentration of 120 ug/L in well 8MW8S (which is located northwest and downgradient of the dry 
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cleaners). The maximum concentrations of 1,2-dichloroethene (total), 4-methyl-2-pentanone, acetone, 

benzene, ethylbenzene, toluene, and total xylenes were associated with groundwater samples collected 

from this well. 

As shown in Appendix D, 30 SVOCs were detected in the groundwater samples collected from Goss 

Cove Landfill overburden wells. Various classes of SVOCs, including substituted phenols, PAHs, and 

phthalates, as well as benzoic acid, carbazole, dibenzofuran, 4-bromophenyl ether, and 

n-nitrosodiphenylamine, were detected. In general, SVOCs were infrequently detected at relatively low 

concentrations. With the exception of PAHs, 2,4-dimethylphenol, and 2-methylnaphthalene, the 

remaining SVOCs were detected in from one to eight samples. Concentrations of all but five SVOCs 

[2,4-dimethylphenol, 2-methylphenol, 4-methylphenol, bis(2-ethylhexyl) phthalate, and naphthalene] 

ranged from 0.5 ug/L to 26 ug/L. The concentrations of the other five SVOCs ranged from 0.6 ug/L to 

500 ug/L. Maximum concentrations of 19 of the 25 SVOCs were associated with groundwater samples 

collected from well 8MW3. 

Twenty-four metals were detected in the unfiltered groundwater samples collected from the Goss Cove 

Landfill overburden wells, and 20 metals were detected in the associated filtered groundwater samples. 

In general, reported concentrations of metals in filtered and unfiltered samples were relatively similar (i.e., 

at the same order of magnitude). Exceptions to this statement include reported results for copper; the 

maximum concentration reported for this metal in unfiltered groundwater samples was approximately 80 

times larger than the maximum concentration reported for the filtered groundwater samples. A majority of 

the maximum concentrations were associated with samples collected from well 8MW7S. 

Radionuclide analyses (gross alpha and gross beta) were performed for groundwater samples collected 

from six overburden wells during the Phase I RI. Complete gamma spectrum analysis was performed on 

three samples and gross alpha and gross beta analyses were performed on seven groundwater samples 

collected from overburden wells during the Phase II RI. Based on the levels of uncertainty reported with the 

results (i.e., uncertainty levels are greater than results themselves), gross alpha levels in groundwater 

samples collected from all overburden wells except 8MWl (Phase I result) and 8MW4 (Phase II Round 2 

results) are considered to be not detected. Gross alpha was positively detected at concentrations of 

28.9 pCi/L, (Phase I) and 21 pCi/L (Phase II Round 2) in samples from overburden wells 8MWl and 8MW4, 

respectively. Gross beta was detected in groundwater samples from Goss Cove Landfill overburden wells 

at concentrations ranging from 21.7 pCi/L to 170 pCi/L. 

The only radionuclide identified by complete gamma spectrum analysis was naturally occurring 

potassium-40. Based on the levels of uncertainty reported with the results, potassium-40 is considered to 

be not detected in the groundwater samples collected from well 8MW4 during Rounds 1 and 2 of the 
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Phase II RI. Potassium-40 was positively detected at concentrations of 130 pCi/L and 160 pCi/L in the 

field duplicate pair collected from well 8MWl during Round 2 of the Phase II RI. 

Bedrock Groundwater Data 

All bedrock monitoring wells were completed upgradient of the limits of the Goss Cove Landfill. 

Therefore, the source of detected compounds in bedrock monitoring wells is not attributable to the landfill 

materials. Seven VOCs, including one monocyclic aromatic, three chlorinated aliphatics, two ketones, 

and carbon disulfide, were detected in from one to two of the eight groundwater samples collected from 

Goss Cove Landfill bedrock wells. The only exception was PCE, which was detected in all eight samples 

that were collected. Total xylenes was detected at a concentration of 58 ug/L. 1,2-Dichloroethene (total) 

and TCE were detected at maximum concentrations of 1 and 25 ug/L, respectively. Maximum 

concentrations of acetone and 2-hexanone were 220 and 49 ug/L, respectively. Concentrations of PCE 

ranged from 120 to 5,600 pg/L. Maximum concentrations of all the VOCs were found in groundwater 

samples collected from well 8MW8D. Unlike the groundwater samples collected from the Goss Cove 

overburden wells, monocyclic aromatics were not detected at significant concentrations in groundwater 

samples from the Goss Cove Landfill bedrock wells. 

Only three SVOCs [benzoic acid, bis(2-ethylhexyl) phthalate, and phenol] were detected in groundwater 

samples from Goss Cove Landfill bedrock. These compounds were only detected each in one out of two 

samples collected, with the maxima all occurring in well 8MW8D. The maximum detected concentrations 

for these SVOCs ranged from 0.8 to 17 ug/L. 

Eighteen metals were detected in the unfiltered groundwater samples collected from the Goss Cove 

Landfill bedrock wells, and 10 metals were detected in the associated filtered groundwater samples. 

Reported concentrations of metals in filtered and unfiltered samples were relatively similar (i.e., at the 

same order of magnitude). Exceptions to this statement include reported results for copper and iron; 

maximum concentrations reported for each of these metals in unfiltered groundwater samples from 

bedrock wells were from approximately 17 to 190 times the maximum concentrations reported for the 

respective filtered groundwater samples. Unlike the overburden groundwater samples, the majority of 

maximum concentrations of the detected metals were below respective concentrations of these metals 

detected in unfiltered samples collected from off-site residential wells. The only exceptions were 

aluminum in unfiltered samples, arsenic in unfiltered samples, chromium in unfiltered samples, cobalt in 

unfiltered samples, magnesium in unfiltered and filtered samples, and vanadium in unfiltered samples. 

Maximum concentrations of metals detected in groundwater samples from bedrock wells were less than 

maximum concentrations of respective metals detected in groundwater samples from overburden wells. 
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10.4.2 Basewide Groundwater OU RI 

A summary of the BGOURI sampling and analytical program for Site 8 is presented in Table 1 O-l. A 

complete summary of the Site 8 analytical data set is provided in Appendix B. Table 10-2 presents a 

summary of positive groundwater analytical results for Site 8. 

As part of the HHRA, descriptive statistics (i.e., frequency of detections, minimum and maximum 

concentrations, range of detection limits, and the associated sample numbers) and the COPC screening 

criteria for each analyte detected at least once in groundwater at the Goss Cove Landfill were tabulated. 

Analytical results for groundwater are summarized and screened in Tables 10-4 and 10-5. Different 

exposure scenarios (i.e., direct exposure and migration) are considered in each table. Tag maps of the 

chemicals determined to be COPCs based on the screening assessment were created to show the 

horizontal extent of contamination. Figure 10-2 shows COPCs that exceeded direct exposure or 

migration screening criteria. The analytical detection limit for a COPC is presented on the tag maps if the 

COPC was not detected in a sample. 

Nine VOCs were detected in the eight groundwater samples collected from the overburden aquifer. The 

following VOCs were detected at concentrations in excess of their respective screening criteria: benzene, 

cis-1,2-dichloroethene, m- and p-xylenes, PCE, TCE, vinyl chloride, total xylenes. The source of the PCE 

and its degradation compounds (TCE, cis-1,2-dichloroethene, vinyl chloride) is the Fusconi Dry Cleaners 

site, located upgradient of the Goss Cove Landfill. Soil data from the Goss Cove Landfill suggest that the 

source of the fuel hydrocarbons (benzene, toluene, xylenes) is the Goss Cove Landfill. 

Benzene was detected in one sample (8MW2S) at a concentration of 2 ug/L, which exceeded the 

risk-based screening criterion of 0.35 us/L. During previous investigations, benzene was also detected at 

a concentration of 2 J ug/L at 8MW2S. M- and p-xylenes were detected in five of eight samples at 

concentrations ranging from 1 to 284 ug/L (8MW3). Total xylenes were also detected in five of eight 

samples at concentrations ranging from 5 to 454 ug/L (8MW3). During previous investigations, total 

xylenes were detected at concentrations ranging from 2 J to 610 ug/L (8MW3). Only the sample from 

8MW03 had m- and p-xylenes (284 ug/L) and total xylenes (454 ug/L) in excess of the screening criterion 

for total xylenes (140 us/L). Monitoring well 8MW3 is located on the downgradient side of the site. This 

well is bounded by wells cross-gradient, upgradient, and vertically with lower xylene concentrations. The 

distribution of soil and groundwater data implies that the source of the xylene is a source within the 

landfill. 

PCE was detected in monitoring well 8MW2D at a concentration of 31 ug/L. During previous 

investigations, PCE was detected at a concentration of 5 J ug/L in monitoring well 8MW2D. Well 8MW2D 

is screened beneath an organic silt layer and is the downgradient well for this zone in the central portion 
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of Goss Cove. PCE was also detected in all four upgradient bedrock wells at concentrations ranging from 

619 ug/L to 1,900 ug/L. TCE was also detected in monitoring well 8MW2D at a concentration of 25 ug/L. 

During previous investigations, TCE was detected at a concentration of 8 J ug/L at monitoring well 

8MW2D. TCE was detected in three of four upgradient bedrock wells at concentrations ranging from 

1 ug/L to 25 ug/L. It is likely that the origin and extent of this compound are the same as PCE since TCE 

is a degradation product of PCE. cis-1,2-Dichloroethene, which is a degradation product of TCE, was 

also detected in monitoring well 8MW2D at a concentration of 25 ug/L. Vinyl chloride was detected in 

monitoring well 8MW2D at a concentration of 1 us/L. During previous investigations, vinyl chloride was 

not detected at 8MW2D. The detection of vinyl chloride in this well is likely the result that 

cis-1,2-dichloroethene is biodegrading at this location. 

The VOC data for the Goss Cove Landfill site indicate that the groundwater contamination issues are 

originating from two distinct sources: the chlorinated solvents from an upgradient source and the fuel 

hydrocarbons from the landfill. The fuel hydrocarbons are restricted to a fairly small area in the proximity 

of well cluster 8MW2S/D and monitoring well 8MW3. The downgradient limits of all COPCs were not 

determined during this RI. The tidal influence could be acting to disperse and dilute contaminant 

concentrations in the groundwater in proximity to the Thames River. 

Numerous SVOCs were detected in groundwater at the Goss Cove Landfill site during the BGOURI at 

concentrations in excess of their respective screening criteria: 1 -methylnaphthalene, 2,4-dimethylphenol, 

2-methylnaphthalene, 4-methylphenol, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, indeno( 1,2,3-cd)pyrene, 

naphthalene, and phenanthrene. The highest concentration of any SVOC in groundwater samples was 

2,4-dimethylphenol at a concentration of 240 ug/L in monitoring well 8MW3. No other compound had a 

concentration in excess of 100 ug/L, and the majority of SVOC compounds had concentrations below 

2 us/L. 

1 -Methylnaphthalene was detected in three of eight samples at concentrations ranging from 1.3 ug/L 

(8MW4) to 19 ug/L (8MW3). All these detections were from monitoring wells located near the center of 

the landfill. 1 -Methylnaphthalene was not detected in groundwater samples collected during the previous 

investigations. 

2-Methylnaphthalene was detected in three of eight samples at concentrations ranging from 0.82 pg/L 

(8MW4) to 15 J ug/L (8MW3). The detections are limited to the southern portion of the museum parking 

lot in the shallow groundwater zone. 2-Methylnaphthalene was detected at concentrations ranging from 

1 J ug/L (8MW4) to 12 J ug/L (8MW3) during the previous investigations. 
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2,4-Dimethylphenol was detected at concentrations of 14 ug/L (8MW2S) and 240 ug/L (8MW3). 

4-Methylphenol was detected at 6 ug/L and 27 ug/L in the same wells. During previous investigations, 

2,4-dimethylphenol was detected at concentrations of 200 ug/L and 320 ug/L at wells 8MW2S and 8MW3, 

respectively. 4-Methylphenol was detected at 500 ug/L and 340 ug/L in the same wells during previous 

investigations. 

Acenaphthene was detected in four of eight samples at concentrations ranging from 0.85 ug/L (8MW6S) 

to 7.9 ug/L (8MW3). During the previous investigations, acenaphthene was detected at a concentration 

of 2 J ug/L at 8MW6S and was not detected at 8MW3. These concentrations were detected in shallow 

monitoring wells in the central portion of the landfill. The northern limit of this compound is well 8MWl 

(i.e., acenaphthene was not detected). The southern limit was not defined during this RI. 

Benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene had similar distributions across the site. 

In general, these compounds were detected in all shallow monitoring wells and in deep well 8MW6D. In 

monitoring well 8MW6S, benzo(a) anthracene was the only one of these three compounds to be 

detected. Only benzo(b)fluoranthene was detected above 1 ug/L, and all other detections were below 

1 us/L. During previous investigations, these compounds were detected sporadically at low 

concentrations (less than 4 ug/L) in the shallow wells and were not detected in the deep wells. 

Benzo(k)fluoranthene was detected in five of eight samples at concentrations ranging from 0.05 ug/L 

(8MW4) to 1.1 ug/L (8MW3). During previous investigations, benzo(k)fluoranthene was not detected at 

8MW4 and was detected at a concentration of 5 J ug/L at 8MW3. The positive detections of this 

compound were sporadic across the site, with no trend or pattern. 

Dibenzo(a,h)anthracene was detected in three of eight samples at concentrations ranging from 0.06 ug/L 

(8MW6) to 0.46 ug/L (8MW3). During previous investigations, dibenzo(a,h)anthracene was not detected 

at wells 8MW6 and 8MW3. The occurrences of this compound were limited to the central area of the 

landfill. 

Indeno(l,2,3-cd)pyrene was detected in six of eight samples at concentrations ranging from 0.02 ug/L 

(8MWl) to 1.4 ug/L (8MW3). Indeno(l,2,3,-cd)pyrene was detected throughout the site within the shallow 

and deep wells. During previous investigations, indeno(l,2,3-cd)pyrene was not detected at 8MWl and 

was detected at a concentration of 4 J ug/L at 8MW3. 

Naphthalene was detected in four of eight samples at concentrations ranging from 1.5 to 56 ug/L (8MW3). 

Similar to many of the SVOCs, naphthalene was detected in the central portion of the landfill. During the 

120009/P 10-17 CT0 0312 



REVISION 1 
AUGUST 2001 

previous investigations, naphthalene was detected at concentrations ranging from 2 J ug/L to 62 pg/L 

(8MW3). 

Phenanthrene was detected in all eight samples at concentrations ranging from 0.03 ug/L (8MWl) to 11 

(8MW3) us/L. The detections indicate that the highest concentrations of phenanthrene are found in 

proximity to the new storm sewer. During previous investigations, phenanthrene was detected at 

concentrations of 3 J ug/L and 14 J ug/L at wells 8MWl and 8MW3, respectively. 

The SVOC data indicate that low levels of these compounds have impacted the groundwater. The low 

concentrations suggest sources in the landfill waste are contributing low mass fluxes of contaminants to 

the groundwater. The central portion of the landfill shows the greatest concentration of groundwater 

svoc COPCS. 

Antimony, arsenic, barium, chromium, lead, and zinc concentrations were detected above background 

concentrations and exceeded either the direct contact screening criteria or the migration pathway criteria. 

Antimony was only detected in the sample from well 8MW2S at a concentration of 10.4 ug/L. This 

detection is likely from a source within the landfill because upgradient background concentrations were 

lower. Since this well is a downgradient well, no other wells bound the antimony detection. 

Arsenic was detected in six of eight samples, with concentrations ranging from 2.3 ug/L to 14.5 ug/L. 

Arsenic was not detected in monitoring wells 8MWlS and 8MW5S which are located at the northern end 

of the site, and in monitoring well 8MW9S, which is located upgradient of the landfill. The highest 

concentration of 14.5 ug/L was detected in well 8MW2D. This well is screened in a deeper sand unit. 

During previous investigations, arsenic was also not detected at monitoring wells 8MWlS and 8MW5S, 

and the highest concentration of 29.8 J ug/L was detected in well 8MW2D. 

Barium was detected in seven of eight samples at concentrations ranging from 43.9 to 1,180 ug/L 

(8MW4). Barium was not detected in well 8MW5S, which is the northernmost monitoring well at the site, 

and well 8MW9S, which is upgradient of the site. Concentrations of barium are highest in the shallow fill 

zone and decrease toward the north with depth (i.e., below the organic silt), suggesting the barium is from 

fill material at the landfill. During previous investigations, barium was detected at concentrations ranging 

from 38 J ug/L to 1,340 J ug/L (8MW4). Barium was not detected in well 8MW5S during the previous 

investigations. 

Chromium was detected in four of eight samples at concentrations ranging from 7.6 to 50.5 ug/L. 

Chromium was detected. in monitoring wells 8MW2S, 8MW2D, 8MW4, and 8MW6. Monitoring well 

8MW2S had the highest chromium concentration, 50.5 ug/L. This concentration is essentially equal to 
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the direct contact exposure criterion of 50 us/L. No other samples exceeded the criterion. During 

previous investigations, chromium concentrations ranged from 1.1 to 221 ug/L (8MW7S), and chromium 

was detected at a concentration of 8.9 ug/L in 8MW2S. Concentrations of chromium are highest in the 

shallow fill zone and decrease toward the northern portion and with depth (i.e., below the organic silt), 

suggesting that the chromium contamination is from fill materials in the landfill. 

Lead was detected in three of eight samples at concentrations ranging from 2.5 to 53.1 ug/L. The 

detected concentrations of lead in monitoring wells 8MW4 and 8MW2S exceeded the screening criteria. 

During previous investigations, lead was detected at concentrations of 3.6 J and 98 ug/L in wells 8MW4 

and 8MW2S, respectively. Detected lead concentrations for all monltoring wells ranged from 1.1 to 

1,600 J pg/L (8MW7S) during the previous investigations. Concentrations of lead are highest in the 

shallow fill and decrease toward the north and with depth (i.e., below the organic silt), suggesting that the 

lead contamination is from: fill materials in the landfill. 

Zinc was detected in two of eight samples at concentrations ranging from 63.5 pg/L (8MW4) to 170 pg/L 

(8MW2S). These wells are located in the shallow fill. Concentrations of zinc decrease with depth, 

suggesting a source of zinc within the landfill. During previous investigations, zinc was detected at 

concentrations of 61.2 and 179 pg/L in wells 8MW4 and 8MW2S, respectively. 

10.5 CONTAMINANT FATE AND TRANSPORT 

10.5.1 Contaminant Fate and Transport Processes 

Five classes of chemicals were detected in Site 8 groundwater during the BGOURI: monocyclic 

aromatics, halogenated aliphatics, phenols, PAHs, and metals. These classes, in general, correspond 

with. those detected in the Phase II RI (B&R Environmental, 1997a) except that phthalate esters were 

detected in the Phase II RI but were not detected during the BGOURI. 

Monocyclic Aromatic Compounds 

Fuel-related monocyclic aromatic compounds (i.e., benzene, ethylbenzene, toluene, and xylenes) were 

detected in shallow and deep groundwater samples in the Phase II RI and the BGOURI at similar 

concentrations. The maximum concentrations of these compounds occurred at the same location 

(8MW03) in both investigations. Monocyclic aromatic compounds are not considered to be persistent in 

the environment, particularly in comparison to chemicals such as PCBs and pesticides. They may 

migrate through the soil column when solubilized by infiltrating precipitation. Some portion of these 

chemicals is retained by the soil, but most of them will continue migrating downward until they reach the 
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water table. Bioconcentration in aquatic animals is not expected to be significant for monocyclic 

aromatics. They are subject to degradation via the action of both soil and aquatic microorganisms. 

In the event that these cbmpounds discharge to surface water bodies, volatilization and biodegradation 

may occur relatively rapidly. This fact is important at Site 8 because the Thames River is the eventual 

discharge point for groundwater at the site. Additional environmental degradation processes, such as 

hydrolysis and photolysis, are considered to be insignificant fate mechanisms for monocyclic aromatics in 

aquatic systems. 

Halogenated Aliphatics 

Several halogenated aliphatics (tran-1,2-DCE, cis-1,2-DCE, PCE, TCE, and vinyl chldride) have been 

detected in groundwater samples from Site 8. The concentrations of PCE were much greater than the 

other halogenated aliphatics both in the Phase II RI (3,700 US/L) and BGOURI of 2000 (1,440 pg/L) at the 

same location (i.e., monitoring well 8MW09, which is located adjacent to Fusconi Dry Cleaners). PCE 

was also detected in surface and subsurface soil in the Phase II RI at relatively tow concentrations (1 to 

28 IS/kg), with the highest concentration occurring in subsurface soil. An investigation conducted by the 

CTDEP (1999) showed that Fusconi Dry Cleaners has had a considerable release of PCE. A northwest- 

southeast fracture in the bedrock was mapped in the Mamacoke Formation outcrop near Fusconi’s Dry 

Cleaners (TtNUS, 1997d). Also near Fusconi’s Dry Cleaners, bedrock monitoring well 8MW9S and 

several soil borings have been shown to contain significant source area concentrations of PCE (CTDEP, 

1999). The groundwater flow direction is toward the Thames River from Fusconi’s Dry Cleaners. PCE- 

contaminated groundwater would likely be transported along the bedrock fracture zone toward the 

entrance to the Goss Cove landfill. PCE-contaminated bedrock monitoring well cluster 8MW8S/D and 

PCE-contaminated bedrock monitoring well 8MW10S are northwest of the Fusconi facility. As PCE- 

contaminated groundwater flows along the bedrock fracture and with gradient, a trench in the bedrock is 

encountered in association with NSB-NLON stormwater system. The trench for the stormwater system 

was blasted through the saturated Mamacoke Formation bedrock and through the associated fractures. 

The intersection of the bedrock fractures and the stormwater system create a preferential pathway for the 

flow of PCE-contaminated groundwater. The flow of PCE along this pathway is manifested in PCE- 

contaminated downgradient monitoring well 8MW2D. 

Halogenated aliphatic hydrocarbons such as PCE are relatively water soluble and have a low capacity for 

retention by soil organic carbon. Therefore, PCE is frequently detected in groundwater. Halogenated 

aliphatics may migrate through the soil column after being released by a spill event or by a subsurface 

release when solubilized by infiltrating precipitation. Some portion of halogenated aliphatics may be 

retained by the soil, but most of the chemical will continue migrating downward until it reaches the water 

table. The Nautilus Museum and a paved parking lot have been constructed over the site of the former 
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landfill. These would serve to retard vertical contamination of environmentally mobile compounds by 

preventing infiltration of rainwater. After reaching the water table, migration is primarily lateral with the 

hydraulic gradient. The analytical data from the historic investigations show that Fusconi Dry Cleaners 

acts as the upgradient source of contamination. Halogenated aliphatics were found in the deep and 

shallow soil samples collected during the Phase II RI field investigation and also in the overburden and 

bedrock groundwater, confirming the occurrence of contaminant transport from the site. Halogenated 

aliphatics can migrate to surface water and sediment, but attenuation and dilution factors, such as 

volatilization, generally result in its rapid decrease in concentration. 

PCE and TCE are susceptible to degradation and the intermediate biodegradation products are 

cis-1,2-DCE and vinyl chloride. It appears that degradation is occurring in the groundwater at Site 8 since 

typical degradation products of PCE (i.e., TCE, 1,2-DCE, and vinyl chloride) have been detected in the 

groundwater. The data indicate that degradation is occurring over time because two potential 

degradation products (TCE, 1,2-DCE) were detected in the Phase II RI and three products (TCE, 

1,2-DCE, and vinyl chloride) were found in groundwater samples collected in the BGOURI. 

Phenols 

Several phenols (2-methylphenol, 4-methylphenol, and 2,4-dimetnylphenol) were detected in groundwater 

at the site, mainly in the sample from well 8MW03. These compounds were also detected in the same 

well in the Phase II RI at similar concentrations. Based on their water solubility and K,, values, 

methylphenols are expected to have moderate to high mobility in the environment. In water, 

methylphenols may adsorb to suspended solids and sediment in the water column based upon the K,, 

values, but not to the extent of chemicals such as PAHs and phthalates. In surface water, methylphenols 

are expected to biodegrade rapidly. Volatilization from water surfaces is expected to occur based upon 

these compounds’ Henry’s Law constants. Estimated volatilization half-lives for 4-methylphenol in a 

model river and model lake are 38 and 281 days, respectively. Photolysis in surface water may be an 

important fate process for methylphenols based on reported photolysis half-lives. Methylphenols are not 

expected to undergo hydrolysis. Estimated BCFs of these phenols range from 16 to 75, suggesting that 

the potential for bioconcentration in aquatic organisms is low. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

Both low-molecular-weight and high-molecular-weight PAHs were detected in groundwater samples 

collected at Site 8 during the Phase II RI and BGOURI. The PAHs were detected at greater frequencies 

in the BGOURI, but this is likely because lower detection limits were used in the more recent 

investigation. PAHs are generally considered to be fairly immobile in the environment. As noted in 

Section 3.3, PAHs have very low solubilities, vapor pressures, and Henry’s Law constants and high K,,, 
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and K,,,. The low-molecular-weight PAHs (e.g., acenaphthene, anthracene, fluorene, phenanthrene) are 

more mobile (higher solubilities, etc.) than the high-molecular-weight PAHs [e.g., benzo(a)pyrene, 

benzo(a)anthracene, chrysene, etc.]. PAHs in soil are much more likely to bind to soil and be transported 

via mass transport mechanisms than go into solution. PAHs can be degraded via aerobic bacteria but 

may be relatively persistent in the absence of microbial population or macronutrients such as 

phosphorous and nitrogen. 

PAHs have very low water solubilities and generally do not enter into solution. However, the 

concentrations of the high-molecular-weight PAHs detected in groundwater exceed the published 

solubilities for these compounds (see Table 3-5). Although it would seem likely that these PAH 

concentrations are the result of the adherence of PAHs to the soil particles present in the groundwater 

(i.e., samples with high turbidity), the comparison of TSS and TDS data to PAH concentrations does not 

support this conclusion. 

Metals 

Sixteen metals were detected in shallow and deep groundwater samples at the site. As noted in Section 

3.3, metals are highly persistent environmental contaminants. They do not biodegrade, photolyze, 

hydrolyze, etc. The major fate mechanisms for metals are adsorption to the soil matrix (as compared to 

being part of the soil structure) and bioaccumulation. In addition, under normal conditions, metals are not 

very mobile in the environment. Because metals frequently remain bound to particulate matter, the major 

transport mechanism for metals is bulk movement processes (erosion). However, metals can become 

mobile in the environment under certain conditions. The mobility of metals is influenced primarily by their 

physical or chemical properties in conjunction with the physical and chemical properties of the soil matrix. 

Factors that assist in predicting the mobility of metals are the soil/pore water pH, REDOX potential, and 

cation exchange capacity. The mobility of metals generally increases with decreasing soil pH and cation 

exchange capacity. The effect of REDOX potential varies for each metal. Groundwater samples 

collected from 8MW5S were analyzed for total metals and dissolved metals. A comparison of the total 

and dissolved concentrations indicates that there was little difference in the total and dissolved 

concentrations for these metals, with the possible exception of sodium (unfiltered = 9,290 mg/L; filtered = 

4,770 mg/L). These data indicate the metals detected at this sampling location are more likely to be in 

the dissolved phase rather than bound to particulate matter. 

The specific metals of concern in Site 8 groundwater include arsenic, lead and zinc. Groundwater pH 

values at Site 8 range from mildly acidic (5.37) in a shallow well on the eat side to mildly basic (8.72) on 

the western edge of the landfill. Groundwater REDOX conditions, measured by platinum electrode 

potentials, range from slightly oxidizing (+140 mV) on the east side to strongly reducing (-430 mV) in a 

deep well on the western edge of the landfill. It is apparent that the presence of the landfill impacts the 
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REDOX environment in the groundwater. In addition, the landfill and proximity to the Thames River 

probably influence groundwater pH. 

Lead and zinc transport in this groundwater environment is dominated by the cationic nature of the 

metals. Transport is retarded by exchange reactions with aquifer solids. Although the reducing 

groundwater environment beneath the landfill does not impact the charge on the dissolved lead and zinc, 

their transport is indirectly impacted as iron and manganese oxyhydroxide coatings dissolve and surface 

exchange and sorption sites disappear. Transport retardation by exchange will be limited to reactions 

with fixed charge exchangers (e.g., certain clay minerals). Alternatively, lead and zinc transport may be 

retarded as they are precipitated as insoluble sulfide minerals. 

Arsenic speciation is directly impacted by the REDOX conditions with arsenic (V) reduced to arsenic (III). 

Arsenic (Ill) will be mobile in the ambient environment because the predominant species is a neutral 

molecule and because potential sorption sites (e.g., iron oxyhydroxides) are dissolving. 

Capping the Site 8 Landfill will limit infiltration and generation of additional reduced leachate to the 

groundwater. Subsequent influx of more oxidizing groundwater from upgradient may slowly raise the 

ambient REDOX conditions in the aquifer beneath the landfill. More oxidizing conditions may mobilize 

lead and zinc from sulfide minerals but would also precipitate iron oxyhydroxides thereby increasing 

retardation by exchange and sorption mechanisms. Additional iron oxyhydroxide precipitates would also 

tend to retard arsenic transport. 

10.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific risk assessment for the identified exposure scenarios for Site 8. 

The risk assessment methodology was described in Section 3.4, and detailed calculations including 

RAGS Part D tables are presented in Appendix C. A summary of previous risk assessments for the site is 

also presented. 

As part of the remediation of the soil OU at Goss Cove Landfill, an engineered cap is currently being 

constructed over the former landfill. The cap is designed to reduce infiltration through the waste and to 

eliminate direct exposure to soil. Land use restrictions have also been put into place to limit future use of 

the site. 

10.6.1 Data Evaluation 

COPCs were identified for Site 8 using the risk-based screening levels, as discussed in Section 3.4.1. 

Table 10-3 summarizes the COPCs retained for Site 8. .A discussion of direct contact exposure COPCs 
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(i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COPCs is provided below. Additional COPCs are identified on chemical 

migration tendencies: migration of groundwater to surface water and migration of volatiles from 

groundwater through building foundations into indoor air. These additional COPCs are not quantitatively 

evaluated in the HHRA because they are not considered to be significant contributors to the direct contact 

exposure pathways identified for potential human receptors. 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 10-4. The maximum detected concentrations of the following 

chemicals in groundwater exceeded the direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

. VOCs-benzene, cis-1,2-dichloroethene, tetrachloroethene, TCE, vinyl chloride, and total xylenes. 

l SVOCs-1 -methylnaphthalene, 2-methylnaphthalene, 2,4-dimethylphenol, 4-methylphenol, 

benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenz(a,h)anthracene, indeno(l,2,3-cd)pyrene, and naphthalene. 

. Metals-antimony, arsenic, barium, chromium, and lead. 

The maximum detected concentration of manganese exceeded its USEPA Region IX PRG but was within 

background levels; consequently, manganese was not retained as a COPC. 

A comparison of the maximum detected concentrations in groundwater to migration criteria is presented in 

Table 10-5. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria for protection of migration to surface water: 

. VOCs-tetrachloroethene. 

l SVOCs-acenaphthene, benz(a)anthracene, 

benzo(k)fluoranthene, and phenanthrene. 

. Metals-arsenic, lead, and zinc. 

benzo(a)pyrene, benzo(b)fluoranthene, 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

groundwater to indoor air. 
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10.6.2 Exposure Assessment 

Only groundwater samples were collected during the current investigation; consequently, only exposures 

to groundwater were evaluated in the HHRA for Site 8. Construction workers were the only receptors 

identified for exposure to groundwater. Construction workers could come into contact with groundwater 

while excavating building foundations. In such an instance, construction workers could be exposed to the 

groundwater via dermal contact. Exposure assumptions for construction workers were presented in 

Table 3-l 4. Potential exposure pathways are summarized in Table 1 O-6. 

A remedial action is currently being conducted for the soil OU at Site 8. The main components of the 

remedial action are the installation of an engineered landfill cup and institutional controls which will 

prohibit residential usage of the site. 

As discussed in Section 3.4, the maximum detected concentration and average concentration were used 

for the exposure point concentrations for the RME and CTE, respectively. Exposure point concentrations 

for Site 8 are presented in Table 1 O-7. 

10.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers exposed to groundwater using the 

methodology presented in Section 3.4. The results are summarized in Table 10-8 and are discussed 

below. Sample calculations and chemical-specific risks in RAGS Part D format are provided in 

Appendix C. 

Carcinogenic Risks 

ICRs for a construction worker exposed to groundwater were 9.5 x 10e6 and 7.5 x 10m7 for the RME and 

CTE scenarios, respectively, which were within or less than USEPA’s target risk range of 10e4 to 10e6 and 

less than CTDEP’s acceptable risk level of 10e5 for cumulative exposures. Chemical-specific ICRs for 

benzo(a)pyrene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene exceeded CTDEP’s target level of 

1 x 10T6 for individual chemicals. It should be noted that the maximum detected concentration of dibenz 

(a,h)anthracene was less than its CTDEP RSR. 

Noncarcinogenic Risks 

HIS for a construction worker exposed to groundwater were 0.03 and 0.01 for the RME and CTE 

scenarios, respectively, which were less than EPA’s and CTDEP’s acceptable level of 1 .O. 
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Lead 

Lead was identified as a COPC in groundwater at Site 8. Lead was detected at a maximum 

concentration of 53.1 pg/L, which exceeds the Safe Drinking Water Act action level and CTDEP RSR of 

15 pg/L. However, the average concentration of lead in groundwater, 10.2 ug/L (Table lo-7), is less than 

15 pg/L. Quantitative risks resulting from exposures to lead in groundwater were not evaluated since 

groundwater will not be used as a potable water supply in the future. 

10.6.4 Summarv of Previous Risk Assessments 

The baseline HHRA conducted during the Phase II RI focused on CTE and RME exposure scenarios for 

multiple receptor groups: full-time employees, older child trespassers, future residents, and construction 

workers. Future potential residents are not expected to come in contact with groundwater at the site 

because the saline conditions that exist near the Thames River would prevent domestic use of 

groundwater. Therefore, groundwater was not considered to be a potential medium of exposure for the 

future resident. In addition, groundwater was not considered to be a potential medium of exposure for the 

full-time employee or the older child trespasser. Dermal contact with groundwater during intrusive 

activities was evaluated as a potential route of exposure for the construction worker. 

The noncarcinogenic risk associated with dermal contact with groundwater for the construction worker 

was less than 1 for the CTE scenario but exceeded 1 (4.8) for the RME scenario. Elevated hazards for 

this receptor were primarily attributed to PCE in groundwater. The chemical-specific HQ for PCE via 

dermal contact with groundwater exceeded 1 (3.6). This assessment included the PCE concentrations 

detected in upgradient bedrock wells that were later determined to be impacted by an upgradient source. 

Therefore, the risks estimated during this assessment were overestimated for the site. 

Carcinogenic risks associated with dermal contact with groundwater were within USEPA’s acceptable 

target risk range of 1 ~10~~ to 1 ~10~~ for the construction worker under CTE and RME. However, the 

carcinogenic risk associated with this exposure route under RME (2.8 x 1 Om5) exceeded the CTDEP target 

cancer risk level (1 ~10~~). The primary contributor to this risk was PCE, with a chemical-specific risk of 

2.7 x 10-5. As discussed above, the site-specific risks associated with PCE for the site were 

overestimated since concentrations of PCE from upgradient bedrock wells were included in the 

assessment. 

10.6.5 Uncertainty Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 8 are discussed below. 
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Elimination of Chemicals as COPCs on the Basis of Background 

In accordance with U.S. Navy policy, chemicals were eliminated as COPCs on the basis of comparison to 

background. Manganese was the only chemical in groundwater with a maximum detected concentration 

that exceeded the direct contact screening criteria but was not retained as a COPC on the basis of 

background. Dermal exposure to groundwater by construction workers was the only exposure pathway 

evaluated at Site 8. Potential risks from exposures to manganese in water are negligible 

(USEPA, 2000e); consequently, the elimination of manganese as a COPC on the basis of background 

does not affect the risk estimates for construction workers at Site 8. 

10.7 SUMMARY AND RECOMMENDATIONS 

10.7.1 Nature and Extent of Contamination 

VOCs, SVOCs, and metals were detected at concentrations in excess of regulatory screening criteria. 

Metals were also detected at concentrations that exceeded background concentrations. PCE is known to 

originate from an upgradient source (i.e., Fusconi Dry Cleaners). This source is significant and 

contributes to the occurrence of chlorinated solvents (i.e., PCE, TCE, cis-1,2-DCE, and vinyl chloride) in 

the groundwater at the Goss Cove Landfill site. Aromatic hydrocarbons, PAHs, and inorganics have been 

found in historical soil samples taken at Goss Cove Landfill and are likely related to historical disposal 

operations at this site. Based on the results of this groundwater RI, these sources are continuing to 

contribute contamination to the overburden groundwater at the Goss Cove Landfill. The aromatic 

hydrocarbon, PAH, and metal COPCs were typically detected most frequently in the shallow groundwater 

in the central portion of the landfill. 

The horizontal and vertical extents of most chemicals in the groundwater were not able to be defined 

during this RI because of the closeness of the site to the Thames River. The Thames River is tidally 

influenced and impacts the groundwater at the Goss Cove Landfill twice daily. The tidal influence is likely 

acting to disperse and dilute contaminant concentrations in the groundwater in proximity to the Thames 

River. 

10.7.2 Contaminant Fate and Transport 

Fuel-related monocyclic aromatic compounds (i.e., benzene, ethylbenzene, toluene, and xylenes) were 

detected in shallow and deep groundwater samples. It is likely that these compounds were solubilized 

from the soil by infiltrating precipitation and eventually reached the water table. It is likely that these 

compounds are reaching the Thames River, but once they reach the river their concentrations will 
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decrease significantly due to dilution, dispersion, volatilization, and biodegradation. It is unlikely that they 

will bioconcentrate in aquatic animals. 

Several halogenated aliphatics (tran-1,2-DCE, cis-1,2-DCE, PCE, TCE, and vinyl chloride) have been 

detected in groundwater samples from Site 8. Previous investigations have shown that the source of the 

PCE is not site related and is located upgradient of the Goss Cove Landfill. Halogenated aliphatic 

hydrocarbons such as PCE are relatively water soluble and have a low capacity for retention by soil 

organic carbon. Because the source is located upgradient of the site, it is likely that these compounds 

are migrating laterally with the hydraulic gradient when they reach the site. Similar to aromatic 

compounds, it is likely that, when these compounds reach the Thames River, their concentrations will 

decrease significantly due to dilution, dispersion, volatilization, and biodegradation. It appears that 

biodegradation is occurring in the groundwater at Site 8 since typical degradation products of PCE, such 

as TCE, cis-1,2-DCE, and vinyl chloride, have been detected in the groundwater. 

The SVOCs detected in the Site 8 groundwater during the BGOURI included phenols and PAHs. It is 

likely that a source within the soil is contributing to the detection of these compounds in the groundwater. 

Methylphenols are expected to have moderate to high mobility in the environment. In water, 

methylphenols may adsorb to suspended solids and sediment in the water column. Once methylphenols 

reach the Thames River, it is expected that they will biodegrade rapidly. PAHs are generally considered 

to be fairly immobile in the environment. However, the concentrations of the high-molecular weight PAHs 

detected in groundwater exceed the published solubilities for these compounds. TSS and TDS data do 

not indicate that the high concentrations are the result of the adherence of PAHs to the soil particles 

present in the groundwater. Therefore, it appears that the PAHs are migrating to the Thames River. 

Once in the river, it is likely that the PAHs adsorb to suspended sediment and either settle out or are 

transported via the surface water. 

Metals were detected in shallow and deep groundwater samples at the site. Generally, the most 

significant concentrations of metals were detected in the shallow groundwater and the source of these 

metals appears to be the landfill material. A comparison of the total and dissolved metals concentrations 

indicates that there was little difference between the concentrations, which indicates that the detected 

metals are likely to be in the dissolved phase rather than bound to particulate matter. This information 

indicates that the metals are being transported to the Thames River. The geochemical environment near 

the Thames River is transitional between freshwater and more saline water and includes increasing 

chloride and sulfate concentrations as the influence of seawater increases and produces strongly 

reducing conditions. Both factors suggest an increasing likelihood that metals will precipitate as an 

insoluble sulfate or sulfide mineral and thereby limit further transport. 
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10.7.3 Summary of Human Health Risk Assessment 

The following items summarize the HHRA for Site 8: 

The HHRA for Site 8 considered exposures to construction workers. No soil samples were collected 

at Site 8; therefore, only exposures to groundwater were evaluated. The potential exposure pathway 

was dermal contact with groundwater. 

