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1.0  INTRODUCTION 

This human health risk assessment (HHRA) was prepared in support of the Feasibility Study (FS) for the 

Lower Subase at Naval Submarine Base – New London (NSB-NLON), Groton, Connecticut.  The 

assessment is an update to the HHRA prepared as part of the Lower Subase Remedial Investigation for 

NSB-NLON (TtNUS, 1999).  Since that HHRA was prepared there have been several changes in the 

guidance used to prepare HHRAs.  This HHRA recalculates the risk estimates for the Lower Submarine 

Base using the current HHRA guidance.  The HHRA is performed to evaluate whether hazardous 

substances at the site pose potential health risks to exposed individuals under current or potential future 

land use.  The HHRA addresses a variety of chemicals, environmental media, exposure pathways, and 

receptors as a basis for characterizing the types and range of potential risks associated with site-related 

contamination.  The overall objective of the HHRA is to determine the potential for health risks in the 

absence of remedial action at the site and, if action is required, to focus the evaluation of remedial action 

alternatives. 

 

1.1 CHANGES IN HHRA GUIDANCE 

USEPA has released the following guidance documents since the 1999 HHRA was prepared: 

 

• Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Part D, 

Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (USEPA, 2001a). 

 

• Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites.  

(USEPA, 2002a) 

 

• Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (USEPA, 2002b) 

 

• Human Health Toxicity Values in Superfund Risk Assessments (USEPA, 2003) 

 

• Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, 

Supplemental Guidance for Dermal Risk Assessment), Final Guidance (USEPA, 2004). 

 

• Guidelines for Carcinogen Risk Assessment (USEPA, 2005a) 

 

• Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens 

(USEPA, 2005b). 
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• Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part F, 

Supplemental Guidance for Inhalation Risk Assessment), Final.  Office of Superfund Remediation 

and Technology Innovation, Washington, D.C. 20460 EPA-540-R-070-002, OSWER 9285.7-82 

(USEPA, 2009a). 

 

• ProUCL Version 4.00.04 User Guide (Draft).  Office of Research and Development, Washington, D.C. 

EPA/600/R-07/038 (USEPA, 2009b). 

 

• Regional Screening Levels for Chemical Contaminants at Superfund Sites, Oak Ridge National 

Laboratory (2009). 

 

In addition to the above documents USEPA Region I has revised the Region’s protocols for conducting 

HHRAs.  However, the revised methodology has not yet been officially published.  Also, the Connecticut 

Department of Environmental Protection (CTDEP) has made revisions to the Department’s Remediation 

Standard Regulations (RSRs).  The revisions to both EPA Region I and CTDEP risk assessment 

protocols and remediation guidelines, respectively, were considered in the preparation of this updated 

assessment. 

 

1.2 REPORT ORGANIZATION 

Section 2 presents the methodology used to prepare the current HHRA and identifies changes in the 

methodology since the 1999 HHRA was prepared.  Sections 3 through 9 present the updated HHRAs for 

Zones 1 through 7 at the Lower Subase.  Included in Sections 3 through 9 is a comparison of the current 

risk estimates with those presented in the 1999 HHRA.  Section 10 presents the preliminary clean-up 

goals for the chemicals of concern (COCs). 
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2.0  HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 

2.1 INTRODUCTION 

This section presents the methodology used to evaluate risks for potential receptors under current and 

future land use in the absence of remedial action.  The following current USEPA risk assessment 

guidance documents were used to develop the framework for the HHRA: 

 

• Risk Assessment Guidance for Superfund:  Volume I, Human Health Evaluation Manual (Part A) 

(USEPA, 1989).  

 

• Human Health Evaluation Manual, Supplemental Guidance:  Standard Default Exposure Factors 

(USEPA, 1991). 

 

• Distribution of Preliminary Review Draft:  Superfund’s Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure (USEPA, 1993a). 

 

• Exposure Factors Handbook.  Office of Health and Environmental Assessment (USEPA, 1997a). 

 

• Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Part D, 

Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (USEPA, 2001). 

 

• Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (USEPA, 2002b). 

 

• Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, 

Supplemental Guidance for Dermal Risk Assessment), Final Guidance (USEPA, 2004). 

 

• Guidelines for Carcinogen Risk Assessment (USEPA, 2005a). 

 

• Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens 

(USEPA, 2005b).  

 

• Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part F, 

Supplemental Guidance for Inhalation Risk Assessment), Final.  Office of Superfund Remediation 

and Technology Innovation, Washington, D.C. 20460 EPA-540-R-070-002, OSWER 9285.7-82 

(USEPA, 2009a). 
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• ProUCL Version 4.00.04 User Guide (Draft).  Office of Research and Development, Washington, D.C. 

EPA/600/R-07/038 (USEPA, 2009b). 

 

• Regional Screening Levels for Chemical Contaminants at Superfund Sites, Oak Ridge National 

Laboratory (2009). 

 

An HHRA provides the framework for developing risk information necessary to assist in developing 

potential remedial alternatives for a site.  A baseline HHRA consists of five major components, as follows: 

 

• Data evaluation [identification of chemicals of potential concern (COPCs)] 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

• Uncertainty analysis 

 

To assess potential public health risks, four major aspects of chemical contamination and exposure must 

be considered: (1) contaminants with toxic characteristics must be found in environmental media; (2) the 

contaminants must be released by either natural processes or by human action; (3) potential exposure 

points must exist; and (4) human receptors must be present at the point of exposure.  Risk is a function of 

both toxicity and exposure.  If any one of the requirements listed above are absent for a specific site, the 

exposure route is regarded as incomplete and no potential risks will be considered for human receptors.   

 

This HHRA estimates the potential for human health risk at each of the sites individually.  To avoid 

redundancy, this section provides a summary of the methodology used and information common to all 

sites.  Site-specific information including estimates of chemical intake via assumed exposure routes and 

resulting risk estimates for each individual zone is presented in Sections 3.0 through 9.0.  Results of the 

HHRA in Risk Assessment Guidance for Superfund (RAGS) Part D format for each zone are included in 

Attachments A through G. 

 

The data evaluation section below (Section 2.2) addresses the selection of COPCs.  In turn, these 

COPCs were used to evaluate potential human health risks.   

 

The exposure assessment section (Section 2.3) identifies potential human exposure pathways at the 

source areas under consideration.  Exposure routes are identified based on information such as source 

area chemical concentrations, chemical release mechanisms, patterns of human activity, and other 

pertinent information to develop conceptual site models for each type of source.  One overall set of 

exposure routes were developed for the Lower Subase HHRA, but not all routes are applicable to all 
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zones.  Section 2.3 presents the equations and relevant input parameters for estimating chemical intakes.  

The site-specific risk assessments present only those routes relevant to each zone.  Section 2.3 also 

identifies the risk assessment methodology that has changed since the 1999 HHRA was prepared. 

 

The toxicity assessment section (Section 2.4) presents the chemical-specific toxicity criteria for the 

identified COPCs which are used in the quantification of potential human health risks.  These toxicity 

criteria, when integrated with the estimated chemical intakes developed in the exposure assessment, 

provide the basis for quantifying potential human health risks.  Section 2.4 also identifies toxicity criteria 

that have changed since the 1999 HHRA was prepared. 

 

The risk characterization section (Section 2.5) describes how the estimated intakes will be combined with 

the toxicity information to estimate risks.  The risk characterization section for each zone also compares 

the risks estimated in this HHRA with those estimated in the 1999 HHRA.  General uncertainties 

associated with the HHRA process are discussed qualitatively in Section 2.6. 

 

2.2 DATA EVALUATION 

Data evaluation is a site-specific task that uses a variety of information to determine which of the detected 

chemicals at a site are most likely to present a risk to potential receptors.  The end result of this 

qualitative selection process is a list of COPCs and representative exposure point concentrations for each 

medium.  The procedure for selecting COPCs has not changed from the 1999 HHRA, although several of 

the screening criteria have been updated. 