Maximum detected concentrations of several VOCs, SVOCs, and metals exceeded the direct contact 

risk-based COPC screening levels and were retained for quantitative evaluation in the HHRA. 

Maximum detected concentrations of several VOCs, SVOCs, and metals exceeded the CTDEP 

screening criteria for protection of migration of groundwater to surface water. 

The maximum detected concentrations of all chemicals in groundwater were less than the CTDEP 

criteria for migration from groundwater to indoor air. 

All ICRs for construction workers exposed to groundwater at Site 8 were less than or within USEPA’s 

target risk range of 10e4 to 10e6 and CTDEP’s acceptable risk level of 1O-5 for cumulative exposures. 

Chemical-specific ICRs for benzo(a)pyrene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene 

exceeded CTDEP’s target level of 1 x 10m6 for individual chemicals. It should be noted that the 

maximum detected concentration of dibenzo(a,h)anthracene was less than its CTDEP RSR. 

. 

All HIS for construction worker exposure to groundwater at Site 8 were less than USEPA’s and 

CTDEP’s acceptable level of 1 .O. 

The maximum detected concentration of manganese in groundwater exceeded its screening criteria 

but was within background levels, consequently manganese was retained as COCs in the HHRA. 

ICRs and HIS would still have been within USEPA and CTDEP target levels if manganese had been 

evaluated in the HHRA. 

10.7.4 Summary and Recommendations 

A remedial action is currently being conducted for the soil OU at Site 8. The main components of the 

remedial action are the installation of an engineered landfill cap and implementation of institutional 

controls. A secondary component of the remedial action is the decommissioning of the existing storm 

sewer and the installation of a replacement storm sewer system. The Navy plans to implement a 
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Groundwater Monitoring Program when the remedial action for the soil is complete. A draft Groundwater 

Monitoring Plan (TtNUS, 2000) was prepared and is currently under regulatory review. 

It is expected that chlorinated solvent concentrations within the Site 8 groundwater will decrease when 

the upgradient source from the Fusconi Dry Cleaners is addressed. The CTDEP and Fusconi’s 

consultant are currently working to address this problem. 

The objectives of the BGOURI at Site 8 were to further characterize the nature and extent of groundwater 

contamination and to quantify the risks to human receptors from the groundwater at the site. The 

analytical data from this RI indicate that sources of VOCs, SVOCs, and metals within the fill material are 

continuing to impact the shallow groundwater at the site. Based on contaminant fate and transport 

information, it is likely that these chemicals are mobile and are being transported in the groundwater to 

the Thames River. However, the results of the human health risk assessment showed that all ICRs for 

construction workers exposed to groundwater at Site 8 were less than or within USEPA’s target risk range 

of 10e4 to 10m6 and CTDEP’s acceptable risk level of 10e5 for cumulative exposures. All HIS for construction 

worker exposure to groundwater at Site 8 were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

The results of this investigation confirmed the conceptual site model developed during the previous 

investigations. Based on this RI’s findings, it is recommended that the Navy complete the soil OU 

remedial action, implement land use controls, and begin the Groundwater Monitoring Plan as soon as the 

action is finalized. Installation of the engineered cap should significantly reduce vertical contaminant 

migration from the unsaturated soil to the groundwater, which in turn will reduce any lateral contaminant 

migration from the groundwater to the Thames River. This theory will be confirmed by execution of the 

Groundwater Monitoring Plan. It is recommended that the decision for preparation of an FS for the 

groundwater OU at Goss Cove Landfill be postponed until site conditions stabilize and the groundwater 

monitoring program determines the trends in groundwater contaminant concentrations. If the results of 

the monitoring program support that there are no unacceptable risks to human health or the environment, 

then an FS will not be prepared, and the Navy will pursue a no-further-action ROD for the groundwater 

OU. If the results suggest that further actions are required, then the Navy will prepare an FS for the 

groundwater OU to develop appropriate remedial alternatives. 

120009/P 1 O-30 

-. .___I- 

CT0 0312 



TABLE 10-l 

SUMMARY OF THE SAMPLING AND ANALYTICAL PROGRAM FOR SITE 8 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Notes: 
1 Miscellaneous Parameters include TDS, TSS, and chloride. 
2 Duplicate to S8MW06S 01. 
3 Upgradient well. 



TABLE 10-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS FOR SITE 8 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

location 
nsample 
sample 
sample-dat 
Volatile Organics @g/L) 

IBENZENE 
:HLOROETHENE 

iNE 
‘C 

BMW01 8MW02D 8WM02S 8MW03 8MW04 i 8MW059 1 8MW06S 8MW09S 1 
S8MWOlOl SEMW02DOl SEMW02SOl SEMW0301 SEMW0401 SEMW06SOi S8MWO6SOl-D SEMWO9SOl 
SEMWOlOl SEMW02DOl SEMW02SOl SEMW0301 SEMWO401 S8MW06SOl FD0808001 SEMW09SOl 

8i8ioo 8l7loo 8lmo 8l8loo 8Bmo 8/8/00 8woo 8/18/W 

1 u 1 u 2 25 U 1 u 
1 u 33 1 u 25 u 1 u 
1 u 1 u 18 108 2 
9 II 9 II Cd F 9RA G 

CIS-1,2-DK 
ETHYLBENZE 
M+P-XYLENEa L” L” .rrL -- I I I” , I 
0-XYLENE 1 u 1 u 31 E iii 2 1u I 1 3;; I 3 I 3 I 1 u 
TETRACHLOROETHENE 1 u 31 1 u 25 U 1 u 1u I I 1u I 1u I IU 1440 
TOLUENE 1u 1 u 2 31 1u 1 u 
TRANS-l ,2-r’^’ II *r.nr-r, It-.,I- .l I I 7 . II ‘Ic II 4 II 4 II 
--.A. . . A.-._ 

1u 1 u 1 u 1 u 
,,ulL”H”t I “ClYC , ;;; I ;5 I ;; , Li)” 4 ;YJ 1 u 1 u 1u 1u 

I ~I~-~L~~~)ETHENE 1 1 I 1 25U 1u 1 u 1u 1.52 
\,lhl”I PI-!, nPlnC 

“II” IL VI lL”lllYL 
I ,I, I 
I 

I” , 
4 

I 

III I CXII 
.” , L” v 1 u 1 u 1u 1 u 1u 1u 

XYLENES, TOTAL 1 1u I 1 u 44 1 454 8 1 u 34 5 5 1u 

-.- , 

0.15 ;.r 
“.“I ” “.u-v ” “.VI ” V.“” ” 

0.83 J 0.05 u 0.05 u 0.05 u 
0.2 0.27 1.2 J 0.1 u 0.1 u 0.1 u 

0.12 0.14 1 J 0.1 u 0.1 u 0.1 u 
0.06 0.48 J 0.05 u 0.05 u 0.05 u 

1.1 J 0.03 J 0.03 J 0.05 u 

“.J ” I..J ” V.” ” 

“.“U ” , V.-r I , “..z ” , , V.“” , 2J 0.17 J o.:s” J 0.61 
PHENOL 5u 1 5u 5J I 6 1 5u 1 5u 5u 5U 5u 5u 
P)‘RENE 0.29 1 0.57 1 4.1 J 1 5.4 J 1 0.75 1 0.3 3.2 J 0.4 J 0.4 J 0.16 



TABLE 10-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS FOR SITE 8 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

location 
nsample 
sample 

8MWOl 8MW02D 8WM02S 8MW03 8MW04 8MW05S 8MW05S 8MW06D 8MW06S 8MW06S EMWOBS 1 
SEMWOlOl SEMW02DOl SEMWO2SOl S8MW0301 SEMW0401 SEMW05SOl SEMW05SOl-F SEMWO6DOi SEMWO6SOl S8MWO6SOl-D SEMW09SOl 
SEMWOlOl SEMW02DOl SEMWOZSOl SEMW0301 SEMW0401 SEMW05SOl SEMW05SOl.F SEMWO6DOl SEMW06SOl FDO808001 SEMW09SOl 

, wwoo 8l8ioo 8i7ioo 8i7~00 8l8ioo 8l8loo E/8/00 El1 woo 
4.2 U 4.2 U 4.2 UJ 10.1 J 4.2 U 4.2 U ’ __ I 6.8 UJ I I 6.6 UJ 

30 

1.8 U 
1210000 

6.8 u 
4330 
9.2 

42400 F 
--- 

1.8 U 
, 433000 , 

, 30.9 J 1 83.4 

1 
1 76.9 J 1 4210 184 

28.7 9.2 U 1 
1 

11.7 J 1 9.2 UJ 1 
1 

1 9.2 UJ 1 9.2 U 
136ooo 

9290000 
6.3 U 

25.7 U 

250000 
8330000 

6.6 J 
40 u 

29800 
286000 
6.3 U 
18.8 u 

Note: 
1 Monitoring well 8MW9S was not included in the COPC selection process or in the HHRA calculations, 



CHEMICALS RETAINED AS COPCs IN GROUNDWATER AT SITE 18 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Direct Migration Pathways 
Chemical Contact Surface Water 1 Volatilization 
Volatile Organic Compounds 
Benzene X 
cis-1,2-Dichloroethene X 
Tetrachloroethene X X 
Trichloroethene X 
Vinyl Chloride X 
Xylenes, Total X 

Metals 
Antimony 
Arsenic 
Barium 
Chromium 
Lead 
Zinc 

Notes: 
X - Chemical is retained as a COC. 



TABLE 10-I 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 8 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON, CONNECTICUT 

PAGE 1 OF 4 
Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Goss Cove Landfill (Site 8) 



TABLE 10-l 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 8 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON, CONNECTICUT 

PAGE 2 OF 4 
Scenario Tlmeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

,Exposure Point: Goss Cove Landfill (Site 8) 

Concentration 
:oncentratlon 

Risk-Eased Rationale for 

Used for 
Background COPC 

Screenhlg’~ 
Value”’ Scresnlng 

Lp.gy$ ~~~~, cm; c;myll~t 

‘e”el’” Value SOUP3 
S~fdht” 

1.4 N/A 180 N 2000 CTDEP RSR NO BSL 
N/A FED-MCL 

21 

205-99-z mg 0.05 I ,I .-, J 2.4 J ug/L SBMW03Ol 6/8 0.1 2.4 

191-24-2 BENZO(G.H.I)PERYLENE 0.12 2.4 J ug/L .SBMW0301 518 0.1 

85-01-8 PHENANTHRENE 0 03 j 11 J S8MW0301 818 N/A 

108-95-2 PHENOL 5 J 6 w/L SSMW0301 218 5 

129-00-0 PYRENE 0.29 5.4 J ug/L S8MW0301 818 N/A 

7440-38-Z 2.3 J 145 J w/L SEMWOZDOI 6/8 23 



TABLE IO-4 

Scenario Tlmeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Goss Cove Landfill (Site 8) 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 8 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 3 OF 4 

CAS Number 

7440-62-Z VANADIUM 6.6 J 66 J W@ S8MW06DOl l/8 63 

i-440-66-6 ZINC 63.5 170 UgiL S8MWOZSOl 218 104.40 

FED-MCL 

Dissolved Metals 

4210 

28.7 

N/A CTDEP-MCL 
117M) BN N/A CTDEP RSR NO 

B FED-SMCL 
N/A CTDEP-MCL 

32.2 73 N 100 CTOEP RSR NO 

BKG 

BSL RKG 

I I 1 N/A 1 FED-MCL I I 



TABLE IO-4 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 8 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Ground-water 
Exposure Polnt: Goss Cove Landfill (Site 8) 

PAGE 4 6F 4 

Co”ce”tratlon Concentration 

7440-09-7 POTASSIUM, FILTERED 154000 

7440-23-5 SODIUM, FILTERED 4770000 4770000 “g/L SBMW05SOl.F 111 N/A 

7440-62-Z VANADIUM, FILTERED 9.2 J 9.2 J “g/L SBMWOSSOl-F l/l N/A 

Co”ce”tratlo” 
Risk-Based Ratlonale for 

Used for 
Background COPC 

Screening”’ 
Value”’ screening 

;gyg, A’,“:‘$, mm; cmam&:l”dn”zt 

L ellsL V,d”O SOUrCe 

144000 152000 N/A N/A CTDEP RSR NO NUT, BKG 

I I 1 N/A 1 FED-MCL 1 I 
464000 

I I I I I I I I I I 
Miscellaneous Parameters 

S8MW06D01 000-09-0 TOTAL DISSOLVED SOLIDS 97 5 J 27042 mg/L N/A 27042 . .I N/A N/A CTOEP RSR NO NV 
m FED-SMCL II 

N/A CTDEP-MCL 
000-08-9 TOTAL SUSPENDED SOLIDS 8 38 mg/L SBMW06DOl 5/9 5.OQo 38 236 N/A N/A CTDEP RSR NO BKG 

N/A FED-SMCL 
N/A CTDEP-MCL 

A shaded value lndlcates that the c~ncentrat~o” used for screenmg exceeds the crlterlo” or background value 
A shaded chemical name mdlcates that the chemual has been selected as a COPC. 
S8MW09SOl 1s located upgradient of the site andiherefore was not used I” COC selecton or the human health risk assessment 

Foofnotes 
1 Sample and duplicate are counted as two separate samples tie” determlmng the mmimum and maximum 

detected concentratons. 
2 Values presented are sample-specific quanbtatlon Ikmib. 
3 The maximum detected concentratwn 1s used for screening purposes. 
4 95% Upper Tolerance Llmlt (UTL) of site background data 
5 The risk-based COPC screen,ng level for tap water use IS presented. The value 1s based on a 

target Hazard Quotient of 0.1 for “oncarcmogens (denoted wth a ‘N’ flag) or a” incremental cancer 
rfsk of lE-6 for carcinogens (denoted wth a “C” flag) (USEPA. Region IX. November 2000) 

6 The chemical IS selected as a COPC d the maximum detected concentration exceeds the risk-based 
COPC screemng level and/or an ARARTTBC(s). 

7 Value IS for total xylenes. 
a Naphthalene 1s used as a surrogate for I-methylnaphthalene and 2-methylnaphthalene. 
9 Pyrene IS used as a surrogate for benzo(g.h.l)peryiene and phenanthrene 
10 Value 1s for hexavalent chromium 
11 The US EPA has approved a new MCL for arsenic of 10 uglL The MCL goes Into effect I” 2006 

The reduction of the MCL does not impact the human health nsk assessment 

Assoaated Samples. 
S8MWOlOl S8MW05SOl 
SBMWOZDOI SBMW05SOl-F 
S8MW02SOl SBMWffiDOl ’ 
SBMW0301 S8MW06S01 
S8MW0401 S8MW06SOl.D 

ARARlTBC = Appkcable or Relevant and Appropriate Reqwementrro Be Considered. 
c = Carclnoge” 
COC = Chemical of Concern 
J = Estimated Value. 
N = Noncarcmogen 
N/A = Not Applicable. 
FED-MCL = Federal Maximum Contaminant Level (USEPA. August 2000) 
FED-SMCL = Federal Secondary Maximum Contammant Level (USEPA. August 2CQO). 
FED-AL = Federal Action Level (USEPA. Auqust 20001. 
CTDEP-RSR = Connecticut DE6 Remediatil” Standard Regulations. 1996 
CTDEP-MCL = Connectwt Maximum Contaminant Level. 

Ratonale Codes 
For Selecbon as a COC. 

ASL = Above COC Screening LeveliARARiTBC 

For Ekmlnaton as a COC. 
BKG = Wtthin Background Levels 
BSL = Below COC Screenmg LeveUARARiTBC 
NUT = Essential Nutnent. 
NTX = No Toxtc4y Information 
EPAI = USEPA Region 1 does not advocate evaluation of this chemical 
NV = Miscellaneous parameters are not evaluated in human health risk assessments 



TABLE 10-5 

OCCURRENCE, DlSTRISLtTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SlTE 8 
MIGRATION PATHWAYS 

SASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSS-NLON, GROTON. CONNECTICUT 

PAGE 1 OF 2 
Scenario Timeframe: Future I 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Goss Cove Landfill (Site 8) 

CAS Number Chemical 
Concentration Surlace water 

Ration& for 

Used for 
Background Volatilization COPC Contaminant 

Screening’” 
Value”’ 

Protection 

Criteria (‘1 
Criteria” nag Deletion 0, 

tiktlonm 

1 I 5l0 I 2 284 i 213 
1 I Ye 1 1 1 136 1 NIA 1 N/A 1 21: 

31 Ug/L 

l”L”ClYC 2 31 Ug/L S6MW0301 I 1 
TRANS-1.2.DICHLOROETHENE 

I 
7 7 ug/L SBMWOPDOl 1 l/6 

TRICHLOROETHENE 
1 l-25 1 

25 25 l&l/L SBMWOZDOl 1 l/6 
VINYL CHLORIDE 

1 l- 
13.“1-4 1 1 lJ@L 
1330-20-7 XVLENES, TOTAL 5 454 SmW0301 5l0 1 Semivolatile Ug/L I I 454 Organics 1 N/A 1 NIA 21300 1 NL , ___ , 

90-12-O I-METHVLNAPHTHALENE 1.3 I 19 1 J UglL S0MW03o 
105-67-9 2.4.DIMETHVLPHENOL 14 240 1 Ug/L S6MW030 
91-57-6 2-METHVLNAPHTHALENE 0.62 I 15 UdL SBMWORO 

153-70-3 IDISENZO(A,H)ANTHRACENE I 0.06 I J ] 0.46 J 1 upl~l SBMWO --I 
‘301 I 716 I 0.05 1.9 NIA 1 N/A N/A 

‘301 I 
NO NTX 

3/B I 
1 1 

0.1 I 0.40 1 N/A 1 N/A 1 N/A 1 NO 1 NTX 

7440-39-3 IBARIUM 43.9 
ICALCIUM 

1 J 1 lii?O 

7440-70-Z 1 32600 1 J 1 265000 I I UdL ( ! 
7440-47-3 CHROMIUM 7.6 J 50.5 UglL ‘ 

7440-46-4 COBALT 10.1 J 10.1 J lJg/L 
7440-50-6 

S6MWO6DOl 1 
COPPER 

l/II I 4.2 1 
22.2 35.4 Ug/L S6MW02S01 

lffON 7439-09-6 336 14500 ” L : _.“^ ^̂  



TABLE l&5 

OCCURRENCE, DISTRIBUTION AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SlTE 0 
MlGRATlON PATHWAYS 

BASEWlDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATtON 
NSB-NLON. GROTON, CONNECTICUT 

PAGE 2 OF 2 
Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Goss Cove Landfill (Site 5) 

CAS Number 

Dissolved h%tals 

Chemical 

Rationale for 
Volatiliution COPC Contaminant 

CdtWld” flag De4etlon or 
sdhionm . 

Miscellaneous Parameters 
1 1 127O42lIm 000-09-0 I TOTAL DISSOLVED SOLIDS 97.5 J Ill S0MW00001 919 N!A 27042 . .I NIA 1 NJA 1 NO 1 NTX 

OOQ-00-9 [TOTAL SUSPENDED SOLIDS I 0 I I 38 I I mglll S6MWO6DOl 1 5l9 1 5OQO 1 30 1 236 1 N/A 1 N/A 1 NO 1 BKG 

A shaded value indicates that the concentration used for screening exceeds the utterion or background value. 
A shaded chemical name indicates that the chemical has been selected as a COPC. 

@@Q&2$: 
1 Sample and duplicate are counted as two separate samples when determining the minimum and maximum 

detected concentrations. 
2 Values presented are sample-specific quantitation limits. 
3 The maximum detected concentration is used lor screening purposes. 
4 95% Upper Tolerance Limit (UTL) of site background data. 
5 Connecticut DEP Surface Water Protection criteria. 
6 Connecticut DEP Volatilization criteria for residential exposures. 
7 The chemical is selected as a COPC if the maximum detected concentration exceeds the 

CTDEP surface water protection or volatilization criteria. 

Qp&@d Samolez 
S6MW0101 SBMW05SOl-F 
SBMWOZDOI S6MW06D01 
S6MW02S01 SBMWOGSOl 
SBMW0301 SfJMWO6SOl -D 
S6MWO401 S0MW09S0l 
S6MW05SOl 

ARARITBC = Aoplicable or Relevant and Aoorooriate ReauiremenVTo Be Considered 
C I Carclncgei’ 
COC = Chemical of Concern 
J = Estimated Value. 
N = Noncarcinogen. 
NA = Not Applicable. 

Bationale 
For SelectIon as a COPC: 

ASL = Above COPC Screening LeveWARAmBC. 

For Elimination as a COPC: 
BKG = Wtthin Background Levels. 
BSL = Below COPC Screening LeveVARAlUrBC. 
NTX = No Toxicity Inlorrnation. 



Scenario 
Timeframe 

Current/Future 

Medium 

Groundwater 

EXpLWWe 
Medium 

Groundwater 

EXpOaWe 
Point 

Overburden/Bedrock 

Aquifer 

Air Overburden/Bedrock 

Aquifer 

TABLE 10-6 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 6 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Receptor 
Population 

Workers 

Full-time 
Employees 

Trespassers 

Residents 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Residents 

Receptor Exporure 

Age Route 

Adult Ingestion 
Dermal 

Ingestion 
Dermal 

Ingestion 
Dermal 

Ingestion 
Dermal 

Ingestion 
Dermal 

Inhalation 

Adult 

Adolescents 

Adult 

Child 

Adult 

Adolescents Inhalation 

Inhalation 

On-SW 
Off-Site 

On-Site 
On-Site 
On-Site 
On-Site 
On-Site 

On-Site 
On-Site 
On-Site 

On-Site 
On-Sde 

On-site 

On-site 

On-Site 

On-site 

On-site 

Type of 
Analysis 

Rationale for Seiection or Exclusion 
of Expoeun Pethway 

None Construction workers may have dermal contact with groundwater during 
&ant. excavation activities. 
None Full-time employees are not exposed to groundwater. 
None 
None Trespassers do not have contact with groundwater. 

None 
None Institutional controls prohibit residential usage at Site 8. 
None 
None Institutional controls prohibit residential “sage at Site 8. 
None lConstructiin workers exposure via volatilization is expected to be insignificant 

due to dilution with outdoor air. 
None Full-time employees are not exposed to groundwater. 

None Trespassers do not have contact with site groundwater. 

None On-site residents may be exposed to volatile emissions from groundwater 
while showering. Institutional controls prohibit residential usage of Site 8. 

None Exposures to a child resident are less than those for an adult resident. 



TABLE 10-7 

EXPOSURE POINT CONCENTRATIONS FOR SITE 8 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Chemical 

Volatile Oraanic ComDounds 
Benzene 
cis-1,2-Dichloroethene 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 
Xylenes, Total 
Semivolatile Organic Compounds 
1 -Methylnaphthalene 
2,4-Dimethylphenol 
2-Methylnaphthalene 
4-Methylphenol 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno( 1,2,3cd)pyrene 
Naphthalene I 

Groundwater 
RME (” CTE (‘) 
(ug/L) (ug/L) 

2 2.00 
33 5.50 

1440 165 
25 4.67 
1 1.89 

454 60.8 

19 3.09 
240 30.2 
15 2.39 
27 5.61 
1.4 0.360 
2.1 0.459 
2.4 0.572 
1.1 0.237 

0.46 0.101 
1.4 0.324 
56 I 9.17 

Notes: 
1 The maximum detected concentration is used for the RME scenario and 

the average concentration is used for the CTE scenario. 
2 The average concentration is used for lead (USEPA, 1994). 



TABLE 10-8 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE E 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlOh 

NSB-NLON, GROTON, CONNECTICUT 

Receptor Medium Exposure 
Route 

Cancer Chemicals with Chemicals with 
Risk Cancer Risks Cancer Risks 

>104 >1Qsand<104 
REASONABLE MAXIMUM EXPOSURES 

Chemicals with 
Cancer Risks 

> lo4 and 5 10m5 

Hazard 
Index 

Chemicals.wlth 
HI> 1 

Construction Worker 

Construction Worker 

Groundwater 

IGroundwater 

Dermal Contact 9.5E-06 __ __ 

CENTRAL TENDENCY EXPOSURES 
IDermal Contact 1 7.5E-07 1 __ __ 

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 0.03 __ 

Dibenzo(a,h)anthracene 

I __ 1 0.01 I __ 
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11 .O SITE 15 - SPENT ACID STORAGE AND DISPOSAL AREA 

11.1 SITE DESCRIPTION 

The SASDA was located in the Southern Region of NSB-NLON. It was centrally located between the 

southern sides of Buildings 409 and 410. The former site location and historical sampling locations are 

shown on Figure 11-l. The site’s location relative to other IRP sites is depicted on Figure l-2. The site is 

a relatively flat area completely covered with concrete or bituminous pavement. 

The IAS Report indicated that this area was used before and after World War II for the temporary storage 

of waste battery acid in a rubber-lined underground tank. The tank was reportedly 12 feet long by 4 feet 

wide by 4 feet high. The batteries were placed on a concrete pad next to the tank, where some acids 

occasionally leaked. No major spills were ever recorded. A 1951 aerial photograph shows that the area 

around the tank was not paved. Acid from the batteries was stored in the tank and was subsequently 

pumped into a tank truck and disposed in the Area A Landfill (Site 2). 

Atlantic personnel inspected the site and found the outline of the top of the tank. The area was 

completely covered with concrete and only the top of the tank was visible. The tank had been filled in 

place with soil and capped with bituminous pavement. 

A time-critical removal action was completed at the SASDA during the course of the Phase II RI. The 

removal action, completed in January 1995, included removal of the tank, tank contents, contaminated 

pavement, and approximately 318 tons of lead-contaminated soil. Soil with lead concentrations in excess 

of 500 mg/kg or TCLP leachate results for lead in excess of 5.0 mg/L were removed by OHM 

Remediation Services Corporation. The excavated materials were transported off site and disposed in a 

RCRA landfill (Environmental Quality Company) in Bellville, Michigan. The excavation was backfilled with 

clean borrow material from an off-site location. The excavated area was covered with bituminous 

pavement. 

The Navy, USEPA, and CTDEP signed a No-Further-Action Source Control ROD for this site in 1997. 

11.2 SITE INVESTIGATIONS 

The details of all investigations, including historical and current, conducted at the SASDA are provided in 

the following subsections. 
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11.2.1 Phase I Remedial lnvestiaation (Atlantic. 1992) 

An investigation of 11 sites was completed at NSB-NLON by Atlantic Environmental Services, Inc. from 

1990 through 1992. The SASDA was one of the sites investigated during the Phase I RI. Four surface 

(less than 4 feet deep) and three subsurface (greater than 4 feet deep) soil samples were collected during 

the Phase I RI. One surface sample (15SSl) was collected from gravel inside the tank. The remaining 

six samples were collected from two test borings adjacent to the underground tank and a third test boring 

was located approximately 15 feet south of the SASDA. One surface and one subsurface soil sample 

were collected from each test boring. The Phase I RI recommended that this site proceed to Step II of 

the IRP. 

11.2.2 Focused Feasibilitv Studv (Atlantic, 1994a1 

Atlantic also conducted supplemental sampling and analysis at the site in support of an FFS. Six surface 

soil samples (plus one field duplicate) were collected from six test borings. The report concluded that off- 

site landfilling was the alternative that provided superior protection of the environment, was easiest to 

implement, and was most cost effective. 

11.2.3 Phase II Remedial lnvestiaation (B&R Environmental, 1997a) 

B&R Environmental conducted a Phase II RI at 13 sites at NSB-NLON. The SASDA was included in the 

investigation. Four shallow and one deep groundwater monitoring wells were installed during the Phase 

II RI. Two rounds of groundwater sampling were completed, and five samples (plus one field duplicate 

sample during Round 2 only) were collected during each sampling round. Two surface and two 

subsurface soil samples were collected from the four shallow monitoring well borings. Additionally, one 

sediment sample was collected from a stormwater drainage ditch downstream of the site. 

11.2.4 Time-Critical Removal Action (Atlantic, 1995a and OHM, 1995) 

OHM completed a time-critical removal action at SASDA in January 1995. The remedial action was 

documented in the Action Memorandum for the Spent Acid Storage and Disposal Area (Atlantic, 1995a) 

and the Final Report for Soil Remediation, Spent Acid Storage and Disposal Area (OHM, 1995). The 

maximum depth of excavation was 4 feet. OHM collected and analyzed five composite soil samples (plus 

one field duplicate) to confirm that all contaminated soils had been removed during the time-critical 

removal action. Composite samples were collected from the bottom (ISSOO-BC) and the north, east, 

south, and west sidewalls (ISSOO-NC, -EC, -SC, and -WC, respectively) of the excavation pit. A field 

duplicate of 16600-WC was also collected. The remedial contractor did not specify the depths of these 

samples. 
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11.2.5 CTDEP Supplemental Samplina Event 

CTDEP completed additional sampling of the soil at this site in June 1997 and analyzed the samples for 

lead by the SPLP. CTDEP did not provide the Navy with a map showing the locations of the samples that 

they collected or the analytical results. The sampling and analysis were conducted to determine if 

remaining soils could act as a potential source of contamination to the groundwater. The results indicated 

that the remaining soils did not pose a potential contaminant migration problem. CTDEP issued a letter 

on September 15, 1997 in which they provided concurrence with the no-further-action remedy for the 

SASDA. 

11.2.6 Basewide Groundwater OU RI 

During the BGOURI, only groundwater samples were collected from historical monitoring wells to further 

characterize this site. A summary of the sampling and analytical program is presented in Table 1 l-l. The 

four monitoring wells (i.e., 15MWlS, 15MWl D, 15MW2S, and 15MW3S) that were sampled are shown 

on Figure 11-l. A representative downgradient monitoring well was also to be sampled during the 

BGOURI; however, the original downgradient well (15MW4S) and the proposed downgradient monitoring 

well (HNUS-6) were both determined to be destroyed and could not be sampled. Groundwater samples 

were collected from the four existing wells, and a field duplicate was also collected from monitoring well 

15MW02S. The methodology used to complete groundwater sampling was discussed in Section 2.3. 

11.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of physical characteristics for the SASDA site based on information 

generated during the Phase I and Phase II Rls and the BGOURI. Topography and surface features, 

surface water, soils, geology, and hydrogeology are discussed in the following subsections. 

11.3.1 ToPourar>hv and Surface Features 

Figure 1-3 shows the topography and surface features of the SASDA. The entire area is covered with 

concrete or bituminous pavement. The site is located southwest of the central bedrock high, which 

narrowly extends to the south. The ground surface slopes downward from the bedrock high to the 

southwest. Based on the topographic contours on Figure l-3, the ground surface slope in the vicinity of 

the site is relatively flat but ranges up to approximately 20 percent in areas north and east of the site. 

Ground elevations of the site monitoring wells are between 25 and 30 feet msl. The ground surface is 

also relatively flat southwest of the site. 
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11.3.2 Surface Water 

Surface water runoff from this site is collected by a storm sewer system. The storm sewer system passes 

through the Tank Farm and Goss Cove Landfill sites and eventually discharges to the Thames River. 

11.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at the SASDA as Urban land. Upgradient of the site 

(east), bedrock exposures are prevalent as the central bedrock high extends toward the south. Overlying 

soils are classified as the Hollis-Charlton-Rock complex. Stones and boulders are intermingled with a 

dark, fine, sandy loam. 

11.3.4 Geoloav and Hvdroaeology 

Geology 

Geologic conditions at the SASDA consist of variable thicknesses of fill and natural alluvial deposits 

overlying metamorphic bedrock. The overburden at the SASDA consists primarily of silty sand alluvium. 

Boring logs indicate that, in some intervals, there are traces of clay and, in others, there are traces of 

gravel and rock fragments. The SASDA has been mapped as stratified drift that-was deposited by glacial 

meltwater streams (USGS, 1960). Minor thicknesses of fill may be present overlying the silty sand in 

some places. The borings for wells 15MWl D and 15MW4S encountered silt layers of 26- and 24-foot 

thicknesses, respectively, beneath the silty sand interval. These deposits are also most likely stratified 

.drift. 

The bedrock surface slopes to the southwest across the site, as shown on Figure 1-4. Monitoring well 

15MWl D was drilled to a depth of 46.5 feet, where gneiss fragments of the Mamacoke Formation were 

encountered. The bedrock elevation at well 15MWl D is 17.5 feet below msl (-17.5 feet). Monitoring well 

15MW4S was drilled to an elevation of 17 feet below msl (a total depth of 43 feet). Bedrock was not 

positively identified in this boring; however, auger refusal was reached, suggesting that the bedrock 

surface may have been encountered. Northeast of the site, along Rasher Avenue, bedrock crops out at 

ground surface. Figure 4-16 is a geologic cross section that includes a portion of Site 15. 

Hydrogeology 

Two rounds of water-level measurements were taken in the Site 15 monitoring wells during the BGOURI. 

The measurements and associated elevations are summarized in Tables 2-2 and 2-3. The elevations 

were used in conjunction with water-level elevations from other southern region sites to create the 

potentiometric surface maps provided in Section 4.0 (Figures 4-12 through 4-15). Figures l-5 and 1-6 

120009/P 11-4 CT0 0312 



REVISION 1 
AUGUST 2001 

show historical basewide groundwater overburden and bedrock potentiometric surface maps. The 

SASDA is included on these figures. No bedrock monitoring wells were installed at the site. 

During historical and current investigations at this site, groundwater was encountered in the alluvium at 

depths of less than 10 feet. Most overburden groundwater flow is expected to be through the silty sand 

layer, with the underlying silt deposit acting as a semi-confining unit to groundwater flow. The 

groundwater generally flows to the south-southwest. There is a downward vertical gradient at the 15MW 1 

well cluster. 

Based on Figures 4-12 and 4-14, the shallow overburden flow gradient across the site is approximately 

0.024. Downgradient of the site, toward the Goss Cove Landfill, the hydraulic gradient flattens out. 

During the Phase II RI field work, slug tests were performed at wells 15MWlS and 15MW3S. The 

geometric mean of the calculated hydraulic conductivities is 0.76 ft/day. This value is lower than the 

average alluvium hydraulic conductivity across the base but is typical of literature values for silty sand that 

was the identified material in the overburden. Assuming a porosity of 0.30, the estimated groundwater 

seepage velocity is 0.06 ft/day. 

11.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of groundwater contamination at Site 15. 

The discussion includes historical groundwater data collected during Rounds 1 and 2 of the Phase II RI 

and groundwater data collected during 

Figure 1 l-l. 

the BGOURI. Groundwater sample locations are shown on 

11.4.1 Historic Site lnvestiaations 

Soil, groundwater, and sediment sampling were conducted at the SASDA during the Phase I RI, FFS, 

Phase II RI, and time-critical removal action. The nature and extent of contamination in groundwater at 

the SASDA, as determined during the Phase II RI, are summarized in the following subsection. Analytical 

results for soil samples are not discussed because contaminated soils from the area of the former UST 

and former concrete storage pad have been removed and are therefore no longer a potential source of 

contamination for the groundwater at this site. Analytical testing conducted by the CTDEP (SPLP, 

followed by analysis for lead) of the soil remaining after the time-critical removal action indicated that the 

lead present in the remaining soils was not mobile and, therefore, does not pose a threat to groundwater. 

Thus, a ROD was signed for this site that documented the selected remedy for the soil OU as no further 

action. Analytical results for the single sediment sample collected from the stormwater drainage ditch 

downstream of the site are not discussed either because contamination in this medium is not expected to 

impact the groundwater at this site. 
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Historic Groundwater Data 

A total of 10 groundwater samples were collected from five overburden ‘wells at the SASDA during 

Rounds 1 and 2 of the Phase II RI. Carbon disulfide was detected at a concentration of 3 ug/L in the 

groundwater sample collected from well 15MWlD during Round 1 of the Phase II RI. No other VOCs 

were detected. Five SVOCs [1,4-dichlorobenzene, bis(2-ethylhexyl) phthalate, di-n-butyl phthalate, 

naphthalene, and phenanthrene] were detected in the groundwater samples. The two phthalates, 

plasticizers that are common field and laboratory contaminants, were each detected in four of the 10 

samples. The remaining SVOCs were each detected in one or two of the 10 samples. Concentrations of 

bis(2-ethylhexyl) phthalate ranged from 0.6 ug/L to 45 ug/L. Bis(2-ethylhexyl) phthalate (3 pg/L) was also 

detected in one of the groundwater samples collected from the off-site residential wells. Concentrations 

of the remaining SVOCs detected in the SASDA groundwater samples ranged from only 0.5 us/L to 

1 ug/L. A single pesticide, heptachlor, was also detected in a groundwater sample at a concentration of 

0.54 ug/L. 

Twenty-one metals were detected in the unfiltered groundwater samples collected from the SASDA wells, 

and 17 metals were detected in the corresponding filtered groundwater samples. A majority of the 

maximum concentrations were associated with samples collected from wells 15MW3S and 15MW2S, 

located downgradient and upgradient, respectively, of the SASDA. Maximum concentrations of aluminum 

(unfiltered samples only), antimony, arsenic, beryllium, cobalt, magnesium, manganese, and zinc 

exceeded concentrations of respective metals detected in unfiltered groundwater samples from the off- 

site residential wells. Notable results reported for SASDA groundwater samples include maximum 

concentrations of manganese in both filtered and unfiltered groundwater samples at 3080 ug/L and 

maximum concentrations of zinc in filtered and unfiltered groundwater samples at 450 ug/L and 453 ug/L, 

respectively. The maximum lead concentration in one unfiltered groundwater sample from 15MW3S 

(21.2 ug/L) was significantly higher than subsequent filtered (2 us/L) and unfiltered (4.4 pg/L) samples 

collected from the same well. 

Analyses for oil and grease, COD, hardness, and TSS were also performed for selected SASDA 

groundwater samples during previous investigations. A summary of historical analytical results is 

presented in Appendix D. 

11.4.2 Basewide Groundwater OU RI 

A summary of the BGOURI sampling and analytical program for Site 15 is presented in Table 11-l. A 

complete summary of the Site 15 analytical data set is provided in Appendix B. Table 11-2 presents a 

summary of positive groundwater analytical results for Sit,e 15. 
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As part of the HHRA, descriptive statistics (i.e., frequency of detections, minimum and maximum 

concentrations, range of detection limits, and the associated sample numbers) and the COPC screening 

criteria for each analyte detected at least once in soils at the SASDA were tabulated. Analytical results 

for groundwater are summarized and screened in Tables 11-4 and 1 l-5. Different exposure scenarios 

(i.e., direct exposure and migration) are considered in each table. Tag maps of the chemicals determined 

to be COPCs based on the screening assessment were created to show the horizontal extent of 

contamination. Figure 11-2 shows COPCs that exceeded direct exposure or migration screening criteria. 

The analytical detection limit for a COPC is presented on the tag maps if the COPC was not detected in a 

sample. 

The only VOC that was detected was TCE. TCE was not detected in groundwater at this site during 

historical sampling events. The source of the TCE is unknown. TCE was detected in three of four 

groundwater samples at concentrations ranging from 2.32 J ug/L (15MW2S) to 16 ug/L (15MW3S). All 

positively detected concentrations of TCE were in excess of the direct contact exposure criteria. 

Concentrations of TCE were not in excess of CTDEP pollutant mobility criteria. TCE was not detected in 

any Site 23 groundwater sample; therefore, it does not appear that the TCE is migrating to downgradient 

locations at significant concentrations. 

Anthracene, fluoranthene, and pyrene were detected in Site 15 groundwater samples. None of these 

SVOCs were detected in groundwater samples collected during the Phase II RI. The PAHs were only 

detected in sample S15MW3SOl. Concentrations of these PAHs were all under 100 ug/L, and none were 

in excess of direct contact exposure criteria or the CTDEP pollutant mobility criteria. 

Fifteen inorganics were detected in the groundwater samples collected from Site 15. Seven of the 15 

detected metals were present in all four samples. Significant concentrations of metals were detected 

most frequently in samples S15MWl SO1 and S15MW2SOl. Cadmium, chromium, lead, nickel, and silver 

were detected at concentrations that exceeded direct contact screening criteria and background 

concentrations. Lead is the only common inorganic detected at significant levels during both the Phase II 

RI and BGOURI. Chromium and lead were detected in all four BGOURI samples. 

Concentrations of chromium ranged from 7.9 ug/L to 121 ug/L. Only the concentration of chromium 

(121 ug/L) in sample 15MWlSOl was in excess of both background and the direct contact screening 

criteria. The chromium concentration detected in the deep overburden monitoring well 15MWl D was 

below background and the direct exposure criteria. 
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Lead was detected at concentrations below direct contact screening criteria in all samples, except in 

15MWlSOl (24.7 pg/L). Lead concentrations exceeded background and CTDEP pollutant mobility 

criteria in samples 15MWlSOl and 15MW2SOl. The pH of the groundwater in 15MW2S was acidic 

(4.44), the pH of the groundwater in 15MWlS and 15MW3S was slightly acidic (5.75 and 5.91, 

respectively), and the pH of the groundwater in 15MWl D was near neutral (6.9). Lead was detected at 

2.8 J ug/L in the deep overburden aquifer well 15MWl D. Collectively, the pH data and the detected 

concentrations of lead indicate that residual contamination from the former SASDA is impacting the 

shallow overburden groundwater. 

Cadmium was detected in sample 15MWlSOl at a concentration of 0.99 ug/L and in sample 15MW2SOl 

at a concentration of 3.4 ug/L. However, only the concentration of cadmium in sample 15MW2SOl was in 

excess of the direct contact screening criteria. 

Nickel was detected only in sample 15MWlSOl at a concentration of 77.6 pg/L. The high nickel 

concentration was not found in the adjacent, deep overburden well 15MWl D. 

Silver was detected in 3 of 3 samples at concentrations ranging from 79.1 ug/L (15MWl D) to 615 ug/L 

(15MW2S). These concentrations are all in excess of both background and direct contact screening 

criteria. The maximum silver concentration was found in well 15MW2S, which also had the lowest pH 

(4.44). Concentrations of silver decline in the downgradient direction but the existing monitoring well 

network at Site 15 does not extend far enough downgradient to fully define the most downgradient extent 

of silver in groundwater. Even though the monitoring well network is limited at Site 15, silver was not 

detected in any downgradient groundwater samples at Site 23. Therefore it does not appear that silver is 

migrating to downgradient locations at significant concentrations. 

Of the 10 remaining detected metals, concentrations of aluminum, beryllium, and zinc were in excess of 

background. However, concentrations of aluminum, beryllium, and zinc were below the respective direct 

contact screening criteria. Additionally, concentrations of lead, silver, and zinc were in excess of CTDEP 

pollutant mobility criteria. 

11.5 CONTAMINANT FATE AND TRANSPORT 

11.5.1 Contaminant Fate and Transport Processes 

Three classes of chemicals were detected in groundwater at Site 15 during the BGOURI: halogenated 

aliphatics, PAHs, and metals. These classes were also detected in groundwater during the Phase II RI 

conducted in 1996. However, dichlorobenzenes, phthalates, and carbon disulfide were detected in the 

Phase II RI but not in the BGOURI. Pesticides were detected in groundwater during the Phase II RI but 
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were not analyzed for during the BGOURI. Only one pesticide was detected infrequently in groundwater 

during the Phase II RI, therefore pesticides were not analyzed for during the BGOURI. The potential of 

the three classes of chemicals cross contaminating adjacent sites is discussed later in this section. 

Halogenated Aliphatics 

One halogenated aliphatic (TCE) was detected in the three shallow groundwater samples collected in the 

BGOURI at concentrations ranging from 2.32 ug/L to 16 us/L. The highest concentration of TCE was 

detected in sample S15MW3SOl which is downgradient of the former SASDA. However, TCE was not 

detected in any groundwater samples in the Phase II RI. TCE was detected in one surface soil sample (0 

to 4 feet in depth) at a concentration of 2 ug/kg in the Phase II RI at location 15MW2S. The sample from 

this monitoring well S15MW2S01, had the lowest detected groundwater concentration of TCE (2.32 us/L). 

Halogenated aliphatic hydrocarbons such as TCE are relatively water soluble and have a low capacity for 

retention by soil organic carbon and, therefore, TCE is frequently detected in groundwater. Leaching 

from soil may account for the presence of TCE in groundwater at the site, although the site is completely 

covered with concrete or pavement, which would limit the potential for leaching by rainwater. TCE may 

migrate through the soil column after being released by a spill event or by a subsurface release when 

solubilized by infiltrating precipitation. Some portion of TCE may be retained by the soil, but most of the 

chemical will continue migrating downward until it reaches the water table. At that time, migration is 

primarily lateral with the hydraulic gradient. The most recent groundwater data collected at the site may 

indicate that lateral transport as TCE is occurring since higher concentrations were found in downgradient 

wells. However, TCE was not detected in any Site 23 groundwater sample; therefore, it does not appear 

that the TCE is migrating to downgradient locations at significant concentrations. Based on the analytical 

results from the single deep monitoring well at Site 15, it does not appear that vertical migration of organic 

contaminants is occurring because neither TCE nor other volatile organic contaminants were detected in 

the well during the phase II RI or the BGOURI. Although TCE is susceptible to degradation, there is no 

evidence that biodegradation is occurring in the groundwater at Site 15 because no degradation products 

have been detected in on-site groundwater samples in either the BGOURI or the Phase II RI. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

Low-molecular-weight PAHs (anthracene, fluoranthene, and pyrene) were detected in one shallow 

groundwater sample (S15MW3SOl) at Site 15. Only one low-molecular-weight PAH (phenanthrene) was 

detected in one overburden sample (15GW3S) in the Phase II RI. No high-molecular weight PAHs were 

detected in groundwater at the site. Both low-and high-molecular-weight PAHs were detected in surface 

and subsurface soil in the Phase II RI. PAHs are generally considered to be fairly immobile in the 

environment. As noted in Section 3.3, PAHs have very low solubilities, vapor pressures, and Henry’s Law 

constants and high K,s and K,,s. The low-molecular-weight PAHs (e.g., acenaphthene, anthracene, 
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fluorene, phenanthrene) are more mobile (higher solubilities, etc.) than the high-molecular-weight PAHs 

[e.g., benzo(a)pyrene, benzo(a)anthracene, chrysene, etc.]. PAHs in soil are much more likely to bind to 

soil and be transported via mass transport mechanisms than go into solution. PAHs can be degraded via 

aerobic bacteria but may be relatively persistent in the absence of microbial population or macronutrients 

such as phosphorous and nitrogen. 

No PAHs were found in the deeper overburden well. The absence of these compounds at depth may be 

related to the fact that downward migration of PAHs from the surface is less likely because of their 

tendency to adhere to soil. 

Metals 

At Site 15, 15 metals were detected in shallow and deep groundwater samples. As noted in Section 3.3, 

metals are highly persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze, 

etc. The major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of 

the soil structure) and bioaccumulation. 

In addition, under normal conditions, metals are not very mobile in the environment. Because metals 

frequently remain bound to particulate matter, the major transport mechanism for metals is bulk 

movement processes (erosion). However, metals can become mobile in the environment under certain 

conditions. The mobility of metals is influenced primarily by their physical or chemical properties in 

conjunction with the physical and chemical properties of the soil matrix. Factors that assist in predicting 

the mobility of metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The 

mobility of metals generally increases with decreasing soil pH and cation exchange capacity. The effect 

of REDOX potential varies for each metal. The highest concentrations of the metals tend to be in the 

shallow groundwater wells closest to the location of the former SASDA (wells 15MWlS and 15MW2S). 

The low pH (4.44) in the most upgradient well (15MW2S) and the generally acidic pH in two other shallow 

wells suggest that the metals cadmium, nickel, silver, and zinc will be present as cations and will be 

mobile. Any retardation of these metals will be through cation exchange reactions with the aquifer 

mineral surfaces. 

The combination of slightly acidic and generally oxidizing groundwater at Site 15 suggests chromium will 

be present as the Cr(VI) chromate anion and thus more mobile than the metal cations. However, as the 

chromate migrates from Site 15 toward and through the more reducing and more basic pH environment of 

Site 23 (Tank Farm), its mobility should decrease due to reduction from Cr (VI) to Cr (Ill). In this 

environment, the likelihood of precipitation of an insoluble hydroxide is increased. 
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The list of metals detected in the BGOURI is similar to that of the Phase II RI. A notable exception is 

silver, which was detected in one deep groundwater sample in the Phase II RI at a concentration of 

1.2 ug/L but was detected in the three shallow wells sampled during the BGOURI at concentrations 

ranging from 79.1 to 615 pg/L. The published distribution coefficients (Kds) for silver range from 10 to 

1000 mL/g (Table 3-2), and it is possible that the silver detected at the site is bound to particulate matter. 

Silver was detected in 1 of 9 soil samples in the Phase II RI at a concentration of 460 ug/kg. Based on 

these data it does not appear that soil contamination is the main source of the silver in groundwater. 

Lead was detected in groundwater at the site; the maximum concentration slightly exceeded screening 

levels. The concentrations of lead detected in the BGOURI (2.8 ugR to 24.7 us/L) are similar to those 

found in the Phase II RI (2.1 ug/L to 21.2 us/L). The maximum concentrations in both investigations 

occurred in samples downgradient of the former SASDA but not at the same location. Although lead 

strongly adsorbs to organic matter in soil and is typically considered to be immobile, the presence of 

acidic conditions (battery acid) can result in the mobilization of lead. Under acidic conditions (i.e., a soil 

pH lower than 6), lead complexes can become soluble and subject to migration. However, soil containing 

elevated lead concentrations was removed during the time-critical removal action conducted by OHM in 

January 1995. The Phase II RI concluded that the detection of lead at 21.2 ug/L was most likely the 

result of suspended solids in the unfiltered sample and that, since lead was not detected in the 

groundwater in the dissolved phase (i.e., filtered samples), it was unlikely that lead was migrating via the 

groundwater. Filtered samples were not collected or analyzed during the BGOURI; therefore, this 

assumption could not be directly verified. However, the turbidity and TSS measurements taken during 

the BGOURI in monitoring well 15MWlS (i.e., 3 NTU and 5 J mg/L), which had the highest concentration 

of lead, do not indicate that the high concentrations of lead are related to suspended solids. Lead 

mobility is likely since the predominant dissolved species is a neutral molecule (PbC03). 

11.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific HHRA for the identified exposure scenarios for Site 15. The risk 

assessment methodology was described in Section 3.4, and detail calculations including RAGS Part D 

tables are presented in Appendix C. A summary of previous HHRAs for the site is also presented. 

11.6.1 Data Evaluation 

COPCs were identified for Site 15 using the risk-based screening levels, as discussed in Section 3.4.1. 

Table 11-3 summarizes the COPCs retained for Site 15. A discussion of direct contact exposure COPCs 

(i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COPCs is provided below. Additional COPCs are identified on chemical 

migration tendencies: migration of groundwater to surface water and migration of volatiles from 
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groundwater through building foundations into indoor air. These additional COPCs are not quantitatively 

evaluated in the HHRA because they are not considered to be significant contributors to the direct contact 

exposure pathways identified for potential human receptors. 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 11-4. The maximum detected concentrations of the following 

chemicals in groundwater exceeded the direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

l VOCs-trichloroethene 

l Metals-cadmium, chromium, lead, nickel, and silver 

The maximum detected concentration of manganese exceeded its USEPA Region IX PRG but was within 

background levels; consequently, manganese was not retained as a COPC. 

A comparison of the maximum detected concentration in groundwater to migration criteria is presented in 

Table 1 l-5. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria for protection of migration to surface water: 

l Metals-lead, silver, and zinc 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

groundwater to indoor air. 

11.6.2 Exposure Assessment 

Only groundwater samples were collected during the current investigation; consequently, only exposures 

to groundwater were evaluated in the risk assessment for Site 15. Potential receptors included 

construction workers and future adult residents. Exposure assumptions for these receptors were 

presented in Table 3-l 4. Potential exposure pathways are summarized in Table 11-6. 

Construction workers could come into contact with groundwater while excavating building foundations. In 

such an instance, construction workers could be exposed to the groundwater via dermal contact. 

Potential exposure pathways for future adult residents exposed to groundwater included ingestion, dermal 

contact, and inhalation of volatile emissions. As previously discussed, future adult residential receptors 

are not potential receptors under current land use and are included only to provide an indication of 

potential risks if the facility were to close and then be developed for residential use. 
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As discussed in Section 3.4, the maximum detected concentration and average concentration were used 

for the exposure point concentrations for the RME and CTE, respectively. Exposure point concentrations 

for Site 15 are presented in Table 1 l-7. 

11.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers and future adult residents exposed to 

groundwater using the methodology presented in Section 3.4. The results are summarized in 

Tables 1 l-8 and 1 l-9 and are discussed below. Sample calculations and chemical-specific risks in 

RAGS Part D format are provided in Appendix C. 

The result of the human health risk assessment indicate that cancer risks for future adult residents 

exposed to groundwater were within EPA’s acceptable cancer risk range, but exceeded CTDEP’s 

acceptable risk levels. Hazard indices for future adult residents exposed to groundwater.exceeded EPA’s 

and CTDEP’s acceptable levels. Even though the calculations were not performed, cancer risks for future 

child residents would also be expected to be within EPA’ acceptable cancer risk range but exceed 

CTDEP’s acceptable risk levels and hazard indices would be expected to exceed EPA’s and CTDEP’s 

acceptable levels. 

The results of the human health risk assessment indicated that cancer risks and hazard indices exceeded 

USEPA and CTDEP acceptable levels for future adult residents exposed to groundwater. Even though 

the calculations were not per performed, cancer risks and hazard indices for future child residents would 

also be expected to exceed USEPA and CTDEP acceptable levels. 

Carcinogenic Risks 

ICRs for construction workers exposed to groundwater were 4.6 x lo-” and 4.9 x lo-” for the RME and 

CTE scenarios, respectively, which were less than USEPA’s target risk range of lo4 to IO” and CTDEP’s 

acceptable risk level of 10” for cumulative exposures. 

The ICRs for adult residents exposed to groundwater were 4.4 x lOa and 2.1 x 10e7 for the RME and CTE 

scenarios, respectively, which were less than or within USEPA’s target risk range of lo4 to IO” and 

CTDEP’s acceptable risk level of 10V5 for cumulative exposures. The chemical-specific ICR for TCE 

under the RME scenario exceeded CTDEP’s target level of 1 x 10” for individual chemicals. 
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Noncarcinogenic Risks 

HIS for construction workers exposed to groundwater were 0.04 and 0.02 for the RME and CTE 

scenarios, respectively, which were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

HIS for adult residents exposed to groundwater were 5.1 and 1.2 for the RME and CTE scenarios, 

respectively, which exceeded USEPA’s and CTDEP’s acceptable level of 1 .O. Chromium (HQ = 1.3) and 

silver (HQ = 3.4) were the major contributors to the HI under the RME scenario. Chemical-specific HQs 

for chemicals and target organs were less than 1 .O under the CTE scenario. 

Lead 

Lead was identified as a COPC in groundwater at Site 15. Lead was detected at a maximum 

concentration of 24.7 pg/L, which exceeds the Safe Drinking Water Act action level and CTDEP RSR of 

15 pg/L. 

USEPA’s IEUBK model was used to evaluate exposure to lead in groundwater by a future child resident. 

As recommended by the model, the average concentration of lead in groundwater of 11.6 pg/L was used 

for the exposure point concentration. Default parameters were used for the rest of the model input 

parameters. IEUBK model outputs are included in Appendix C. The estimated geometric mean blood- 

lead level for children exposed to lead in groundwater was 4.2 pg/dL, which is less than the level of 

concern of 10 pg/dL. The IEUBK Model estimates that 3.2 percent of children are expected to have 

blood-lead levels greater than 10 ug/dL. These results indicate that no adverse effects are anticipated for 

hypothetical future child residents exposed to lead in groundwater at Site 15. 

11.6.4 Summarv of Previous Risk Assessments 

The baseline human health risk assessment conducted during the Phase II RI evaluated construction 

workers and future residents as potential receptors at Site 15. CTE and RME scenarios were evaluated 

for both of these receptors. Dermal contact was considered to be a potential route of exposure for the 

construction worker. Dermal contact with, ingestion of, and inhalation of volatiles in groundwater were 

considered to be potential routes of exposure for the future resident. 

Noncarcinogenic risks associated with exposure to groundwater for the construction worker under the 

CTE and RME scenarios and for the future resident under the CTE scenario were less than one. 

However, noncarcinogenic risk associated with exposure to groundwater for the RME future resident 

exceeded one. Elevated noncarcinogenic hazards for this receptor were attributed to exposure to 

manganese in groundwater via ingestion. The chemical-specific HI for manganese exceeded one for 
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direct ingestion (2.2) under the RME scenario. Calculated risks for dermal contact with groundwater and 

inhalation of volatiles in groundwater while showering/bathing were relatively insignificant. This 

conclusion was similar to that determined for many other sites at NSB-NLON (i.e., manganese is a 

commonly found naturally occurring metal and the primary contributor to site noncarcinogenic risks). 

The incremental cancer risk associated with exposure to groundwater for the construction worker under 

both RME and CTE scenarios was less than the USEPA and CTDEP target cancer risks. The cumulative 

incremental cancer risk associated with exposure to groundwater for the future resident under CTE 

conditions (9.3 x10*) was within USEPA’s target risk range (1 x104 to 1 ~10~6) and was less than the 

CTDEP target cancer risk (1 x10”). However, the cumulative carcinogenic risk associated with exposure 

to groundwater for the future resident under the RME scenario (1.6 ~10~4) exceeded 1 x10” and 1 ~10~. 

Direct ingestion of groundwater was the primary exposure route of concern for the potential future 

resident; the associated incremental cancer risk for this exposure route alone exceeded 1 ~10~. 

Carcinogenic chemicals selected as COPCs for groundwater included bis(2-ethylhexyl) phthalate, 

1,6dichlorobenzene, heptachlor, arsenic, and beryllium. Although risks for these chemicals were similar 

(i.e., within an order of magnitude), the largest contributor to the risks associated with direct ingestion of 

groundwater was beryllium, with an incremental cancer risk of 8.0 x 10”. 

11.6.5 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 15 are discussed below. 

Elimination of Chemicals as COPCs on the Basis of Background 

In accordance with Navy policy, chemicals were eliminated as COPCs on the basis of comparison to 

background. Manganese was the only chemical in groundwater with a maximum detected concentration 

that exceeded the direct contact screening criteria but was not retained as a COPC on the basis of 

background. Potential risks from dermal exposures to manganese in water are insignificant 

(USEPA, 2000d); consequently, the elimination of manganese as a COPC on the basis of background 

does not affect the risk estimates for the construction worker since this receptor was only evaluated for 

dermal exposures to groundwater. Future adult residents were evaluated for ingestion and dermal 

contact with groundwater; therefore, the estimated risks would be higher for the future adult resident if 

exposures to manganese were evaluated in the HHRA. If exposures to manganese in groundwater by a 

future adult resident were evaluated in the HHRA, then the resulting HQ for manganese would be 1 .O and 

the total HI would be 6.1, which exceeds the USEPA and CTDEP acceptable level of 1 .O. 
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11.7 SUMMARY AND RECOMMENDATIONS 

11.7.1 Nature and Extent of Contamination 

TCE was the only VOC detected in the groundwater at Site 15. TCE was detected in 3 of 4 samples at 

concentrations ranging from 2.32 (15MW2S) to 16 pg/L (15MW3S). The MCL for TCE is 5 pg/L and the 

direct contact screening criterion is 1.6 pg/L. TCE was not detected in groundwater at this site during 

historical sampling events, and the source of the TCE is unknown. TCE was not detected in any Site 23 

(Tank Farm) groundwater sample; therefore, it does not appear that the TCE is migrating to downgradient 

locations at significant concentrations. 

Three SVOCs (anthracene, fluoranthene, and pyrene) were detected in Site 15 groundwater samples. 

None of these SVOCs were detected in groundwater samples collected during the Phase II RI. The 

PAHs were only detected in sample S15MW3SOl. Concentrations of these PAHs were all under the 

applicable screening criteria. 

Fifteen inorganics were detected in the groundwater samples collected from Site 15. Seven of the 15 

detected metals were present in all four samples. Significant concentrations of metals were detected 

most frequently in samples SISMWISOI and S15MW2SOl. Cadmium, chromium, lead, nickel, silver, 

and zinc were detected at concentrations that exceeded screening criteria. Lead is the only common 

inorganic detected at significant levels during both the Phase II RI and BGOURI. Chromium and lead 

were detected in all four BGOURI samples. It is likely that residual contamination from the former SASDA 

is the source of several of the inorganics detected in groundwater. 

11.7.2 Contaminant Fate and TransPort 

The TCE detected in the groundwater at Site 15 may be the result of a spill event or a subsurface release 

that was solubilized by infiltrating precipitation. The most recent groundwater data collected at the site 

suggest that lateral transport of TCE is occurring since higher concentrations were found in downgradient 

wells; however, it is unclear if the former SASDA is the source of the contamination. In addition, TCE was 

not detected in any Site 23 (Tank Farm) groundwater sample; therefore, it does not appear that the TCE 

is migrating to downgradient locations at significant concentrations. The analytical results do not indicate 

that vertical migration of TCE in groundwater has occurred since neither TCE nor other volatile organics 

were detected in the deep well in the Phase II RI or the BGOURI. It does not appear that appreciable 

biodegradation of TCE is occurring in the groundwater at Site 15 because no degradation products have 

been detected in on-site groundwater samples either in the BGOURI or the Phase II RI. 

120009/P 11-16 CT0 0312 



REVISION 3 
JANUARY 2002 

The BGOURI results show that the highest concentrations of metals tended to be in the shallow 

groundwater wells closest to the location of the former SASDA (wells 15MWlS and 15MW2S). The low 

pH (4.44) in the most upgradient well (j5MW2S) and the generally acidic pH in two other shallow wells 

suggest that the metals cadmium, nickel, silver, and zinc will be present as cations and mobile. The 

combination of slightly acidic and generally oxidizing groundwater at Site 15 suggests chromium will be 

present as the Cr(VI) chromate anion and thus more mobile than the metal cations. Silver was detected 

in one deep groundwater sample in the Phase II RI at a concentration of 1.2 pg/L, but it was detected in 

the three shallow wells sampled during the BGOURI at concentrations ranging from 79.1 to 615 pg/L. 

Even though the monitoring well network is limited at Site 15, silver was not detected in any downgradient 

groundwater samples at Site 23. Therefore it does not appear that silver is migrating to downgradient 

locations at significant concentrations. Based on the available data, it does not appear that soil 

contamination is the main source of the silver in groundwater. Lead was detected in groundwater at the 

site; the maximum concentration slightly exceeded screening levels. The concentrations of lead detected 

in the BGOURI (2.8 pg/L to 24.7 pg/L) are similar to those found in the Phase II RI (2.1 p’g/L to 21.2 pg/L). 

Although lead is typically considered to be immobile, the presence of acidic conditions (low pH) suggests 

that the lead is mobile. It is likely that, as these metals migrate from Site 15 toward and through the more 

reducing and more basic pH environment of Site 23 (Tank Farm), their mobility should decrease and they 

would precipitate out. 

11.7.3 Human Health Risk Assessment 

The following items summarize the HHRA for Site 15: 

l The HHRA for Site 15 considered exposures to construction workers and future adult residents. No 

soil samples were collected at Site 15; therefore, only exposures to groundwater were evaluated. 

Potential exposure pathways for groundwater included dermal contact for construction workers and 

incidental ingestion, dermal contact, and inhalation of volatile emissions for future adult residents. 

l The maximum detected concentrations of TCE, cadmium, chromium, lead, nickel, and silver 

exceeded the direct contact risk-based COPC screening levels and were retained as COPCs for 

groundwater. 

l Maximum detected concentrations of lead, silver, and zinc exceeded CTDEP’s screening criteria for 

protection of migration of groundwater to surface water. 

l The maximum detected concentrations of all chemicals in groundwater were less than the CTDEP 

criteria for migration from groundwater to indoor air. 
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ICRs and HIS for construction workers exposed to groundwater at Site 15 were within USEPA and 

CTDEP acceptable levels. 

ICRs for future adult residents exposed to groundwater at Site 15 were less than or within USEPA’s 

target risk range of lo4 to IO4 and CTDEP’s acceptable risk level of 10T5 for cumulative exposures. 

The chemical-specific ICR for TCE exceeded CTDEP’s target level of 1 x 10” for individual 

chemicals. 

HIS for future adult residents exposed to groundwater at Site 15 exceeded USEPA’s and CTDEP’s 

acceptable level of 1 .O under the RME scenario. Chromium and silver were the major contributors to 

the HI. 

The result of the human health risk assessment indicate that cancer risks for future adult residents 

exposed to groundwater were within EPA’s acceptable cancer risk range, but exceeded CTDEP’s 

acceptable risk levels. Hazard indices for future adult residents exposed to groundwater exceeded 

EPA’s and CTDEP’s acceptable levels. Even though the calculations were not performed, cancer 

risks for future child residents would also be expected to be within EPA’s acceptable cancer risk 

range but exceed CTDEP’s acceptable risk levels and hazard indices would be expected to exceed 

EPA’s and CTDEP’s acceptable levels. 

The maximum detected concentration of lead in groundwater exceeded the Safe Drinking Water Act 

action level and CTDEP RSR of 15 pg/L. The IEUBK model was used to evaluate exposures of lead 

in groundwater by hypothetical residential children. The IEUBK model indicated that no adverse 

effects are anticipated for hypothetical future child residents exposed to lead in groundwater at 

Site 15. 

The maximum detected concentration of manganese in groundwater exceeded its screening criteria 

but was within background levels, consequently manganese was not retained as COCs in the HHRA. 

HIS for adult residents exposed to manganese in groundwater would be equal to the acceptable level 

of 1 if manganese were evaluated in the HHRA. 

11.7.4 Recommendations 

A removal action was previously conducted at this site to remove an UST and to address associated lead 

contamination in the soil. The Navy and regulators signed a No-Further-Action Source Control ROD for 

the soil OU at this site after the action was completed. 
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One objective of the BGOURI at Site 15 was to further characterize the nature and extent of groundwater 

contamination to determine if the removal action was successful. The other objective of the RI was to 

quantify the risks to human receptors associated with the site. The first objective of the RI was completed 

by conducting a field sampling and analytical program. Samples were collected from four existing 

groundwater monitoring wells and analyzed during the RI. The results of the investigation indicated that 

residual contamination (i.e., metals) from the former SASDA is impacting the groundwater at the site. 

Because the groundwater is relatively acidic, it is likely that lead and the other detected metals will be 

mobile and migrate from the site. However, their mobility should decrease as they migrate toward and 

through the more reducing and more basic pH environment of Site 23 (Tank Farm). It also appears that a 

source of TCE that is unrelated to the site is impacting the Site 15 groundwater. It is believed that the 

source is unrelated to the site because TCE was not detected at the site during historical sampling events 

and the highest TCE concentration was detected downgradient of the site. 

The HHRA results from this RI indicate that Site 15 groundwater does not pose a Significant risk to 

construction workers but does pose potential risks to hypothetical human receptors. ICRs and HIS for 

construction workers exposed to groundwater at Site 15 were within USEPA and CTDEP acceptable 

levels. ICRs for future adult residents exposed to groundwater at Site 15 were less than or within 

USEPA’s target risk range of lo4 to 10” and CTDEP’s acceptable risk level of 10” for cumulative 

exposures. HIS for future adult residents exposed to groundwater at Site 15 exceeded USEPA’s and 

CTDEP’s acceptable level of 1.0 under the RME scenario. Chromium and silver were the major 

contributors to the HI. The IEUBK model was used to evaluate exposures of lead in groundwater by 

hypothetical residential children. The IEUBK model indicated that no adverse effects are anticipated for 

hypothetical future child residents exposed to lead in groundwater at Site 15. 

This RI completed the necessary characterization of the groundwater OU at this site. It is recommended 

that an FS be prepared for the groundwater OU to address contaminant migration issues and the 

potential residential risks associated with metals. The remedial alternatives evaluated in the FS should 

be streamlined because the site will be used for industrial purposes in the forseeable future, groundwater 

is classified as GB, and municipal water is the source of potable water at NSB-NLON. Alternatives that 

include groundwater monitoring and institutional controls would be appropriate to evaluate in the FS. 
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TABLE 1 l-l 
: ‘.. 

SUtib$tY OF THE SAMPLING AND ANALYTICAL Pf?QGF!AM F&? S&E 15 
@AS&WIDE hh&NDWATER OPhABLE UNIT REMEDfAL INVESTIGATION 

NSB-NLON, GRO;TON, CONNECTKUT 

Sample ID vocs SVOCS~~’ . Metals Mssc”’ 

\ I I 

GROUNDWATER SAMPLES 
S15MW1DO1 x X X X 
S15MW1!301 X X X X 
SlSMW2SOl X X X X 

~721001cL’ X -x ,x x * 
si 5rmvso1 X X X X 

Notes: 
1 Miscellaneous parameters include TSS and TDS. 
2 Duplicate to SlSMWO2SOl. . . 



TABLE 11-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS -SITE 15 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTlCUr 



TABLE 11-3 

CHEMICALS RETAINED AS COPCs IN SITE 15 GROUNDWATER 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Metals 
Cadmium 
Chromium 
Lead 
Nickel 
Silver 
Zinc 

X 
X 
X X 
X 
X X 

X 

Notes: 
X - Chemical is retained as a COC. 

.-.I___.-- . 



TABLE 114 

OCCURRENCE, DISTRIBUTlON. AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 15 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 2 
S~nario Timeframe Future 
Medium: Groundwater 
Erposun Medium: Gmundwater 
Exposure Point: Spent Acid Storage and Disposal Area (Site 15) 

CAS Number 

ilolatile Organlcs 
r9-01-6 

Chemical 

iemivolatile Organics 
120-12-7 ANTHRACENE 

m-44-0 FLUORANTHENE 

I 29-00-O PYRENE 

_ . . 

J 0.02 J W S15MW3S01 l/4 0.05 0.02 N/A 160 N 2ooo CTDEP RSR NO BSL 
N/A FED-MCL 
N/A CTDEP-MCL 

J 0.09 J ugn S15MW3S01 l/4 0.1 0.09 N/A 150 N 260 CTDEP RSR NO BSL 
N/A FED-MCL 
WA CTDEP-MCL 

0.06 W Sl5MW3S01 l/4 0.05 0.06 N/A 16 N 2W CTDEPRSR NO BSL 
N/A FED-MCL 
N/A CTDEP-MCL 

lcml MOmIs 
‘429-90-5 ALUMINUM 1650 4200 

‘439-95-4 MAGNESIUM 1290 6060 ’ 

‘439-96-5 MANGANESE 31.3 671 

‘440-02-o m 77.6 77.6 

440-09-7 POTASSIUM 1600 6610 

WL SIBMWIDOI 3/4 

W Sl5MW2SOl.D l/4 

W- Sl5MW2SOi-D 2i4 

W S15MW3SOl 4l4 

W Sl5MWlSOl 4/4 

W S15MW2SOl 3l4 

WL S15MW3SOl 3/4 

KUL Sl5MWISOI 4l4 

W SlSMWlDOl 414 

ue/L SlSMWlDOl 4l4 

WL S15MWlSOl l/4 

W SlBMWlDOl 4J4 

1 

663 4200 r- .I .,I N N/A CTDEP RSR NO EPA1 
m FED-SMCL I . II 

NIA CTDEP-MCL 
7.3 N 4 CTDEPRSR NO BSL 

4 FED-MCL 

0.25 

N/A 22500 

4 CTDEP-MCL 
5 CTDEP RSR m ASL 
5 FED-MCL 
5 CTDEP-MCL 

166OW 1 N/A N/A CTDEP RSR NO NUT, BKG 

N/A 

6.6 36.6 107 140 N 1300 ICTDEPRSR NO BSL. EKG 

N/A 

13.6.34.4 

N/A CTDEP-MCL 
11700 m :: N NIA CTDEPRSR NO EKG 

CTDEP-MCL 
ASL 

1W FED-MCL 

N/A 6610 70600 N/A 
iii CTDEP-MCL 
N/A CTDEP RSR NO NUT, BKG 
N/A FED-MCL 
WA CTDEP-MCL 



TABLE 114 

OCCURRENCE, DISTRIBUTION, AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 15 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE 2 6F 2 

/ lSce”ario Ti”d-ame: Future I 

I IMedium: Gmundwstw 
Exposure Medium: Gmundwatsr I 

IE&OSum Point: SWnt ACM Stwga nd Disposal Arsa (Sits 1.5) 

Miscellaneous Parmeters 

000-09-0 TOTAL DISSOLVED SOLIDS 146 J 276 J “WL SlSMWlDOl 3l4 10 276 6260 N/A WA CTDEP RSR NO BSL. BKG 
500 FED-SMCL 
N/A CTDEP-MCL 

000-06-9 TOTAL SUSPENDED SOLIDS 5 J 60 J “W S15MWiDOI 3l4 5 60 236 N/A NIA CTDEP RSR NO BKG 
NIA FED-MCL 
NIA CTDEP-MCL 

I A shaded value indicates that ths concsntralion used for screening exceeds the criterion or background value. 
A shaded chemical name indicates that the chemical has been sstected as a COC. 

Footnote6 

1 Sample and duplicate are counted as two separate samples when detsnintng the minimum and maximum 

detected concentrations. 

2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concentration is used lor screening purposes. 

4 95% Upper Tolerance Limit (UTL) of sits background data. 

5 The “Sk-based COPC screening lsvsl for tap water use Is presented. The value is based on a 

target Hazard Duotient of 0.1 for noncsrcinogens (denoted with a ‘N’ Hag) or an incremental cancer 

risk 01 IE-6 for carcinogens (denoted with a ‘C’ flag) (USEPA. Region IX. November 2GJO). 

6 The chemical is selected as a COPC rf ths maximum detected concentration exceeds the r&k-based 

COPC screening level and/or an ARARmBC(s). 

7 Value is for hexavalent chromium. 

ARARKBC = Applicabfs or Retwant and Appropdats RsquirsmenVTo Be Considered. 
C = Cardnogsn. 
COC = Chemical of Concern. 
J = Estimated Value. 

N = Noncardnogen. 

N/A E Not Applicsbls. 

FED-MCL = Federal Maxlmum Contaminant Levsl (USEPA. August 2OGJ). 

FED-SMCL = Federal Secondary Maximum Contaminant Level (USEPA August 2CkXt). 

FED-AL = Federal Action Level (USEPA. August 2Ogb). 

CTDEP-RSR = Connecttart DEP Rsmediation Standard Rsgutations. 1996. 

CTDEP-MCL = Connecticut Maximum Contaminant Level. 

For Selsctfcn ss a COC: 

ASL = Above COC Screening LsvellARAFt/TBC 

mated Samoles: For Elimination as a COC: 
Sl5MWlDOl BKG = Within Background Lsvsls. 
Sl5MWlSOl BSL = Below COC Screening Lsvsl’ARAR/TBC. 
S15MW2SOi NUT = Essential Nutrient. 
S15MW2SOl.D NTX = No Toxicity Infonnstion. 
S15MW3S01 EPA1 = USEPA Region 1 doss not advocate evaluation of this chemical 



TABLE !l-5 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER AT SITE 15 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON, CONNECTICUT 

Scenario Timefrsme: Future 
Medium: Groundwater 
Expoeure Medium: Groundwater 
Exposure Point: Spent Acid Storage and Dispoeel Area (Site 15) 

CAS Number 

Volatile Oroanics 

Chemical 

Rationale for 
S.~~~etw CTDEP Vol. COPC Conteminent 

Criteria”’ 
Criteria”’ Flag Deletion or 

Ss,ec~on” 

179-01-6 ITR~CHL~R~ETHENE 1 2.32 1 J 1 16 I I UdL I S15MW3S01 1 Y4 I 1 I 16 1 NJA 1 2340 1 219 I NO I BSL 1 
Semivolatile Organic8 
120-12-7 IANTHRACENE I 0.02 1 J I 0.02 1 J 1 ug/L I S15MW3SOl 1 l/4 1 0.05 I 0.02 1 WA 1 IlooMx) 1 N/A 1 NO I BSL _ 
206440 IFLUORANTHENE 1 0.09 1 J I 0.09 I J I w/L I St5MW3Sol I l/4 I 0.1 1 0.09 1 WA I 3700 1 NIA I NO 1 BSL 
129-00-O IPYRENE I 0.06 I I 0.06 I I udL : S15MW3S01 I l/4 I 0.05 ; 0.06 1 N/A 1 llC%fM 1 N/A I NO I BSL 
Tdd “d.,. 

Miecelleneoue Parametefe 
000-09-0 ITOTAL DISSOLVED SOLIDS I 146 I J I 276 I J I mgkl Si5h4WlDOl 1 Y4 I 10 I 276 1 6260 I WA 1 NA 1 NO 1 EKG 
ocuo8-9 [TOTAL SUSPENDED SOLIDS I 5 1 J 1 80 I J I mglll S15MWlDOl I Y4 I 5 I 80 l 236 I N/A 1 NA 1 NO 1 BKG 

A shaded value indicates that the concentration used for screening exceeds the criterion or background value. 
A shaded chemical name indicates thet the chemical has been selected as a COPC. 

Footnotes: 
1 Sample and duplicate are counted as two separate samples when determIning the minimum end maximum 

detected concentrations. 
2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concentration is used lor screening purposes. 

4 95% Upper Tolerance Limit (UTL) of site background data. 

5 Connecticut DEP Surface Water Protection criteria. 

6 Connecticut DEP Volablization criteria for residential exposures. 

7 The chemical is selected as a COPC If the maximum detected concentration exceeds the 

CTDEP surface water protection or volatilization critena. 

&.wated Samoles: 

SI5MWlDOl 

Sl5MWlSOI 

S15MWZSOl 

S15MWZSOl-D 

S15MW3S01 

ARARiTBC = ApplicaMe or Relevant snd Appropriate RequirementfTo Se Considered. 
c = Carcinogen. 
COC = Chemical of Concern. 
J = Estimated Value. 
N = Ncmarcinogen. 
NA = Not Applicable. 

Rationale @9es: 

For Selection es e COPC: 

ASL = Above COPC Screening LeveUARAi3lSC 

For Elimination es e COPC: 

BKG = Within Background Levels. 

BSL = Below COPC Screening LevellARAtUTEtC. 

NTX = No Toxicity Informstion. 



TABLE 11-6 

Scenario 
Timeframe 

Current/Future Groundwater 

Exposure 
Medium 

Air 

SELECTION OF EXPOSURE PATHWAYS FOR SlTE 15 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSS-NLON, GROTON. CONNECTICUT 

Exposure Receptor 
Point Population 

Receptor 

Age 

Exposure 
Route 

Oft-SW 
Off-Site 

TYW of 
Analysis 

Rationale for Selection or Exclusion 
of Exposure Pathway 

Overburden/Bedrock 
Aquifer 

Construction 
Workers 

Full-time 
Employees 

Trespassers 

Adult 

Adult 

Adolescents 

Ingestion 
Dermal 

Ingestion 
Derrnal 

Ingestion 
Dermal 

On-Site 
On-Site 
On-Site 
On-Site 
On-Site 
On-Site 

NOW Construction workers may have derrnal contact with groundwater during 
Puant excavation activities. 
None Full-time employees are not exposed to groundwater. 
Norm 
None Trespassers do not have contact with groundwater. 
None 

I Residents 1 Adult 1 Ingestion 1 On-Site 1 Quant IGroundwater may be used as a potable water source in the future. I 

Child 

Adult 

Dermal 

Dermal 
1 Ingestion 1 

Inhalation 

On-Side 

On-Site 
On-Site 1 

On-site 

Quant 

None 
None IExposures to a child resident are less than those for an adult resident. 

None Construction workers exposure via volatilization is expected to be insigntficant 
due to dilution with outdoor air. 

OverburdenBedrock 

Aquifer 
Construction 

Workers 

I Full-time 
I 

Adult Inhalation 
Emolovees I on-site I None I 

Full-time employees are not exposed to groundwater. 
I ~ I I 

Trespassers Adolescents Inhalation On-Site None Trespassers do not have contact with site groundwater. 

I I I I I 

Residents Adult Inhalation On-site 1 @ant Ion-site restdents may be exposed to volatile emissions from groundwater I 
I while showering. 

Child lnhalatton On-site None Exposures to a child restdenl are less than those for an adult restdent. 



TABLE 11-7 

EXPOSURE POINT CONCENTRATIONS FOR SITE 15 
BASEWIDE GROUNDWATER OPERABLE UNlT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Groundwater 
Chemical RME”’ CTE”’ 

(ug/L) (ug/L) 
Volatile Organic Compounds 
Trichloroethene I 16 I 5.51 I 
lnorganics 
Cadmium 3.2 1.11 
Chromium 121 53.6 
Lead’*’ 11.6 11.6 
Nickel 77.6 29.0 
Silver 615 303 

Notes: 
1 - The maximum detected concentration is used for the RME scenario and 

the average concentration is used for the CTE scenario. 
2 - The average concentration is used for lead (USEPA, 1994). 