 

COPCs for the baseline HHRA were limited to those chemicals that exceed a selection criterion.  For the 

HHRA, USEPA and CTDEP risk-based criteria were used to reduce the number of chemicals and 

exposure routes considered in a risk assessment.  The premise of this screening step is that risk is 

typically dominated by a few chemicals and that, although dozens may actually be detected, many 

chemicals may contribute minimally to the total risk.  The purpose of using USEPA and CTDEP criteria is 

to satisfy the potential concerns of each regulatory agency because similar USEPA and CTDEP criteria 

may not be developed using the same methodologies and exposure assumptions. 

 

Maximum detected concentrations (in a single sample) at each zone and in each medium were compared 

to the risk-based and health-based screening criteria.  If the maximum concentration exceeds any of the 

screening criteria, that chemical was retained as a COPC for all exposure routes involving that medium.  

If none of the chemicals detected in a medium exceed a criterion, that medium was dropped from further 

consideration and the potential risks associated with exposure to that medium were regarded as relatively 

insignificant. 
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In general, all available, validated data collected during the historical investigations and the Lower 

Subase RI sampling efforts were used to identify COPCs for a site.  Field screening data, unvalidated 

data, and analytical results qualified as rejected, R, during the data validation process will not be 

considered because of their potential unreliability.  Soil samples collected from areas that meet the 

CTDEP definition of "inaccessible soil" were also evaluated in the COPC selection process to determine if 

an environmental land use restriction would be required.  "Inaccessible soils" are defined by the CTDEP 

as soils at a depth greater than 4 feet or soils more than two feet below a paved surface comprised of a 

minimum of three inches of bituminous concrete or concrete.  The direct exposure criteria do not apply to 

inaccessible soil provided that an environmental land use restriction is in effect.  The environmental land 

use restriction must ensure that the soil will not be exposed as a result of excavation, demolition, or other 

activities and that any pavement which is necessary to render the soil inaccessible is maintained in good 

condition.  

 

In the 1999 HHRA, soil was subdivided into two groups for each zone; shallow soil (0 to 4 or 5 feet bgs) 

and all soil (0 to 10 feet bgs).  Soil samples collected at depths of greater than 10 feet bgs were not 

quantitatively evaluated in the 1999 HHRA.  In the current HHRA, soil is subdivided into two groups as 

follows: surface soil (0 to 2 feet bgs) and surface/subsurface soil (all soil samples). 

 

2.2.1 Derivation of Screening Criteria 

Essentially, two types of COPCs were identified: direct exposure COPCs and COPCs based on potential 

contaminant migration tendencies.  Direct exposure COPCs are those chemicals detected at maximum 

concentrations in excess of criteria developed for the protection of direct human contact with a medium.  

When necessary, other health-based criteria were used to identify COPCs based on likely contaminant 

migration pathways.  Both federal and CTDEP criteria were used for COPC selection.  Federal criteria 

include Maximum Contaminant Levels (MCLs) and Oak Ridge National Laboratory (ORNL) Regional 

Screening Levels (RSLs).  The ORNL RSLs were developed and are maintained through a cooperative 

agreement between ORNL and USEPA’s Office of Superfund and are considered to be USEPA screening 

criteria.  CTDEP criteria included direct exposure, pollutant mobility, groundwater protection, surface 

water protection, volatilization criteria for groundwater and volatilization criteria for soil vapor. 

 

Although both direct exposure and additional COPCs are identified in the risk assessment, quantitative, 

numerical risk estimates were developed for direct exposure COPCs only.  COPCs based only on 

potential contaminant migration tendencies are not expected to contribute significantly to the direct 

exposure pathways selected for quantitative evaluation in the risk assessment; therefore, these chemicals 

were not included in the numerical risk estimates.  The elimination of these chemicals is not expected to 

adversely impact the results of the risk assessment.  COPCs based on potential migration tendencies will 

be addressed in the feasibility study. 
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Table 2-1 summarizes the criteria that were used to select COPCs for each medium in the HHRA.  

Tables 2-2 and 2-3 present the criteria that were used to select COPCs for soil and groundwater, 

respectively. 

 

Soil  

COPCs were selected for surface soil [soil from depths of 0 to 2 feet below ground surface (bgs)] and 

subsurface soil (soil from depths greater than 2 feet bgs).  If a chemical is identified as a COPC for 

surface soil, it was automatically retained as a COPC for subsurface soil in the HHRA.  

 

The following screening criteria were used to identify COPCs for direct exposure: 

 

ORNL RSLs for Residential Soil.  The residential soil RSLs are calculated by assuming that a receptor 

is exposed to soil by incidental ingestion, dermal contact, and inhalation for 350 days per year for a 

30-year exposure period.  The screening concentrations based on the ORNL RSLs will correspond to a 

systemic hazard quotient (HQ) of 0.1 for noncarcinogens or an incremental lifetime cancer risk of 1 x 10-6 

for carcinogens.  Note that the ORNL RSLs for noncarcinogens are based on an HQ of 1.0, whereas the 

screening concentrations used in the selection of COPCs were based on an HQ of 0.1.  The screening 

concentrations are based on an HQ of 0.1 to account for the potential cumulative effects of several 

chemicals affecting the same target organ or producing the same adverse noncarcinogenic effect. 

 

Connecticut Direct Exposure Criteria (Residential).  Connecticut direct exposure criteria under 

residential land use were also used for COPC screening.  The Connecticut direct exposure criteria are 

calculated using methodologies similar to those used to develop the ORNL RSLs.  However, RME default 

assumptions used by the state are slightly different than those used by USEPA Region III (i.e., the state 

assumes that a residential receptor will be exposed to soil at a frequency of 365 days per year, whereas 

USEPA assumes a 350-day yearly exposure).  The criteria for carcinogenic chemicals are based on a 

USEPA 1 x 10-6 target incremental lifetime cancer risk.  The CTDEP target cumulative cancer risk 

benchmark is 1 x 10-5.  The standards for noncarcinogenic chemicals are based on a target HQ of 1. 

 

In order to identify additional COPCs based on potential contaminant migration tendencies, various 

screening criteria will be used to evaluate surface soil and subsurface soil.  The criteria are discussed 

below. 

 

USEPA Soil Screening Levels (SSLs) for Transfer of Chemicals from Soil to Air.  The USEPA SSLs 

for the migration of chemicals from soil to air are benchmarks derived to identify chemical concentrations 

in soils that may adversely affect air quality (USEPA, 1996, 2002b).  The soil to air SSLs are calculated 
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using default, residential land use exposure factors, infinite source models, and conservative default 

assumptions for source delineation.  Therefore, these values are conservative and are designed to be 

protective of potential exposure at most sites.  SSLs for the migration of chemicals from soil to air 

published online at http://rais.ornl.gov/epa/ssl1.shtml will be used to select COPCs since these values are 

more recent than those published in the 1996 and 2002 SSL guidance documents.  SSLs for carcinogenic 

chemicals are based on a 1 x 10-6 target incremental lifetime cancer risk.  For noncarcinogenic chemicals, 

the SSLs are based on a target HQ of 1.    

 

Connecticut Pollutant Mobility Criteria (GB Classified Area).  The state has developed pollutant 

mobility criteria for GA/GAA (drinking water source) and GB (non-drinking water source) classified areas.  

Because the groundwater at NSB-NLON is classified by the state as GB, Connecticut pollutant mobility 

criteria for GB classified areas will be used to identify COPCs.  For most organic chemicals, pollutant 

mobility criteria are calculated using methodologies similar to those used to develop the USEPA generic 

SSLs for migration to groundwater.  However, the actual models and RME default assumptions used by 

the state are different than those used by USEPA.  The standards for carcinogenic chemicals are based 

on a 1 x 10-6 target incremental lifetime cancer risk.  The standards for noncarcinogenic chemicals are 

based on a target HQ of 1.  It should be noted that the pollutant mobility criteria for inorganics, pesticides, 

and polychlorinated biphenyls (PCBs) apply to Synthetic Precipitation Leaching Procedure (SPLP) or 

Toxicity Characteristic Leaching Procedure (TCLP) analytical results only.  