TABLE 11-6 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 15 
REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media 

Construction Worker Groundwater 

Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

.lO’ > 1v5 and s lo4 >10dsnd210d 
Dermal Contact 4.6E-10 __ _- __ 0.04 __ 

Adult Resident Groundwater Ingestion 2.1 E-06 __ __ Trfchloroetherw 4.0 Chromium, Silver 
Dermal Contact 2.6E-07 _. __ _- 0.2 .- 

Inhalation (1) 2.1 E-06 _. __ Trichloroethene 0.07 _- 

Total 4.4E-06 __ __ Trichloroethene 5.1 Chromium, Silver 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatiles. 



TABLE 1 l-9 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 15 
CENTRALTENDENCYEXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTICUT 

Receptor Media 

Construction Worker Groundwater 

Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

>lO” >10asnd<104 > IO4 and 5 lo” 
Dermal Contact 4.9E-11 _. -_ ._ 0.02 _- 

Adult Resident Groundwater Ingestion 1 .OE-07 __ __ __ 1.1 -_ 
Dermal Contact 1.5E-06 -_ -. __ 0.2 __ 
Inhalation (1) 1 .OE-07 ._ __ -_ 0.01 __ 
Total 2.1 E-07 ._ -_ -_ 1.2 __ 

Notes: 
1 . Inhalation risk is assumed to be equal to risk from ingestion for volatiles 
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NO EXCEEDENCES 

LEAD 14.6 13.6 
TOTAL METALS 

NICKEL 26.5 u 16.2 U 

SILVER 615 J 5.9 u 

URM CADD NO. TtNUSB-t.DGN - REV 0 - l/20/98 
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,12.0 SITE 18 - SOLVENT STORAGE AREA (BUILDING 33) 

12.1 SITE DESCRIPTION 

Site 18 consists of Building 33, the Solvent Storage Area. The location of Building 33 is shown on Figure 

l-2 and Figure 12-1. According to the FFA (1995), this building has been used for the storage of gas 

cylinder and 55gallon drums of solvents such as TCE and dichloroethene. 

12.2 SITE INVESTIGATION 

The solvent storage area at Building 33 was identified during the IAS for NSB-NLON that was conducted 

in March 1983. The site was identified as Study Area F in the FFA and is now identified as Site 18 for the 

IRP. No prior sampling activities were conducted at this site. 

During the BGOURI, both soil and groundwater samples were collected to characterize this site. A 

summary of the sampling and analytical program is presented in Table 12-l. Five surface soil samples 

and five subsurface soil samples were collected during test boring activities at the site. The sample 

locations are shown on Figure 12-1. Three temporary groundwater monitoring wells (18TW1, 18Tw2, 

and 18TW4) were installed in three of the test borings completed at Site 18. Temporary well 18TWl was 

a dry well and could not be sampled. Groundwater samples were collected from temporary wells 18TW2 

and 18TW4. A field duplicate sample was also collected from 18Tw2. The methodology used to 

complete test borings and construct temporary monitoring wells, as well as the sampling techniques, are 

discussed in Sections 2.2 and 2.3. 

12.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of physical characteristics for Site 18 based on available reference 

information and information gathered during this RI. Topography and surface features, surface water, 

soils, geology, and hydrogeology are discussed in the following subsections. 

12.3.1 TODOgraDhv and Surface Features 

Site 18 is located north of the SASDA (Site 15) and the Tank Farm (Site 23). The ground surface 

topography around Building 33 is shown on Figure l-3. As shown on the figure, a steep embankment 

exists on the northern and eastern sides of Building 33. The embankment slopes at an approximate 

gradient of 50 percent toward the south and west. The gradient flattens to approximately 5 percent on the 

southern and eastern sides of Building 33. 
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12.3.2 Surface Water 

Surface water runoff from this site is collected by a storm sewer system. The storm sewer system passes 

through the Tank Farm and Goss Cove Landfill sites and eventually discharges to the Thames River. 

12.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil on the southern and western sides of Building 33 as 

Urban land. Upgradient of the site (north and east), bedrock exposures (Hollis-Charlton-Rock outcrop 

complex) are prevalent as the central bedrock high extends toward the south. The soils overlying the 

bedrock range from very stony fine sandy loam to gravelly loam. 

12.3.4 Geoloav and Hvdroaeoloay 

Geology 

Minimal subsurface investigation work has been performed at Site 18. The site has a veneer of silty sand 

overlying shallow metamorphic bedrock. The sand is fine to medium grained and contains trace to some 

gravel and rock fragments. 

Hydrogeology 

Groundwater levels were measured in temporary wells 18l%V2 and 18TW4 on June 14, 2000. The 

elevations associated with these measurements are presented on Figure 12-l. The inferred direction of 

groundwater flow, based on the southern region potentiometric surface maps (Figures 4-12 through 

4-15), is to the south. 

Historic inferred shallow overburden and bedrock potentiometric surfaces in the vicinity of Building 33 are 

shown on Figures l-5 and l-6, respectively. The contours indicate that groundwater in both the 

overburden and the bedrock flows in a southwestward direction toward the SASDA and Tank Farm. 

Groundwater from this site will eventually discharge to the Thames River. The saturated thickness of the 

site is variable. In temporary well 18TWO1, the saturated thickness of overburden was approximately 

1 foot. In two other temporary wells, the bedrock surface was not encountered. The saturated thickness 

in these wells exceeded 5 feet. 

12.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of soil and groundwater contamination at 

Site 18. The discussion includes soil and groundwater data collected during the BGOURI. Since the 
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exposure scenarios for surface soil and subsurface soil are different, the discussion addresses each soil 

type separately. Soil and groundwater sample locations are shown on Figure 12-l. 

A summary of the BGOURI sampling and analytical program for Site 18 is presented in Table 12-l. A 

complete summary of the Site 18 analytical data set is provided in Appendix B. Table 12-2 presents a 

summary of positive soil analytical results for Site 18. Table 12-3 presents a summary of SPLP results. 

Table 12-4 presents a summary of positive groundwater analytical results for Site 18. 

As part of the HHRA, descriptive statistics (i.e., frequency of detections, minimum and maximum 

concentrations, range of detection limits, and the associated sample numbers) and the COPC screening 

criteria for each analyte detected at least once in soils at the Solvent Storage Area were tabulated. 

Analytical results for surface soils are summarized and screened in Tables 12-7 through 12-9. Different 

exposure scenarios (i.e., direct exposure and migration) are considered in each table. Analytical results 

for subsurface soil samples are summarized and screened in Tables 12-10 through 12-12. Analytical 

results for groundwater samples are summarized and screened in Tables 12-13 through 12-14. Tag 

maps of the chemicals determined to be COPCs based on the screening assessment were created to 

show the horizontal extent of contamination. Figure 12-2 shows the soil COPCs that exceeded direct 

exposure or migration screening criteria. The analytical detection limit for COPCs is presented on the tag 

maps if the COPC was not detected in a sample. 

12.4.1 Surface Soil 

For this discussion, surface soils are considered to be soil samples collected from 0 to 2 feet bgs. The 

nature and extent of each chemical fraction are discussed separately below. 

Two VOCs (2-butanone and toluene) were detected at relatively low concentrations (i.e., below CTDEP 

pollutant mobility criteria) in Site 18 surface soil samples. 2-Butanone was detected in three of three 

samples at concentrations ranging from 2 J ug/kg to 4 J @kg. Toluene was detected in all five soil 

samples at concentrations ranging from 1 J ug/kg to 6 J ug/kg. 

A total of 15 SVOCs were detected in Site 18 surface soil samples. All 15 were PAHs that were detected 

only in soil sample S18SBOlOOOl -SO. None of the detected concentrations exceeded direct contact 

exposure criteria or the CTDEP pollutant mobility criteria. 

No pesticides or PCBs were detected in these samples. 

Sixteen inorganics were detected in the soil samples collected from Site 18. Twelve of the 16 detected 

metals were present in all five samples. The maximum concentrations of metals were detected most 
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frequently in sample S18SB030001-SO. Although no concentrations of metals in surface soil samples 

exceeded the migration pathway screening criteria, arsenic, lead, and thallium were detected at 

concentrations that exceeded direct contact screening criteria and background concentrations. Arsenic 

and lead were detected in all five samples. The horizontal limits of arsenic above surface sol screening 

criteria were not established. Concentrations of arsenic in all five samples were above the risk-based 

screening level of 0.39 mg/kg. The concentrations of arsenic ranged from 1.9 to 4 mg/kg. Lead was 

detected in all five surface soil samples at concentrations below 10 mg/kg, except in sample 

S18SB050001 where was detected at a concentration of 430 mg/kg, which is above the risk-based 

screening level of 400 mg/kg. Thallium was detected in three of five samples. Thallium was detected at 

concentrations ranging from 0.43 J (S18SB050001-SO) to 0.64 J (S18SBO30001-SO) mg/kg. The 

concentrations of thallium in samples S18SB030001 -SO and S18SBO40001 -SO exceeded the risk-based 

screening level. Therefore, the northwestern limit of thallium at concentrations in excess of the screening 

criterion is not established. 

The SPLP results for the Site 18 surface soil samples, presented in Table 12-9, indicate that antimony is 

of potential concern due to contaminant migration. The concentration of antimony (86 ug/L) detected in 

the leachate exceeded the CTDEP pollutant mobility criteria. 

12.4.2 Subsurface Soil 

For this discussion, subsurface soils are considered to be soil samples collected from 2 to 10 feet bgs. 

Five subsurface soil samples were collected at Site 18. The chemical fractions detected in these samples 

are discussed below. 

Two VOCs (methylene chloride and toluene) were detected at relatively low concentrations (i.e., below 

direct contact and CTDEP pollutant mobility criteria) in Site 18 subsurface soil samples. Methylene 

chloride was detected in only sample S18SB020405-SO-D at a concentration of 67 J ug/kg, which is in 

excess only of the USEPA SSL for migration from soil to groundwater. Toluene was detected in three of 

five soil samples at concentrations ranging from 1 J ug/kg to 2 J ug/kg. None of the detected 

concentrations of toluene were in excess of either the direct contact exposure criteria or the CTDEP 

pollutant mobility criterion. 

A total of 10 SVOCs were detected in Site 18 subsurface soil samples. All 10 were PAHs that were 

detected only in soil sample S18SBO10506-SO. None of the detected concentrations exceeded direct 

contact exposure criteria or the CTDEP pollutant mobility criteria. 

No pesticides or PCBs were detected in these samples. 
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Fifteen inorganics were detected in the five subsurface soil samples. All the same metals positively 

detected in surface soil samples were detected in the subsurface soil samples, except antimony. Of the 

15 inorganics detected, manganese and thallium were the only compounds that were detected at 

concentrations in excess of any screening criteria. Manganese was detected in all five subsurface soil 

samples at concentrations ranging from 33 mg/kg to 220 mg/kg. However, only the concentration of 

manganese in sample S18SBO40708SO (220 mg/kg) exceeds background (188 mg/kg) and the direct 

contact screening criterion (180 mg/kg). Thallium was detected only once in sample S18SBO40708-SO 

at a concentration of 0.75 mg/kg, which is in excess of background (0.29 mg/kg) and exceeds the direct 

contact screening criteria (0.52 mg/kg). 

The concentration of thallium in subsurface soil sample S18SB040708 exceeded the USEPA SSL for 

migration from soil to groundwater. However, the SPLP results for the Site 18 subsurface soil samples, 

presented in Table 12-3, do not indicate that the inorganic poses a potential concern due to contaminant 

migration. 

12.4.3 Groundwater 

No VOCs, SVOCs, pesticides, or PCBs were detected in the groundwater samples collected at Site 18. 

Aluminum, beryllium, calcium, iron, magnesium, manganese, potassium, and sodium were detected in 

one or both of the groundwater samples collected at Site 18. All these same metals were positively 

detected in the surface and subsurface soil samples, except beryllium. The concentrations of these 

metals were all below background except beryllium, which was not detected in background samples. The 

concentration of beryllium was below all direct contact screening criteria and CTDEP pollutant mobility 

criteria. 

Cross contamination to Site 18 or from Site 18 is not expected. The groundwater samples showed only 

insignificant concentrations of inorganics. The HHRA showed that all detected compounds in soil did not 

pose a threat to human health. 

12.5 CONTAMINANT FATE AND TRANSPORT 

12.5.1 Contaminant Fate and Transport Processes 

Five classes of chemicals were detected in five surface soil samples and five subsurface soil samples at 

Site 18 in the BGOURI: ketones, monocyclic aromatics, halogenated aliphatics, PAHs, and metals. One 

class of chemical, metals, was detected in the two groundwater samples collected at Site 18. No 

samples were collected at this site during previous investigations. 
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Ketones 

One ketone (2-butanone) was detected in surface soil at Site 18 at concentrations well below screening 

levels. No ketones were detected in the five subsurface soil samples collected at the site. Ketones are 

highly volatile and soluble and do not readily adsorb to soil. Therefore, they are not considered to be 

persistent in the environment. Hydrolysis is generally not a significant fate process for this class of 

chemical, nor is bioconcentration significant. Once in the groundwater, ketones may slowly degrade. 

2-Butanone is also a common laboratory and field contaminant often detected in environmental samples. 

This compound was not detected in the groundwater samples that were collected during the BGOURI, 

which indicates that this compound has not migrated to groundwater. 

Monocyclic Aromatic Compounds 

One monocyclic aromatic compound, toluene, was detected in surface and subsurface soil at Site 18 with 

maximum concentrations well below screening levels. Monocyclic aromatic compounds are not 

considered to be persistent in the environment, particularly in comparison to chemicals such as PAHs and 

PCBs. Vapor-phase toluene will be degraded in the atmosphere by reaction with photochemically 

produced hydroxyl radicals; the half-life for this reaction in air is estimated to be 3 days. In soil, toluene is 

expected to have high to moderate mobility based upon K, values in the range of 37 to 178. 

Volatilization from moist soil surfaces is expected to be an important fate process based on published 

Henry’s Law constants. Toluene may volatilize from dry soil surfaces based upon its vapor pressure. 

Biodegradation is expected to occur rapidly in soil surfaces, with half-lives in the range of several hours to 

71 days. If released into water, toluene is not expected to adsorb to suspended solids and sediment 

based on published K, values. This compound was not detected in the groundwater samples that were 

collected during the BGOURI, which indicates that this compound has not migrated to groundwater. 

Biodegradation is expected to occur rapidly in water, with reported half-lives of 4 and 56 days in aerobic 

and anaerobic water, respectively. Volatilization from water surfaces is expected to be an important fate 

process based upon this compound’s Henry’s Law constant. Estimated volatilization half-lives for a model 

river and model lake are 1 hour and 4 days, respectively. Measured BCF values in fish suggest 

bioconcentration in aquatic organisms is low to moderate. Hydrolysis is not expected to be an important 

environmental fate process for toluene due to lack of hydrolyzable functional groups. 

Halogenated Aliphatics 

One halogenated aliphatic compound (methylene chloride) was detected in subsurface soil at the site. 

These chemicals have relatively high vapor pressures and, if released to air, will exist solely as a gas in 

the ambient atmosphere. The gas-phase of methylene chloride is likely to be degraded in the 
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atmosphere by reaction with photochemically produced hydroxyl radicals. In soil, it is expected to have 

very high mobility based on its estimated K, values. Volatilization from moist soil surfaces is expected to 

be an important fate process based on its Henry’s Law constants. Methylene chloride may volatilize from 

dry soil surfaces based upon its vapor pressures. This compound was not detected in the groundwater 

samples that were collected during the BGOURI, which indicates that this compound has not migrated to 

groundwater. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

Both low-molecular-weight and high-molecular-weight PAHs were detected in surface and subsurface soil 

samples at Site 18. PAHs are generally considered to be fairly immobile in the environment. As noted in 

Section 3.3, PAHs have very low solubilities, vapor pressures, and Henry’s Law constants and high &s 

and &,s. The low-molecular-weight PAHs (e.g., acenaphthene, anthracene, fluorene, phenanthrene) are 

more mobile (higher solubilities, etc.) than the high-molecular-weight PAHs [e.g., benzo(a)pyrene, 

benzo(a)anthracene, chrysene, etc.]. PAHs in soil are much more likely to bind to soil and be transported 

via mass transport mechanisms than go into solution. PAHs can be degraded via aerobic bacteria but 

may be relatively persistent in the absence of microbial population or macronutrients such as 

phosphorous and nitrogen. PAHs were not detected in the groundwater samples that were collected 

during the BGOURI, which indicates that these compounds have not migrated to groundwater. 

Metals 

Sixteen metals were detected in surface and subsurface soil samples and eight metals were detected in 

groundwater samples at Site 18. The concentrations of most of the detected metals were within naturally 

occurring background levels. As noted in Section 3.3, metals are highly persistent environmental 

contaminants. They do not biodegrade, photolyze, hydrolyze, etc. The major fate mechanisms for metals 

are adsorption to the soil matrix (as compared to being part of the soil structure) and bioaccumulation. 

Under normal conditions, metals are not very mobile in the environment. Because metals frequently 

remain bound to particulate matter, the major transport mechanism for metals is bulk movement 

processes (erosion). However, metals can become mobile in the environment under certain conditions. 

The mobility of metals is influenced primarily by their physical or chemical properties in conjunction with 

the physical and chemical properties of the soil matrix. Factors that assist in predicting the mobility of 

metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The mobility of 

metals generally increases with decreasing soil pH and cation exchange capacity. The effect of REDOX 

potential varies for each metal. 
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12.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific risk assessment for the identified exposure scenarios for Site 18. 

The risk assessment methodology was described in Section 3.4 and detailed calculations including RAGS 

Part D tables are presented in Appendix C. 

12.6.1 Data Evaluation 

COCs were identified for Site 18 using the risk-based screening levels, as discussed in Section 3.4.1. 

Tables 12-5 and 12-6 summarize the COCs retained for Site 18. A medium-specific discussion of COCs 

is presented in the following subsections. Within a given medium, discussions of direct contact exposure 

COCs (i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COCs are provided. Additional COCs are identified on chemical 

migration tendencies: migration from soil to groundwater, migration from groundwater to surface water, 

and migration of volatiles from soil and groundwater through building foundations into indoor air. These 

additional COCs are not quantitatively evaluated in the HHRA because they are not considered to be 

significant contributors to the direct contact exposure pathways identified for potential human receptors. 

Surface Soil (0 to 2 feet) 

A comparison of the maximum detected concentrations in surface soil to risk-based screening criteria is 

presented in Table 12-7. The maximum detected concentrations of the following chemicals in surface soil 

exceeded the direct contact risk-based COC screening levels and were retained as COCs for surface soil: 

. Inorganics-arsenic, lead, and thallium 

The maximum detected concentrations of all chemicals were less than the USEPA SSLs for soil to air; 

therefore, exposures through inhalation of fugitive dust and volatiles were not retained for evaluation in 

the risk assessment for surface soils at Site 18. 

A comparison of the maximum detected concentration in surface soil to migration criteria is presented in 

Table 12-8. The maximum detected concentrations of all chemicals were less than their respective soil to 

groundwater migration criteria. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration 

from soil to indoor air. 
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Under Connecticut RSR (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using SPLP data. A comparison of site-specific SPLP data and RSRs is presented in Table 

12-9. The maximum detected concentrations for antimony exceeded its CTDEP mobility criterion and, 

therefore, antimony was retained as a COC for the soil to groundwater migration pathway for surface soil. 

It should be noted that antimony was not detected in groundwater at Site 18. 

Subsurface Soil (2 to 10 feet) 

A comparison of the maximum detected concentrations in subsurface soil to risk-based screening criteria 

is presented in Table 12-10. The maximum detected concentrations of the following chemicals in 

subsurface soil exceeded the direct contact risk-based COC screening levels and were retained as COCs 

for subsurface soil: 

. Inorganics-manganese and thallium 

The maximum detected concentration of arsenic exceeded its respective USEPA Region IX PRG but was 

within background levels; consequently, arsenic was not retained as a COC for subsurface soil. Arsenic will 

be retained as a COC in the HHRA for those receptors that are exposed to both surface and subsurface 

soil. The maximum detected concentrations of all chemicals were less than the USEPA SSLs for soil to air; 

therefore, exposures through inhalation of fugitive dust and volatiles were not retained for evaluation in 

the risk assessment for subsurface soil at Site 18. 

A comparison of the maximum detected concentration in subsurface soil to migration criteria is presented 

in Table 12-l 1. The maximum detected concentrations of the following chemicals exceeded their 

respective soil to groundwater migration criteria: 

l VOCs-methylene Chloride 

. Inorganics-thallium 

The maximum detected concentration of methylene chloride exceeded its USEPA SSL for migration from 

soil to groundwater but was less than its CTDEP pollutant mobility criteria. Methylene chloride and 

thallium were not detected in groundwater at Site 18. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration 

from soil to indoor air. 

Under Connecticut RSR (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are addressed 

using SPLP data. A comparison of site-specific SPLP data and RSRs is presented in Table 12-12. The 
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maximum detected concentrations for all inorganics were less than their respective CTDEP Mobility criteria; 

therefore, no inorganics were retained as COCs for the soil to groundwater migration pathway in subsurface 

soil. 

Groundwater 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 12-13. The maximum detected concentration of manganese 

exceeded its USEPA Region IX PRG but was within background levels. The maximum detected 

concentrations of all chemicals were below their respective direct contact screening criteria; therefore, 

there are no direct contact COCs for groundwater at Site 18. 

A comparison of the maximum detected concentrations in groundwater to migration criteria is presented in 

Table 12-l 4. The maximum detected concentrations of all chemicals were below their respective screening 

criteria for protection of migration to surface water; therefore, there are no COCs for the potential migration 

of groundwater at Site 18. 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

groundwater to indoor air. 

12.6.2 Exposure Assessment 

Potential receptors for exposures to soil at Site 18 included construction workers, full-time employees, 

older child trespassers, and future residents. No COCs were identified for groundwater; consequently, 

exposures to groundwater were not evaluated for groundwater at Site 18. Exposure assumptions for 

these receptors were presented in Table 3-14. Potential exposure pathways are summarized in 

Table 12-l 5. 

Construction workers were assumed to be exposed to surface and subsurface soil. Potential exposure 

pathways included incidental ingestion, dermal contact, and inhalation of dust and volatile emissions. 

Full-time employees may be exposed to site media while performing site inspections or daily duties. This 

receptor was only evaluated for exposures to surface soil. Potential exposure pathways included 

incidental ingestion, dermal contact, and inhalation of dust and volatile emissions. 

Older child trespassers may be exposed to soil while trespassing on or near the site while exploring, 

playing, or performing other activities. This receptor was only evaluated for exposures to surface soil. 
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Potential exposure pathways included incidental ingestion, dermal contact, and inhalation of dust and 

volatile emissions. 

Future child and adult residents were assumed to be exposed to surface soil and subsurface soil. 

Potential exposure pathways for soil included incidental ingestion, dermal contact, and inhalation of dust 

and volatile emissions. As previously discussed, future residential receptors are not potential receptors 

under current land use and are included only to provide an indication of potential risks if the facility were 

to close and then be developed for residential use. 

Exposure point concentrations for Site 18 are presented in Table 12-16. As discussed in Section 3.4, 

since fewer than 10 surface soil samples were collected, the maximum detected concentration and 

average concentration were used for the exposure point concentrations for surface soil under the RME 

and CTE, respectively. The 95 percent UCL was used as the exposure point concentration for exposures 

to all soil under the RME and CTE scenarios. 

12.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers, full-time employees, older child 

trespassers, and future residents exposed to soil using the methodology presented in Section 3.4. No 

COCs were identified for groundwater; therefore, no ICRs or HIS were calculated for exposures to 

groundwater. The results are summarized in Tables 12-17 and 12-18 and are discussed below. Sample 

calculations and chemical-specific risks in RAGS Part D format are provided in Appendix C. 

Carcinogenic Risks 

ICRs for Site 18 ranged from 3.3 x lo-* for older child residents (CTE) to 3.0 x 10e6 for future child 

residents (RME). All ICRs for exposures to soil at Site 18 were less than or within USEPA’s target risk 

range of 10e4 to 10m6 and less than CTDEP’s acceptable level of 1 x low5 for cumulative exposures. 

Although all ICRs were less than CDTEP’s target level for cumulative exposures, chemical-specific ICRs 

for arsenic (full-time workers, future child residents, and future adult residents) exceeded CTDEP’s target 

level of 1 x 10e6 for individual chemicals. It should be noted that the maximum detected concentration of 

arsenic was less than its CTDEP RSRs for residential exposures. 

Noncarcinogenic Risks 

All HIS for exposure to soil at Site 18 were less than USEPA’s and CTDEP’s acceptable level of 1 .O. HIS 

for Site 18 ranged from 0.003 for older child residents (CTE) to 0.1 for child residents (RME). 
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Exposure to Lead 

Lead was identified as a COPC in surface soil at Site 18. Lead was detected at a maximum 

concentration of 430 mg/kg, which exceeds the OSWER soil screening level of 400 mg/kg for residential 

land use. 

USEPA’s IEUBK model was used to evaluate exposures to lead in soil by future child residents. As 

recommended by the model, the average concentration of lead in surface/subsurface soil of 47.6 mg/kg 

was used as the exposure point concentration for soil. Lead was not detected in groundwater, so the 

model default value of 4 ug/L was used as the exposure point concentration for groundwater. Default 

parameters were used for the rest of the model input parameters. IEUBK model outputs are included in 

Appendix C. The estimated geometric mean blood-lead level for children exposed to lead in 

surface/subsurface soil was 2.0 ug/dL, which is less than the level of concern of 10 pg/dL. The IEUBK 

Model estimates that 0.03 percent of children are expected to have blood-lead levels greater than 

10 ug/dL. These results indicate that no adverse effects are anticipated for hypothetical future child 

residents exposed to lead in surface/subsurface soil Site 18. 

As discussed in Section 3.4.2.7, USEPA recommends that exposures to lead by nonresidential adults can 

be evaluated by use of a slope-factor approach developed by the USEPA Technical Review Workgroup 

for Lead (USEPA, 1996~). As recommended by the model, the average concentration of lead in surface 

soil of 93.7 mg/kg was used for the exposure point concentration. The incidental ingestion rate was 

assumed to be 100 mg/day, which is the recommended value for contact intensive scenarios. The 

exposure frequency was assumed to be 150 days/year (full-time workers). Default parameters were used 

for the rest of the model input parameters. The model estimated that the 95th percentile blood-lead 

concentration among fetuses born to women having site exposures ranged from 4.5 ug/dl to 7.3 ug/dL, 

which is less than the acceptable level of 10 ug/dL. The model estimates that the probability that the fetal 

blood level exceeds 10 ug/dL ranged from 0.1 to 2, percent which is less than the acceptable level of 

5 percent, indicating that adverse effects are not anticipated for nonresidential adults exposed to lead in 

surface soil at the Site 18. 

12.6.4 Summarv of Previous Risk Assessments 

Site 18 was not investigated during the previous investigations; therefore, no human health risk 

assessments were previously prepared for the site. 
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12.6.5 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 18 are discussed below. 

Elimination of Chemicals as COCs on the Basis of Background 

In accordance with U.S. Navy policy, chemicals were eliminated as COCs on the basis of comparison to 

background. Manganese in groundwater was the only chemical with a maximum detected concentration 

that exceeded its direct contact screening criteria but was not retained as a COC on the basis of 

background. Exposures to groundwater were not evaluated in the HHRA since no COCs were identified 

for groundwater at Site 18, although potential receptors for exposures to groundwater would be 

construction workers and adult residents. Potential risks from dermal exposures to manganese in water 

are insignificant (USEPA, 2000e); consequently, the elimination of manganese as a COC on the basis of 

background would not affect risk estimates for the construction worker since this receptor would only be 

evaluated for dermal exposures to groundwater. Potential exposure pathways for future adult residents 

include ingestion and dermal contact with groundwater. If exposures to manganese in groundwater by a 

future adult resident were evaluated in the HHRA, then the resulting HQ for manganese would be 0.4, 

which is less than the USEPA and CTDEP acceptable level of 1 .O, indicating that no adverse health 

effects are anticipated for adult residents exposed to manganese in groundwater at Site 18. 

Exposure Point Concentrations 

The maximum detected concentration was used as the exposure point concentration for exposures to 

surface soil under the RME scenario since fewer than 10 samples were collected at Site 18. As a result 

of using the maximum detected concentration, the estimates of risk for exposure to surface soil are most 

likely to be overstated since it is unlikely that potential receptors would be exposed to the maximum 

concentration over the entire exposure period. 

Lack of Dermal Absorption Values for Some Chemicals 

No dermal absorption value was available for thallium. Consequently, dermal exposures to thallium in 

soil could not be evaluated. The lack of a dermal absorption value for thallium does not significantly 

impact the estimated risks. The highest HI for exposures to thallium in soil occurred for a child resident 

(HI = 0.03) under the RME scenario. The HI would still be less than the acceptable level of 1 .O, even with 

100 percent dermal absorption of thallium (HI = 0.09). Therefore, there is no significant uncertainty due to 

the lack of a dermal absorption for thallium. 
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12.7 SUMMARY AND RECOMMENDATIONS 

12.7.1 Summarv of Nature and Extent of Contamination 

Five surface soil samples, five subsurface soil samples, and two groundwater samples were collected and 

analyzed to characterize the nature and extent of contamination at Site 18. Two VOCs were detected in 

surface soil samples and two were detected in subsurface soil samples. 2-Butanone and methylene 

chloride were detected only in surface and subsurface soil samples, respectively. Toluene was detected 

in both surface and subsurface soil samples. None of the concentrations of VOCs detected in surface 

soil samples exceeded any relevant screening criteria. Methylene chloride was detected in one 

subsurface soil sample at a concentration that exceeded USEPA’s SSL for soil to groundwater. 

Fifteen SVOCs were detected in surface soil samples and 10 were detected in subsurface soil samples 

collected from Site 18. All 15 surface soil SVOCs were detected in one surface soil sample 

(S18SBOlOOOl -SO) and were PAHs. Similarly, all 10 subsurface soil SVOCs were detected in one 

sample and were PAHs. None of the detected concentrations of SVOCs exceeded any of the relevant 

screening criteria. 

No pesticides or PCBs were detected in any Site 18 soil samples. 

Sixteen inorganics were detected in surface soil samples and 15 inorganics were detected in subsurface 

soil samples. All the same metals positively detected in surface soil samples were detected in subsurface 

soil samples except antimony. Arsenic, lead, and thallium were detected in surface soil samples at 

concentrations that exceeded direct contact screening criteria and background concentrations. Of the 15 

inorganics detected in subsurface soil samples, manganese and thallium were the only metals detected 

at concentrations in excess of any screening criteria. Manganese and thallium were only detected once 

in individual samples at concentrations that exceeded screening criteria. 

The SPLP results for Site 18 surface soil samples indicate that only antimony poses a potential concern. 

The concentration of thallium in subsurface soil sample S18SBO40708 exceeded the USEPA SSL for 

migration from soil to groundwater. However, the SPLP results for the Site 18 subsurface soil samples do 

not indicate that any inorganic poses a potential concern due to contaminant migration. 

No VOCs, SVOCs, pesticides, or PCBs were detected in the groundwater samples collected at Site 18. 

Aluminum, beryllium, calcium, iron, magnesium, manganese, potassium, and sodium were detected in 

one or both of the groundwater samples collected at Site 18. All these same metals were positively 

detected in the surface and subsurface soil samples except beryllium. The concentrations of these 

metals were all below background except beryllium, which was not detected in background samples. The 
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concentration of beryllium was below all direct contact screening criteria and CTDEP pollutant mobility 

criteria. 

12.7.2 Summarv of Human Health Risk Assessment 

The following items summarize the HHRA for Site 18: 

The HHRA for Site 18 considered exposures to soil by construction workers, full-time employees, 

older child trespassers, and future residents. No COCs were identified for groundwater; therefore, 

exposures to groundwater were not quantitatively evaluated in the HHRA. Potential exposure 

pathways for soil included incidental ingestion and dermal contact. The maximum detected 

concentrations of all chemicals were less than USEPA SSLs for migration from soil to air. 

Consequently, potential exposures via inhalation of fugitive dust and volatiles were not evaluated. 

The maximum detected concentration of arsenic, lead, and thallium in surface soil and manganese 

and thallium in subsurface soil exceeded the direct contact risk-based COC screening levels and 

were retained for evaluation in the HHRA. 

The maximum detected concentrations of methylene chloride and thallium exceeded their respective 

soil to groundwater migration criteria. Methylene chloride and thallium were not detected in 

groundwater at Site 18. 

The maximum detected concentrations of all chemicals in surface and subsurface soil were less than 

the CTDEP criteria for migration from soil to indoor air. 

All ICRs for exposure to soil at Site 18 were less than or within USEPA’s target risk range of 1 Oe4 to 

10e6 and CTDEP’s acceptable risk level of la5 for cumulative exposures. Chemical-specific ICRs for 

arsenic (full-time workers, future child residents, and future adult residents) exceeded CTDEP’s target 

level of 1 x 1u6 for individual chemicals. It should be noted that the maximum detected concentration 

of arsenic was less than its CTDEP RSRs for residential exposures. 

All HIS for exposure to soil at Site 18 were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

The maximum detected concentration of lead in soil exceeded the OSWER screening level of 400 

mg/kg for residential exposures by children. USEPA’s IEUBK model was used to evaluate exposures 

to lead in soil by hypothetical residential children. The IEUBK model indicated that no adverse effects 

are anticipated for hypothetical future child residents exposed to lead in soil at Site 18. Exposures to 
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lead by nonresidential adults were evaluated by use of a slope-factor approach developed by the 

USEPA Technical Review Workgroup for Lead. The slope-factor approach indicated that adverse 

effects are not anticipated for nonresidential adults exposed to lead in surface soil at the Site 18. 

l The maximum detected concentration of manganese in groundwater exceeded it screening criteria 

but was within background levels, consequently manganese was not retained as COCs in the HHRA. 

ICRs and HIS would still have been within USEPA and CTDEP target levels if manganese had been 

evaluated in the HHRA. 

12.7.3 Recommendations 

One objective of the RI at Site 18 was to perform an initial characterization of the nature and extent of 

contamination at the site because no sampling or analytical programs had been completed at the site in 

the past. Another objective of the RI was to quantify the risks to human receptors associated with the 

site. 

The first objective of the RI was completed by conducting a field sampling and analytical program. The 

program for this site focused on soil and groundwater. Both surface soil and subsurface soil samples 

were collected and analyzed. Three temporary groundwater monitoring wells were installed; however, 

only two were sampled during the RI because one well was dry. 

The nature and extent of contamination and HHRA results from this RI indicate that past storage of 

solvents at Building 33 (Site 18) has not significantly impacted the surrounding media and the site does 

not pose significant risks to any potential human receptors. No groundwater COPCs were identified at 

Site 18. All ICRs for exposure to soil at Site 18 were less than or within USEPA’s target risk range of 1 Oe4 

to 10m6 and CTDEP’s acceptable risk level of la5 for cumulative exposures. All HIS for exposure to soil at 

Site 18 were less than USEPA’s and CTDEP’s acceptable level of 1 .O. The IEUBK model indicated that 

no adverse effects are anticipated for hypothetical future child residents exposed to lead in soil at Site 18, 

and the slope-factor approach developed by the USEPA Technical Review Workgroup for lead indicated 

that adverse effects are not anticipated for nonresidential adults exposed to lead in surface soil at the 

Site 18 

Even though several chemicals (i.e., methylene chloride, thallium, and antimony) were detected at 

concentrations that exceed screening criteria for contaminant migration from soil to groundwater, the 

groundwater analytical data do not indicate that the site soils have impacted the groundwater. 

120009/P 12-16 CT0 0312 



REVISION 1 
AUGUST 2001 

The results of this RI do not indicate that subsequent rounds of investigation are necessary to further 

characterize this site. In addition, the results do not suggest that an FS is necessary for this site. 

Therefore, it is recommended that a no-further-action decision document be prepared for this site. 
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TABLE 12-1 

SUMMARY OF THE SAMPLING AND ANALYTICAL PROGRAM FOR SITE 18 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Pesticides SPLP 
SPLP 

aample IU VUbS 3VUbS IvlaLals Mist(‘) /PCBs Metals 
Pesticide 

PCBs 
IL 

_ __-.lOOOl 1 X I X I X I X I X I X 
;lRsFmln!m6l x X X X X X 

so 

S18SBO 
< 
L ---- . ---- 

S18SBO20001 x X X X X X 
S1888020405 X X X X X X 
il ASRO3onnl I X I X I X I I X I X I X I ‘ 

c -------- . 

S18SBnm7nR I x 
I . . I I 1 
I x I X I I X I X I X 1 

S18SB 
w-w. “V ,. 

I 

x 
I 

. . 

x 
. . 

I 
_ . 

_ _ -040001 1 X X X X 
&8SBO40708 1 X 

I I I 
X X X X X 

s18sBnmnni I x I X I X X X I X 

S18SB”“-- , 
GROUNDWATER ‘- 

t I. t I. I I ,. I ~. I ,. 
-----. _. I _. I _. I L . . I . I . . 

mndnE; I Y I X I X I I X I X I X I 

S18TWO201 1 X I X I X I X I X I 
s18mn9ni -n I x X X X X I .“L”. I I. I ,. I I . . I . . 

tsl8Tw0401 I 
I I 

X I X I x I X I X I I I 

Note: 
1 Miscellaneous parameters includes TSS and TDS. 



TABLE 12-2 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 18 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

S18SBOl Sl8SBO2 S18SBO2 S18SBO2 S18SBO2 
SB ss SB SB SB 

S18SB010506430 S18S8020001-SO Sl8SBO20405-SO Sl8SB020405-SO-AVG Sl8SBO204OCSO-D 
Sl8SBOlO506 s18sBo2oool s18s8020406 Sl8SBO20405 FD0612001 

5 0 4 4 4 
6 1 5 5 5 

6/l 2/w 6/12&l 6/l 2/w 6/l 2loo 6/12/W [sample-dat I 6/12/00 
Volatile Organics (ug/kg) 
P-BUTANONF I in IIR I in tm I A _I 

METHYLE 
TOLUENE 
Semivolatile Ofgani 

IA~FNAF 

_. .- .- -.. .- -.. ;; 11 UJ 11 UJ 12 UR 
NE CHLORIDE 1 9u 6U 5U 34.75 J 67 J 

I 2J 5U 1 J 2J 2J 6U 

,_ --_. -..- -_ - .-- - 
I 97 I I ,7n II I I ran II I Ian II I I 

U I 190 u I 190 u I 190 u I 
I- . . . . . 

,,“,.,,,.JM I 6500 I 5300 8800 I 6200 I 4750 I 3300 
ALITI.anLI” T\C” III I ncr,,, I n** 11.1 n!i!i II.1 I I-ISAS II.1 nc1 II, 
,-I” I IIVI”,” 1 “.“L “\I “.JJ “II “.W c- , -.-- -- - - - - - “.a‘+ UJ 
ARSENIC 1.9 0.77 J 3.1 I 1.2 J I 0.755 J 0.62 U 
BARIUM 24 39 35 30 24 16 
CALCIUM IOCOJ 1100 J 1400 J I 1100 J I 770 J 440 J 
CHROMIllM 9.5 A.9 13 I 10 I 6.75 35 .I 



llocation S18SBO4 Sl8SBO4 S18SBO5 SlBS005 
matrix ss SB ss SB 
nsample S18SB048661-SO Sl6SBO48708-SO Sl8SBO58681-SO Sl8SBO56485SO 
sample S18SB048661 Sl8SBO48708 Sl8SBO58681 S18SBO58485 
top-depth 0 7 0 4 
bottom-dep 1 6 1 5 

Isample-dat I 6/l 2Am I 6/l 2/88 I 6/12!68 6/l 2loo 6/l 2/w 6/l 2lw 
Volatile Organics (r&kg) 
P-BUTANONE 4J 10 UR 2J 10 UR 13 UR 11 UJ 
METHYLENE CHLORIDE 5u 14 u 5u 27 U 14 u 24 U 
TOLUENE 2J 1 J 3J 1 J 6J 6 UJ 

TABLE 12-2 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS FOR SITE 16 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

_. _. ..- 



TABLE 12-3 

SUMMARY OF SPLP SAMPLING AND ANALYTICAL PROGRAM FOR SITE 18 
BASEWIOE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON. GROTON. CONNECTICUT 

” 
samples dat 6/&o 6Ao 6niw 6lwJoo 5/l 2loo 6/12/00 5412/w 6/12100 1 w12mo I w12m I 
PCBS @g/L) -__ _- ~a 
AH”CL”WI”16 2” 

_ 
2” 

 ̂
2” 

 ̂
2” 

2” I 2u 2u 2u 2u 2u 2u 2u 

AROCLOR 1221 4u 4u 4u 4u 4U 4U 4U 4U 4u 4U 4u 4u 

AROCLOR 1232 2u 2U 2u 2u ” 8, 

;; 

I I II I, L” 2u 2u 2u 2u 2u 2u 

AROCLOR-1242 2u 2U 2u 2u I 2u 2u 2 II 2u 2 II 2u 2u 

AROCLOR~l246 2u 2u 2u 2u 2u 2u 2u 2u 2u 2u 2u 2u 
AROCI.OR-,254 2u 2u 2u 2u 2u I 

 ̂ I. 2u 2u 2u 2u 2u 2U 

AROCLOR-12fX 2u 2u 2u 2u 2u ;: 2u 2u 2u 2u 2u 2u 

I 66U I 66U I 66U 150u I 67 u 66U 66U 
.I ” I LI ” 2.7 U 27U 1 2.7 U 2.7 U 1 27U 66 27 U 
.1 u 31 u I 31 u I 31u I 3.1 u 3.1 u 1 31u 3.1 u 31 u 

.̂ ” ,I I I 1 1s” II 120 u 

54 u I 5.4 u I 5.4 u I 5.4 u 5.4 u 5.4 u 5.4 u 5.4 u 
‘L ” I 22 u 22 u I 37 u I 22 u 57 u 34U 32 u 26 u 
1 u I 2.1 u I 2.1 u 2.il.J I 2.1 u 2.1 u 2.1 u 2.1 u 2.1 u 

..n II I I ,,n II I 110 u 110 u 120 250 U 110 u 
7.5 u 5.9 u 3.5 u 10 u 3.5 u 

0.12 u 0.1 u 0.13 u 0.19 u 0.14 u 

lo” 1 I 360 7.7 u U 360 7.7 u u 370 7.7 u u 510 7.7 u u 540 77 u u 
2.9 u I 3.4 u 2.7 U 3.9 u 2.7 U 27 U 

,* c7 1, 97 I, 57 II 

17 u I 260 U 65U 1 20 u I 1s u I 



TABLE 12-4 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR SITE 18 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

location 18TB2/18TW2 18TB2/18TW2 18TB4/18TW4 
lot 18TW2 18TW2 18TW4 
nsample Sl8TWO201 Sl8TWO201 -D Sl8TWO401 
sample Sl8TWO201 FDO814001 Sl8TW0401 
sample-dat 6/l 4100 6/14/00 6/14/00 
ALUMINUM 189 U 211 u 880 
BERYLLIUM 0.6 U 0.6 U 0.79 J 
CALCIUM 25000 25200 9640 
IRON 306 328 1030 
MAGNESIUM 1590 u 1650 U 2630 
MANGANESE 111 111 322 
POTASSIUM 1660 u 1670 U 2570 

ISODIUM I 9570 I 9900 I 15100 
Miscellaneous Parameters (mg/L) 
TOTAL DISSOLVED SOLIDS I 146 I 174 I 111 
TOTAL SUSPENDED SOLIDS 1 5u 5u 39 



TABLE 12-5 

CHEMICALS RETAINED AS COP& AT SITE 
DIRECT CONTACT EXPOSURES 

18 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 
Metals 
Arsenic 
Lead 
Manganese 
Thallium 

Surface Soil 
Direct Soil to 

Contact Air 

X 
X 

X 

Subsurface Soil 
Direct Soil to 

Contact Air 

X 
X 

Groundwater 
Direct Groundwater 

Contact to Indoor Air 

Notes: 
X - Chemical is retained as a COC. 



TABLE 12-6 

CHEMICALS RETAINED AS COPCs AT SITE 16 
POTENTIAL MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Surface Soil Subsurface Soil Groundwater 
Soil to Soil to Soil to Soil to Groundwater Groundwater 

Chemical Groundwater Indoor Air Groundwater Indoor Air to Surface Water to Indoor Air 
Volatile Organic Compounds 

IMethylene Chloride I I I X I I I 
Metals 
Antimony I X I I I 
Thallium X 

Notes: 
X - Chemical is retained as a COC. 



TABLE 12-7 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR SURFACE SOIL AT SITE 18 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 2 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Solvent Storage Area (Site IS) 

Detection Concentrsdon 
CAS 

Number 
Chemical Frequency Range of Nondetects”’ used for 

Concentration I” Screening”’ 
. . .  ̂
"Olallle urgan,cs 
76.933 P-BUTANONE 0.002 J 0004 J mgIkg SlSS902COl-SO. 33 o.M)2 NA 730 N NA SSL-INH NO BSL 

si6sBoxloo-so 500 CTRESSOIL 
106~88-3 TOLUENE 0.001 J 0.046 J mg/kg s16sB050001-S0 5/5 0.001 NA 52 N 650 SSL-INH NO BSL 

500 CTRESSOIL 
Semivolatile Organics 
63-32-9 ACENAPHTHENE 0 026 J 0.026 J mg/kg 516.58010001-50 115 016-0.2 0.026 NA 370 N NA SSL-INH NO ESL 

1000 CTRESSOIL 
120~12~7 ANTHRACENE 0 033 J 0 033 J mgkg S16SB010001-SO l/5 0.16-0.2 0.033 NA 22LW N NA SSL-INH NO BSL 

1Mx) CTRESSOIL 
56 55 3 BENZO(A)ANTHRACENE 0.071 J 0 071 J mgikg S16SBO1OMJ-SO l/5 0.16 0.2 0.071 NA 0 62 C NA SSL-INH NO BSL 

1 CTRESSOIL 
50 32 6 BENZO(A)PYRENE 0.054 J 0 054 J mgfkg S16SBOlOMll-SO l/5 016-0.2 0.054 NA 0.062 C NA SSL-INH NO BSL 

1 CTRESSOIL 

7440-70-2 CALCIUM 460 J 1400 J mgkg 51658020001-50 4/5 SSL-INH NO NUT 
NA CTRESSOIL 



TABLE 12-7 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR SURFACE SOIL AT SITE IS 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

Scenario Timelrame: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Solvent Storage Area (Site 18) 

CAS 
Number 

Chemical 

7440-47-3 CHROMIUM 

‘1, 

95 

~vwenlration 
Background 

Risk-Eased Potential Potential 
Rationale for 

Used for 
Contaminant 

o,-.inn(a) V&d” 
COPC Screening ARAR~~BC ARAR~SC cFy).p9c 

1 rue1’6’ 
Deletion or 

Value Source 
Fw~~~cY Range of Nondetects’” 

Concentration w S”.““...... -_._. 
I -~~ ~~ I I Selection”’ 

mg/kg S16SB030001-SO 5/5 19 19.3 1 30’81 c 1 270 SSL-INH NO BSL.BKG 
.̂  ̂ ^-...-“^,... 

I I I I I I I I I I I I , I”” ,l.lncss”ILI I 
7440-50-6 [COPPER 1 42 1 12 mqkg SlBSBO2000-SO 5/5 12 17.9 290 N NA ( SSL-INH NO BSL,BK( 

.- ----̂ ^ .̂. i 
I I I I I I I I I I I 

7439-69-6 IIRON 1 7500 1 J 1 13000 1 J ( mgkg 1 5165803000-50, 1 13000 16600 EPAI, BKG 

ASL 
Si6SBMMX)l-SO NA CTRESSOIL 

7439-92-i w- 25 430 mgkg sl6sBo5ooo,-so 5/s NA SSL-INH 1 
500 

7439~95 4 MAGNESIUM ,400 2800 q/kg S16SBO3000,-SO 515 NA 
.,. -̂̂ r̂ n .̂, 

I I I I I I I I I I I I , NA ,LI”CDS”IL, I 
7439-96-5 MANGANESE 62 J 130 J mgikg Sl6SBO2OCO-SO 515 130 172 160 N NA SSL-INH NO BSL.BKG 

&.,I PTOCCErv, 
I.,. Y IIL.JU”IL 

7440 09 7 POTASSIUM 330 1300 mgikg 51658020001-50 5/5 NA SSL-INH NO NUT 
NA CTRESSOIL 

7440-22-4 SILVER 1.5 J 3.4 mg,kg 51658030001-50 5/5 NA SSL-INH NO BSL 
340 CTRESSOIL 

7440-26-O - 0.43 J 064 J mgkg S,6SBO30CO-SO 3’5 0.46 0.49 0.64 e I I I N NA SSL.INH m ASL 
I 5.4 CTRESSOIL 

7440-62-2 VANADIUM 16 33 mgkg s16sBo3oml-so w5 . 33 33.3 1 55 N NA SSL-INH NO BSL.BKG 
470 CTRESSOIL 

7440-66-6 ZINC 22 38 mgikg s1&%040001-so Y5 19-21 36 2300 N NA SSL-INH NO BSL 

20000 CTRESSOIL 

A shaded value mdlcates that the concentrallon used lor screening exceeds Ihe cnlewn or background value. 

A shaded chemical name indicates that the chemical has been selected es a COC. 

FOOtllOteS 

1 Sample and duplicate are counted es two separate samples when detemxnlng the 

rmn~mum and maximum detected concentrations. 

2 Values presented are sample-speallc quantitabon limits 

3 The maximum detected concentration IS used for screening purpases 

4 Allanw Environmental Services. Apnl ,995. Background concentrations of lnorgamcs I” Sal Naval Submanne Base 
New London If the maximum detected concentration of an nnorganlc is less than the background concentretlon. then 
lha, metal 1s no, selected as a COC 

5 The risk-based COPC screening level for res!denln land use IS presented. The value is based on a 
target Hazard Cluotien, 010.1 lor noncarclnogens (denoted wth a “N” flag) or an nxmental cancer 

nsk 01 IE-6 lor carctnogens (denoted with a “c” Hag) (USEPA. Region IX, November 20CO) 

6 The chemical 1s selected es a COPC 11 the mawnum detected c~ncentmt~~n exceeds the risk-based 

COPC screemng level an&r an ARARTCBC(s). 

7 Pyrene 1s used as a surrogate IOr P~methylnephthelene, benzo(g.h,I)perylene. and phenanthrene. 

6 Hexavalenl Chromwm. 

9 OSWER solI scree”l”g level lor resldentlal land use (USEPA. July 1994). 

ARARnBC I_ Appkcable 01 Relevant and Appropriate ReqwemenUTo Be Cowdered. 

c = carcmgen. 

COG = Chemical 01 Concern. 

J = Estimated Value. 

N = Noncarcmogen. 

NA = No, Appkcable. 
SSL~INH = Soil Screenmg Level for transfers from %%I to ar (Inhalation) (USEPA. May 1996) 

CTRESSOIL CTDEP direct c~ntac, cnterna for residentcal exposures. 

Rationale Codes: 

For Selection as a COC: 

ASL = Above COC Screemng LevelJARAFVTBC 

m For Ekmination es a COPC: 
SlBSBO1000-SO S16SB040001-SO BKG = WIthIn Background Levels. 
s1tlsBo2000-SO Sl6SBO5000-SO BSL = Below COC Screening LevetfARARITBC 
Sl6SBO3ooo1-SO NUT = Essential Nutnenl. 



TABLE 12-6 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR SURFACE SOIL AT SITE 18 
MIGRATION PATHWAYS 

SASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
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Scenario Timeframe: CurrenUFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposwa Point: Solvent Storage Area (Site 16) 

Rationale for 

coY::::o” ;;$?y 
D&CtiOll Concentration Background EPA SSL-Soil 

CTDEP CTDEP Soil 
COpc Contaminant CAS 

Number 
Chemical Frequency Range of Nondetects”’ used for 

value”’ to Gw”’ 
Mobility Vapor Deletion or 

II, 
C~ZZ%I ~$~~ Units LZZ7 

IV Concentration w Screening”’ Criteria”’ Volatilization”’ flw ssl o&m” 

Volatile Organics 

2.BIJTANONE 0.002 J 0.004 J 
s19sB020001-s0. 3/3 

m@kg s16sB030001-s0 
0.004 NA NA 80 2400 NO BSL 78-93-3 

108-88-3 TOLUENE 0 001 J 0.006 J “@kg S16SB050001-SO 515 . . . 0.006 NA 12 67 760 NO BSL 

Semivolatile Organics 
63-32-9 ~ACENAPHTHENE 1 0.026 ( J 1 0.026 1 J Imq/kgl S16SBOlOOOl-SO 1 l/5 I 0.16.0.2 0026 1 NA 1 570 1 64 1 NA NO BSL 
37n.19.7 IANTHRACENE [ 0.033 1 J 1 0.033 I J Imakgl S16SBO1OOO~-SO 1 16 I 0 18 0.2 0.033 1 NA 1 12000 1 400 t NA NO BSL 

~ OIAIANTHRACENE 0.071 J t 0.071 1 J l”l@gl SIC 3 - 0.2 0071 1 NA I 2 I 1 I NA NO BSL 
..̂  -,., 

.-..- _.__ , 
1 0.027 0.027 J m2 
I 0.074 J 0.074 J mgikql 

J 0.17 J mp/kgl Slf 
t J 0.024 J wahl Sit 

i4 NA a 1 NA ElDL 

_ -31 NA 1 NA BSL 
10001-50 I l/5 I 0.16 - 0.2 I 0.066 NA 42:“’ 42 NA NO BSL 

3 - 0.2 1 0.061 NA 49 1 ~NA NO 
1 1 I NA 
I 1 I NA F%-t-- 

-.-. I , 017 I NA 1 4300 1 56 1 NA- I NO I 
1 56 1 NA 
I 1 I NA 1.1_. ,  ,  

““19 I NA 1 84 1 56 1 NA L-NO I BSL 1 

3 - 0.2 [ 013 1 NA 1 4200 1 40 1 NA 1 NO [ 8% 
NA 1 4200”’ I 40 I NA I 1 

lnarasnics 

1 NO 1 

-NA [NO/ BSL 1 

A shaded value lndlcates that the concentrabo” used for screenmg exceeds the crllerlon 01 background VBIUB. 

A shaded chemical name lndlcates thal the chemical has been selected BS B COPC. 
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MIGRATION PATHWAYS 
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@$&Q&: 

1 Sample and duplicate are counted as two separate samples when determIning the 

rmn~murn and maximum detected concentrations. 

2 Values presented are sample-specikc quantitatlon limits 

3 The maxmwn detected concentration IS used for scresnlng purposes. 

4 Atlantic Environmental Serwws. Apnl 1995. Background concentrations 01 lnorganlcs in Soil Naval SubmarIne Base 

New London. II the maximum detected concentration of an inorganic is less than the background concenlratlon. then 

that metal IS not selected as a COC. 

5 USEPA Soil Screening Guidance. May 1996. 

6 CTDEP Remedialion Standard Regulations. 1996 

7 The chemical IS selected as a COPC if the maximum detected concentrakon exceeds the risk-based 

COPC screening level and/or an ARARTCBC(s). 

6 Pyrene IS used as a surrogate for benzo(g,h,i)perylene and phenanthrene 

9 Moblkzatlon cmena for inorgamcs developed to be compared to TCLP or SPLP 

Gssocialed 

S16SBOlOOOl-SO Sl6SBO40001-SO 

s16sB020001-s0 S1658050001-SO 

s1BsBo3oool-so 

ARARlTBC = Applicable or Relevant and Appropriate Requirement/To Be Constdered 

c : carcinogen. 

COC = Chemical 01 Concern. 

J = Estimated Value. 

N = Noncarcinogen 

NA = Not Appkcable 

For Selection as a COC: 

ASL = Above COC Screenmg LeveVARARflBC 

For Elimmabon as a COC. 

BKG = WithIn Background Levels. 

NTX = NO critena available. 



TABLE 12-g 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR SURFACE SOIL AT SITE 18 
MIGRATION PATHWAYS - SPLP RESULTS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Solvent Storage Area (Site 18) 

CAS 
Number 

Chemical 

Concentration Background 
CTDEP 

Rationale for 

Range of Nondetects”’ Used for 
Value”’ 

Mobility 
COPc Contaminant 

Screening’3’ Criteria”’ Flag 
Deletion or 
Selection@ 

A shaded value mdrcates that the concentration used for screenmg exceeds the criterion. 
A shaded chemical name indicates that the chemrcal has been selected as a COC. 

Footnotes: 

1 Sample and duplicate are counted as two separate samples when determlnmg the 
mmimum and maximum detected concentratrons. 

2 Values presented are sample-specific quantitatlon limcts. 
3 The maxrmum detected concentration is used for scraenmg purposes. 
4 SPLP analysts was not performed on background samples. 
5 CTDEP Remediation Standard Regulations, 1996. 
6 The chemical IS selected as a COC if the maximum detected concentration exceeds the risk-based 

COC screening level. 

Associated SamDIe& 
s16sB010001-SO-P Sl6SBO4COOl -SO-P 
s16sB020001-SO-P s16sB050001 -SO-P 
s16s6030001-SO-P 

pefmitions: 

C = Carcinogen. 
COC = Chemical of Potential Concern. 
J = Estimated Value. 
N = Noncarcincgen. 
NA = Not available. 

Rationale Codez: 

For Selection as a COC: 
ASL = Above COC Screening Level. 

For Elimination as a COC: 
BSL = Below COC Screening Level. 
NTX = No cnteria available. 



TABLE 12-10 

OCCURRENCE, DISTRIBUTION. AND SELECTlON OF CHEMICALS OF POTENTIAL CONCERN FOR SUBSURFACE SOIL AT SITE 18 
DIRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNlT REMEDIAL INVESTlGATlON 
NSB-NLON. GROTON, CONNECTICUT 
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ScenarioTimetrame: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsutlacs Soil 
Exposure Point: Solvent Slorage Area (Site 16) 

Concentration Risk-Based COC Potential 
Rationale for 

used for 
Backgmund 

Value’” 
Screening 

Screening” Led’ 
ARARfTBC A?&%, ;; cc;?;:’ 

value source 
Selectid 

vomwe “rganlcs 
75-09-Z METHYLENE CHLORIDE 0.067 J 0.067 J mg/kg S16SB020405-SO-D l/5 0.005 0.027 0.067 NA 69 C 13 SSL-INH NO BSL 

62 CTRESSOIL 
106-66-3 TOLUENE 0.001 J 0.002 J mg/kg S16SBO20405-SO 3/5 0 005 - 0.006 0 002 NA 52 N 650 SSL-INH NO BSL 

500 CTRESSOIL 
Semivolatile Organic6 
56-55-3 BENZO(A)ANTHRACENE 0 026 J 0.026 J mg/kg S16SBO10506-SO l/5 0.16 - 0.2 0.026 NA 0.62 C NA SSL-INH NO BSL 

1 CTRESSOIL 
50-32-E BENZO(A)PYRENE 0.022 J 0 022 J mg/kg 51658010506-50 l/5 0.16 - 0.2 0 022 NA 0062 C NA SSL-INH NO BSL 

1 CTRESSOIL 
205-99-2 BENZO(E)FLUORANTHENE 0.022 J 0.022 J mg/kg S16SBO10506-SO l/5 0.16 - 0.2 0.022 NA 0.62 C NA SSL-INH NO BSL 

1 CTRESSOIL 
191-24-Z BENZO(G.H.I)PERYLENE 0.029 J 0.029 J mg/kg s16sB010506-s0 l/5 0.16 - 0.2 0.029 NA 230 N NA SSL-INH NO BSL 

1000 CTRESSOIL 
207-08-9 BENZO(K)FLUORANTHENE 0.021 J 0021 J mgkg Sl6SBO105C6-SO l/5 0.18-02 0.021 NA 62 C NA SSL-INH NO BSL 

64 CTRESSOIL 
216-01-9 CHRYSENE 0.03 J 0.03 J mg&g 51658010506-50 l/6 0.16 0.2 0.03 NA 62 C NA SSL-INH NO BSL 

a4 CTRESSOIL 
206-44-o FLUORANTHENE 0 066 J 0.066 J q/kg Sl6SBO105C&SO l/5 0.16 - 0.2 0.066 NA 230 N NA SSL-INH NO BSL 

1000 CTRESSOIL 
193-39-5 INDENO(l,2,3CD)PYRENE 0.025 J 0.025 J mykg S16SBOlO5C6-SO l/5 0 16 0.2 0.025 NA 0.62 C NA SSL-INH NO BSL 

1 CTRESSOIL 
65-01-6 PHENANTHRENE 0.051 J 0.051 J mgkg Sl6SBO10506-SO l/5 0.18 - 0.2 0.051 NA 230 N NA SSL-INH NO BSL 

1004 CTRESSOIL 
129-00-O PYRENE 0.049 J 0.049 J q&g S16SBO10506-SO l/5 0.16 - 0.2 0.049 NA 230 N NA SSL-INH NO BSL 

loo0 CTRESSOIL 

7439-95-4 MAGNESIUM 360 2400 mgikg 51658010506-50 5/5 . . . 2400 3650 NA NA SSL-INH NO NUT.BKG 
NA CTRESSOIL 
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Scenario Timeframe: CurmnVFuture 
Medium: Subswince Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Solvent Storage Area (Site IS) 

I I CAS 
Number 

Chemical 

1 Rationale for 

A shaded value mdlcates that the co”ce”,,at~o” used lor screenmg exceeds the crltetlon or background value. 

A shaded chemical name indicates that the chemical has bee” selected as a COC. 

1 Sample and duplicate are counted as hvo separate samples when determmlng the 

minlmum and maximum detected concentrations. 

2 Values presented are sample-specific quanbtation Ikm!ts. 

3 The max,m”m detected concentrabon IS used lor screenmg purposes. 

4 Atlantic Envtronmental Sewices. April 1995. Background concentrations of lnorganlcs I” SolI Naval Submarine Base - 

New London II the maximum detected concentrabon of a” morganic IS less than the background concentration. then 

that metal IS not selected as a COC. 

5 The risk-based COC screenmg level lor residential land use IS presented. The value is based on a 
target hazard quotrant of 0 1 lor “oncarconogens (denoted wth a ‘N’ flag) 01 a” incremental cancer 

risk 01 1 E-6 lot carcinogens (denoted with a ‘C’ flag) (USEPA, Regfo” IX. November 2000). 

6 The chemical IS selected as a COC if Ihe maximum detected concentrabon exceeds the risk-based 

COC screenmg level and/or an ARARJTBC(s) 

7 Pyrene is used as a surrogate for be”zo(g,h.i)perylene and phenanthrene. 

6 Hexavalent Chromium. 

9 OSWER solI screening level for resldentlal land use (USEPA. July 1994) 

v 

Sl6SBO10506-SO S16SBO30706-SO 

SlBSBO20405-SO S16SBO40706-SO 
S19SB020405-SO-D S19SBO50405-SO 

ARAR/TBC = Appkcable or Relevant and Appropriate RequlremenVTo Be Considered. 

c = Carclnoge”. 

COC I Chemical 01 Potential Concern. 

J i: Estimated Value. 

N = Noncarcmogen. 

NA = Not Applicable. 

SSL-INH = Soil Screemng Level for transfers lrom solI to air (Inhalabon) (USEPA, May 1996) 

CTRESSOIL - CTDEP direct contact criteria lor resldenllal exposures. 

Rationale Cedes: 

For Seleckon as a COC: 

ASL = Above COC Screening LeveVARARlTBC 

For Eltmmabon as a COC: 

BKG = With!” Background Levels. 

BSL = Below COC Screening LevellARARllBC. 

NUT = Essential Nutnent. 

EPAI = USEPA Region one does not advocate evaluatw of thls chemical. 
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Scenario Timelrame: CurrenVFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Solvent Storage Area (Site IS) 

CAS 
Number 

Chemical 

Concentration 
Background EPA SSL-Soil 

CTDEP CTDEP Soil 
Rationale for 

Mobdity vapor 
cot Contaminant 

Used for Delebo” or 
Screening”’ 

Value”’ to Gw”’ Criteria”’ Volatilization”’ 
Flag 

Selection”’ _ 

Volatile Organic? 
1020405.SO-D 1 l/5 1 0005 0 027 1 0.067 1 NA 

, , , J , ,,,w~q, a,,aaBO20405-S0 1 Y5 1 0.005 0.006 1 0.002 1 NA 

~95-01-8 (PHENANTHRENE 0051 1 J I 0051 I J 

7429-90-5 ALUMINUM 1400 9,lM) mgikg SlBS004O709-SO 

7440-38-Z ARSENIC 0.75 J 1.2 J m@kg Si BSBO20405-SO 
7440~39~3 BARIUM 19 43 mgkg S19SBO40708-SO 

7440-70-2 CALCIUM 440 J i.100 J Km 
SlSSB02o405-SO. 
s,*?a”mc”c-c” 

IO 

I I I I I I , “IV..Y-“.Y”V” , 

22 I 30 I s19sB010506 so 

I I 17 I 

A shaded value ,nd,cates fha, the concentrat~o” used lor scteen,“g exceeds the cr,ter,~” or background value 

A shaded chemtcal name lndlcates that the chemical has been selected a5 a COC. 
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- 

1 Sample and duplicate are counted as two separate samples when determlnlng the 

mmmum and maximum detected concenlrakons. 

2 Values presented are sample-speahc quantltatnn lkmlts 
3 The maximum delectec Concentration IS used for screening purposes. 

4 Atlank Environmental Sewces. Apnl 1995 Background concentrations of lnorganlcs I” Sal Naval Submanne Base 
New London. II the maximum de&ted concentration 01 an morgan,c IS less than Ihe background concentrallOn, then 

tha, metal IS not selected as a COC. 

5 USEPA Sal Screening Level Guidance. May 1996. OAF = 20 
6 CTDEP R&ed,allon Standard Regulations. 1996. 

7 The chemical 1s selected as a CCC of the maximum delected concentrabon exceeds the r&based 

COC screenmg level and/or an ARARABC(s). 
6 Pyrene 1s used as a surrogate for benzo(g.h.l)perylene and phenanthrene 
9 Mob8kzatlorl cnlena for onorgamcs developed to be compared lo TCLP or SPLP 

Assooated Samoles: 

SltXBOiO506-SO 

Sl9SBO20405 SO 

SlBSB020405-SO-D 

S19SB030706-SO 

St 958040706-50 

si 9sB050405-s0 

Dekmbons 

ARARITBC = Appkcable or Relevant and Appropriate Requwment/To Be Considered 

C = Carcmogen. 

COC = Chemical of Potential COnCem 

J = Estlmaled Value. 

N = Nonwanoge”. 

NA = Not Applncable 

Rallonale cQ& 

For SelectIon as a ccc. 

ASL = Above CM; Screemng LeveVARA~BC 

For Elmxnabo” as a COC: 

EKG = Wllhn Background Levels. 



TABLE 12-12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR SUBSURFACE SOIL AT SITE 18 
MIGRATION PATHWAYS - SPLP RESULTS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Solvent Storage Area (Site 18) 

Concentration Concentration 

A shaded value mdicates that the concentratton used for screening exceeds the cntenon 
A shaded chemtcal name mdlcates that the chemrcal has been selected as a COC. 

Footnotes: 

1 Sample and dupkcate are counted as two separate samples when determming the 
mmtmum and maxtmum detected concentrahons. 

2 Values presented are sample-speciftc quantitakon ltmtts. 
3 The maximum detected concentration is used for screenmg purposes. 
4 SPLP analysts was not performed on background samples. 
5 CTDEP Remediation Standard Regulations, 1996. 
6 The chemical is selected as a COC if the maxtmum detected concentration exceeds the risk-based 

COC screening level. 

Associated Samoles: 
S16SBO10506-SO-P SlBSBO30706-SO-P 

S16SBO20405-SO-P SlBSBO40706-SO-P 

SlBSB020405-SO-P-D S16SBO50405-SO-P 

Defmition? - 
C = Carcmgen. 
COG = Chemical of Potenhal Concern. 
J = Estimated Value 
N = Noncarctnogen. 
NA = Not Applicable. 

Rationale Code s: 

For Selection as a COC: 
ASL = Above COC Screenmg Level. 

For Elimination as a COC: 
BSL = Below COC Screemng Level. 
NTX = No ctfterfa available. 



TABLE 12-13 

OCCURRENCE, DISTRIBUTION, AND SELECTfON OF CHEMICALS OF POTENTIALCONCERN FOR GROUNDWATER AT StTE 16 
DtRECT CONTACT EXPOSURE SCENARtOS 

BASEWIDE GROUNDWATER OPERABLE UNtT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON. CONNECTICUT 

I 1 Scenario Timafrarna: Futura 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Solvent Storage Area (Site 18) 

CAS Number Chemical 

Total Metals 
7429-W-5 ALUMINUM 

7440-41-7 BERYLLIUM 

7440-70-Z CALCIUM 

7439-69-6 IRON 

7439-95-4 MAGNESIUM 

7439-96-5 MANGANESE 

7440-09-7 POTASSIUM 

7440-23-5 SODIUM 

Miscellaneous Paranwtera 
000-09-0 TOTAL DISSOLVED SOLIDS 

000-08-9 TOTAL SUSPENDED SOLIDS 

c::::Yb” y$; 
,I) 

c~$~~on MC;AS;I Un,t, Locf~;dlf~wm med~” ~~~~,2, co~~~~ B;z;td 
RiOk-B& Radonah for 

-W-W 
COPC 

(1, It, Screening”~ 
Scmning 

ztzc $g.g cnspoc co&m;4t 

LWd” 
V&JO Source 

Selection”’ 

660 660 W S19TW0401 l/2 169.211 690 3560 36W N WA CTDEP RSR NO EPAI. EKG 
w FED-SMCL I . II 

N/A CTOEP-MCL 

0 79 J 0 79 J ug/L S16TW0401 l/2 06 7.3 N 4 CTOEP RSR NO BSL 
4 FED-MCL 
4 CTOEP-MCL 

9640 25200 Ug/L S16TW0201-D 2l2 25200 166000 N/A N/A CTDEP RSR NO NUT, EKG 
N/A FED-MCL 
N/A CTDEP-MCL 

306 1030 W S16TW0401 2/z . . . 1030 26200 1100 N N/A CTDEP RSR NO EPAI. BKG 
m FED-SMCL ,I 

NIA CTDEP-MCL 

2630 2630 W SlsTW0401 l/2 1590- 1650 2630 191Dw N/A N/A CTDEP RSR NO NUT, BKG 
N/A FED-MCL 
N/A CTDEP-MCL 

111 322 UslL SIBTWO 212 . . . 322 11700 I :: N N/A CTOEP RSR NO EKG 
u, FED-SMCL * 

N/A CTDEP-MCL 
2570 2570 Ug’L S19TW0401 IQ 1660.1670 2570 706w tilA N/A CTOEP RSR NO NUT, BKG 

N/A FED-MCL 
N/A CTDEP-MCL 

9570 15100 up/L SIBTWO 2/z -. 15100 19wwo N/A NIA CTDEP RSR NO NUT, EKG 
N/A FED-MCL 
N/A CTOEP-MCL 

111 174 f”gn SlETWOZOl-D z2 -. 174 6260 NIA N/A CTOEP RSR NO NV 
500 FED-SMCL 
N/A CTDEP-MCL 

39 39 mti S16TWO401 l/Z 5 39 236 N/A N/A CTOEP RSR NO NTX 
N/A FED-MCL 
N/A CTDEP-MCL 

A shaded value indxates that the concantrsbon used for screening exceeds the cntarfon or background vatua. 
A shaded chemlcat name indicates that the chamlcat has bean salacted as a COPC. 

!3QlOQ&: 
I Sample and dupkcata are counted as two separate samples when determming tha minimum and mawnum 

detected concentrations. 
2 Values presented are sample-speuflc quantdatmn Ikmlts. 

3 The maximum detected concentration is usad for screening purposes. 

4 95% Upper Toteranca Ltmd (UTL) 01 5118 background data 

5 The risk-based COPC screening laval for tap water use 1s presented. The value IS based on a 

target Hazard Quotient of 0.1 for noncarcmogans (denoted wth a ‘N’ flag) or an lncremantal cancer 

nsk of 1 E-6 for carcinogens (denoted wth a ‘C’ flag) (USEPA. Region IX. November 2000). 

6 The chemkxl is selected as a COPC 11 the maxmwm detected concantraton exceeds the w&based 

COPC screamng level and/or an ARAFVrBC(s). 

Associated 

S19TW0201 

S16TW0201-D 

S16TW0401 

-Codes: 

For Selection as a COC: 

ASL I Above COC Scraanmg LeveUARARrlf3C 

Definibons: 
ARARKBC = Applicable or Relevant and Appropriate ReqwemenVlo Be Considered. 
C = Carcinogen. 
COC I Chemical of Concern. 
J = Estimated Value. 
N = Noncarcmgen. 
N/A = Not Applicable. 

FED-MCL I Federal Maximum Contaminant Level (USEPA. August 2000). 

FED-SMCL I Federal Sacondaly Maximum Contaminant Level (USEPA, August 2000) 

FED-AL I Federal Action Level (USEPA. August 2000). 

CTOEP-RSR = Connecticut OEP Remadiation Standard Regulations, 1996. 

CTDEP-MCL = Connecticut Maximum Contaminant Level. 

For Ekmination as a COC: 

BKG = WIthin Background Levels 

BSL = Below COC Screening LevaUARAR/TBC. 

NUT = Essential Nutrient. 

NTX L No Toxidty Information. 

EPAt = USEPA Region 1 does not advocate evaluation of this charmcal. 



TABLE 12-14 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 18 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

lScenarlo Timetrsme: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Solvent Storage Ares (Site IS) 

CAS Number Chemical 

-!?!c-- Us/L 
0 79 J Uq/L 

.” t 25200 w/L 
-6 1030 Ug/L SlSTW 

_. .--.-. “I 2630 2630 UqlL SlSTWO401 l/2 
I.... _. JGANESE 111 322 S16lwO401 2l2 -- - - - 

7440-09-7 ~POTASSIUM 2570 2570 ~~s18lw0401 l/2 
7440-23-5 ISODIUM 9570 15100 I SlSTWo401 
Miscellaneous Parameters 
000-09-0 ITOTAL ~~sso~vm SOLIDS I 111 I I 174 I mq’L 1 SlSTW0201-D 1 2/2 1 1 174 1 6260 1 N/A 1 N/A 1 NO 1 NTX, EKG 
000-06-9 ITOTAL SUSPENDED SOLIDS 39 39 I mg/L 1 s16Tw0401 1 l/2 I 5 I 39 1 236 1 N/A 1 N/A 1 NO 1 NTX, BKG 

A shaded value ,nd,cs,es that the concentrst~on used lor screenmg excseds the cr~tenon or background value 
A shaded chemlcsl name mdlcstee that the chemical has been selected 8s a COPC. 

FOOtflOts~ 
1 Sample and dupkcste ate counted as two separate samples when determInIng the mmlmum and 

detected concentrations. 
2 Values presented are sample-specdlc quantltstlon Ilmlts. 

3 The msx,mum detected concentlst~on IS used for screen~i,g purposes 

4 95% Upper Tolerance Llmlt (UTL) of Me background data. 

5 Connecticut DEP Surface Water Protection cntetls. 

6 Connecticut DEP Volstllization critena for resldentlsl exposures. 

7 The chemical IS selected se a COPC 11 the maximum detected concentrst,on exceeds the 

CTDEP surface water protection 01 volstlhzation crlteris 

Assoclstsd SsmplsS: 

S16TWO201 

S16TW0201-D 

S16TWO401 

ARARiTSC = Appkcsble or Relevant and Approprmts Requirement/To Se Considered. 
C = Carcinogen. 
COC = Chemlcsl 01 Concern. 
J = Esbmstsd Value. 
N : Noncsrctnogen. 
NA = Not Applicable. 

For Selecbon s.s s COPC: 

ASL = Above COPC Screening Level/ARAFVTBC 

For Elimmstlon se a COPC: 

BKG = Wdhln Bsckgrwnd Levels. 

BSL : Below COPC Screening LeveVARAFUTBC 

NTX = No Towity Information. 



TABLE 12-15 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 18 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

Scenario 
Timeframe 

Medium 

:urrent/Futur Surface Soil 

Future 

Subsurface Soil 

Surface Soil 

Subsurface Soil 

Exposure 
Medium 

Surface Soil 

Air 

;ubsurface So 

Air 

Surface Soil 

Air 

ubsurface Soi 

Air 

Exposure 
Point 

Surface Soil 

Surface Soil 

Subsurface Soil 

Subsurface Soil 

Surface Soil 

Surface Soil 

Subsurface Soil 

Subsurface Soil 

Receptor 
Population 

Receptor 

Age 

I 

Construction 1 Adult 

Construction Adult 
Workers 
Full-time Adult 

Employees 
Trespassers Adolescents 

Residents Child 

Adult 

Residents 

Residents 

Child 

Adult 

Child 

Rationale for Selection or Exclusion 
of Exposure Pathway 

Ingestion On-Site 
Dermal On-Site 

Ingestion On-Site 
Dermal On-Site 

Ingestion On-Site 
Dermal On-Site 

Inhalation On-site 

Inhalation On-site 

Inhalation On-Site 

Ingestion On-Site 
Dermal On-Site 

Ingestion On-Site 

Quant Construction workers may have contact with surface soil during excavation 
Quant activities. 
Quant Full-time employees may contact surface soil during normal work activities. 
Quant 
Quant Trespassers may be exposed to surface soil while at the site. 
Quant 
Quant Construction workers may be exposed to fugitive dust and volatile 

emissions during construction activities. 
Quant Full-time employees may be exposed to fugitive dust and volatile 

emissions during work activities. 
&ant Trespassers may be exposed to fugitive dust and 

volatile emissions from soil. 
Quant Construction workers may have contact with subsurface soil during excavation 
Quant activities. 
None Full-time employees are not exposed to subsurface soil. 

Dermal On-Site 
Ingestion On-Site 
Dermaf On-Site 

Inhalation On-site 

Inhalation On-site 

None 
None Trespassers are not exposed to subsurface soil. 
None 
None Construction workers are not likely to be exposed to fugitive dust and volatile 

emissions during construction activities. 
None Full-time employees are not exposed to subsurface soil. 

I I I 
Inhalation On-Site None Trespassers are not exposed to subsurface soil. 

I I I 
lnoestion I On-Site 1 Quant IChild residents mav contact surface soil. 
Diermal On-Site Ouant 

Ingestion On-Site Quant Adult residents may contact surface soil. 
Dermal On-Site Quant 

Inhalation On-site Quant Child residents may be exposed to fugitive dust and volatile emissions 
from surface soil. 

Inhalation On-site Quant Adult residents may be exposed to fugitive dust and volatile emissions 
from surface soil. 

Ingestion On-Site Quant Child residents may contact subsurface soil that has been brought to the 
Dermal On-Site Quant surface. 

Ingestion On-Site Quant 
l?ermal 

Adult residents may contact subsurface soil that has been brought to the 
On-Site Quant surface. 

Inhalation On-site Quant Child residents may be exposed to fugitive dust and volatile emissions 
from subsurface soil that has been brought to the surface. 

Inhalation On-site Quant Adult residents may ba exposed to fugitive dust and volatile emissions 
from subsurface soil that has been brought to the surface. 



Scenario 
Timeframe 

:urrentlFuture Groundwater Groundwater 

Exposure 
Medium 

Air 

TABLE 12-15 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 18 
BASEWIOE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

Exposure 
Point 

Receptor 
Population 

Receptor Exposure On-Site/ Type of 

Age Route Off-Site Analysis 
Rationale for Selection or Exclusion 

of Exposure Pathway 

overburden Aquifer Construction Adult Ingestion On-Site None Construction workers may have dermal contact with groundwater during 
Workers Dermal On-Site Quant excavation activities. 
Full-time Adult Ingestion On-Site None Groundwater may not be used as a drinking water source in the future. 

Employees Dermal On-Site None 
Trespassers Adolescents Ingestion On-Site None Trespassers do not have contact with groundwater. 

Dermal On-Site None 
Residents Adult Ingestion On-Site Quant Groundwater may be used as a potable water source fin the future. 

Dermal On-Site Cluant 
Child Ingestion On-Site None Exposures to a child resident are less than those for an adult resident 

-- 



TABLE 12-16 

EXPOSURE POINT CONCENTRATIONS FOR SITE 18 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Chemical 
Surface Soil I All Soil 

RME CTE RME CTE ~ ._ . ! ! 
OWN) I OWkg) 1 

Notes: 
1 - Fewer than 10 soil samples were collected; therefore, the maximum detected 

concentration is used for RME and the average detected concentration is 
used for CTE. 