 

Groundwater 

COPCs for groundwater were selected using analytical data for unfiltered and filtered samples.  If an 

inorganic chemical was detected in both the filtered and unfiltered groundwater samples at concentrations 

in excess of screening criteria, the chemical will be identified as a COPC for both sample matrices.  

However, to be conservative, only data for unfiltered samples was used in the quantitative risk 

assessment in most cases because the concentration of a chemical in the unfiltered sample matrix 

includes the chemical concentration associated with the dissolved sample matrix and any suspended 

particulates.  If a chemical was detected in the filtered sample matrix, but not in the unfiltered sample 

matrix, or if a chemical was present in the filtered sample matrix at a concentration of concern, but not in 

the unfiltered sample matrix, this chemical was identified as a COPC for the filtered sample matrix only.  

In this instance, the filtered sample results were used in the quantitative risk assessment. 

 

COPCs for direct exposure to groundwater were identified using the following screening criteria: 

 

ORNL RSLs for Tap Water.  The RSLs for tap water are calculated by assuming that a receptor is 

exposed by ingestion of groundwater and inhalation of chemicals which have volatilized from groundwater 

for 350 days per year for a 30-year exposure period.  The screening concentrations based on the ORNL 
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RSLs will correspond to a systemic hazard quotient (HQ) of 0.1 for noncarcinogens or an incremental 

lifetime cancer risk of 1 x 10-6 for carcinogens.  Note that the ORNL RSLs for noncarcinogens are based 

on an HQ of 1.0, whereas the screening concentrations used in the selection of COPCs were based on 

an HQ of 0.1.  The screening concentrations are based on an HQ of 0.1 to account for the potential 

cumulative effects of several chemicals affecting the same target organ or producing the same adverse 

noncarcinogenic effect. 

 

Connecticut Groundwater Protection Criteria (GA/GAA).  Connecticut groundwater protection criteria 

are applicable to GA/GAA-classified areas (drinking water source areas) only.  Although all of the 

groundwater included in the Lower Subase Remedial Investigation (RI) at NSB-NLON is within a 

GB-classified area (a non-drinking water source area), the groundwater protection criteria for 

GA/GAA-classified areas will be used for informational purposes and as a conservative approach for 

COPC selection.  Groundwater protection criteria for GA/GAA-classified areas are calculated using 

methodologies similar to those used to develop the ORNL RSLs for tap water ingestion.  However, the 

exposure equation and RME default assumptions employed by the state are slightly different than those 

used to develop the RSRs (a receptor is assumed to be exposed to groundwater at a frequency of 

365-days-per-year, instead of USEPA’s 350-days-per-year age-adjusted exposure scenario).  The 

standards for carcinogenic chemicals are based on a 1 x 10-6 target incremental lifetime cancer risk.  The 

standards for noncarcinogenic chemicals are based on a target HQ of 1.  

 

Federal and MCLs.  Federal primary MCLs are standards promulgated under the Safe Drinking Water 

Act (SDWA) (USEPA, 2006a) and are designed to protect human health (direct ingestion).  State MCLs 

have been promulgated under the Public Health Code as part of the regulations of Connecticut State 

agencies (Title 19, Health and Safety, the Public Code of the State of Connecticut, Chapter II, 

Environmental Health).  Both Federal and state MCLs are based on laboratory or epidemiological studies 

and apply to drinking water supplies.  They are designed in a manner similar to the USEPA Region 9 

PRGs (i.e., designed to prevent human health effects associated with lifetime exposure of an average 

adult who consumes 2 liters of water per day).  However, MCLs also reflect the technical feasibility of 

removing the contaminant from water.  Although MCLs are typically enforceable standards for 

groundwater, these standards are not strictly applicable to groundwater at NSB-NLON because 

groundwater at the site is not currently used as a drinking water supply nor is it expected to be used as 

such in the future.  It should also be noted that primary MCLs and secondary MCLs, based on aesthetic 

drinking water qualities (color, odor, taste, etc.), were used to identify COPCs.  

 

Connecticut Surface Water Protection Criteria.  Because groundwater at the sites discharge to the 

Thames River, screening criteria protective of surface water were used to identify groundwater COPCs 

associated with potential contaminant migration pathways.  The CTDEP surface water protection criteria 
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are calculated using the lower of the human health criteria or the freshwater aquatic life criteria for a 

chemical and dilution factors based on the nature of the chemical (CTDEP, 1996).  However, because the 

Thames River is a marine ecosystem and not a freshwater ecosystem, CTDEP surface water remediation 

standards based on freshwater aquatic life criteria are not directly applicable for COPC screening. 

 

Connecticut Groundwater Volatilization Criteria.  Connecticut groundwater volatilization criteria are for 

sites that are known to be contaminated with volatile organic compounds (VOCs) and where the 

groundwater is within 30 feet of the ground surface or a building (CTDEP, 2003).   

 

USEPA Groundwater Generic Screening Levels for Evaluating the Vapor Intrusion to Indoor Air 
(GSLVapor).  These GSLsVapor are published in Table 2c of the draft USEPA guidance titled: Evaluating the 

Vapor Intrusion into Indoor Air, EPA530-F-02-052 (USEPA, 2002c).  The groundwater GSLsVapor were 

derived to identify chemical concentrations in groundwater that may adversely effect the indoor air quality 

of a building overlying subsurface VOC contamination (i.e., result in indoor air concentrations exceeding 

the indoor air GSLsVapor). 

 

Other Considerations 

Screening Levels for Lead.  Guidance from the Office of Prevention, Pesticides, and Toxic Substances 

(OPPTS) and Office of Solid Waste and Emergency Response (OSWER) recommends 400 mg/kg as a 

screening level for lead-contaminated soil in a residential setting, where children are frequently present 

(USEPA, 1994a).  This value will be used as the COPC screening level for soils.  OPPTS also identifies 

2,000 to 5,000 mg/kg as an appropriate range for areas where contact with soil by children in a residential 

setting is less frequent.  Guidance from the USEPA Technical Review Workgroup (TRW) for Lead 

indicates that “a reasonable screening level for soil lead at commercial/industrial (i.e., non-residential) 

sites is 800 mg/kg” for a typical non-contact intensive worker (USEPA, 2006b).  These values will not be 

used for COPC selection, but may be used in a qualitative evaluation of lead.  The SDWA Action Level for 

lead (15 µg/L) will be used as the screening level for lead in groundwater. 

 

Background.  In accordance with U.S. Navy policy (DON, 2004) on-site inorganic chemical 

concentrations were compared to background data to determine if constituent concentrations were site-

related or simply a reflection of background conditions.  The comparison of chemical concentrations 

detected in soil and groundwater to background concentrations was made for naturally occurring 

inorganics only and required an understanding of the background concentrations for chemicals at the 

station.  Background soil data used in the selection of COPCs was obtained from the Background 

Concentrations of Inorganics in Soil report (Atlantic, 1995a) and is included in Table 2-4.  Background 

data for groundwater was obtained from the Basewide Groundwater Operable Unit Remedial 

Investigation Report (TtNUS, 2001) and is included in Table 2-5. 
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Essential Nutrients.  The essential nutrients, calcium, magnesium, potassium, and sodium were not 

identified as COPCs at the evaluated zones.  These inorganic chemicals are naturally abundant in 

environmental matrices and are only toxic at high doses. 

 

Chemicals without Screening Criteria.  Because of the lack of toxicity criteria, risk-based COPC 

screening levels are not available for some compounds [e.g., acenaphthene, benzo(g,h,i)perylene, 

phenanthrene, alpha- and gamma-chlordane, endrin aldehyde].  Surrogates were selected for these 

chemicals based on similar chemical structures.  In the COPC screening, acenaphthene was used as a 

surrogate for acenaphthylene, pyrene was selected as a surrogate for benzo(g,h,i)perylene and 

phenanthrene, chlordane was selected as a surrogate for alpha- and gamma-chlordane, and endrin was 

selected as a surrogate for endrin aldehyde. 