2 - The average concentration is used for lead (USEPA, 1994). 
3 - UCL was greater than than the maxmium detected concentration; therefore, the 

maxmum detected concentration is used as the exposure point concentration. 
4 - 95 percent UCL. 



TABLE 12-17 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SlTE 18 
REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Construction Worker 

Media Exposure 
Route 

Surface/Subsurface Soil Ingestion 
Dermal Contact 
Total 

Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

>104 > 10m5 and 2 lo4 > lo6 and I 10m5 
1.9E-07 -_ _- -- 0.05 __ 

9 2E-09 -- _- __ 0.001 -- 

2.OE-07 __ __ _- 0.05 _- 

Full-Time Workers Surface Soil Ingestion 1.3E-06 __ -- Arsenic 0.01 -- 

Dermal Contact 2.9E-07 _- __ __ 0.002 -_ 

Total 15E-06 __ -- Arsenic 0.01 _- 

Older Child Trespassers Surface Soil Ingestion 6.6E-07 -- _- __ 0.02 _- 

Dermal Contact 1.2E-07 __ -- __ 0.002 _- 

Total 7.8E-07 __ __ -- 0.02 __ 

Child Resident Surface/Subsurface Soil Ingestion 2.8E-06 __ __ Arsenic 0.1 -_ 

Dermal Contact 1.8E-07 __ __ __ 0.005 __ 

Total 3.OE-06 __ _- Arsenic 0.1 __ 

Adult Resident Surface/Subsurface Soil Ingestion 
Dermal Contact 
Total 

1.2E-06 
9.6E-08 
1.3E-06 

__ 
__ 
-_ 

-- 
_ _ 
_- 

Arsenic 
-- 

Arsenic 

0.01 - - 

0.0006 -_ 

0.01 -_ 



TABLE 12-18 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 18 
CENTRAL TENDENCY EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Construction Worker 

Media Exposure 
Route 

Surface/Subsurface Soil Ingestion 
Dermal Contact 
Total 

Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Risk Cancer Risks Cancer Risks Cancer Risks Index HI>1 

>104 > 10e5 and I lo4 > lob and I 10e5 
6.4E-08 __ _- __ 0.02 _ _ 

6.1E-10 __ __ __ 0.0001 _ _ 

6.5E-08 __ -- -_ 0.02 _ - 

Full-Time Employees Surface Soil Ingestion 1 .OE-07 __ __ __ 0.004 - _ 

Dermal Contact 4.7E-09 __ -- _- 0.0001 -- 

Total l.lE-07 __ -- __ 0.005 -- 

Older Child Trespassers Surface Soil Ingestion 2.9E-08 __ _ _ __ 0.003 __ 

Dermal Contact 3.3E-09 __ -- __ 0.0002 __ 

Total 3.3E-08 __ __ -_ 0.003 -- 

Child Resident Surface/Subsurface Soil Ingestion 4.7E-07 -_ -- __ 0.06 -- 

Dermal Contact 1.8E-08 _- __ __ 0.001 - _ 

Total 4.9E-07 -- __ __ 0.06 -- 

Adult Resident Suriace/Subsudace Soil Ingestion 
Dermal Contact 
Total 

1.8E-07 __ __ _- 0.007 __ 

4.OE-09 -- __ __ 0.00009 - - 

1.8E-07 _- -_ -- 0.007 _ _ 
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13.0 SITE 23 - TANK FARM 

13.1 SITE DESCRIPTION 

In the early 1940s Crystal Lake was drained and dredged to allow for construction of the nine concrete 

USTs (see Figure 13-1). When construction was complete, the former lake bed was reportedly filled with 

soils excavated from a small hill west of the tank area and graded to create a level surface for 

development at NSB-NLON. 

Each of the nine USTs had a holding capaizity of 750,000 gallons. No. 6 fuel oil was stored in tanks OT-1 

through OT-3 from the date of construction until they were removed from service in the summer of 1991. 

Tanks OT-7 through OT-9, which were decommissioned in the summer of 1990, were used exclusively for 

storage of diesel during all 48 years of service. 

A reduced demand for diesel fuel at NSB-NLON in the mid-1970s led to the decommissioning and 

demolition of tank OT-6. Details regarding demolition procedures were not on file at NSB-NLON. The 

reduced demand for diesel also led to the modification of tank OT-5 for waste oil storage purposes. Tank 

OT-4 was used to store tank bottom wastes from OT-1. Tank OT-5 was used as part of an oil/water 

separator system. Tanks OT-4 and OT-5 were reportedly decommissioned after the installation of a new 

30,000-gallon waste oil underground tank (OT-10) in 1990. Tanks OT-I through OT-9 have been 

demolished and closed in place. Tank closure was accomplished following RCRA closure requirements 

by demolishing the tank roof supports and allowing the roof to collapse into the tank. The void was then 

filled with gravel, and the site was restored using soil and topsoil. 

Evidence of releases of petroleum products from these tanks and their associated piping and, possibly, 

from other nearby sources was detected during previous investigations. Historical sampling locations are 

shown on Figure 13-1. Both soil and groundwater contamination have been identified. Petroleum 

hydrocarbons have been detected periodically at the outfall of the Tank Farm storm sewer system. A 

number of petroleum releases have been documented by the Navy in the vicinity of the Tank Farm at 

NSB-NLON from 1989 through 1999. 

The Tank Farm features are shown on Figure 13-l and include the following: 

l Nine former 1 lo-foot-diameter, 11 -foot-high USTs (OT-1 to OT-9) 

l A 30,000-gallon, double-walled UST (OT-10) 

l An oil/water separator (at OT-10) 

l A lO,OOO-gallon waste oil tank (at OT-10) 

13-1 CT0 0312 
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A fuel oil loading area adjacent to Building 482 

Tanker truck dumping pad and trough (at OT-10) 

Associated UST piping systems 

The MWR Recreation Center (Building 461) 

Buildings 310, 322, and O-831 

Six baseball/softball fields 

A restroom facility (Building 445) 

AS/SVE facility for NEX service station 

Two 150,000-gallon diesel above-ground storage tanks 

East of the Tank Farm are two high-rise barracks (Buildings 442 and 447). The site is bounded to the 

south by Crystal Lake Road. Located on Crystal Lake Road are four rental units, a long-term parking 

facility, and a dry cleaning facility. 

The base command building (Building 138), legal services (Building 137), and public works (Building 135) 

lie to the west. The Tank Farm is bounded on the north side by Tang Avenue. A carpentry and 

maintenance building (Building 406), the Naval Exchange (NEX) department store and grocery store, the 

NEX gasoline service station (Building 428), and warehouses (Buildings 408, 409, and 410) are located 

on the northern side of Tang Avenue. Six baseball/recreational fields and a number of parking areas are 

located above the Tank Farm. 

Product Transfer Lines 

Product (No. 6 fuel oil or diesel fuel) was historically delivered via barge to a pier where it was pumped 

via pipelines to the Tank Farm USTs through the Building 332 valve house. Product was then transferred 

via pipeline from the USTs to the power plant or the submarines at the Lower Subase on an as-needed 

basis. 

The No. 6 fuel oil transfer lines were situated within concrete-lined trenches, but were removed because 

No. 6 fuel oil is no longer used at NSB-NLON. The diesel lines have no trenches. Portions of the diesel 

fuel lines on the Lower Base were recently replaced. The lines located on the Upper Base are 

cathodically protected. 

Storm Drainage Svstem 

The Tank Farm originally contained an extensive drainage system consisting of numerous catch basins, 

corrugated metal pipe, perforated corrugated metal pipe, vitrified clay pipe, and reinforced concrete pipe. 

According to NSB-NLON personnel, the drainage system served approximately one-third of the entire 

120009/P 13-2 CT0 0312 
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facility. Portions of the drainage system were installed with perforated corrugated metal pipe to depress 

the water table in the Tank Farm. The surface water and groundwater collected by the storm sewer 

system ultimately discharge to a boomed area of the Thames River adjacent to the Goss Cove Landfill. 

Based on known elevations of storm sewer catch basins, the elevation of the drainage system is below 

the process piping. 

The drainage system was rehabilitated in 2000. The original combined groundwater and stormwater system 

was separated into a deep groundwater and a new shallow stormwater system. The old deteriorated pipes 

in the groundwater collection system were slip-lined to improve their integrity and conductance. The old 

tank ring-drains (French drains) were not rehabilitated, but their connection with the groundwater collection 

system was maintained. Groundwater testing is currently ongoing and the results will be used to determine 

if some form of groundwater treatment is necessary. Preliminary results from this testing program are 

discussed in Section 13.2. 

As part of the drainage system rehabilitation project, contaminated soil and free product were also 

remediated. Contaminated soil and free product, which were previously identified during the Tank Farm Site 

Investigation Addendum (TtNUS, 1999~) in the vicinity of the former UST OT-3, were removed and 

disposed off site. 

Tank Underdrain System 

The nine former USTs (OT-1 to OT-9) at the Tank Farm were each rated for a nominal capacity of 

750,000 gallons or approximately 100,000 cubic feet. Each tank was approximately 110 feet in diameter 

and 11 feet in depth. Depending on the season, the depth to groundwater in some areas of the site may 

be as little as 2 feet below grade. Groundwater at a depth of 2 feet would convert to a hydraulic pressure 

of 2.6 pounds per square inch exerted over the entire floor of one empty tank or an upward force of 

approximately 1,400 tons. The floor of the tank would rise, with or without its walls. 

Tank stability was obtained using a combination of a site-wide drainage system, a series of columns 

inside the tanks, and an underdrain system. A site-wide stormwater drainage/dewatering system was 

installed and french drains were installed around OT-1, OT-2, OT-3, OT-4, and OT-5. A series of 

37 columns transmitted the weight of the tank roof and overlying fill to the floor of the tank. 

13.2 SITE INVESTIGATIONS 

The details of all investigations, including historical and current, conducted at the Tank Farm are provided 

in the following subsections. 

120009/P 13-3 CT0 0312 
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13.2.1 Diesel Tank Investicration (Fuss & O’Neill. 1989) 

In June 1989, Fuss & O’Neill, Incorporated (F&O) was contracted by the Department of the Navy to 

perform a soil and groundwater investigation near storage tanks OT-4, OT-7, OT-8, and OT-9 (F&O, 

September 1989). The investigation was conducted at the request of CTDEP to confirm that the tanks 

were intact and leakage was not occurring. Prior to the investigation, CTDEP had recommended that the 

tanks be decommissioned because of their age. As an alternative, an agreement was reached between 

the Navy and CTDEP, that allowed the tanks to remain in service pending the outcome of the F&O 

investigation. 

During the F&O investigation, dissolved-phase constituents of petroleum were detected in groundwater 

samples collected from monitoring wells (MW-1 through MW-12) near tanks OT-7 through OT-9. BTEX 

and a petroleum scan were the only constituents analyzed at these tanks. No. 2 fuel oil and benzene 

(2.4 ug/L), were detected in the groundwater near tank OT-7 at MW-1. No. 2 fuel oil was detected in the 

groundwater near tank OT-8 at monitoring wells MW-6 and MW-7 at 52 mg/L and 5.0 mg/L, respectively. 

Benzene, toluene, ethylbenzene, and xylenes (BTEX) were also detected in the groundwater sample from 

MW-7 at 47 pg/L, 7.2 ug/L, 55 pg/L and 81 pg/L, respectively. No volatile aromatics were detected at 

other well locations constructed in proximity to this tank. No. 2 fuel oil was also detected in the 

groundwater near tank OT-9. Water samples obtained from monitoring wells MW-9, MW-10 and MW-11 

showed levels of No. 2 fuel oil at 10.6, 4.8, and 14 mg/L, respectively. 

Monitoring wells were not installed at OT-4; however, four test borings (TB-1 through TB-4) were installed 

in the vicinity of the tank. TPH was detected at 940 mg/kg in a soil sample collected at the top of the 

water table in nearby boring TB-4. Benzene was also detected at 2.4 pg/kg. These findings, combined 

with the later discovery of fuel oil in the UST farm storm drainage system, prompted the Department of 

the Navy to also evaluate the condition of the three No. 6 fuel oil tanks (OT-1, OT-2 and OT-3). 

It should be noted that F&O did not report the presence of free-phase oil in any of the 12 monitoring wells 

(MW-1 to MW-12) installed during this 1989 investigation. 

13.2.2 No. 6 Oil Tank lnvestiaation (ERM. 1991) 

ERM conducted an investigation of No. 6 fuel oil tanks OT-1 through OT-3 in the spring of 1991 (ERM, 

1991). The investigation revealed the presence of soil and groundwater contamination near tank OT-2. 

For this investigation, monitoring wells ERM-l through ERM-19 were installed. TPH was detected in soil 

samples from ERM-5 (2 to 4 feet) and ERM-7 (4 to 6 feet) at 545 pg/kg and 6,930 ug/kg, respectively. 

Dissolved-phase constituents of petroleum were detected in groundwater samples collected from 

monitoring wells on the north (ERM-5, 2,586 ug/L total BTEX), west (ERM-7 70 ug/L total BTEX), and 
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southwest (ERM-8 3,755 pg/L total BTEX) side of the tank. Soil and groundwater contamination near 

tank OT-1 was not detected. At OT-3, 25 ug/L of total BTEX was detected in well ERM-l 1, north of the 

tank. 

Free-phase fuel was discovered by ERM in well MW-7 during a well gauging task. The discovery was 

immediately reported to the NSB-NLON Public Works Department manager. Recommendations included 

investigating the extent of free-phase fuel and remediation efforts. 

13.2.3 Waste Oil Tank OT-5 (GZA, 1991) 

GZA conducted a limited environmental study in 1991 at the Waste Oil Tank No. 5 (OT-5) site, located 

between Tang Avenue and Sculpin Avenue at NSB-NLON (GZA, December 1991). The study included 

the development of a site topographic plan, a limited subsurface exploration program, the sampling of 

residual waste in OT-5, and the chemical screening and/or analyses of soil, waste oil, and sludge 

samples. The purpose of the study was to characterize the nature and extent of contaminants at the site 

to aid in the development of specifications for the abandonment of Tank OT-5 in place. 

On the basis of the work conducted as part of this study, GZA reached the following conclusions: 

l Tank OT-5 is a 750,000-gallon underground concrete tank constructed in the early 1940s. OT-5 was 

initially used as a No. 6 fuel oil storage tank but was converted between 1976 and 1981 to a waste oil 

storage tank. The waste deposited in OT-5 was reported to consist predominantly of oily bilge water 

pumped from Navy vessels. Abandonment of OT-5 began in 1989; demolition work was terminated 

when PCBs were discovered in the waste oil sludge at the bottom of the tank. 

. Four shallow auger borings (GZ-1 through GZ-4) were completed as part of this study to depths of 

20 to 22 feet around the perimeter of OT-5. The subsurface conditions in the vicinity of OT-5 consist 

of sand and gravel fill to a depth of less than 5 feet, underlain by a silty fine sand fill with trace 

amounts of organics, to depths of 14 to 18 feet below ground surface. Underlying the fill is a stratum 

of dense, naturally deposited, stratified sand, gravel, and silt. Groundwater was encountered at 

depths ranging from 5.7 to 8.2 feet below existing ground surface. Based on the area geology and 

surrounding topography, GZA predicted that groundwater flow across the site is generally to the west, 

toward the Thames River. 

. During the field exploration and sampling program, a total of 39 soil samples were collected from the 

auger borings. Additionally, two waste oil sludge and two waste oil samples were collected from 

within OT-5. A series of chemical screenings and/or analyses were performed on the samples. 
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The results of the chemical screening and analyses performed on the soil samples identified at least 

two areas of contamination in the soil surrounding OT-5. One area was detected by analyses of a 

sample collected from a depth of 10 to 12 feet at boring GZ-1, about 4 to 6 feet below the existing 

groundwater table. The soil sample at this location contained fuel oil and pesticides. Boring GZ-1 is 

located on the downgradient side of OT-5. The occurrence of petroleum contamination below the 

groundwater level may indicate that leakage from OT-5 has occurred. The second area of 

contaminated soil was detected in samples collected from depths of 0 to 2 and 5 to 7 feet at boring 

GZ-4. The soil samples collected at this location contained fuel oil and pesticides. The sample 

collected from 0 to 2 feet also contained PCBs. The occurrence of contamination above the 

groundwater table and the proximity of GZ-4 to the former fill opening and current truck dumping pad 

suggest that surficial spills have occurred in the past. 

The 3.3 feet of residual material inside OT-5 consisted of three separate layers: floating oil product, 

water, and sludge/sediments. The floating oil layer was approximately 1 to 2 inches in thickness, and 

the sludge layer was roughly 6 inches thick; the remainder was water. The sludge thickness was 

observed to be greater in one of two sump pits located in the floor of OT-5. The waste oil and waste 

oil sludge were very high in petroleum hydrocarbon content, with measured levels ranging from 

110,000 to 540,000 ppm. Aroclor 1260 was detected at concentrations ranging from 36,000 to 

650,000 ppb. Several pesticide compounds were also detected. Total organics analysis indicated 

the presence of the following compounds: methylene chloride, PCE, toluene, ethylbenzene, acetone, 

2-butanone (MEK), and total xylenes. Concentrations of these compounds ranged from 7.7 to 

52 ppm. The use of detergents to clean the bilges or lower hulls of the submarines serviced at 

NSB-NLON suggests that emulsified hydrocarbons may have been present in the water layer, in 

addition to volatiles. 

In 1993, the floating product and some tank sludge were removed and incinerated off site as Toxic 

Substance Control Act (TSCA) waste. 

13.2.4 Site Characterization - Waste Oil Tank OT-5 (Halliburton NUS. 1994a) 

Halliburton NUS conducted a site characterization in 1994 to collect the necessary data to further 

determine the environmental impact of OT-5 on the surrounding media and to collect the necessary data 

to adequately abandon or close the tank. The Site Characterization Report (Halliburton NUS, 1994a) 

concluded that, based on the analytical results obtained from the investigation, the contents of OT-5 have 

not significantly affected the subsurface soil below the tank or the underlying groundwater. The majority 

of soil contamination was detected at a depth of 2 to 4 feet, which is above the tank. With the exception 

of a single detection of PCE (6 us/L), no contaminants were detected in the groundwater at 

concentrations exceeding federal drinking water standards. 
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During 1994, Halliburton NUS prepared a design for the closure of OT-5. This design included removal 

l 

and treatment of approximately 710,000 gallons of water and 40,000 gallons of thick sludge. Tank 

contents have been removed, and the tank has been cleaned. In addition, at the time of the Tank Farm 

Site Investigation, the tank had been demolished and closed in-place, and the site was backfilled and 

restored. 

13.2.5 Site Characterization - OT-10. Buildina 325, and Building 89 (Halliburton NUS, 19951 

Sampling activities were conducted in 1995 by Halliburton NUS to characterize the conditions of the soil 

and groundwater around the waste oil tanks at OT-10, the No. 2 fuel oil tanks at Building 325, and the fuel 

oil tank at Building 89. Because of the differences in the proposed future use of each tank and the 

regulatory requirements associated with each, the field activities that were performed at each tank were 

conducted independently. The OT-10 tanks will be kept in service; therefore, field samples were 

collected to confirm that the tanks are operating properly and can remain in service. 

The samples that were collected were analyzed and the results were summarized and compared to 

CTDEP cleanup standards in the Site Characterization Report (Halliburton NUS, 1995). Based on the 

comparisons, it was determined that unacceptable levels of contamination were not detected at OT-10 

and, therefore, no remediation is necessary. 

13.2.6 Site lnvestiaation for the Tank Farm (B&R Environmental, 1997e) 

B&R Environmental conducted an investigation of the Tank Farm during 1995 and 1996. The primary 

objectives of the investigation were to define the extent of soil and groundwater contamination in the UST 

farm, evaluate the impacts of the UST farm on the stormwater discharge, and develop preliminary 

recommendations for remedial action, should it be necessary. To characterize the site, B&R 

Environmental performed an integrated field investigation consisting of subsurface geophysical surveys, 

soil borings, monitoring well installation, investigation of underground pipelines, sediment sampling, and 

surface water sampling. 

The results of previous investigations were used to guide the scope of this investigation. In addition, ,a 

Site Characterization and Analysis Penetrometer System (SCAPS) investigation and a subsurface 

geophysical survey were performed prior to the field investigation. The SCAPS investigation was 

performed by NFESC and the Public Works Center, Jacksonville, Florida. The SCAPS investigation was 

used to collect real-time analytical data for PAH components of petroleum hydrocarbons using a specially 

engineered, truck-mounted cone penetrometer system. The system that was used incorporates a laser 

fluorescent system that excites the electrons of PAHs. When the laser is extinguished, light is emitted as 
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the electrons return to their normal state. The resulting fluorescent light signal is sent back to the surface, 

where it is spectrally dispersed, and an examination of the energy is performed. Collected data on 

spectral wavelengths are then compared to wavelengths associated with standard solutions containing 

known concentrations of site contaminants. 

A geophysical survey was performed to locate the existing storm sewer system. The survey was also 

used to assist in safe placement of soil borings and groundwater monitoring wells. 

When the preliminary field investigation activities were completed, a field investigation was performed 

from September through November 1995. The field investigation included installation and sampling of 

soil borings, permanent groundwater monitoring wells, and temporary groundwater monitoring wells. In 

addition, Geoprobe” soil sampling, surface water, stream sediment, and catch basin sediment sampling 

were performed. 

Based on the results of the 1995 field investigation, several data gaps were identified within the UST 

farm. In December 1996, B&R Environmental performed additional field investigation activities, including 

the installation and sampling of soil borings and temporary wells. In addition, test pits were excavated to 

verify the perimeter location of one tank. 

The results of the 1995 and 1996 investigations were compared to state and federal cleanup criteria. Site 

contaminants that were present above detection limits were compared to the applicable medium-specific 

cleanup criteria. Each UST, the loading area, the fuel pipeline, and the results of the site-wide 

investigation were then evaluated to determine if chemicals exist at levels that exceed the cleanup 

criteria. 

The most prevalent COPCs were TPH and inorganics. The presence of inorganics, however, appears to 

be a result of the type of fill material used to construct the UST farm and of the high background levels 

throughout the NSB-NLON. Therefore, it was determined that there is no cost-effective means for 

reducing concentrations of inorganic contamination within the UST farm. 

After each site was evaluated, the need for either no further action or for remedial action was determined. 

The following criteria were used to determine the type of action for each site: 

l Detection of COPCs in specific site media 

. Requirements for interim remedial action due to immediate human or environmental hazards 
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No further action was recommended at OT-1, OT-2, OT-3, OT-4, OT-5, OT-6, OT-7, OT-9 and the loading 

area. OT-8 was found to have free product in one of the associated wells and TPH contamination in the soil 

and groundwater. Therefore, two options, one consisting of the modification of an existing interim product 

removal system and a second consisting of the excavation of contaminated soil and product removal, were 

recommended at OT-8. Excavation and off-site disposal were recommended at two locations on the Upper 

Subase fuel pipeline system to remediate soil contaminated with TPH. 

13.2.7 Hvdroaeolonic Studv at the Tank Farm TTtNUS, 1999a) 

TtNUS conducted a hydrogeologic study at the Tank Farm between May 1998 and August 1998. The 

study was completed to provide information required to complete the design of the replacement storm 

sewer system for the Tank Farm. This replacement was completed in the Tank Farm area in 2000. The 

following tasks were completed as part of the study: 

l Water-level elevations were measured in the stream east of Building 447. 

l Dry-weather groundwater flow rates were measured in the Tank Farm storm sewer system. 

. Four bedrock monitoring wells (23MWOlD through 23MW04D) were installed in the vicinity of the 

Tank Farm. 

l Two rounds of water levels were measured in the Tank Farm monitoring wells. 

l A groundwater flow model (MODFLOW) was developed for the Tank Farm and surrounding area, and 

the model was used to evaluate existing conditions and potential design scenarios. 

13.2.8 Tank Farm Site lnvestiaation Report Addendum (TtNUS. 1999e) 

The Tank Farm site in the vicinity of OT-2 and OT-3 was further investigated in 1999 as part of the Tank 

Farm SI Addendum. The additional investigation was necessary because the Navy detected and 

identified weathered diesel fuel in the storm sewers in this area subsequent to the Tank Farm SI. 

Nineteen temporary groundwater monitoring wells were installed on a grid system established within the 

investigation area during the period of June 10, 1999 to June 14, 1999. Soil samples were collected 

during the installation of the borings for the temporary wells. The wells were installed and sampled in 

conjunction with seven existing permanent monitoring wells (i.e., ERM-l 1, ERM-l 7, HNUS-4, HNUS-7, 

FD-1, FD-2, and FD-3). 
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The soil in the investigation area was sampled and analyzed for BTEX, SVOCs, and TPH. Toluene, 

ethylbenzene, total xylenes, bis(2-ethylhexyl) phthalate, 16 PAHs, and TPH were detected at various 

frequencies in the soil samples. The PAH contamination previously identified in the soil by the SCAPs 

survey north of OT-3 was confirmed by the current investigation. The soil contamination was generally 

located in the vicinity of HNUS-7, 23Tw14, 23TW17, and 23TW18. The volume of contaminated soil was 

estimated to be approximately 1,070 cubic yards. It was speculated that the contamination was diesel 

fuel that leaked from the historic diesel fuel lines along Tang Avenue. The contaminated soil was present 

at depths of approximately 6 to 12 feet below the ground surface, generally in the region just above and 

below the water table. 

The groundwater in the investigation area was sampled and analyzed for BTEX and SVOCs. BTEX 

compounds were detected at various frequencies in the seven wells that were sampled, but all the 

concentrations of BTEX compounds were below the applicable screening criteria. Nine PAHs were also 

detected in the groundwater samples collected during the Tank Farm SI Addendum. 

Two rounds of free-product measurements were taken in the wells. Trace amounts of floating product 

were detected in three wells (23TW14, FD-1, and FD-2). Free-product samples were collected from FD-1 

and 23TW14 and were analyzed for GRO, DRO, and fingerprint analysis. The results of the analysis 

indicated that the free product in 23TW14 is diesel fuel. The analyses completed on the product sample 

from FD-1 did not identify the type of product. The presence of water in the sample from FD-1 may have 

impacted the results of the analysis. 

The following conclusions were reached from the investigation: 

l No BTEX compounds were identified as COCs; therefore, it seems as though the AS/SVE is 

addressing the BTEX plume associated with the NEX Gas Station. 

l The free product detected in 23TW14 was identified as diesel fuel. The volume of free product 

floating on the water table was estimated to be approximately 20 gallons. It is likely that the product 

is from the historical diesel fuel lines along Tang Avenue. The two PAH COCs identified in the 

groundwater at 23TW14 and 23TW18 are most likely related to diesel fuel. 

l The groundwater sink in the vicinity of HNUS-7 may be related to the ring drain that is present around 

OT-3. This sink may’be causing contaminated groundwater and free product to migrate horizontally 

towards HNUS-7 and vertically to the storm sewer system. The storm sewer system discharges 

directly to the Thames River. 
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l The RAC should complete a remedial action to address the free product and the groundwater PAH 

COCs identified in the investigation area during the Tank Farm storm sewer rehabilitation project in 

the fall of 1999. 

13.2.9 Preliminarv Results from Tank Farm Dewaterina Svstem 

The Tank Farm storm sewer system was rehabilitated and the contaminated soil and free product 

encountered during the Tank Farm Site Investigation Addendum were addressed by the Navy’s Remedial 

Action Contractor (RAC). As part of the rehabilitation, the deep groundwater collection system and the 

storm sewer system were separated. Since the project was completed, the Navy has sampled and 

analyzed the groundwater that is collected by the system. Preliminary analytical results from the program 

are provided in the Site 23 subsection of Appendix B. The results show that high levels of suspended 

solids were present in the groundwater shortly after construction activities were completed resulting in 

high concentrations of metals. However, the latest round of results indicates that suspended solids 

concentrations have decreased significantly and metals concentrations are similar to background 

groundwater concentrations. In addition, the results show that only low-concentrations of fuel-related 

compounds have been detected during the sampling rounds. Flow rate data for the collection system are 

also provided in Appendix B. Daily flow rates through the system have ranged from approximately 75,000 

to 122,000 gallons per day. 

13.2.10 Basewide Groundwater OU RI 

During the BGOURI, both soil and groundwater samples were collected from Site 23 to further 

characterize the site. Two new deep overburden monitoring wells (23MW02S and 23MW04S) were 

installed during the investigation. Two soil samples were collected during boring activities for the wells 

and analyzed to determine the soil’s characteristics for groundwater fate and transport modeling 

purposes. The samples were analyzed for bulk density, porosity, pH, and TOC, and the results are 

provided in Appendix B. The methodology used to complete soil sampling was discussed in Section 2.2. 

Seven overburden and three bedrock permanent monitoring wells were sampled during the RI. A 

summary of the sampling and analytical program for these wells is presented in Table 13-1. The 

analytical program for the Site 23 wells included natural-attenuation-specific parameters. The 10 

monitoring wells that were sampled are shown on Figure 13-l. A field duplicate was also collected from 

monitoring well 23MW02D. Samples from two of the 10 monitoring wells were filtered in the field and 

analyzed for dissolved metals. The methodology used to complete groundwater sampling was discussed 

in Section 2.3. 
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13.3 PHYSICAL CHARACTERISTICS 

This section presents a summary’ of physical characteristics for the Tank Farm based on information 

generated during the site investigation for the Tank Farm and the BGOURI. Topography and surface 

features, surface water, soils, geology, and hydrogeology are discussed in the following subsections. 

13.3.1 Topoaraphv and Surface Features 

At NSB-NLON, the bedrock highs slope downward to two small, west-trending valleys. Bedrock outcrops 

are prevalent along steep topographic slopes. In addition to the large bedrock highs, there are several 

small sub-ridges are visible as bedrock outcrops at the facility. 

In the southern valley, the ground elevation slopes mildly from approximately 50 feet in the eastern 

portion to near sea-level along the Thames River. Historically, in the area of the Tank Farm, there was a 

topographic depression at the former Crystal Lake between Tang Avenue and Crystal Lake Road. The 

topographic depression was filled during construction of the Tank Farm. Surface elevations at the Tank 

Farm range from 18 to 25 feet msl. Figure l-3 shows surface topography at the Tank Farm. 

13.3.2 Surface Water 

Due to the cover material and topography of the Tank Farm, a majority of the rain that falls on this site will 

infiltrate into the ground. Groundwater at this site is collected by a dewatering system. Surface runoff 

from some portions of the site is collected by.a stormwater collection system. Both groundwater and 

surface water collected by the systems discharge to the Thames River at the Goss Cove Landfill. 

13.3.3 Soil Characteristics 

The United States SCS soils map of NSB-NLON (SCS, 1983) classifies the soils at the Tank Farm as 

Udorthents-Urban land. The Udorthents-Urban land is defined as excessively to moderately drained soils 

that have been disturbed by cutting and filling. 

13.3.4 Geoloav and Hvdroaeoloqy 

Geology 

The predominant geology observed during the Tank Farm Site Investigation was fill and re-worked soils. 

These soils were generally silty, fine- to medium-textured sands with trace amounts of rock fragments 

present. These soils were typically classified as SM under the Unified Soil Classification System. Soil 

color varied from shades of brown to gray, and soil density was variable. 
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Below the fill deposits are natural alluvium consisting primarily of silty sand. The thickness of the alluvium 

is variable. In the western portion of the site, the alluvium extends to a depth of over 50 feet. 

Four bedrock monitoring wells were installed in the vicinity of the Tank Farm during the hydrogeologic 

investigation that was conducted in 1998. The depth to bedrock encountered during the installation of 

these wells varied between 15 feet and 58 feet, depending on location. The greatest depths to bedrock 

were encountered in wells 23MWOlD and 23MW04D along the eastern and western boundaries, 

respectively, of the Tank Farm. The shallowest depths to bedrock were encountered in wells 23MW02D 

and 23MW03D in the central portion of the Tank Farm, along its northern and southern boundaries, 

respectively. 

Figure 4-l 6 is a geologic cross section that includes the Tank Farm. 

Hydrogeology 

Groundwater is present in both the overburden and bedrock underlying Site 23. Six comprehensive 

rounds of water-level measurements (November 1995, December 1996, May 1998, August 1998, June 

2000, and August 2000) have been taken in the Tank Farm overburden monitoring wells. Figure l-5 

shows the shallow overburden potentiometric surface that was created using the November 1995 water 

levels. Figures 4-12 and 4-14 show groundwater flow patterns in the shallow overburden across Site 23, 

based on the June and August 2000 rounds of water-level measurements (see Tables 2-2 and 2-3). 

Figures 4-13 and 4-15 show groundwater flow patterns for the shallow bedrock during the same time 

periods. Previously inferred bedrock groundwater contours are shown on Figure l-6. 

The figures show that shallow overburden groundwater generally flows into the central area of Site 23, 

then to the west toward the Thames River. The flow pattern reflects the presence of the tank underdrain 

system and the groundwater collection system in this area, both of which act as groundwater sinks 

(collection points). The shallow groundwater flow gradient varies widely across the site but averages 

about 0.01. 

For the bedrock, groundwater flow is generally to the west and southwest. The Tank Farm underdrains 

and groundwater collection system that have a significant influence on shallow groundwater flow patterns 

do not affect the bedrock groundwater flow directions to any significant degree. The flow gradient in the 

bedrock averages about .014 across Site 23. 

Rising-head slug tests were performed in seven overburden (fill materials) monitoring wells (HNUS-4, 

HNUS-8, HNUS-12, HNUS-18, HNUS-22, 23MW02S, and 23MW04S) and two bedrock wells (23MW02D 
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and 23MW04D). The data were analyzed using the Hvorslev Method. The resulting hydraulic 

conductivities ranged from 0.9 ft/day (23MW02S) to 6.76 ft./day (HNUS-22) for overburden wells, with an 

average hydraulic conductivity of 2.3 ft/day. For bedrock wells, the hydraulic conductivities were 

0.73 ft/day (23MW04D) and 652 ft/day (23MW02D). The huge range is typical of the difference between 

highly transmissive bedrock fractures and less transmissive fractures. 

Using an average gradient of 0.01, an average hydraulic conductivity of 2.3 ft/day, and an assumed 

porosity of 0.3, the average groundwater flow velocity in the overburden is approximately 0.8 ft/day. The 

two laboratory-measured porosities (i.e., 0.42 and 0.47) for the Tank Farm were considered too high and 

were not used for the calculation. 

13.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of groundwater contamination at Site 23. 

The discussion includes historical soil and groundwater data collected during the site investigation at the 

Tank Farm (B&R Environmental, 1997e) and groundwater (total and dissolved) data collected during the 

BGOURI. Groundwater and soil sample locations are shown on Figure 13-1. 

13.4.1 Historic Site lnvestiaation 

Soil, overburden groundwater, surface water, and sediment sampling was conducted at the Tank Farm 

during the Site Investigation at the Tank Farm (B&R Environmental, 1997e). Based upon the results of 

the aforementioned investigation, the nature and extent of contamination of the soil and groundwater at 

the Tank Farm are discussed on a matrix-specific basis in the following subsections. 

13.4.1.1 Soil 

Several VOCs, including one ketone, four monocyclic aromatics, four chlorinated aliphatics, and carbon 

disulfide, were detected in the Tank Farm soil samples. With the exception of methylene chloride, the 

aforementioned VOCs were infrequently detected (i.e., approximately 10 percent of the samples). 

Methylene chloride, which is a common laboratory contaminant, was detected at concentrations ranging 

from 0.003 mg/kg to 0.009 mg/kg. 

Four monocyclic aromatic compounds were detected at relatively high concentrations but at various 

sample locations and various depths. Benzene was detected at a maximum concentration of 

0.0335 mg/kg. Ethylbenzene was reported at maximum concentration of 0.4 mg/kg, and total xylenes 

were reported at a maximum concentration of 0.656 mg/kg. The data suggest that contamination is 

spread across the site and may not be related to a specific tank. 
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Twenty-five SVOCs were detected in the Tank Farm soil samples: 15 of these SVOCs were PAHs. 

Maximum concentrations of 11 of these 15 PAHs were detected in the soil sample collected from a depth 

interval of 4 to 6 feet bgs from location HNUS-24. Maximum concentrations of PAHs ranged from 

0.021 mg/kg (acenaphthylene) to 1.7 mg/kg [benzo(a)pyrene]. 2-Methylnaphthalene, 

4-chloro-3-methylphenol, benzoic acid, di-n-butyl phthalate, di-n-octyl phthalate, diethyl phthalate, 

dimethyl phthalate, and dibenzofuran were also each detected in from one to eight samples. 

Bis(2-ethylhexyl) phthalate was detected in 12 of 36 samples collected. 

Eight pesticides were detected in the Tank Farm soil samples. Maximum detected concentrations were 

associated with sample locations HNUS 23 and 24. These two borings were located very close to (less 

than 50 feet from) Crystal Lake Road. 4,4’-DDT and 4,4’-DDE were the most frequently detected 

pesticides (detected in six and five out of 33 soil samples, respectively). The remaining pesticides and 

PCBs were detected in from one to three soil samples. 4,4’-DDT was detected at a maximum 

concentration of 0.11 mg/kg. 

Twenty-two metals and cyanide were detected in the Tank Farm soil samples. Nine of these metals were 

detected in 36 out of 36 soil samples and four other metals were detected in 35 out of 36 samples. 

Maximum concentrations of 10 metals were detected in the soil sample collected from a depth interval of 

19 to 21 feet from boring OT-SO04. The entire Tank Farm was constructed on fill material. 

13.4.1.2 Groundwater 

Appendix D presents descriptive statistics and associated screening criteria for each analyte detected at 

least once in groundwater samples collected from Site 23. 

Overburden Wells 

Twelve VOCs, including four monocyclic aromatics, six chlorinated aliphatics, one ketone, and 

methyl-tert-butyl-ether, were detected in the groundwater samples collected from overburden wells. The 

reported concentrations of most of these VOCs were relatively low, ranging from 1 pg/L to 18 us/L. 

However, reported concentrations of the monocyclic aromatics (benzene, ethylbenzene, toluene, and 

total xylenes) ranged from 0.5 pg/L (benzene and total xylenes) to 4,810 ug/L (total xylenes). The 

maximum concentrations of these chemicals were associated with groundwater samples collected from 

wells ERM-l 4 and ERM-l 5, which are located near the intersection of Flier Avenue and Tang Avenue. 

As shown on Appendix D, 16 SVOCs were detected in the groundwater samples collected from Tank 

Farm overburden wells. Various classes of SVOCs, including PAHs and phthalates, as well as 
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2,6-dinitrotoluene, 2-methylnaphthalene, carbazole, and dibenzofuran, were detected. In general, 

SVOCs were infrequently detected (detected in from one to four samples out of a total of 27 samples) at 

relatively low concentrations. Concentrations of all but four SVOCs (2-methylnaphthalene, fluorene, 

naphthalene, and phenanthrene) ranged from 0.5 ug/L to 16 ug/L. The concentrations of the four 

aforementioned SVOCs ranged from 0.7 ug/L to 740 ug/L. 

Heptachlor was detected at a concentration of 0.05 pg/L in one groundwater sample collected from 

temporary well SB/lW-7. No other pesticides or PCBs were detected in any of the groundwater samples 

collected from the overburden wells at the Tank Farm. 

Twenty-one metals were detected in the unfiltered groundwater samples collected from the Tank Farm 

overburden wells, and 13 metals were detected in the associated filtered groundwater samples. In 

general, reported concentrations of metals in filtered and unfiltered samples were relatively similar (i.e., at 

the same order of magnitude). Exceptions to this statement include reported results for aluminum, 

chromium, copper, iron, and zinc. Maximum concentrations of all metals except aluminum, barium, 

chromium, copper, iron, manganese, mercury, potassium, silver, sodium, and zinc in filtered samples and 

of copper, lead, and zinc in unfiltered samples exceeded respective concentrations of these metals 

detected in unfiltered samples collected from off-site residential wells. A majority of the maximum 

concentrations were associated with samples collected from wells TW-6 and OT-GW04. 

DRO, GRO, and TPH were also detected in the overburden groundwater samples. DRO was detected in 

eight out of eight samples analyzed, at concentrations ranging from 210 to 2,800 ug/L. GRO was 

detected in six out of eight samples, at concentrations ranging from 10 to 140 ug/L. TPH was detected in 

17 out of 89 samples analyzed, at concentrations ranging from 500 to 4,920,OOO pg/L. 

Analyses for several general chemistry parameters, including chloride, methane, nitrite, sulfate, and TOC, 

were also performed for selected groundwater samples collected from the Tank Farm overburden wells. 

Analytical results for these parameters are summarized in Appendix D 

13.4.2 Basewide Groundwater OU RI 

A summary of the BGOURI sampling and analytical program for Site 23 is presented in Table 13-l. A 

complete summary of the Site 23 analytical data set is provided in Appendix B. Table 13-2 presents a 

summary of positive groundwater (total and dissolved) analytical results for Site 23. The soil samples 

collected during the BGOURI were analyzed for miscellaneous parameters in support of modeling efforts 

and are not discussed as part of the nature and extent of contamination. 
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As part of the HHRA, descriptive statistics (i.e., frequency of detections, minimum and maximum 

concentrations, range of detection limits, and the associated sample numbers) and the COPC screening 

criteria for each analyte detected at least once in groundwater at the Tank Farm were tabulated. 

Analytical results for groundwater are summarized and screened in Tables 13-6 and 13-7. Different 

exposure scenarios (i.e., direct exposure and migration) are considered in each table. Tag maps of the 

chemicals determined to be COPCs based on the screening assessment were created to show the 

horizontal extent of contamination. Figures 13-2 and 13-3 show COPCs that exceeded direct exposure or 

migration screening criteria. The analytical detection limit for COPCs is presented on the tag maps if the 

COPC was not detected in a sample. 

Overburden Wells 

Xylenes were the only VOCs detected and these were present only in sample S23MW02SOl. 

Concentrations of these compounds were below direct contact criteria and CTDEP pollutant mobility 

criteria. 

Naphthalene was the only SVOC detected and it was detected in only sample S23MW02SOl. 

Naphthalene was detected at a concentration of 1.4 pg/L, which is greater than the direct contact criterion 

of 0.62 ug/L but is below the CTDEP the pollutant mobility criterion. 

No pesticide compounds were detected in the overburden groundwater samples at Site 23. 

Sixteen total inorganics were detected in the overburden groundwater samples collected from Site 23. 

The maximum detected concentration of 13 of the 15 detected metals were found in sample 

S23MW02SOl. Calcium, magnesium, manganese, potassium, and sodium were the only metals 

detected in all seven overburden groundwater samples. The remaining metals were detected much less 

frequently. The only metals detected above background concentrations were arsenic, cadmium, nickel, 

and lead. Of these metals, only the maximum detected concentration (31.2 ug/L S23MW02SOl) of lead 

was in excess of both direct contact criteria and CTDEP pollutant mobility criteria. Additionally, the only 

detection of arsenic (4.7 ug/L S23HNUSllOl) was in excess of the CTDEP pollutant mobility criteria. 

Cadmium and nickel were both only detected in sample S23MW02S01, and their respective 

concentrations were below both direct contact criteria and CTDEP pollutant migration criteria. It should 

be noted that the TDS and TSS content in sample S23MW02SOl were higher than in any other samples. 

This could potentially impact the concentrations of metals in this sample. 

Samples S23HNUS201 -F and S23MW02SOl -F were filtered and analyzed for dissolved metals. Barium, 

magnesium, manganese, potassium, and sodium were detected in both samples. Arsenic and lead were 

also detected but only in sample S23MW02SOl-F. Arsenic, barium, and lead were present at 
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concentrations in excess of filtered background values. However, the concentrations of arsenic, barium, 

and lead were below both direct contact criteria and CTDEP pollutant mobility criteria. 

The maximum detected concentrations of xylenes, naphthalene, and metals were all detected in well 

S23MW02S. This well is located on the northeastern side of tank OT-7. 

Bedrock Wells 

PCE was the only VOC detected in the three bedrock groundwater samples collected. PCE was detected 

only in sample S23MW03DOl at a concentration of 3 us/L, which is in excess of direct contact criteria but 

below CTDEP pollutant mobility criteria. PCE was not detected in overburden groundwater samples. 

No semivolatiles or pesticides were detected in the bedrock groundwater samples at Site 23. 

Eleven inorganics were detected in the bedrock groundwater samples collected from Site 23. The 

maximum detected concentration of seven of these 11 detected metals were found in sample 

S23MW03DOl. This well is located approximately 120 feet north of tank OT-3. Calcium, cobalt, iron, 

potassium, and sodium were the only metals detected in all three bedrock groundwater samples. 

Concentrations of all the detected metals were below background, direct contact criteria, and CTDEP 

pollutant migration criteria. 

CONTAMINANT FATE AND TRANSPORT 

13.5.1 Chemical-Specific Evaluation 

Five classes of chemicals were detected in groundwater at Site 23 in the BGOURI: monocyclic 

aromatics, halogenated aliphatics, dissolved gases (methane), PAHs, and metals. These classes were 

also detected in groundwater in previous investigations at the site. However, acetone, methyl tert-butyl 

ether, phthalates, one pesticide (heptachlor), and 2,6-dinitrotoluene were detected in groundwater in the 

previous investigations but not in the BGOURI. 

Monocyclic Aromatic Compounds 

One fuel-related monocyclic aromatic compound (i.e., xylenes) was detected in 1 of 10 shallow 

groundwater samples in the 2000 remedial investigation at concentrations well below screening levels 

(2 to 5 ug/L). This contrasts significantly with the results of previous investigations in which other 

monocyclic aromatics (e.g., benzene) were detected at much higher concentrations. Monocyclic 

aromatics were also detected in soil in previous investigations. Monocyclic aromatic compounds are not 

considered to be persistent in the environment, particularly in comparison to chemicals such as PCBs and 
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PAHs. They may migrate through the soil column when solubilized by infiltrating precipitation. Some 

portion of these chemicals is retained by the soil, but most of them will continue migrating downward until 

they reach the water table. Bioconcentration in aquatic animals is not expected to be significant for 

monocyclic aromatics. They are subject to degradation via the action of both soil and aquatic 

microorganisms. Although these compounds are amenable to microbial degradation, it is not anticipated 

that degradation will’ occur at an appreciable rate. Based on the area geology and surrounding 

topography; the groundwater flow across the site is generally to the west, toward the Thames River. In 

surface water, xylenes are not expected to adsorb to sediment or particulate matter. This compound is 

expected to volatilize from water surfaces, given its experimental Henry’s Law constant. Estimated half- 

lives for a model river and model lake are 3 and 99 hours, respectively. The potential for bioconcentration 

in aquatic organisms is low based on an estimated BCF values. 

Halogenated Aliphatics 

One halogenated aliphatic (PCE) was reported in one bedrock groundwater sample collected in the 

BGOURI at a concentration of 3 pg/L. PCE was detected in 5 of 37 groundwater samples (maximum 

concentration = 10 ug/L) and 1 of 36 soil samples (11 ug/kg) in previous investigations at the site. 

Halogenated aliphatic hydrocarbons such as PCE are relatively water soluble and have a low capacity for 

retention by soil organic carbon and, therefore, PCE is frequently detected in groundwater. PCE may 

migrate through the soil column after being released by a spill event or by a subsurface release when 

solubilized by infiltrating precipitation. Some portion of PCE may be retained by the soil, but most of the 

chemical will continue migrating downward until it reaches the water table. At that time, migration is 

primarily lateral with the hydraulic gradient. Since groundwater flow across the site is toward the Thames 

River, PCE in groundwater may migrate to the river. If PCE is released to water, it will be subject to rapid 

volatilization, with estimated half-lives ranging from less than 1 day to several weeks. It will not be 

expected to significantly biodegrade, bioconcentrate in aquatic organisms, or significantly adsorb to 

sediment. PCE will not be expected to significantly hydrolyze in soil or water under normal environmental 

conditions. 

It is unlikely that appreciable degradation of halogenated aliphatics has occurred at Site 23 because PCE 

has been only detected in a few samples. Two potential degradation products of PCE, 1 ,l ,l -TCA and 

1 ,l -DCA, were detected in the previous investigations in a few samples but no degradation products were 

detected in on-site groundwater samples in the BGOURI. 

Polynuclear Aromatic Hydrocarbons (PAHs) 

One low-molecular-weight PAH, naphthalene, was detected in one of 10 groundwater samples at Site 23 

at a concentration of 1.4 ug/L. Low-and high-molecular-weight PAHs were detected in soil and 
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groundwater in previous investigations at low frequencies. For example, naphthalene was previously 

detected in 4 of 27 groundwater samples, as reported in the Existing Data Summary Report for the site 

(TtNUS, May 1999~). The presence of naphthalene and other PAHs in groundwater at the site is 

evidence of releases of petroleum products from the tanks and their associated piping. PAHs are 

generally considered to be fairly immobile in the environment. As noted in Section 3.3, PAHs have very 

low solubilities, vapor pressures, and Henry’s Law constants and high &.s and &,s. The low-molecular- 

weight PAHs (e.g., acenaphthene, anthracene, fluorene, naphthalene, and phenanthrene) are more 

mobile (higher solubilities, etc.) than the high-molecular-weight PAHs [e.g., benzo(a)pyrene, 

benzo(a)anthracene, chrysene, etc.]. PAHs in soil are much more likely to bind to soil and be transported 

via mass transport mechanisms than go into solution. However, naphthalene is expected to be only 

adsorbed moderately to soil and to undergo biodegradation. Naphthalene is more water soluble than 

most other PAHs (Table 3-5) and is, therefore, more likely to exist in the dissolved phase and to move 

with groundwater. In groundwater, biodegradation may occur if conditions are aerobic. If naphthalene 

migrated to the Thames River, it would be expected to be lost by various processes, including 

volatilization, photolysis, adsorption, and biodegradation. The principal loss processes depend on local 

conditions, but half-lives can be expected to range from a couple of days to a few months. When 

adsorbed to sediment, biodegradation generally occurs much more rapidly than in the overlying water 

column. Based on a BCF of 420 (Table 3-5), bioconcentration is expected to occur to a moderate extent 

but, since depuration and metabolism readily proceed in aquatic organisms, this is expected to be a 

short-term problem (TOXNET, December 2000). If released to the atmosphere, naphthalene rapidly 

photodegrades (half-life of 3 to 8 hours). 

Metals 

Seventeen metals were detected in groundwater samples at Site 23 in the BGOURI. The list of detected 

metals is similar to that of previous investigations except that beryllium, selenium, and silver were 

detected in past investigations but not in the 2000 samples. The concentrations of metals in the BGOURI 

were generally lower than those of previous investigations. As noted in Section 3.3, metals are highly 

persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze, etc. The major 

fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of the soil 

structure) and bioaccumulation. 

In addition, under normal conditions, metals are not very mobile in the environment. Because metals 

frequently remain bound to particulate matter, the major transport mechanism for metals is bulk 

movement processes (erosion). However, metals can become mobile in the environment under certain 

conditions. The mobility of metals is influenced primarily by their physical or chemical properties in 

conjunction with the physical and chemical properties of the soil matrix. Factors that assist in predicting 

the mobility of metals are the soil/pore water pH, REDOX potential, and cation exchange capacity. The 
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mobility of metals generally increases with decreasing soil pH and cation exchange capacity. The effect 

of REDOX potential varies for each metal. 

Groundwater samples S23MW02SOi and S23HNUS201 were analyzed for total metals and nine 

dissolved metals (antimony, arsenic, barium, calcium, magnesium, manganese, potassium, sodium, and 

vanadium). A comparison of the total and dissolved concentrations indicates that there was little 

difference between the total and dissolved concentrations for these metals, with the possible exception of 

calcium (unfiltered = 94,100 ug/L, filtered = 45,100 ug/L) and lead (unfiltered = 31.2 ug/L, filtered = 10 

us/L). These data indicate the metals detected in these samples are more likely to be in the dissolved 

phase rather than bound to particulate matter. 

13.5.2 Natural Attenuation Evaluation 

This section contains the site-specific natural attenuation evaluation. The procedure used to conduct the 

evaluation is summarized in Section 3.3.4. This evaluation is preliminary, and it is understood that 

additional data collection activities and data evaluation would be necessary before monitored natural 

attenuation is selected as a remedial alternative. 

As stated in Section 3.3.4, the goals of the assessment are as follows: 

l To determine if natural attenuation of petroleum and chlorinated hydrocarbons is currently occurring 

in the groundwater. 

l To determine the process by which natural attenuation is occurring in the groundwater. 

l To determine if natural attenuation and/or bioremediation are viable processes for remediation of 

petroleum and chlorinated hydrocarbons in the groundwater. 

The three lines of evidence that can be used to estimate natural attenuation of petroleum and chlorinated 

hydrocarbons are as follows: 

. Historical groundwater 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. , 

. Hydrogeological 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. 
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l Data from field or microcosm studies that directly demonstrate the occurrence of a particular natural 

attenuation process at the site and its ability to degrade the contaminants of concern. 

The first and second lines of evidence are used to assess natural attenuation in this RI. The following 

natural attenuation evaluation is segregated into three subsections (i.e., hydrogeology, chemicals of 

concern, and geochemical). These three subsections provide the necessary information to prove or 

disprove that natural attenuation is occurring via the two lines of evidence discussed above. The results 

of the assessment are summarized in the conclusions section (13.5.2.2). 

1352.1 Evaluation 

Hvdroaeoloqy 

Hydrogeological data are important in natural attenuation assessments to show groundwater flow 

directions and possible contaminant migration pathways from source areas to downgradient receptors. 

The data can also be incorporated into a groundwater contaminant fate and transport model to predict the 

effects of natural attenuation in the future. For this assessment, the data will only be used to show 

groundwater flow directions and possible contaminant migration pathways. 

Two rounds of water-level measurements were taken at select monitoring wells in the Southern Region 

during this RI. Measurements were taken in overburden and bedrock monitoring wells. The 

measurements were used to create potentiometric surface maps for the overburden and bedrock 

aquifers. Figures 4-12 and 4-l 4 depict the June 2000 and August 2000 overburden potentiometric 

surface maps, respectively. Figures 4-13 and 4-15 depict the June 2000 and August 2000 bedrock 

potentiometric surface maps, respectively. 

From the figures, it is evident that the overall groundwater flow direction is from east to west toward the 

Thames River. The overburden maps show that groundwater flow from the south and north becomes 

channelized and flows in an east-west direction toward the Thames River. This flow pattern may be the 

result of the underdrain system present within the Tank Farm and/or geological conditions present prior to 

the construction of the Tank Farm. The Tank Farm was constructed on the bed of the former Crystal 

Lake. 

Another observation that can be made from the figures is that water levels were generally higher in June 

2000 than in August 2000. Water levels were measured in several overburden/bedrock well clusters 

during August 2000. There is a downward gradient in monitoring well cluster 23MW02S/D and an upward 

gradient in 23MWOl S/D and 23MW04S/D. 
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In addition to the contaminant sources located within the Tank Farm (i.e., former USTs and product 

transfer lines), there are three potential contaminant sources located upgradient of the Tank Farm: 

SASDA, NEX Gas Station, and Solvent Storage Area (Building 33). Another contaminant source, 

Fusconi Dry Cleaners, is located downgradient of the Tank Farm. Previous investigations have shown 

that the Dry Cleaners is the source of the PCE that has been detected in Goss Cove Landfill monitoring 

wells. Goss Cove is located downgradient of the Tank Farm and Fusconi Dry Cleaners. The locations of 

all these source areas are shown on Figures l-2 and 1 O-l. 

Chemicals of Concern 

Analytical data for groundwater samples are summarized in Table 13-2. Groundwater COPCs for the 

Tank Farm are depicted on Figure 13-2 (overburden) and Figure 13-3 (bedrock). From the table and 

figures, it can be seen that tetrachloroethene, xylenes, and naphthalene were the only compounds 

detected in groundwater that are susceptible to biodegradation. These compounds were detected at low 

frequency (1 out of 10) and at low concentrations (i.e., below or slightly above risk-based screening 

criteria). This information does not indicate that there is a significant existing source of contamination to 

groundwater or a contaminant plume present in the groundwater within the Tank Farm. 

Because natural attenuation results from the effects of several processes, including adsorption, 

dispersion, dilution, chemical stabilization, etc., metals can also be considered during natural attenuation 

assessments. However, for this RI, only organic contaminants are being evaluated for natural 

attenuation. 

Historical groundwater analytical results (Appendix D) for the Tank Farm show that PCE, xylenes, and 

naphthalene were previously detected more frequently and at higher concentrations in groundwater 

samples. This information suggests that contaminant concentrations are decreasing with time. It is 

important to note that the Navy has completed remedial actions [i.e., contaminated soil and free-product 

(fuel oil) removal near former UST OT-8, soil removal along Tang Avenue, and contaminated soil and 

free-product (fuel oil) removal near former OT-3 and along the historical storm sewer system] at this site. 

An AS/SVE system has operated within the boundary of this site to remediate BTEX plumes from the 

upgradient NEX Gas Station site. It is likely that the decreasing contaminant concentrations are the result 

of both the active remedial actions and natural attenuation processes. 

Analytical data from the SASDA site, which is located upgradient of the Tank Farm site, show that TCE 

was detected in 3 of 4 samples at concentrations ranging from nondetect to 16 ug/L. This chlorinated 

solvent is susceptible to biodegradation via reductive dechlorination. This compound was not detected in 

any of the groundwater samples collected during historical sampling efforts at the SASDA, and no 
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daughter products were detected during current or historical sampling events above detection limit. TCE 

was also not detected during historical or current sampling efforts at the Tank Farm; therefore, TCE does 

not seem to be impacting the Tank Farm groundwater. Although not evident, natural attenuation 

processes must be attenuating the TCE before it reaches the Tank Farm. 

Daughter products of PCE or TCE were not detected above detection limit in groundwater samples 

collected at the Tank Farm. This indicates that biodegradation via reductive dechlorination is not 

occurring at detectable levels at this site. 

Geochemical 

The analytical results for the geochemical parameters collected for this natural attenuation assessment 

are summarized in Table 4-3. The sample numbers for the Tank Farm begin with “S23.” Tag maps of the 

significant geochemical parameters were also prepared and are presented on Figures 4-31 through 4-42. 

Dissolved oxygen concentrations ranged from nondetect to 5.0 mg/L. Dissolved oxygen concentrations 

indicative of anaerobic conditions were detected in monitoring wells HNUS-11, HNUS-13, and 23MW02S. 

The dissolved oxygen concentrations detected in monitoring wells HNUS-2 and HNUS-5 were slightly 

above the criteria for anaerobic conditions (i.e., 0.5 mg/L). The dissolved oxygen concentrations in 

bedrock wells indicate that groundwater is aerobic. Low dissolved oxygen concentrations correspond 

with the detection of organic contaminants in 23MW02S. However, no organic contaminants were 

detected in the other monitoring wells with low dissolved oxygen. Because no contaminant plume was 

detected, it is difficult to determine a trend in the dissolved oxygen concentrations relative to natural 

attenuation processes. One variable that could be affecting the evaluation is the limited number of wells 

included in the natural attenuation assessment. 

REDOX potentials measured in Site 23 groundwater ranged from -122 mV to 172 mV. REDOX 

potentials indicative of anaerobic, reductive conditions were measured in groundwater at monitoring wells 

HNUS-2, HNUS-5, HNUS-11, 23MW02S, and 23MW03D. With the exception of 23MW03D, this list of 

wells correlates well with the list of wells with low dissolved oxygen concentrations. Therefore, it is likely 

that reductive conditions exist at these wells. The cause of the reductive conditions at 23MW02S and 

23MW03D may be biological activity related to the low levels of organic contamination detected at these 

wells. The reductive conditions may also be the result of natural conditions (e.g., a thick organic peat 

layer was encountered during the soil removal action near the former UST OT-8). 

Nitrate concentrations detected in Tank Farm groundwater samples ranged from nondetect to 

~0.55 mg/L. Nitrate was not detected in monitoring wells HNUS-2, HNUS-11, and 23MW02S. Nitrite 

concentrations ranged from nondetect to 0.028 mg/L. Nitrite was detected in samples from both 
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overburden and bedrock monitoring wells (Overburden - HNUS-20 and 23MW04S; Bedrock - 23MW02D, 

23MW03D, and 23MW04D). Ammonia concentrations ranged from nondetect to 6.9 J mg/L. Ammonia 

was detected in all but one of the monitoring wells (i.e., 23MW03D) that were sampled. Based on the low 

concentrations of nitrate and the positive detections of nitrite and ammonia, it appears that denitrification 

is occurring within the Tank Farm. 

Divalent iron [Iron (II)] was detected in 6 of 10 monitoring wells in the Tank Farm. The concentrations 

ranged from 0.7 mg/L to 6.2 mg/L. Iron reduction is occurring in the vicinity of monitoring wells HNUS-2, 

HNUS-11, and 23MW02S. These wells also had low dissolved oxygen concentrations and negative 

REDOX potentials, which confirms that reducing conditions are present in Tank Farm groundwater. 

Based on the detection of low levels of divalent iron, iron reduction may also be occurring in the vicinity of 

monitoring wells HNUS-5 and 23MW02D. 

Soluble manganese [Mn (II)] was detected in groundwater samples from the Tank Farm, indicating that 

manganese reduction is occurring. Significant concentrations of soluble manganese were detected in 

monitoring wells HNUS-2, HNUS-11, and 23MW02S. As discussed above, other variables indicative of a 

reducing environment were also detected in these same wells. 

Analytical data do not suggest that sulfate reduction is a significant biodegradation process that is 

occurring within the Tank Farm groundwater. Sulfate concentrations ranged from 7.6 mg/L to 47.2 mg/L. 

Sulfide was not detected in any groundwater sample, and hydrogen sulfide was only detected in one 

sample (i.e., HNUS-5 at 1 mg/L). 

Significant concentrations of methane (i.e., approximately 200 ug/L) were detected in samples from 

monitoring wells HNUS-2, HNUS-11, and 23MW02S. Concentrations in these wells ranged from 

150 ug/L to 920 ug/L, and concentrations in the remaining wells ranged from nondetect to 21 ug/L. 

These data suggest that methanogenesis is occurring in the groundwater in the vicinity of these wells. 

Carbon dioxide measurements were generally uniform in all Tank Farm wells, ranging from nondetect to 

200 mg/L, with most concentrations between 25 mg/L and 85 mg/L. Low carbon dioxide concentrations 

did not correlate with high methane concentrations as is expected during methanogenesis. This may 

indicate that there is an ample supply of carbon dioxide to fuel methanogenesis. One anomalous carbon 

dioxide concentration (>2,500 mg/L) was measured in 23MW03D. This result is likely the result of poor 

monitoring well construction versus natural conditions. 

Ethane and ethene, which are end products of dechlorination of chlorinated solvents, were not detected in 

any groundwater samples collected at the Tank Farm. This information correlates with the limited, low- 

level detection of a parent chlorinated solvent (tetrachloroethene) in the Tank Farm groundwater and no 
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detections of daughter products (i.e., TCE, 1,2-DCE, or vinyl chloride). These data suggest that, despite 

conditions that are amenable to reductive dechlorination, definitive evidence of complete dechlorination is 

missing. 

Chloride concentrations ranged from 6.55 mg/L to 124 mg/L. The highest concentrations of chloride were 

detected in HNUS-2, HNUS-11, and 23MW02S. As discussed above, other variables indicative of a 

reducing environment were also detected in these same wells. However, no significant sources of 

chlorinated solvents were detected in the vicinity of these wells that would correlate with reductive 

dechlorination occurring at them. Therefore, this information is inconclusive. 

The pH of the Tank Farm groundwater was slightly acidic, with values ranging from 5.56 to 6.74. This 

range is similar to values measured in background wells 23MWOl S and 23MWOl D and are within the 

optimal range for bioactivity. Alkalinity and pH values correlated well throughout the Tank Farm. Higher 

values of pH and alkalinity were detected in monitoring wells HNUS-2, HNUS-11, and 23MW02S. 

Available data indicate that biological activity is probably occurring in these wells. Lower pH and alkalinity 

values were detected in remaining wells where biological activity is probably not occurring at significant 

levels. One anomalous pH value (i.e., 11.72) was measured in monitoring well 23MW03D. As discussed 

above, this value is most likely the result of poor monitoring well construction versus natural conditions. 

Upgradient of the Tank Farm, a pH of 4.44 was measured in the SASDA monitoring well 15MW2S. This 

pH suggests that there is residual contamination still remaining at the SASDA. 

TOC concentrations in the groundwater at the Tank Farm ranged from 1 mg/L to 9 mg/L. These 

concentrations do not suggest that a significant source of natural or anthropogenic carbon is present in 

the groundwater. 

13.5.2.2 Conclusion 

Groundwater analytical results from this RI do not suggest that there are significant amounts of petroleum 

or chlorinated hydrocarbons present in the groundwater at the Tank Farm. Low concentrations of PCE, 

xylenes, and naphthalene were detected at low frequency in the groundwater samples. 

Hydrogeological data were used sparingly during the assessment because of the lack of contaminant 

plume(s) or source area(s). The hydrogeologic and chemical data show that upgradient source areas do 

not seem to be impacting the Tank Farm groundwater. 

The geochemical data collected during the RI indicate that biodegradation processes are occurring in the 

groundwater, most notably in the vicinity of monitoring wells HNUS-2, HNUS-11, and 23MW02S. The 

processes that are occurring include denitrification, iron reduction, manganese reduction, and 
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methanogenesis. These reducing conditions are amenable to degradation of petroleum hydrocarbons 

and reductive dechlorination of chlorinated solvents (i.e., PCE and TCE). 

Collectively, the hydrogeologic, chemistry, and geochemical data indicate that historical and active 

‘remedial actions, as well as natural attenuation processes, have or are degrading organic contaminants 

to relatively insignificant levels in the Tank Farm groundwater. It is likely that natural attenuation of 

residual petroleum hydrocarbons is occurring since known historical sources were located in the Tank 

Farm. Natural attenuation of chlorinated solvents is most likely not occurring at detectable levels because 

no known sources were present in the Tank Farm and daughter products were not detected in the 

groundwater. Based on this information, it is not recommended that a comprehensive monitored natural 

attenuation remedial action be pursued for this site. 

13.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific HHRA for the identified exposure scenarios for Site 23. The risk 

assessment methodology was described in Section 3.4 and detailed calculations including RAGS Part D 

tables are presented in Appendix C. A summary of previous HHRAs for the site is also presented. 

13.6.1 Data Evaluation 

COPCs were identified for Site 23 using the risk-based screening levels, as discussed in Section 3.4.1. 

Table 13-3 summarizes the COPCs retained for Site 23. A discussion of direct contact exposure COPCs 

(i.e., those chemicals detected at concentrations in excess of USEPA and CTDEP direct contact 

exposure criteria) and additional COPCs is provided below. Additional COPCs are identified on chemical 

migration tendencies: migration groundwater to surface water and migration of volatiles from groundwater 

through building foundations into indoor air. These additional COPCs are not quantitatively evaluated in 

the HHRA because they are not considered to be significant contributors to the direct contact exposure 

pathways identified for potential human receptors. 

A comparison of the maximum detected concentrations in groundwater to direct contact risk-based 

screening criteria is presented in Table 13-4. The maximum detected concentrations of the following 

chemicals in groundwater exceeded the direct contact risk-based COPC screening levels and were 

retained as COPCs for groundwater: 

. VOCs-tetrachloroethene 

l SVOCs-naphthalene 

l Metals-lead 
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The maximum detected concentration of manganese exceeded its USEPA Region IX PRG but was within 

background levels; consequently, manganese was not retained as a COPC. 

A comparison of the maximum detected concentration in groundwater to migration criteria is presented in 

Table 13-5. The maximum detected concentrations of the following chemicals exceeded their respective 

screening criteria for protection of migration to surface water: 

l Metals-arsenic and lead 

The maximum detected concentrations of all chemicals were less than the CTDEP criteria for migration from 

groundwater to indoor air. 

13.6.2 Exposure Assessment 

Only groundwater samples were collected during the current investigation. Consequently, only exposures 

to groundwater were evaluated in the risk assessment for Site 23. Potential receptors included 

construction workers and future residents. Exposure assumptions for these receptors were presented in 

Table 3-14. Potential exposure pathways are summarized in Table 13-6. 

Construction workers could come into contact with groundwater while excavating building foundations. In 

such an instance, construction workers could be exposed to the groundwater via dermal contact. 

Potential exposure pathways for future adult residents exposed to groundwater included ingestion, dermal 

contact, and inhalation of volatile emissions. As previously discussed, future residential receptors are not 

potential receptors under current land use and are included only to provide an indication of potential risks 

if the facility were to close and then be developed for residential use. 

As discussed in Section 3.4, the maximum detected concentration and average concentration were used 

for the exposure point concentrations for the RME and CTE, respectively. Exposure point concentrations 

for Site 23 are presented in Table 13-7. 

13.6.3 Risk Characterization 

Potential ICRs and HIS were calculated for construction workers and. adult residents exposed to 

groundwater using the methodology presented in Section 3.4. The results are summarized in 

Tables 13-8 and 13-9 and are discussed below. Sample calculations and chemical-specific risks in 

RAGS Part D format are provided in Appendix C. 
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The result of the human health risk assessment indicate that cancer risks for future adult residents 

exposed to groundwater were within EPA’s acceptable cancer risk range, but exceeded CTDEP’s 

acceptable risk levels. Hazard indices for future adult residents exposed to groundwater were within 

EPA’s and CTDEP’s acceptable levels. Even though the calculations were not performed, cancer risks 

for future child residents would also be expected to be within EPA’s acceptable cancer risk range but 

exceed CTDEP’s acceptable risk levels and hazard indices would be expected to be within EPA’s and 

CTDEP’s acceptable levels. 

Carcinogenic Risks 

ICRs for construction workers exposed to groundwater were 1.3 x 10” and 1 .I x IO-” for the RME and 

CTE scenarios, respectively, which were less than USEPA’s target risk range of lOA to lo4 and CTDEP’s 

acceptable risk level of 10” for cumulative exposures. 

The ICRs for future adult residents exposed to groundwater were 4.5 x 10” and 1.6 x 10m7 for the RME 

and CTE scenarios, respectively, which were less than or within USEPA’s target risk range of lOa to IO6 

and less than CTDEP’s acceptable risk level of 10” for cumulative exposures. The chemical-specific ICR 

for tetrachloroethene under the RME scenario exceeded CTDEP’s target level of 1 x 10” for individual 

chemicals, although the maximum detected concentration for tetrachloroethene was less than its CTDEP 

RSR. 

Noncarcinogenic Risks 

HIS for construction workers exposed to groundwater were 0.0002 and 0.0001 for the RME and CTE 

scenarios, respectively, which were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

HIS for adult residents exposed to groundwater were 0.02 and 0.005 for the RME and CTE scenarios, 

respectively, which were less than USEPA’s and CTDEP’s acceptable level of 1 .O. 

Lead 

Lead was identified as a COPC in groundwater at Site 23. Lead was detected at a maximum 

concentration of 31.2 pg/L, which exceeds the Safe Drinking Water Act action level and CTDEP RSR of 

15 pglL. 

USEPA’s IEUBK model was used to evaluate exposures to lead in groundwater by future child residents. 

As recommended by the model, the average concentration of lead in groundwater of 6.11 pg/L was used 

for the exposure point concentration. Default parameters were used for the rest of the model input 
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parameters. IEUBK model outputs are included in Appendix C. The estimated geometric mean blood- 

lead level for children exposed to lead in groundwater was 3.8 pg/dL, which is less than the level of 

concern of 10 pg/dL. The IEUBK Model estimates that 2 percent of children are expected to have blood- 

lead levels greater than IO pg/dL. These results indicate that no adverse effects are anticipated for 

hypothetical future child residents exposed to lead in groundwater at Site 23. 

13.6.4 Summary of Previous Risk Assessments 

A quantitative HHRA based upon groundwater analytical data was not previously performed for the Tank 

Farm. However, qualitative evaluations of data (screening level assessments) were performed for 

groundwater samples collected from the Tank Farm as part of the Site Characterization of Waste Oil Tank 

5 (HNUS, 1994a) and the Site Investigation of the Tank Farm (B&R Environmental, 1997e). 

Only four groundwater samples were collected and analyzed during the Site Characterization of Waste 

Oil Tank 5 (HNUS, 1994a). Analytical results for these samples were evaluated against federal and 

CTDEP MCLs. PCE, which was detected in only one groundwater sample at a concentration of 6 @L, 

was the only chemical detected at a concentration exceeding one of the criteria (federal MCL of 5 pg/L). 

The historic screening level assessment described in the Site Investigation Report for Tank Farm 

Investigation (B&R Environmental, 1997e) considered CTDEP surface water protection criteria, as well as 

CTDEP volatilization criteria for industrial land use. The volatilization criteria were developed to ensure 

that human health is not adversely affected from inhalation of volatile pollutants that have entered or may 

enter a building or other structure. The volatilization criteria apply to any site that has groundwater 

contaminated with VOCs and the water table is within 15 feet of the ground surface or any building. 

USEPA Region III Tap Water Ingestion Values, CTDEP groundwater protection criteria, and federal and 

CTDEP MCLs were not used in the historical screening level assessment since the groundwater at 

NSB-NLON is classified as GB and is not used for drinking water or other domestic purposes. The 

following 12 chemicals exceeded at least one of the two groundwater criteria included in the historical 

screening level assessment (B&R Environmental, 1997e): 

l benzene 

. acenaphthene 

l benzo(a)anthracene 

. phenanthrene 

. arsenic 

l beryllium 

. chromium 

. copper 

l lead 

. mercury 

. nickel 

. zinc 
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13.6.5 Uncertaintv Analvsis 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

was presented in Section 3.4.5. Site-specific uncertainties for Site 23 are discussed below. 

Elimination of Chemicals as COPCs on the Basis of Background 

In accordance with Navy policy (Navy, 2000) chemicals were eliminated as COPCs on the basis of 

comparison to background. Manganese was the only chemical in groundwater with a maximum detected 

concentration that exceeded the direct contact screening criteria but was not retained as a COPC on the 

basis of background. Potential risks from dermal exposures to manganese in water is insignificant 

(USEPA, 2000e); consequently, the elimination of manganese as a COPC on the basis of background 

does not affect the risk estimates for the construction worker since this receptor was only evaluated for 

dermal exposures to groundwater. Future adult residents were evaluated for ingestion and dermal 

contact with groundwater; therefore, the estimated risks would be higher for the future adult resident if 

exposures to manganese were evaluated in the HHRA. If exposures to manganese in groundwater by a 

future adult resident were evaluated in the HHRA, then the resulting HI would be 3.9, which exceeds the 

USEPA and CTDEP acceptable level of 1 .O. 

13.7 SUMMARY AND RECOMMENDATIONS 

13.7.1 Nature and Extent of Contamination 

Historically: in the overburden groundwater wells, concentrations of monocyclic aromatics (benzene, 

ethylbenzene, toluene, and xylenes) ranged from 0.5 pg/L to 4,810 pg/L, and PAHs ranged from 0.7 pg/L 

to 740 c(g/L. Overburden groundwater data collected during the BGOURI contained xylenes (5 f~g/L) and 

naphthalene (1.4 pg/L) in only well S23MW02S. This suggests that concentrations of fuel-related 

contamination have decreased significantly over time. 

In general, VOCs and SVOCs were detected very infrequently during the BGOURI. Metals were the most 

frequently detected analytes and this is likely because the Tank Farm area comprises primarily of fill 

material. Field and analytical data from this BGOURI show that no organic or inorganic contaminant 

plumes are shown to exist at Site 23. The maximum detected concentrations of xylenes, naphthalene, 

and metals were all found in well S23MW02S, which is located northeast of tank OT-7. Arsenic, 

cadmium, nickel, and lead were the only metals detected in overburden groundwater at concentrations 

above background. 

PCE and metals were the only compounds detected in bedrock groundwater wells sampled during the 

BGOURI. The majority of maximum detections were found in S23MW03D. Monocyclic aromatics and 
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PAHs were not detected in any bedrock wells, and, conversely, PCE was not detected in any overburden 

groundwater wells. 

13.7.2 Contaminant Fate and Transport 

One fuel-related monocyclic aromatic compound (i.e., xylenes) was detected in one shallow groundwater 

sample during the BGOURI. This contrasts with the results of previous investigations in which other 

monocyclic aromatics (e.g., benzene) were detected at much higher concentrations. Monocyclic 

aromatics were also detected in soil in previous investigations. Monocyclic aromatic compounds are not 

considered to be persistent in the environment, particularly in comparison to chemicals such as PCBs and 

PAHs. 

One halogenated aliphatic (PCE) was detected in one bedrock groundwater sample collected during the 

BGOURI. PCE was also detected infrequently and at low concentrations in groundwater and soil 

samples during previous investigations at the site. Halogenated aliphatic hydrocarbons such as PCE are 

relatively water soluble and have a low capacity for retention by soil organic carbon and, therefore, PCE 

is frequently detected in groundwater. Leaching from soil may account for the presence of PCE in 

groundwater at the site. 

One low-molecular-weight PAH, naphthalene, was detected infrequently at low concentrations in the 

groundwater at Site 23. Low-and high-molecular weight PAHs were detected in soil and groundwater in 

previous investigations at low frequencies. The presence of naphthalene and other PAHs in groundwater 

at the site is evidence of releases of petroleum products from the former USTs and their associated 

piping. Naphthalene is expected to be only adsorbed moderately to soil and to undergo biodegradation. 

Naphthalene is more water soluble than most other PAHs and is, therefore, more likely to exist in the. 

dissolved phase and to move with groundwater. 

A preliminary evaluation of natural attenuation data (i.e., hydrogeologic, chemistry, and geochemical 

data) indicates that historical and active remedial actions, as well as natural attenuation processes, have 

or are degrading organic contaminants to relatively insignificant levels in the Tank Farm groundwater. It 

is likely that natural attenuation of residual petroleum hydrocarbons is occurring since known historical 

sources were located in the Tank Farm. Natural attenuation of chlorinated solvents is most likely not 

occurring at detectable levels because no known sources were present in the Tank Farm and daughter 

products were not detected in the groundwater. It was not recommended that a comprehensive 

monitored natural attenuation remedial action be pursued for this site. 

Seventeen metals were detected in groundwater samples at Site 23 in the BGOURI. The list of detected 

metals is similar to that of previous investigations except that beryllium, selenium, and silver were 
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detected in past investigations but not in the BGOURI. Metals are highly persistent environmental 

contaminants. They do not biodegrade, photolyze, hydrolyze, etc. The major fate mechanisms for metals 

are adsorption to the soil matrix (as compared to being part of the soil structure) and bioaccumulation. A 

comparison of the total and dissolved concentrations indicates that there was little difference between the 

total and dissolved concentrations for these metals, with the possible exception of lead (unfiltered = 

31.2 pg/L, filtered = 10 us/L). 

13.7.3 Human Health Risk Assessment 

The following items summarize the HHRA for Site 23: 

The HHRA for Site 23 considered exposures to construction workers and future adult residents. No 

soil samples were collected at Site 23; therefore, only exposures to groundwater were evaluated. 

Potential exposure pathways for groundwater included dermal contact for construction workers and 

incidental ingestion, dermal contact, and inhalation of volatile emissions for future adult residents. 

The maximum detected concentrations of tetrachloroethene, naphthalene, and lead exceeded the 

direct contact risk-based COPC screening levels and were retained for quantitative evaluation in the 

HHRA. 

Maximum detected concentrations of arsenic and lead exceeded CTDEPs screening criteria for 

protection of migration of groundwater to surface water. 

The maximum detected concentrations of all chemicals in groundwater were less than the CTDEP 

criteria for migration from groundwater to indoor air. 

ICRs and HIS for construction workers exposed to groundwater at Site 23 were within USEPA and 

CTDEP acceptable levels for the RME and CTE scenarios. 

ICRs for adult residents exposed to groundwater at Site 23 were less than or within USEPA’s target 

risk range of lo4 to 10” and CTDEP’s acceptable risk level of IO” for cumulative exposures. The 

chemical-specific ICR for PCE exceeded CTDEP’s target level of 1 x lo4 for individual chemicals, 

although the maximum detected concentration for tetrachloroethene was less than its CTDEP RSR. 