 

USEPA Region I does not advocate evaluating exposures to aluminum, cobalt, copper, and iron since the 

toxicity values for these compounds are based on concentrations needed to protect against a deficiency 

of the compound, rather than on quantitative estimates related to the hazard posed by overexposure to 

the compound (USEPA, 1999).  Therefore, aluminum, cobalt, copper, and iron were not identified as 

COPCs at the evaluated sites. 

 

Mercury.  Toxicity criteria are available for elemental mercury and mercuric chloride.  Elemental mercury 

is the pure form of mercury (i.e., it is not combined with other elements).  Elemental mercury is a heavy 

silvery liquid at room temperatures.  At room temperature some of the elemental mercury will evaporate 

and form mercury vapors.  Mercury is typically found in soil as inorganic mercury compounds (ATSDR, 

1999).  Based on site history it is unlikely that elemental mercury is present in soil and groundwater at the 

Lower Subase.  Therefore, mercury was evaluated as mercuric chloride in this HHRA.   

 

2.2.2 Decision Rules for Establishing COPCs 

The following decision rules were used to select an initial list of COPCs for each zone: 

 

• A chemical detected in soil was selected as a COPC for soil if the maximum detected chemical 

concentration exceeds any of the screening levels for soils. 

 

• A chemical detected in groundwater was selected as a COPC for groundwater if the maximum 

detected concentration in any downgradient well exceeds any of the screening levels.  Chemicals 

detected in any environmental medium at concentrations greater than the screening levels but within 

background levels were carried through the HHRA and are further discussed in the risk 

characterization section. 
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2.3 EXPOSURE ASSESSMENT 

The exposure assessment defines and evaluates the exposures experienced by a receptor population.  In 

order to have an exposure, several factors must be present: first, there must be a source of 

contamination; second, there must be a mechanism through which a receptor can come into contact with 

the contaminants in that medium; and third, there must actually (or potentially) be a receptor present at 

the point of contact.   

 

The exposure assessment presented in this section of the report consists of several sections that 

characterize the physical site setting and the receptors of concern, identify the potential contaminant 

migration and exposure pathways, define the contaminant concentrations at the point of exposure, and 

present the equations used to quantify exposure in terms of contaminant intake (dose). 

 

2.3.1 Exposure Setting 

This section contains information on the land use and receptor characteristics in the area surrounding the 

Lower Subase and Thames River. 

 

Land Use.  NSB-NLON is a base command for naval submarine activities in the Atlantic Ocean.  The 

base includes housing for Navy personnel and their families, submarine training facilities, military offices, 

medical facilities, and facilities for the maintenance, repair, and overhaul of submarines. 

 

The Lower Subase is bordered on the west by the Thames River and on the east by the Providence and 

Worcester Railroad.  A quay wall runs along the Thames River for the entire length of the NSB-NLON.  

The Lower Subase contains piers and berths for submarine docking, as well as facilities for submarine 

maintenance, repair, and overhaul.  The Lower Subase is used strictly for industrial purposes. 

 

For the purposes of this report, the Lower Subase extends to and includes former Pier 1 to the south and 

Pier 33 to the north.  Building 175, located just north of Pier 33, is included within the Lower Subase.  The 

Lower Subase is a secure, access-restricted portion of NSB-NLON. 

 

Exposed Populations.  NSB-NLON is considered to lie within the boundaries of Groton and Ledyard, 

which contained a total population of 45,144 in the 1990 census (Atlantic, 1992).  Communities adjacent 

to the base include Northwest (located east of Route 12; population 5,520 in 1980), Pleasant Valley 

(located south of the base; population 4,374 in 1980), and the base itself (population 4,099 in 1980).  The 

community of Gales Ferry in Ledyard borders the base on the north (population 7,802 in 1988).  A 
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detailed assessment of the types of activities that currently occur and those that are planned was 

presented in Appendix E of the Phase I RI Report (Atlantic, 1992). 

 

2.3.2 Conceptual Site Model 

This section discusses the general conceptual site model for the Lower Subase and Thames River.  A 

conceptual site model facilitates consistent and comprehensive evaluation of the risks to human and 

ecological health by creating a framework for identifying the paths by which receptors may be impacted 

by contaminants predicted to exist at the source areas.  A conceptual site model depicts the relationships 

between the elements necessary to construct a complete exposure pathway, as follows: 

 

• Sources and potential COPCs  

• Contaminant release mechanisms 

• Contaminant transport pathways 

• Exposure mechanisms and exposure routes 

• Receptors 

 

Two simple conceptual site models were developed for all source areas to provide the basis for 

identifying the potential risks to human health and the environment.  One model was developed for sites 

at which the source is at the ground surface (Figure 2-1), and the second model considers sites at which 

the wastes were initially emplaced (either intentionally or unintentionally) in the subsurface (Figure 2-2).  

These models consider the current operating conditions of the facilities and the actual or potential 

receptors who could come into contact with the COPCs.  

 

The conceptual site models first consider the sources assumed to be available, either currently or in the 

future.  At these sites, the sources are the wastes disposed at these facilities or the contaminated soil 

resulting from on-site activities.  Contaminants may be released from these sources by mechanisms such 

as wind or water erosion or leaching to the subsurface.  Once released from the source, contaminants are 

transported in media such as air, surface water, or groundwater.  Receptors may be exposed either 

directly or indirectly to contaminants in these media via a variety of mechanisms.  The exposure 

mechanisms considered include routine domestic activities, working outdoors, etc.  These exposure 

mechanisms generally act along one or more exposure routes such as ingestion, inhalation, or direct 

dermal contact. 

 

The conceptual site models also indicate those exposure routes that are carried through the quantitative 

risk assessment for each receptor.  An objective of the development of the conceptual site model is to 

focus attention on those pathways that contribute the most to the potential impacts on human health and 
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the environment and to provide the rationale for screening out other exposure pathways that are minor 

components of the overall risk.   

 

Sources of Contamination.  Each site within the Lower Subase has its own source of contamination.  

The following sites are considered to have potential sources:  

 

• Zone 1 [Site 10 - Fuel Storage Tanks and Tank 54-H; Site 11 - Power Plant Oil Tanks; and 

Building 89 Underground Storage Tank (UST)] - Various USTs (some of which are still in use and 

some of which have been removed) containing diesel fuel, No. 2 and No. 6 fuel oils, waste oils, and 

lubricating and hydraulic oils. 

 

• Zone 2 - Buildings with various uses (mainly used for administrative purposes), carpenter’s shop, and 

sanitary sewer pump station/emergency generator. 

 

• Zone 3 [Site 17 - Hazardous Materials/Solvent Storage Area (Building 31)] - Former battery service 

shop and current hazardous/flammable materials warehouse. 

 

• Zone 4 [Site 13 - Building 79 Waste Oil Pit; Site 19 - Solvent Storage Area (Building 316)]; and Quay 

Wall) - Former diesel train engine servicing area, solvent storage building (currently used as such), 

and storm sewer outfall near Pier 4. 

 

• Zone 5 (Site 22 - Pier 33 and Building 175) Building formerly used to store above-ground battery acid 

storage tanks (containing sulfuric acid) and diesel fuel USTs. 

 

• Zone 6 [Site 24 - Central Paint Accumulation Area (Building 174)] - Primary paint storage facility, 

which also houses boat sandblasting and paint activities. 

 

• Zone 7 (Site 21 - Berth 16; Site 25 - Classified Materials Incinerator; and Transformers at Building 

157 Vault 31) - Buildings with various current and historical uses (from instructional to maintenance 

use), diesel fuel UST, septic tank and leaching field, incinerator, and former PCB transformer storage 

area. 

 

Also included in the study area investigation are the fuel oil distribution lines and steam, condensate, and 

electrical ducts associated with each zone. 

 

Ultimately, the aforementioned sources have the potential to release chemicals to the surface and/or 

subsurface soil.  This soil then serves as a secondary source of contamination. 
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Contaminant Release and Migration Mechanisms.  Chemicals may be released from the sites by a 

variety of mechanisms including stormwater runoff and associated erosion of surface soil, infiltration of 

soluble chemicals and subsequent migration through the subsurface soil to the water table where the 

chemicals may migrate downgradient, and via wind erosion of surface soil from unpaved areas.  Most of 

the study area is paved and surface soil erosion through wind and runoff would be minimal.  Most runoff 

goes into storm sewers and then the river. 

 

Soluble chemicals released to the ground surface may also migrate downward through the soil column 

with infiltrating precipitation.  The migration of these chemicals may be somewhat impeded by the 

chemical's tendency to bind to soil organic material.  Eventually, these soluble chemicals may reach the 

water table.  Once in the groundwater, chemicals may continue to migrate via dispersion and advection in 

the downgradient direction.  Eventually, these chemicals may discharge with the groundwater to the 

Thames River. 

 

2.3.3 Potential Current and Future Receptors of Concern and Exposure Pathways 

Several receptor groups have been defined for this risk assessment.  The original receptors identified in 

the Phase II RI and Lower Subase RI Work Plans (Atlantic, 1993 and B&R Environmental, 1997d) have 

been modified to conform to current guidance, to provide some consistency between sites, to focus the 

assessment on potentially meaningful exposures, and, in general, to streamline the risk assessment 

process.  These receptors are as follows: 

 

• Full-time employees - Adult military or civilian personnel assigned to work 40 hours per week at a 

particular facility.  Current full-time employees could be exposed to surface soil.  If excavation 

activities occur at a zone subsurface soil could be brought to the surface and mixed with surface soil.  

Consequently future full-time employees could be exposed to surface and subsurface soil.  Potential 

exposure pathways for full-time employees include incidental ingestion, dermal contact, and 

inhalation.  If VOCs are significant organic contaminants in study area soil and groundwater, full-time 

employees will also be evaluated for potential exposure to VOCs impacting indoor air quality.  VOCs 

concentrations in groundwater are considered significant if they exceed screening levels for the 

protection of indoor air. 

 

• Construction workers - Adult civilian personnel who may be involved in a short-term, one-time 

construction project at a site.  Construction workers could be exposed to surface and subsurface soils 

(incidental ingestion; dermal contact), shallow groundwater pooling at the bottom of an excavation pit 

(dermal contact), and air (inhalation).  It should be noted that significant exposures by a construction 

worker to groundwater are unlikely because if a construction worker is going to have prolonged 
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contact with groundwater then he/she would most likely wear protective clothing such as rubber boots 

and/or hip waders, which would limit his/her exposure.  In addition, most excavation activities would 

utilize construction equipment such as a back hoe, which would limit a construction worker’s 

exposure.  Also, if significant groundwater was encountered during an excavation of a trench or 

foundation, the groundwater would most likely be pumped out of the excavation so that the 

construction activities could be completed. 

 

• Future residents - Residential development of the Lower Subase is not anticipated.  However, a 

future residential scenario is typically evaluated in a risk assessment for decision-making purposes.  

For example the need for deed restrictions at a site may be eliminated prior to site closure if minimal 

risks are estimated for residential receptors.  It is assumed that the hypothetical resident may be 

exposed to surface/subsurface soils (incidental ingestion, dermal contact), and air (inhalation).  

Potable use of groundwater us not considered to be likely to occur under current or future land use 

since the saline water quality near the Thames River would prevent groundwater from being used for 

this purpose.  Although enlisted and officer personnel reside at the base under current conditions, the 

residential scenario is not applicable for these receptors since they do not reside in the areas of 

investigation and they are assigned to the base for a relatively short period of time (e.g., three or so 

years).  If VOCs are significant organic contaminants in study area soil and groundwater, this 

hypothetical will also be evaluated for potential exposure to VOCs impacting indoor air quality.  VOCs 

concentrations in groundwater are considered significant if they exceed screening levels for the 

protection of indoor air. 

 

Potential risks associated with the inhalation of particulates or VOCs emanating from surface and 

subsurface soils were evaluated (in the COPC selection process) by comparing the maximum site soil 

concentrations to the USEPA Generic SSLs for transfers from soil to air for a residential scenario.  No 

maximum surface soil or subsurface soil concentration exceeded the SSLs; therefore, a quantitative 

analysis of the inhalation exposure pathway was not performed for the full-time employees or hypothetical 

residents.  Fugitive dust emissions under a construction scenario are likely to be higher than those under 

a residential scenario; therefore, the inhalation pathway was evaluated for construction workers. 

 

2.3.4 Central Tendency Exposure versus Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the HHRA were based on the concept of a reasonable maximum 

exposure (RME) only, which is defined as "the maximum exposure that is reasonably expected to occur 

at a site" (USEPA, 1989).  However, subsequent risk assessment guidance (USEPA, 1992a) indicates 

the need to address an average case or central tendency exposure (CTE). 
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To provide a full characterization of potential exposure, both RME and CTE scenarios were evaluated in 

the HHRA for the Lower Subase.  The available guidance (USEPA, 1993a) concerning the evaluation of 

CTE is limited.  Therefore, professional judgment was exercised when defining CTE conditions for a 

particular receptor at a site. 

 

2.3.5 Exposure Point Concentrations 

The exposure point concentration (EPC) is calculated for COPCs only and is an estimate of the chemical 

concentration within an exposure unit (EU) likely to be contacted over time by a receptor and is used to 

estimate exposure intakes.  An exposure unit is defined as the area typically encountered/ traversed by a 

receptor under a particular land use scenario.  Each zone was considered to be an EU in the HHRA.  In 

the 1999 HHRA EPCs for soil were calculated according to USEPA’s Supplement Guidance to RAGS: 

Calculating the Concentration Term (1992b).  In 2002 USEPA published new guidance for calculating 

EPCs titled Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste 

Sites.  The EPCs in this HHRA were calculated following the new guidance and using USEPA’s ProUCL 

software (2009b).  If the dataset for a zone contained more than 10 samples then the 95-percent upper 

confidence limit (UCL) on the arithmetic mean, (based on the distribution of the dataset) was selected as 

the EPC for the RME and CTE case.  In general, the concentration selected for the EPC was the value 

recommended by the ProUCL guidance, subject to final review by the risk assessor or a statistician.  The 

distribution-based UCL and the rationale for selecting the EPCs for each zone are described on the 

RAGS Part D Table 3s presented in Attachments A through G. 

 

In accordance with USEPA Region I guidance (1999), sufficient data was not available to calculate 

temporal averages at the monitoring wells; therefore, the maximum detected concentrations were used as 

the exposure point concentrations for the chemicals identified in each zone as exceeding the screening 

levels. 

 

2.3.6 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure intakes are presented in this section.  

Intakes for the identified potential receptor groups were calculated using current USEPA risk assessment 

guidance (e.g., USEPA, 1991, 1997a, and 2004).  All quantitative risk assessment results for each zone 

are presented in RAGS Part D format tables (Attachments A through G).  Since the 1999 HHRA was 

prepared USEPA has updated the methodology for evaluating dermal exposures (USEPA, 2004), 

inhalation exposures (USEPA, 2009), and USEPA Region I has revised some of the Region’s risk 

assessment guidance regarding exposure assumptions. 
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Noncarcinogenic intakes are estimated using the concept of an average daily intake.  Carcinogenic 

intakes are calculated as an incremental lifetime exposure, which assumes a life expectancy of 70 years.  

The exposure assumptions reflect current USEPA guidance.  The majority of the exposure assumptions 

used to estimate chemical intakes were based on default assumptions described in several USEPA 

guidance documents (e.g., USEPA, 1997 and 2004).  The following paragraphs discuss the non-default, 

receptor-specific exposure assumptions used in the risk assessment.  