HIS for adult residents exposure to groundwater at Site 23 were less than USEPA’s and CTDEP’s 

acceptable level of 1 .O for the RME and CTE scenarios. 
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l The result of the human health risk assessment indicate that cancer risks for future adult residents 

exposed to groundwater were within EPA’s acceptable cancer risk range, but exceeded CTDEP’s 

acceptable risk levels. Hazard indices for future adult residents exposed to groundwater were within 

EPA’s and CTDEP’s acceptable levels. Even though the calculations were not performed, cancer 

risks for future child residents would also be expected to be within EPA’s acceptable cancer risk 

range but exceed CTDEP’s acceptable risk levels and hazard indices would be expected to be within 

EPA’s and CTDEP’s acceptable levels. 

l The maximum detected concentration of lead in groundwater exceeded the Safe Drinking Water Act 

action level and CTDEP RSR of 15 pg/L. The IEUBK model was used to evaluate exposures to lead 

in groundwater by hypothetical residential children. The IEUBK model indicated that no adverse 

effects are anticipated for hypothetical future child residents exposed to lead in groundwater at 

Site 23. 

l The maximum detected concentration of manganese in groundwater exceeded its screening criteria 

but was within background levels, consequently manganese was not retained as COCs in the HHRA. 

HIS for adult residents exposed to manganese in groundwater would exceed the acceptable level of 1 

if manganese were evaluated in the HHRA. 

13.7.4 Recommendations 

Petroleum contamination related to the former USTs and their associated piping were identified during 

previous investigations at Site 23. The Navy has conducted three removal actions to address the 

identified contamination. Soil and free product were removed in the vicinity of OT-8 and OT-3 during the 

removal actions. Contaminated soil was also removed along Tank Avenue. In addition, BTEX 

compounds were historically detected in the groundwater in the Tank Farm, and it was determined that 

the contamination was related to leaking USTs from an adjacent site (i.e., NEX Gas Station). The leaking 

USTs have been fixed, and an AS/SVE system was installed to address the associated BTEX plumes. 

Petroleum contamination was also historically detected in stormwater/groundwater collected from the 

Tank Farm. This stormwater/groundwater discharged to the Thames River at Goss Cove Landfill. 

Typically, the contamination was detected during a storm event when high surface water flow rates 

passed through the combined storm sewer/groundwater collection system. To minimize this problem, the 

combined system was separated into a shallow surface water collection system and a deep groundwater 

collection system. A sampling and analysis program is currently being conducted to determine if any 

treatment of the groundwater is necessary prior to discharge to the Thames River. Preliminary results 

from the program indicate that treatment may not be necessary, but a final decision on treatment will be 
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made after more data are collected and the Navy consults further with the regulators (i.e., USEPA and 

CTDEP). 

The objectives of the BGOURI at Site 23 were to further characterize the nature and extent of 

groundwater contamination and to quantify the risks to human receptors from the groundwater. 

Groundwater sampling results for Site 23 indicate that the water quality is generally good, with only 

sporadic, low-concentration detections of VOCs, SVOCs, and metals in site monitoring wells. A 

preliminary evaluation of natural attenuation data indicated that biodegradation and other natural 

attenuation processes may be acting to reduce organic contaminants to relatively insignificant levels in 

the Tank Farm. However, it was not recommended that a monitored natural attenuation alternative be 

pursued for the site. 

The HHRA determined that risks posed by exposure of construction workers to groundwater at Site 23 

are within USEPA and CTDEP acceptable levels, assuming that the workers are’exposed to the 

maximum observed concentrations of site contaminants. Risks for adult residents exposed to 

groundwater at Site 23 were less than or within USEPA and CTDEP acceptable levels, assuming that the 

resident is exposed to the maximum observed concentrations of site contaminants. However, the 

chemical-specific ICR for PCE exceeded CTDEP’s target level of 1 x 10” for individual chemicals, 

although the maximum detected concentration for PCE was less than its CTDEP RSR. The IEUBK model 

indicated that no adverse effects are anticipated for hypothetical future child residents exposed to lead in 

groundwater at Site 23. 

Based on the results of the risk assessment and the fact that the groundwater at Site 23 is not used for 

human consumption and it is not likely to be used for human consumption in the foreseeable future 

because of its current classification (i.e., GB groundwater which indicates not suitable for direct human 

consumption without treatment), an FS is not currently warranted for this site. However, it is 

recommended that the decision for preparation of an FS for the groundwater OU at the Tank Farm be 

postponed until site conditions stabilize and the results of the current sampling and analysis program for 

the groundwater collection system determine the trends in groundwater contaminant concentrations. If 

the results of the monitoring program support the determination that there are no unacceptable risks to 

human health or the environment, then an FS will not be prepared and the Navy will pursue a no-further- 

action ROD for the groundwater OU. If the results suggest that further actions are required, then the 

Navy will prepare an FS for the groundwater OU to develop appropriate remedial alternatives. 
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TABLE 13-l 

SUMMARY OF SAMPLING AND ANALYTlCAL PROGRAM FOR SITE 23 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTlGATlON 

NSB-NLON, GROTON, CONNECTICUT 

I 

sample iu 
- __- 

S23H..--- 
S23HNUS3 
S23HNUS2 
S23MWO4S 
S23HNUS!L. I I. I I -. I 
S23HNUSllOl I X 

x 
I I X I x I.-x I 

s--. . . - - - ,33HNLJS1301 I I X I X I X I X 
BEDROC :K 
FDO806OL. ni I I x .\ I I x . . I I x I. I I x r. I I X 

S23MW02DOl I X I X I X I X I i I I 

I x x I I 
, 

103Dol I I X X X 
KM X X X X X 

S23MM ___ 
S23MW04C - . I . . I I- I . . t _. 
SOIL SAMPLES 
S-------- - ,23!%02S0810 I I I I I I I X I 1 
S23SBO4S1012 I I I I X I 1 

Notes: 
1 Miscellaneous groundwater parameters include natural attenuation parameters, TSS, 

and TDS. Miscellaneous soil parameters include TOC, bulk density, pH, and porosity. 
2 Samples with an ‘F” suffix are filtered. 



TABLE 13-2 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITE 23 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON. CONNECTtCUT 
PAGE 1 OF 2 

location 
IlSalllple 
sample 
Sample da1 
Volatlte Organics (w$L) 
M+P-XYLENES 

0-XYLENE 
TETRACHLOROETHENE 
XYLENES, TOTAL 
Dissolved Gases (uglL) 

IMETHANE I 260 1 14 I IU I 150 I I 21 I 1 I 1 I 920 1 I IU I IU I 1 

Semivolatile Organics (q/L) 

(NAPHTHALENE I 0.5 u 1 0.5 u ] 05 u 1 0.5 u 1 I 0.5 u I 0.5 u I 0.5 u I 1.4 1 1 0.5 u 1 0.5 u 1 5 u ] 

HNUS-1 1 HNUS-13 HNUS-20 HNUS-2 HNUS-2 HNUS-5 23MWOZD 23MW02D 23Mwo2s 23MWO2S 23MW03D 23MWO4D 23MWO4S 

S23HNUSllOl S23HNUSl301 S23HNUS2001 S23HNUS201 S23HNUS201-F S23HNUSSOl S23MWO2DOl S23YWO2DOi-D S23MW02501 S23MW02SOl-F S23MWWDOl S23MWO4DOl S23MWO4SOl 
S23HNUSllOl S23HNUSl301 S23HNUS2001 S23HNUS201 S23HNUS201.F S23HNUSSOl S23MWO2DOl FDO806001 S23MWO2SOl S23MWO2SOl-F S23MWO3DOl S23MWO4DOl S23MWMSOl 

6/6!00 6nlOO lV5iW 8/3/W 8/4/W W3IW Iv6/00 8/6/00 &WW 8/6/00 8/6/00 woo &m/O0 

2u 2u 2u 2u 2u 2u 2u 2 2u 2u 2 UJ 

1 u 1 u 1u 1 u 1U IU 1 u 3 1u 1u 1 UJ 

1 u 1 u 1 u 1 u 1 u IU 1 u 1 u 3 1 u 1 UJ 

1u 1 u 1 u 1 u 1 u 1 u 1 u 5 1 u 1 u 1 UJ 

Total Metals (uqlL) 

ALUMINUM 61.6 U 63.9 u 130 u 146 U 211 u 50.5 u 74.4 u 2030 1 

ARSENIC 4.7 2.3 u 2.3 U 2.3 U 2.3 u 2.3 U 

BARIUM 35.7 u 37 u 64.4 426 272 21.3 U 

CADMIUM 025 U 0.25 u 0.63 025 U 0.25 U 0.25 U 

CHROMIUM 1 6.2 lL 1 6.2 U 1 6.2 U 6.2 U 6.2 U 6.2 U 1 6.2 U 43.2 I 
COBALT 1 4.2 U 1 4.2 U 1 4.2 

ICOPPER 1 66U ’ I 6.6 U I 6.6 U ] 6 6 U 6.6 J 
[IRON 1 16500 1 733 1 175 (0 ’ ’ I 

LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 

I 9.2 u I 9.2 u I 1 92 u 1 9.2 u 1 9.2 u 1 33.5 10 J 9.2 u 9.9 u 

1 5690 I 6160 1 1 4270 1 1170 1 1310 1 7790 3940 2730 5350 

6750 1 99200J 1 1 28lW J 1 6660 I 6660 1 45200 29mo 7799 J 109w 

’ 6.3 U 6.4 J 6.3 U 6.2 u 
SODIUM 57600 I 3loco ’ 

VANADIUM 6.3 U 1 6.3 U 63U I 6.3U ( I 6.3 U I 6.3 U I 6.3 U I 

ZINC 14.4 u I 12.6 u 16.3 u I 13 u I 1 33.4 u 1 15.3 u 1 14.4 u 1 66.4 1 I 43.1 u I 10.9 u ( 213 u 1 

Dissolved Metals (uglL) 

ARSENIC 2.3 U 3.1 J 
BARIUM 33.6 150 
CALCIUM 3m 45100 
IRON 4410 15400 
LkAD I I I I I 1.6U I I I I I 10 I I I 
MAGNESIUM I 3770 1 5630 1 
MANGANESE I I I I 977 I I I I I 2650 1 I I I 



TABLE 13-2 

SUMMARY OF POSlTtVE GROUNDWATER ANALYTICAL RESULTS FOR PERMANENT WELLS AT SITE 23 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTtGATlON 

NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

location HNUS-1 1 HNUS-13 HNUS-20 HNUS-2 
noample S23HNtJSllOl S23HNUSl301 S23HNUS2001 S23HNUS201 
samde S23HNUSllOl S23HNUS1301 S23HNUS2001 S23HNUS201 
semple-det I 8/6/00 I w7lW I mmo I 8/3/w 
POTASSIUM I I I ! 

HNUS-2 HNUS-5 23MW02D 23MW02D 23Mwo2s 23Mwo2s 
S23HNUS201-F S23HNUS501 S23MWO2DOl S23MW02DOl-D S23MWO2SOl S23MW02SOl-F 
S23HNUS201-F S23HNUSSOl S23MWO2Wl FDO8OSWl S23MWO2SOl S23MW02SOl-F 

8/4/W emoo 8/5/W 8l6loo 8/6/W 8/S/W 
5500 7340 

82600 J 493w 

S23MWO4SOl 
S23MWO4SOl 



TABLE 13-3 

CHEMICALS RETAINED AS COP& IN GROUNDWATER AT SITE 23 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Direct Migration Pathways 
Chemical Contact Surface Water 1 Volatilization 
Volatile Organic Compounds 

ITetrachloroethene I X I I I 
Semivolatile Organic Compounds 

1 Naphthalene I X I I 
Metals 
Arsenic I I X I 
Lead X X 

Notes: 
X - Chemical is retained as a COC. 



TABLE 13-4 

OCCURRENCE. t,ISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 23 
0,RECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GROUNDWATER OPERABLE UNtT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE 1 OF 3 

Scsnrtio Timh’anu: Futun 
Odium: Groundwater 
Erposur. ,,dium: Groundwater 
Erpo,ura Point: Tank Farm (Sit. 23, 



TABLE 13-4 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNOWATER AT SITE 22 
MRECT CONTACT EXPOSURE SCENARIOS 

BASEWIDE GRDUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON. GROTON. CONNECTICUT 

PAGE2DF2 



TABLE 134 

OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 23 
DlRECT CONTACT EXPOSURE SCENARtOS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTtCUT 

PAGE3OF3 

Sc.n.rlo Tlm.‘n”“: Futun 
Mdlum: Groundwatbr 
Exposw. M.d,“m: Groundw.,er 
Er&~,,un Point: T.nk Farm (SIto 23) 

- 
ARAWTBC = ApphcaMe or Relevant and App,o,xla,e Requ,,eme”“To Be Consldeted 
c = Carclnoge”. 

cot = Chemwal cd concern 

S23HNUS1301 

S23HNUS2001 

S23HNUS201 

S23HNUS201-F 

S23HNUSSOl 

S23MW02DOt-D 

S23MW02SOl 

S23MW02SOl-F 

S23MWo3Wl 

S23MW&lDOl 

FED-MCL = Federal Max~mu”, C~n,am,“an, Level (USEPA. August 2ooO) 

FED-SMCL = Federal Secondary Max”““m Contam~a”, Levd (USEPA. Augus! 2WO) 

FED-AL = Federal &%a, Level (USEPA. August 2oW) 

CTDEP-RSR z Camect~“, DEP Remedlaflon Standard Regulalans. 1996 

CTDEP-MCL = Co”ti~“t l.,ax,mum Co”,am,na”, Level 

For se,ec,,on as a cot 

ASL = Above COC Screening LeveVARARlTBC 

For Ekmmalw, as a CDC 

BKG = W,,h,n Background Levels 

BSL = Below CC% Screening LeveVARA~BC 

NUT P Eesenlial Nutne”,. 

NTX = No Toxrly Inlormatum 

EPA1 = USEPA Regn” 1 does not advocate evaluatw” 0, thls chemical 

NV = M,scellaneous pmme,ers are i-d evaluated I,, human he&h “sk assessments 



TABLE 13-5 

OCCURRENCE, DISTRIBUITON, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 23 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONECTICUT 

PAGE 1 OF 2 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Tank Farm (Site 23) 

Rationale for 

CAS Number Chemical CoYZZkYon Ti$leT CO%Zi!Crll ~u~~~~ tjnitg L”‘$~~~~~m Detectio” No~~‘c~~,,, coETjad:on ““{:B:,9~:” FrOqUe”q 
s,ti~,‘,“‘~ate, CTOEP Vol. COPC Contaminant 

(II (1’ ,I’ Screaning”’ Criteria!” 
Criteria”’ Flag Deletion or 

Selection’6’ 
Volatile Organics 

IM+P-XYLENE~ 2 2 Un/L S23MW02SOl l/l0 2 2 NA NA 21300 NO BSL 
3 3 UgL S23MW02SOl l/IO 1 3 NA NA 21300 NO ESL 

127-16-4 lTETRACHLOROETHENE 3 3 U(I/L S23MW03DOl l/l0 1 3 NA 88 1500 NO BSL 
1 5 NA NA 21300 NO ESL 

195-47-6 IO-XYLENE 

1330-20-7 IXYLENES. TOTAL I 5 I I 5 I 1 ugL I S23MW02SOl 1 l/l0 
-. .- 

174-62-6 IMETHANE I 1 I 1 920 1 ug/L 1 S23MW02SOl 1 7/10 1 1 1 920 1 NA 1 N/A 1 N/A 1 NO 1 NTX 1 
Semivolatile Organics 

191-20-3 [NAPHTHALENE I 14 I I 1.4 I 1 ugL 1 S23MW02SOl 1 i/10 1 0.5-5 1 1.4 1 NA 1 N/A 1 N/A 1 NO 1 NTX ] 
Total Metals 

S23MW02SOl N/A NO BKG 
N/A m ASL 
N/A NO BKG 
N/A NO BSL 

17440-66-6 IZINC 1 68.4 1 1 66.4 1 UgL 1 S23MW02SOl l/l0 1 10.9-43.1 1 68.4 131 1 123 N/A 1 NO 1 BSL. BKG 
Dissolved Metals 

7440-36-2 IARSENIC, FILTERED I 3.1 1 J 1 3.1 1 J 1 ugLI 52. 
4RIUM. FILTERED 1 33.8 I 150 I I UWL I 

Miscellaneous Parameters 
IE-1450 16 ALKALINITY 16 34’3 ma/L S23MW03DOl lO/lO N/A NO BKG 

AMMONIA 0 16 J 0.54 J me/L S23HNUS201 3/3 N/A NO NTX 
J J 69 mgL S23MW02SOl 6l7 loo NO NTX 

6.55 124 mgL S23MW02SOl lo/l0 N/A NO BKG 



TABLE 13-5 

OCCURRENCE, DISTRIBUITON, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR GROUNDWATER AT SITE 23 
MIGRATION PATHWAYS 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONECTICUT 

PAGE 2 OF 2 

(Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Tank Farm (Site 23) 

E-11776 HARDNESS as CaC03 22.3 
14606-79-6 SULFATE 7.6 47.2 WLI S 
000-09-0 TOTAL DISSOLVED SOLIDS 66.2 519 J r 
7440-44-O TOTAL ORGANIC CARBON 1 J 9 mgLl I 
000-06-9 TOTAL SUSPENDED SOLIDS 6 J 169 J mgJL 1 S23MW02SOl 

A shaded value mdrcates that the concentratron used lor screemng exceeds the criterion or background value. 
A shaded chemrcal name indicates that the chemrcal has been selected as a COPC. 

Footnotes 

1 Sample and duplrcate are counted as two separate samples when determining the mlrvmum and maxmum 

detected concentrations. 

2 Values presented are sample-specific quanlitatio” Ilmits. 

3 The maxrmum detected concentration IS used lor screening purposes. 

4 95% Upper Tolerance Limit (UTL) 01 siie background data 

5 Connecticut DEP Surface Water Protection criterra. 

6 Connectrcut DEP Volatrlrzation cnterra for residential exposures. 

7 The chemical is selected as a COPC If the maximum detected concentration exceeds the 

CTDEP suriace water protection or volatilization crlterla. 

&socrated SamDlaS, 

S23HNUSllOl S23MW02001 S23MW04S01 

S23HNUS1301 S23MW02DOl-D 

S23HNUSZOOl S23MWOZSOl 

S23HNUSZOl S23MWOZSOl-F 

SZBHNUSZOl-F S23MW03DOl 

S23HNUS501 S23MW04001 

ARARflBC = Appkcable or Relevant and Appropriate RequlrementAo Be Consrdered 

C = Carcinogen. 

COC = Chemical of Concern. 

J = Estrmaled Value. 

N = Noncarcinogen. 

NA = Not Applrcabla. 

For Selection as a COPC: 

ASL = Above COPC Screening LeveUARARITBC. 

For Eliminabon as a COPC. 

BKG = Wilhrn Background Levels. 

BSL = Below COPC Screening LeveVARAR~BC 

NTX = No Toxrcrty I”fOrmati0”. 



TABLE 13-6 

SELECTION OF EXPOSURE PATHWAYS FOR SITE 23 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Scenario Medium Exposure Exposure Receptor Receptor Exposure On-Site/ Type of Rationale for Selection or Exclusion 
Timeframe Medium Point Population Age Route Off-Site Analysis of Exposure Pathway 

SurrenffFulure Groundwater Groundwater Overburden/Bedrock Construction Adult ingestion On-Site None Construction workers may have dermal contact with groundwater during 
Aquifer Workers Dermal On-Site &ant. excavation activities. 

Full-time Adult Ingestion On-Site None Full-time employees are not exposed to groundwater. 
Employees Dermal On-Site None 

Trespassers Adolescents Ingestion On-Site None Trespassers do not have contact with groundwater. 
Decal On-Site None 

Residents Adult Ingestion On-Site None Residential land usage is not expected to occur at Site 23. 
Dermal On-Site None 

Child Ingestion On-Site None Residential land usage is not expected to occur at Site 23. 
Dermal On-Site None 

Air Overburden/Bedrock Construction Adult Inhalation On-site None Construction workers exposure via volatilization is expected to be 
Aquifer Workers insignificant due to dilution with outdoor air. 

Full-time Adult Inhalation On-site None Full-time employees are not exposed to groundwater. 
Employees 

Trespassers Adolescents Inhalation On-Site None Trespassers do not have contact with site groundwater. 

Residents Adult Inhalation On-site None Residential land usage is not expected to occur at Site 23. 

Child Inhalation On-site None Residential land usage is not expected to occur at Site 23. 



TABLE 13-7 

EXPOSURE POlNT CONCENTRATIONS FOR SITE 23 
BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 

NSB-NLON, GROTON, CONNECTICUT 

Groundwater 
Chemical RME”’ CTE”’ 

(ug/L) (ug/L) 
Volatile Organic Compounds 

ITrichloroethene I 3 I 0.750 I 
Semivolatile Organic Compounds 

1 Naphthalene I 1.4 I 0.590 I 
lnoraanics 

1 Leadt2’ 6.11 

Notes: 
1 -The maximum detected concentration is used for the RME scenario and the 

average concentration is used for the CTE scenario. 
2 -The average concentration is used for lead USEPA, 1994). 



TABLE 13-8 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 23 

REASONABLE MAXIMUM EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

>lOJ > lOa and I lo4 > lo6 and I 1B5 
Construction Worker Groundwater Dermal Contact 1.3E-09 __ __ __ 0.0002 __ 

Adult Resident Groundwater Ingestion 1 BE-06 _ _ __ Tetrachloroethene 0.01 __ 

Dermal Contact 8.5E-07 __ _ _ _ - 0.005 __ 

Inhalation (1) 1.8E-06 __ _ _ Tetrachloroethene 0.008 __ 

Total 4.5E-06 -- _- Tetrachloroethene 0.02 __ 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatile% 



TABLE 13-9 

SUMMARY OF CANCER RISKS AND HAZARD INDICES FOR SITE 23 

CENTRAL TENDENCY EXPOSURES 

BASEWIDE GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

> lo4 > 10d and 2 10J z 1O’and < 1Cf5 
Construction Worker Groundwater Dermal Contact l.lE-10 -- __ -- 0.0001 __ 

Adult Resident Groundwater Ingestion 
Dermal Contact 
Inhalation (1) 
Total 

6.4E-08 -- __ - - 1 0.001 _ - 

3.5E-08 -_ _ _ _- 0.003 -- 

6.4E-08 -- __ __ 0.001 _ - 

1.6E-07 _ _ -- - _ 0.005 __ 

Notes: 
1 - Inhalation risk is assumed to be equal to risk from ingestion for volatiles. 
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14.0 CONCLUSIONS 

The scope of work defined in the Work Plan and Sampling and Analysis Plan for the Basewide 

Groundwater Operable Unit Remedial Investigation, Naval Submarine Base-New London, Groton, 

Connecticut (TtNUS, 2000a) was successfully executed and the results of the investigation are 

summarized in this report. Ten IRP sites were included in the RI. The primary focus of the RI was the 

groundwater OU at each site; however, the soil OU was also investigated at several sites. The data that 

were gathered during the investigation at eight sites were evaluated in conjunction with historic data to 

determine the environmental concerns related to the sites and to develop recommendations for the sites. 

For two sites, RI constituted the initial investigation. 

One of the three following recommendations was made for each of the sites: 

. Prepare no-further-action decision document. 

. Proceed to a FS. 

l Continue an existing Groundwater Monitoring Program. 

No further action was recommended for Sites 7 (soil), 16, and 18. An FS was recommended for Sites 

3/14, 7 (groundwater), 15, and 20. Continuation of existing groundwater monitoring programs was 

recommended for Sites 2, 8, and 23. 

Additional information that supports these site-specific recommendations is summarized below. The 

information is a condensed version of the more detailed summary and conclusion sections found in the 

individual sections of the report (Sections 5 through 13). 

SITE 2 - AREA A WETLAND AND LANDFILL 

The Navy completed a soil remedial action at Site 2 that consisted of the construction of an engineered 

cap over the Area A Landfill and an upgradient trench to reduce the amount of shallow groundwater 

reaching the landfill. The BGOURI activities for Site 2 focused on evaluating the current groundwater 

conditions at the site. The monitoring wells included in the Groundwater Monitoring Program for the Area 

A Landfill were the only wells sampled during the BGOURI, and the results presented in this RI constitute 

the results for Round 4 of the monitoring program for Site 2. Based on the most recent groundwater data, 

the impacts of Site 2 on groundwater downgradient of the landfill are minimal, with only sporadic 

detections of acetone and several metals at concentrations above screening criteria. 
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The HHRA determined that risks posed by exposure of construction workers to groundwater at Site 2 are 

within USEPA and CTDEP acceptable levels, assuming that the workers are exposed to the maximum 

observed concentrations of site contaminants. Screening criteria for groundwater to surface water were 

exceeded for two metals (using maximum detected concentrations); however, with isolated exceptions, 

metals detections are within the background concentration range. 

The BGOURI sampling results indicated that groundwater impacts associated with Site 2 are minimal and 

localized. A quarterly Groundwater Monitoring Program is currently being implemented at Site 2. This 

report recommends that the program be continued to gather data to evaluate long-term trends in 

contaminant concentrations. Should groundwater data indicate the need for additional remedial action 

evaluation at some point in the future, an FS should be performed at that time. 

14.2 SITES 3 AND 14 - AREA A DOWNSTREAM WATERCOURSES/OBDA AND OBDANE 

A significant remedial action was completed for Site 3 soil and sediment in 2000. Approximately 

18,050 tons of soil and sediment contaminated with pesticides and metals were excavated from Site 3 

waterbodies. The excavated material was disposed off site, and each water body was restored. A 

previously unknown source area was discovered during the remedial action at Site 3, located north of 

Stream 5 and east of the Small Arms Range. It is recommended that the soil OU associated with this 

source area be investigated further and addressed independently of this BGOURI. A removal action will 

likely be appropriate for this source area. 

The Navy intends to address contaminated soil and rubble present at the OBDANE through a non-time- 

critical removal action. The removal action is scheduled for the spring of 2001. 

Groundwater sampling results for Sites 3 and 14 indicate that the water quality is generally good, with 

only sporadic, low-concentration .detections of VOCs and metals in site monitoring wells. The major 

contaminant of concern in the soil and sediment, DDTR, was detected in only one sample and it is likely 

that the detection is associated with high levels of dissolved solids in the groundwater sample versus 

dissolved pesticides. The data indicate that there are multiple minor sources of chlorinated solvents that 

are leaching to groundwater, but the sources are not significant enough to create discernible contaminant 

plumes. A preliminary evaluation of natural attenuation data indicated that biodegradation and other 

natural attenuation processes are acting to reduce organic contaminants to relatively insignificant levels in 

the Area A Downstream and that it is likely that monitored natural attenuation would be viable for the 

source area impacting 2DMW29S. 

The HHRA determined that risks posed by exposure of construction workers to groundwater at Sites 3 

and 14 are within USEPA and CTDEP acceptable levels, assuming that the workers are exposed to the 
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maximum observed concentrations of site contaminants. The HHRA also determined that risks posed by 

exposure of hypothetical future residents to groundwater at Sites 3 and 14 are outside USEPA and 

CTDEP acceptable levels, assuming the residents are exposed to the maximum observed concentrations 

of site contaminants. Arsenic, benzo(a)pyrene, TCE, and vinyl chloride were the major contributors to the 

ICRs, and thallium was the major contributor to the HIS. It should be noted that the groundwater is 

classified by CTDEP as GB groundwater (i.e., not suitable for direct human consumption without 

treatment) and it is not likely that the groundwater will be used for human consumption in the forseeable 

future. 

Even though contaminant concentrations were generally low and risks are acceptable under the current 

land use scenario, an FS was recommended for the groundwater OU associated with Sites 3 and 14. 

The recommendation was made primarily because land use could change in the future that could result in 

unacceptable risks to potential residential receptors and there are no current controls on land use. 

14.3 SITE 7 -TORPEDO SHOPS 

A small soil removal action was completed at the Torpedo Shops to address TPH contamination from an 

UST. This removal action was performed under the CTDEP’s UST Program and not CERCLA. Soils 

adjacent to Building 325 with TPH concentrations in excess of 500 mg/kg were excavated and disposed 

at an off -site location. 

The leach fields that were historically used at Site 7 for wastewater disposal and were the primary 

suspected sources for releases have been permanently decommissioned. All the buildings at Site 7 are 

connected to public water and sewer, essentially cutting off this potential migration pathway for 

contaminants. 

Organic contaminant detections in soils were scattered and were primarily PAHs, which are typically 

found near paved areas because they are a primary component of road tars. Metals detections above 

background were scattered and were in general only slightly above the background concentrations. 

Groundwater sampling results for the Torpedo Shops indicate that there are only sporadic, low- 

concentration detections of contaminants in site monitoring wells. There are no discernible contaminant 

plumes of any size, indicating that there are no significant sources leaching contamination to groundwater 

at Site 7. 

Cumulative carcinogenic and noncarcinogenic risks posed by exposure to soils at Site 7 do not pose an 

unacceptable risk via direct contact exposures. Exposure of construction workers to groundwater at 

Site 7 is within acceptable levels. Future residential groundwater usage risks were marginally above the 

acceptable risk range based on maximum concentrations, The groundwater, however, is classified by 
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CTDEP as GB groundwater (i.e., not suitable for direct human consumption without treatment) and it is 

not expected that it will be used for human consumption in the foreseeable future. 

Because the risks associated with Site 7 soil are within USEPA and CTDEP acceptable risk ranges, an 

FS for the soil OU at Site 7 was not recommended. A no-further-action decision document should be 

prepared for this OU. However, even though contaminant concentrations were generally low and risks 

are acceptable under the current land use scenario, it was recommended that an FS be prepared for the 

groundwater OU associated with Site 7. The recommendation for the groundwater was made primarily 

because land use could change in the future that could result in unacceptable risks to potential receptors 

and there are no current controls on land use. 

14.4 SITE 20 - AREA A WEAPONS CENTER 

A small soil removal action is planned for the Area A Weapons Center to address soil contaminated with 

PAHs and metals. The removal action, scheduled to be completed in the spring of 2001, will address all 

the known soil contamination that could be affecting the groundwater at the site. 

In general, organic and inorganic contaminants were detected infrequently and at low concentrations in 

the groundwater at Site 20. TCE and benzo(a)pyrene were the only organic contaminants identified as 

groundwater COPCs. Metals identified as COPCs were antimony, arsenic, nickel, silver, thallium, and 

zinc. High levels of TSS and TDS in one sample may be the reason for the elevated concentrations of 

two metals. All the organic and inorganic COPCs were identified in samples from overburden monitoring 

wells. 

Risks posed by exposure of construction workers to groundwater at Site 20 are within acceptable levels. 

For future residential groundwater usage the calculated risks were above the CTDEP acceptable levels 

and were marginally above the USEPA acceptable risk range based on maximum concentrations. The 

groundwater, however, is classified by CTDEP as GB groundwater (i.e., not suitable for direct human 

consumption without treatment) and it is not expected that it will be used for human consumption in the 

foreseeable future. 

Even though contaminant concentrations were generally low and risks are acceptable under the current 

land use scenario, it is recommended that an FS be prepared for the groundwater OU associated with 

Site 20. The recommendation was made primarily because land use could change in the future that 

could result in unacceptable risks to potential residential receptors and there are no current controls on 

land use. 
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14.5 SITE 16 - HOSPITAL INCINERATOR 

For the Site 16 investigation, both surface soil and subsurface soil samples were collected and analyzed. 

Temporary groundwater monitoring wells were proposed to be installed and sampled at this site in the 

final Work Plan; however, they were not installed or sampled because of the shallow depth of bedrock at 

this site. 

The nature and extent and HHRA results from this RI indicate that the past operation of the skid-mounted 

incinerator at Site 16 has not significantly impacted the surrounding soil and the site soils do not pose 

significant risks to any potential human receptors. 

Even though several chemicals were detected at concentrations that exceed screening criteria for 

contaminant migration from soil to groundwater, it is unlikely that the groundwater beneath this site is 

Impacted because of the following reasons: 

l The CTDEP pollutant migration criteria, which were used to identify migration COPCs, are overly 

conservative and the COPCs at this site (i.e., dioxins/furans, PCBs, and metals) are not typically 

mobile in dissolved phase. 

. Asphalt paving covers a majority of the site and limits infiltration through the soil and erosion of 

surface soil. 

l Relatively competent bedrock is very shallow at this site and it is likely that it would impede vertical 

contaminant migration. 

The results of the RI did not indicate that subsequent rounds of investigation were necessary to further 

characterize the site. In addition, the results did not suggest that an FS was necessary for this site. 

Therefore, it was recommended that a no-further-action decision document be prepared for the site. 

14.6 SITE 8 - GOSS COVE LANDFILL 

A remedial action is currently being conducted for the soil OU at Site 8. The main components of the 

remedial action are the installation of an engineered landfill cap and implementation of institutional 

controls. A secondary component of the remedial action is the decommissioning of the existing storm 

sewer and the installation of a replacement storm sewer system. The Navy plans to implement a 

Groundwater Monitoring Program when the remedial action for the soil is complete. A draft Groundwater 

Monitoring Plan (TtNUS, 2000) was prepared and is currently under regulatory review. 
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It is expected that chlorinated solvent concentrations within the Site 8 groundwater will decrease when 

the upgradient source from the Fusconi Dry Cleaners is addressed. The CTDEP and Fusconi’s 

consultant are currently working to address this problem. 

The analytical data from this RI indicate that sources of VOCs, SVOCs, and metals within the fill material 

are continuing to impact the shallow groundwater at the site. Based on contaminant fate and transport 

information, it is likely that these chemicals are mobile and are being transported in the groundwater to 

the Thames River. However, the results of the human health risk assessment showed that all ICRs for 

construction workers exposed to groundwater at Site 8 were less than or within target risk ranges. 

The results of this investigation confirmed the conceptual site model developed during the previous 

investigations. Based on this RI’s findings, it is recommended that the Navy complete the soil OU 

remedial action, implement land use controls, and begin the Groundwater Monitoring Plan as soon as the 

action is finalized. Installation of the engineered cap should significantly reduce vertical contaminant 

migration from the unsaturated soil to the groundwater, which in turn will reduce any lateral contaminant 

migration from the groundwater to the Thames River. This theory will be confirmed by execution of the 

Groundwater Monitoring Plan. It is recommended that the decision for preparation of an FS for the 

groundwater OU at Goss Cove Landfill be postponed until site conditions stabilize and the groundwater 

monitoring program determines the trends in groundwater contaminant concentrations. If the results of 

the monitoring program support the determination that there are no unacceptable risks to human health or 

the environment, then an FS will not be prepared and the Navy will pursue a no-further-action ROD for 

the groundwater OU. If the results suggest that further actions are required, then the Navy will prepare 

an FS for the groundwater OU to develop appropriate remedial alternatives. 

14.7 SITE 15 -SPENT ACID STORAGE AND DISPOSAL AREA 

A removal action was previously conducted at this site to remove an UST and to address associated lead 

contamination in the soil. The Navy and regulators signed a No-Further-Action Source Control ROD for 

the soil OU at this site after the action was completed. 

Samples were collected from four existing groundwater monitoring wells and analyzed during the RI. The 

results of the investigation indicate that residual contamination (i.e., metals) from the former SASDA is 

impacting the groundwater at the site. Because the groundwater is relatively acidic, it is likely that lead 

and the other detected metals will be mobile and migrate from the site. However, their mobility should 

decrease as they migrate toward and through the more reducing and more basic pH environment of 

Site 23 (Tank Farm). It also appears that a source of TCE that is unrelated to the site is impacting the 

Site 15 groundwater. 
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The HHRA results from this RI indicate that Site 15 groundwater does not pose a significant risk to 

construction workers but does pose potential risks to hypothetical human receptors. ICRs and HIS for 

construction workers exposed to groundwater at Site 15 were within USEPA and CTDEP acceptable 

levels. ICRs for future adult residents exposed to groundwater at Site 15 were less than or within 

acceptable risk level. HIS for future adult residents exposed to groundwater at Site 15 exceeded the 

acceptable level of 1 .O under the RME scenario. Chromium and silver were the major contributors to the 

HI. The IEUBK model was used to evaluate exposures of lead in groundwater by hypothetical residential 

children. The IEUBK model indicated that no adverse effects are anticipated for hypothetical future child 

residents exposed to lead in groundwater at Site 15. 

This RI completed the necessary characterization of the groundwater OU at this site. It is recommended 

that an FS be prepared for the groundwater OU to address contaminant migration issues and the 

potential risks associated with metals to potential future residential receptors. 

14.8 SITE 18 - SOLVENT STORAGE AREA (BUILDING 33) 

For this initial site assessment at Site 18, both surface soil and subsurface soil samples were collected 

and analyzed. Three temporary groundwater monitoring wells were installed; however, only two were 

sampled during the RI because one well was dry. 

The nature and extent of contamination and HHRA results from this RI indicate that past storage of 

solvents at Building 33 (Site 18) has not significantly impacted the surrounding media and the site does 

not pose significant risks to any potential human receptors. All ICRs for exposure to soil at Site 18 were 

less than or within target risk ranges. All HIS for exposure to soil at Site 18 were less than the acceptable 

level of 1 .O. The IEUBK model indicated that no adverse effects are anticipated for hypothetical future 

child residents exposed to lead in soil at Site 18, and the slope-factor approach developed by the USEPA 

Technical Review Workgroup for lead indicated that adverse effects are not anticipated for nonresidential 

adults exposed to lead in surface soil at the Site 18 

The groundwater analytical data did not indicate that the site soils have impacted the groundwater. The 

results of this RI do not indicate that subsequent rounds of investigation are necessary to further 

characterize this site or that an FS is necessary. Therefore, it was recommended that a no-further-action 

decision document be prepared for Site 18. 

14.9 SITE 23 - TANK FARM 

Petroleum contamination related to the former USTs and their associated piping was identified during 

previous investigations at Site 23. The Navy has conducted three removal actions to address the 
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identified contamination. Soil and free product were removed in the vicinity of OT-8 and OT-3 during the 

removal actions. Contaminated soil was also removed along Tang Avenue. In addition, BTEX 

compounds were historically detected in the groundwater in the Tank Farm and it was determined that the 

contamination was related to leaking USTs from an adjacent site (i.e., NEX Gas Station). The leaking 

USTs have been fixed and an AWSVE system was installed to address the associated BTEX plumes. 

Petroleum contamination was also historically detected in stormwater/groundwater collected from the 

Tank Farm, This stormwater/groundwater discharged to the Thames River at Goss Cove Landfill. 

Typically, the contamination was detected during a storm event when high surface water flow rates 

passed through the combined storm sewer/groundwater collection system. To minimize this problem, the 

combined system was separated into a shallow surface water collection system and a deep groundwater 

collection system. A sampling and analysis program is currently being conducted to determine if any 

treatment of the groundwater is necessary prior to discharge to the Thames River. Preliminary results 

from the program indicate that treatment may not be necessary, but a final decision on treatment will be 

made after more data collected and the Navy consults further with the regulators (i.e., USEPA and 

CTDEP). 

Groundwater sampling results for Site 23 indicate that the water quality is generally good, with only 

sporadic, low-concentration detections of VOCs, SVOCs, and metals in site monitoring wells. A 

preliminary evaluation of natural attenuation data indicated that biodegradation and other natural 

attenuation processes may be acting to reduce organic contaminants to relatively insignificant levels in 

the Tank Farm. However, it was not recommended that a monitored natural attenuation alternative be 

pursued for the site. 

The HHRA determined that risks posed by exposure of construction workers to groundwater at Site 23 

are within USEPA and CTDEP acceptable levels. Risks for adult residents exposed to groundwater at 

Site 23 were less than or within USEPA and CTDEP acceptable levels. However, the chemical-specific 

ICR for PCE exceeded CTDEP’s target level of 1 x low6 for individual chemicals, although the maximum 

detected concentration for PCE was less than its CTDEP RSR. The IEUBK model indicated that no 

adverse effects are anticipated for hypothetical future child residents exposed to lead in groundwater at 

Site 23. 

Based on the results of the risk assessment and the fact that the groundwater at Site 23 is not used for 

human consumption and it is not likely to be used for human consumption in the foreseeable future 

because of its current classification (i.e., GB groundwater which indicates not suitable for direct human 

consumption without treatment), an FS was not recommended for this site. However, it was 

recommended that the decision for preparation of an FS for the groundwater OU at the Tank Farm be 
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postponed until site conditions stabilize and the results of the current sampling and analysis program for 

the groundwater collection system determine the trends in groundwater contaminant concentrations. If 

the results of the monitoring program support the determination that there are no unacceptable risks to 

human health or the environment, then an FS will not be prepared and the Navy will pursue a no-further- 

action ROD for the groundwater OU. If the results suggest that further actions are required, then the 

Navy will prepare an FS for the groundwater OU to develop appropriate remedial alternatives. 
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