 
2.3.6.1 Incidental Ingestion of Soil 

Direct physical contact with surface and/or subsurface soil may result in the incidental ingestion of 

chemicals.  Chemical intake for the incidental ingestion of soil is estimated in the following manner 

(USEPA, 1989): 
 

(BW)(AT)
)EF)(ED)(CF)(IR)(FI)((C

  =  Intake soil  

 
 where: 

  Intake = intake of chemical from soil (mg/kg/day) 

  Csoil = concentration of chemical in soil (mg/kg) 

  IR = incidental ingestion rate (mg/day) 

  FI = fraction ingested from contaminated source (dimensionless) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  CF = conversion factor (1 x 10-6 kg/mg) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yr x 365 days/yr 

 

Most of the exposure assumptions that will be used to estimate chemical intakes from incidental ingestion 

of soil are based on default assumptions described in the standard USEPA guidance for the evaluation of 

the hypothetical future resident, full-time employees, or construction workers.  Exposures assumptions 

are summarized in Tables 2-6 through 2-15.  The following paragraphs briefly discuss the non-default, 

receptor-specific exposure assumptions (for incidental ingestion of soil) that were used in the HHRA. 

 

It is assumed that construction workers assigned to future excavation projects are exposed to soil for 

120 days a year for one year under the RME scenario, and 80 days a year for one year under the CTE 

scenario (Atlantic, 1992).  These are the same values that were used in the 1999 HHRA. 
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The exposure assumptions that changed from the 1999 HHRA were the incidental soil ingestion rate for 

construction workers and the exposure frequency for full-time employees and hypothetical residents.  In 

the 1999 HHRA, the incidental soil ingestion rate for construction workers was 480 mg/day for the RME 

scenario and 240 mg/day for the CTE.  Incidental soil ingestions rates of 330 mg/day and 165 mg/day for 

the RME and CTE scenarios, respectively, were used for construction workers in this HHRA.  In the 1999 

HHRA the exposure frequency for full-time employees and hypothetical residents was 150 days/year for 

the RME and CTE scenarios.  For full-time employees USEPA Region I currently recommends values of 

250 days a year for the RME scenario and 219 days/year for the CTE scenario.  For hypothetical 

residents USEPA Region I currently recommends values of 350 days a year for the RME scenario and 

234 days/year for the CTE scenario. 

 

2.3.6.2 Dermal Contact with Soil 

Direct physical contact with soil may result in the dermal absorption of chemicals.  Exposure associated 

with dermal contact with soil is estimated in the following manner (USEPA, 1989): 

 

 

(BW)(AT)
F)(EF)(ED)ABS)(EV)(C)(SA)(AF)((C  =  Intake soil  

 where: 

  Intake = amount of chemical absorbed during contact with soil (mg/kg/day) 

  Csoil = concentration of chemical in soil (mg/kg) 

  SA = skin surface area available for contact (cm2) 

  AF = skin adherence factor (mg/cm2/event) 

  ABS = absorption factor (dimensionless) 

  EV = events frequency (events/day) 

  CF = conversion factor (1 x10-6 kg/mg) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yr x 365 days/yr 

 
Most of the exposure assumptions that will be used to estimate chemical intakes from dermal contact with 

soil are based on the default assumptions described in the standard USEPA guidance for the evaluation 

of the hypothetical future resident, typical industrial worker, or construction worker.  Exposures 
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assumptions are summarized in Tables 2-6 through 2-15.  The following paragraphs briefly discuss the 

receptor-specific exposure assumptions (for dermal contact with soil) that have changed since the 1999 

HHRA. 

 

USEPA has recently revised the methodology for evaluating dermal exposures (USEPA, 2004).  As a 

result USEPA now recommends different values for the skin area available for contact and the soil 

adherence factor for all the receptors.  In the 1999 HHRA a value of 3,800 cm2 was used as the skin area 

available for contact for the construction worker, full-time employee, and adult resident; and a value of 

2,094 cm2 was used for the hypothetical child resident.  USEPA now recommends a value of 3,300 cm2 

for construction workers and full-time employees, 5,700 cm2 for hypothetical adult residents, and a value 

of 2800 cm2 for child residents (USEPA, 2004).  The 1999 HHRA used a value of 1 mg/cm2 as the soil 

adherence factor for all receptors under the RME and CTE scenarios.  Current guidance recommends the 

following values: 

 

• Construction workers - 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE.  These values are the 

95th-percentile and geometric mean values for construction workers, respectively (USEPA, 2004, and 

2002b). 

• Full-time employees - 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the CTE (USEPA, 2004). 

• Hypothetical child residents - 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE.  

• Hypothetical adult residents - 0.07 mg/cm2 for the RME and 0.01 mg/cm2 for the CTE (USEPA, 2004). 

 

In addition to the above changes the dermal absorption factor for cadmium has been revised for 0.01 to 

0.001.  Table 2-16 summarizes all the dermal absorption factors that were used in this HHRA.  

 

2.3.6.3 Inhalation of Air and Fugitive Dust/Volatile Emissions from Soils 

As mentioned previously, a qualitative evaluation of exposure to fugitive dust/volatile emissions from soil 

(i.e., comparison of maximum site soil concentrations to USEPA generic SSLs for chemical transfers from 

soil to air) under a residential scenario was used to identify whether a quantitative analysis of the 

inhalation exposure pathway is warranted.  No maximum surface soil or subsurface soil concentration 

exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure pathway was not 

performed for the full-time employees or hypothetical residents.  Fugitive dust emissions under a 

construction scenario are likely to be higher than those under a residential scenario; therefore, the 

inhalation pathway was evaluated for construction workers.  The amount of a chemical that a receptor 

takes in as a result of respiration was determined using the concentration of the contaminant in air.  

Intakes of both particulates and vapors/gases are calculated using the same equation, as follows 

(USEPA, 2009): 
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day/hours24AT
)ED)(EF)(ET)(C(EC air

×
=  

 

 where:  

  EC = exposure concentration (mg/m3) 

  Cair = concentration of chemical in air (mg/m3) 

  ET  = exposure time (hours/day) 

  EF = exposure frequency (days/yr) 

  ED  = exposure duration (yr) 

  AT = averaging time (hours); 

   = for noncarcinogens, AT = ED x 365 days/yr; 

   = for carcinogens, AT = 70 yr x 365 days/yr 

 

The concentrations of chemicals in air resulting from emissions from soil were developed following 

procedures presented in USEPA Soil Screening Guidance (USEPA, 2002b).  The chemical concentration 

in air was calculated as follows: 

 

⎥⎦
⎤

⎢⎣
⎡ +×=

VF
1

PEF
1CC soilair  

 

 where: 

  Ca = chemical concentration in air, mg/m3 

  Cs = chemical concentration in soil, mg/kg 

  PEF = particulate emission factor, m3/kg 

  VF = volatilization factor, m3/kg 

   

The particulate emissions factor (PEF) relates the concentration of the chemical in soil with the 

concentration of dust particles in air.  The PEF for construction workers (1.37 x 10+6 m3/kg) was 

calculated using the equations presented in the supplemental SSL guidance document (USEPA, 2002b).  

A sample calculation for the PEF is presented in Attachment H. 

 

Ambient air concentrations resulting from the volatilization of COPCs from soil are chemical dependent 

and were calculated using the following equation from USEPA’s Soil Screening Guidance: 

 

)D x   x2(
)cm / (m 10 x T) x D x (3.14 x Q/C

 = VF
 ab

 22-40.5
a

ρ
 

and 
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H' x +  + K x 
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10/3
a

a θθρ
θ+θ

 

 

where: 

VF = volatilization factor (m3-air/kg-soil) 

Q/C = inverse of the mean concentration at the center of source (gm/m2-sec per kg/m3) 

Da = apparent diffusivity, chemical specific, (cm2/sec) 

T = exposure interval, exposure specific, (sec) 

ρb  = dry bulk soil particle density (g/cm3) 

θa  = air-filled soil porosity (Lair/Lsoil) 

Di = diffusivity in air, chemical specific, (cm2/sec) 

n = total soil porosity (Lpore/Lsoil) 

θw  = water-filled soil porosity (Lair/Lsoil) 

Dw = diffusivity in water, chemical specific, (cm2/sec) 

Kd = soil-water partition coefficient, chemical specific (cm3/g) 

H’ = dimensionless Henry’s law constant, chemical specific 

 

Chemical properties were obtained from the Supplemental Guidance for Developing Soil Screening 

Levels for Superfund Sites (USEPA, 2002b) and are presented in Table 2-17.  Input assumptions for the 

calculation of VF are presented in Table 2-18. 

 

2.3.6.4 Dermal Contact with Groundwater 

Direct contact with groundwater is expected to be limited to exposure that would occur under construction 

scenarios.  A construction worker may be dermally exposed to shallow groundwater during potential 

future excavation activities at the Lower Subase (e.g., shallow groundwater pooling at the bottom of an 

excavation pit.). 

 

The following equation is used to assess exposures resulting from dermal contact with groundwater 

(USEPA, 2004): 

 

(BW)(AT)
EF)(SA))(EV)(ED)((DA  =  DAD event  

 

 where: 

  DAD = dermally absorbed dose of chemical from water (mg/kg/day) 

  DAevent = dermally absorbed dose per event (mg/cm2-event) 
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  EV = event frequency (events/day) 

  ED = exposure duration (yr) 

  EF = exposure frequency (days/yr) 

  SA = skin surface area available for contact (cm2) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

The exposure assumptions that were used to estimate chemical intakes from dermal contact with 

groundwater are summarized in Tables 2-8 and 2-9.  The following paragraphs briefly discuss the 

receptor-specific exposure assumptions (for dermal contact with groundwater) that have changed since 

the 1999 HHRA. 

 

As previously discussed, USEPA has revised the methodology for evaluating dermal exposures (USEPA, 

2004).  In the 1999 HHRA a value of 3,800 cm2 was used as the skin area available for contact for the 

construction worker.  USEPA now recommends a value of 3,300 cm2 for construction workers. 

 

In the 1999 HHRA it was assumed that a construction worker would be exposed to groundwater at the 

same frequency they were exposed to soil; 120 days under the RME scenario and 80 days under the 

CTE scenario.  However, it is unlikely that a construction worker will have direct contact with groundwater 

on a daily basis during a construction project.  Most likely a construction worker will only have contact with 

groundwater during excavation or trenching activities.  Therefore, for this HHRA it is assumed that the 

construction worker would be exposed to groundwater 4 hours/day for 30 days a year under the RME 

scenario, and 2 hours/day for 15 days a year under the CTE scenario.   

 

The absorbed dose per event (DAevent) was estimated using a non-steady-state approach for organic 

compounds and a traditional steady-state approach for inorganics.  For organics, the following equations 

apply: 

 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

π
τ event

wipevent
*

event
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⎠
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where: 

  tevent = duration of event (hour/event) 

  t* = time it takes to reach steady-state conditions (hour) 

  Kp = permeability coefficient from water through skin (cm/hour) 

  FA = Chemical-specific fraction absorbed (dimensionless) 

  Cwi = concentration of chemical "i" in water (mg/L) 

  τ = lag time (hour) 

  π = Pi (dimensionless; equal to 3.1416) 

  CF = conversion factor (0.001 L/cm3) 

 B = Dimensionless ratio of the permeability of the stratum corneum relative to 

 the permeability across the viable epidermis. 

 

Values for the chemical-specific parameters (t*, Kp, FA, τ, and B) are obtained from the current dermal 

guidance (USEPA, 2004, Exhibit B-3) and are presented in Table 2-16.  If published values are not 

available for a particular compound, they were calculated using equations provided in the USEPA dermal 

guidance. 

  

The following steady-state equation is used to estimate DAevent for inorganics: 

 

))(t)(C(K  DA eventwipevent =  

 

The dermal permeability (Kp) values recommended in the USEPA dermal guidance (USEPA, 2004) will be 

used to calculate DAevent for inorganic COPCs. 

 

2.3.6.5 Inhalation of Volatiles in Groundwater 

For construction workers, chemical intakes from inhalation exposure due to the volatilization of COPCs in 

groundwater are estimated in the following manner for carcinogens (USEPA, 2009): 

 

day/hours24AT
)ED)(EF)(ET)(C(EC air

×
=  

 

 where:  

  EC = exposure concentration (mg/m3) 

  Cair = concentration of chemical in air (mg/m3) 

  ET  = exposure time (hours/day) 

  EF = exposure frequency (days/yr) 
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  ED  = exposure duration (yr) 

  AT = averaging time (hours); 

   = for noncarcinogens, AT = ED x 365 days/yr; 

   = for carcinogens, AT = 70 yr x 365 days/yr 

 

For noncarcinogens, exposures lasting a couple days per year for less than 100 days per year are 

considered to be acute exposures.  It is assumed that construction workers are exposed to groundwater 

for 30 days a year.  Therefore for noncarcinogens EC is estimated as follows (USEPA, January 2009): 

 

airC  EC =  

 

Construction workers may be exposed to COPCs that have volatilized from groundwater when excavation 

exposes the shallow water table.  The same exposure frequency and exposure time used to estimate 

intake from dermal contact with groundwater is used to evaluate intake from inhalation of VOCs from 

groundwater during construction activities. 

 

At the time of the 1999 HHRA there are no well-established models available for estimating migration of 

volatiles from groundwater into a construction/utility trench.  Therefore, receptor inhalation of chemicals 

volatilizing from groundwater was not evaluated.  To estimate the EPC for a volatile chemical in the air in 

a construction trench, this HHRA utilized an approach suggested by the Virginia Department of 

Environmental Quality (VDEQ, 2008), which is based on a combination of a vadose zone model (to 

estimate volatilization of gases from contaminated groundwater into a trench) and a box model (to 

estimate dispersion of the contaminants from the air inside the trench into the above-ground atmosphere).  

The VDEQ methodology is described in the following paragraphs. 

 

The airborne concentration of a contaminant in a trench can be estimated using the following equation: 

 

Cair = CGW x VF 

 

where:  

Cair = air concentration of contaminant in the trench (µg/m3)  

CGW = concentration of contaminant in groundwater (µg/L)  

VF = volatilization factor (L/m3)  

 

It is assumed that a construction project could result in an excavation of 15 feet bgs or less.  If the depth 

to groundwater at a site is less than 15 feet, the VDEQ model assumes that a worker would encounter 

groundwater when digging an excavation or a trench.  The worker would then have direct exposure to the 

100706/P 2-23 CTO 424 



  REVISION 2 
  JULY 2010 
 
groundwater.  The worker would also be exposed to contaminants in the air inside the trench that would 

result from volatilization from the groundwater pooling at the bottom of the trench.  

 

The following equation is used to calculate the volatilization factor (VF) for a trench less than 15 feet 

deep. 

 

VF = ( Ki x A x F x 10-3 x 104 x 3,600 ) / ( ACH x V ) 

 

where:  

Ki = overall mass transfer coefficient of contaminant (cm/s)  

A = area of the trench (m2) 

F = fraction of trench floor through which contaminant can enter (unitless)  

ACH = air changes per hour (h-1) = 360 h-1 

V = volume of trench (m3) 

10-3 = conversion factor (L/cm3) 

104 = conversion factor (cm2/m2) 

3,600 = conversion factor (seconds/hr) 

 

Studies of urban canyons suggest that if the ratio of trench width, relative to wind direction, relative to 

trench depth, is less than or equal to 1, a circulation cell or cells will be set up within the trench that limits 

the degree of gas exchange with the atmosphere and, based upon measured ventilation rates of 

buildings, the air changes per hour (ACH) is assumed to be 2/hr.  Based upon the ratio of trench depth to 

the average wind speed, if the ratio of trench width to trench depth is greater than one, then the air 

exchange between the trench and above-ground atmosphere is not restricted, and the ACH is assumed 

to be 360/hr.  The exposure assessment performed for this HHRA will assume the width to trench depth 

ratio is greater than 1; therefore, the ACH is set at 360 per hour. 

 

Ki = 1 / {(1/kiL) + [(RT) / (Hi kiG)]} 

 

where:  

kiL = liquid-phase mass transfer coefficient of i (cm/s)  

R = ideal gas constant (atm-m3/mole-°K) = 8.2 x 10-5 

T = average system absolute temperature (°K) (Default = 298°K) 

Hi = Henry's Law constant of i (atm-m3/mol) 

kiG = gas-phase mass transfer coefficient of i (cm/s) 
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The formulas for calculating kiL and kiG are presented below: 

 

kiL = (MWO2/MWi)0.5 x (T/298) x kL,O2 

 

where: 

kiL = liquid-phase mass transfer coefficient of component i (cm/s)  

MWO2 = molecular weight of O2 (g/mol)  

MWi = molecular weight of component i (g/mol) 

kL,O2 = liquid-phase mass transfer coefficient of oxygen at 25°C (cm/s).  The 

value of kL,O2 is 0.002 cm/s. 

 

kiG = (MWH2O/MWi)0.335 x (T/298)1.005 x kG,H2O 

 

where:  

kiG = gas-phase mass transfer coefficient of component i (cm/s)  

MWH2O = molecular weight of water (g/mol)  

kG,H2O = gas-phase mass transfer coefficient of water vapor at 25°C cm/s.  The 

value of kG,H2O is 0.833 cm/s (Superfund Exposure Assessment 

Manual, EPA, 1988).  

 

Chemical properties were obtained from the Supplemental Guidance for Developing Soil Screening 

Levels for Superfund Sites (USEPA, 2002b) are presented in Table 2-17. 

 

2.3.6.6 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters.  Exposure to lead was assessed 

using the following models: 

 

• The latest version of USEPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead, 

(USEPA, 1994b).  This model is typically used to evaluate lead exposure assuming a residential land 

use scenario. 

 

• The USEPA’s TRW Model for Lead (USEPA, 2003b).  This model is typically used to evaluate lead 

exposure assuming a non-residential land use scenario.  

 

The IEUBK Model for lead (USEPA, 1994b) is designed to estimate blood levels of lead in children (under 

7 years of age) based on either default or site-specific input values for air, drinking water, diet, dust, and 
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soil exposure.  Studies indicate that infants and young children are extremely susceptible to adverse 

effects from exposure to lead.  Considerable behavioral and developmental impairments have been noted 

in children with elevated blood-lead levels.  The threshold for toxic effects from this chemical is believed 

to be in the range of 10 to 15 µg/dL.  Blood-lead levels greater than 10 µg/dL are considered to be a 

"concern." 

 

The IEUBK Model for lead was used to address exposure to lead in children when detected soil 

concentrations exceed the OSWER soil screening level of 400 mg/kg for residential land use (USEPA, 

1994a).  Average chemical concentrations, as well as default parameters for some input parameters, 

were used in the evaluation.  Estimated blood-lead levels and probability density histograms are 

presented as support documentation for this analysis and are appended to the risk assessment. 

 

Non-residential adult exposure to lead in soil was evaluated using USEPA’s TRW for Model for lead 

(USEPA, 2003b).  In this model, adult exposure to lead in soil is addressed by an evaluation of the 

relationship between the site soil lead concentration and the blood-lead concentration in the developing 

fetuses of adult women.  The adult lead model generates a spreadsheet for each exposure scenario that 

is evaluated (i.e., industrial, recreational).  The output of the spreadsheet is the probability that the blood-

lead concentrations in the fetus exceed 10 µg/L.  The probability that the fetal blood-lead level will exceed 

10 µg/L was calculated in accordance with the following USEPA guidelines: 

 

• Use of the TRW Interim Adult Lead Methodology in Risk Assessment (USEPA, 1999). 

• Frequently Asked Questions (FAQs) on the Adult Lead Model (USEPA, 2008). 

 

2.3.6.7 Vapor Intrusion into Buildings 

Current/future full-time employees and hypothetical residents may be exposed to COPCs that have 

volatilized from groundwater and migrated through building foundations into indoor air.  Indoor air 

concentrations resulting from vapor intrusion from groundwater were estimated using the Johnson and 

Ettinger volatilization model (USEPA, 2003c).  The model assumes that vapors of volatile chemicals are 

emitted from groundwater, migrate through subsurface soil, through cracks in the building foundation, and 

accumulate in air inside a building.  The vapor intrusion pathway was evaluated for those chemicals 

detected at concentrations in groundwater exceeding the USEPA and CTDEP screening levels, which 

were discussed in Section 2.2.1.  There are currently no buildings at any of the sites that are used for 

residential purposes, although there are some buildings that are used for industrial purposes.  Therefore, 

the evaluation considered a hypothetical scenario where a residential building was constructed at the 

sites. 
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In accordance with USEPA Region I guidance (1999), sufficient data was not available to calculate 

temporal averages at the monitoring wells; therefore, the maximum detected concentrations were used as 

the exposure point concentrations for the chemicals identified in each zone as exceeding the screening 

levels.  The boring logs for the monitoring wells where there were exceedances of the screening criteria 

were used to determine the Soil Conservation Services (SCS) soil type.  The depth to groundwater was 

based on data from sampling events conducted in 1997 and 2007.  The SCS soil type and depth to 

groundwater values used in the vapor intrusion modeling are presented in Table 2-19.  Slab-on-grade 

construction was assumed for future residential construction.  Default parameters were used for the 

remaining model input parameters for the evaluation of residential exposures. 

 

2.3.6.8 Assessing Cancer Risks from Early Life Exposures 

USEPA’s Supplemental Guidance of Assessing Susceptibility from Early-Life Exposure to Carcinogens 

(USEPA, 2005) recommends making adjustments to the toxicity of carcinogenic chemicals which act via 

the mutagenic mode of action when evaluating early life exposures.  The guidance recommends using 

age dependent adjustment factors (ADAFs) combined with age specific exposure estimates when 

assessing cancer risks.  In the absence of chemical specific data the supplement guidance recommends 

the following default adjustments which reflect that cancer risks are generally higher from early-life 

exposures than from similar exposures later in life: 

 

• For exposures before 2 years of age (i.e., spanning a 2-year interval from the first day of birth up until 

a child’s second birthday), a 10-fold adjustment. 

 

• For exposures between 2 and < 16 years of age (i.e., spanning a 14-year time interval from a child’s 

second birthday up until their sixteenth birthday), a 3-fold adjustment. 

 

• For exposures after turning 16 years of age, no adjustment. 

 

The adjustments were applied using the methodology used by the ORNL in the development of the RSLs.  

Children were evaluated as two age groups, ages 0 to 2 years and ages 2 to 6 years; and adults were 

evaluated as two age groups, ages 6 to 17, and ages greater than 16 years old.  Using this approach the 

intakes for hypothetical child and adult residents were calculated as follows: 

 

IntakeChild = Intake(ages 0 – 2 years) x 10 + Intake(ages 2 – 6 years) x 3 

IntakeAdult = Intake(ages 6 – 16 years) x 3 + Intake(ages > 16 years) 
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The above approach was used only for those chemicals which are identified as mutagenic in the ORNL 

screening table (e.g., carcinogenic PAHs).  Sample calculations showing how the approached was 

applied are included in Attachment H. 

 

2.4 TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential adverse health effects in exposed 

populations.  Quantitative estimates of the relationship between the magnitude and type of exposures and 

the severity or probability of human health effects are defined for the identified constituents of concern.  

Quantitative toxicity values determined during this component of the risk assessment are integrated with 

outputs of the exposure assessment to characterize the potential for the occurrence of adverse health 

effects for each receptor group. 

 

The toxicity value used to evaluate noncarcinogenic health effects for ingestion and dermal exposures is 

the reference dose (RfD).  The reference concentration (RfC) is used to evaluate noncarcinogenic health 

effects for inhalation exposures.  The RfD and RfC is an estimate of the daily exposure level for the 

human population that is likely to be without appreciable risk during a portion or all of a lifetime.  It is 

based on a review of available animal and/or human toxicity data, with adjustments for various 

uncertainties associated with the data.  Carcinogenic effects are quantified using the cancer slope factor 

(CSF) for ingestion and dermal exposures and inhalation unit risks (IUR) for inhalation exposures, which 

is a plausible upper-bound estimate of the probability of development of cancer per unit intake of 

chemical over a lifetime.  It is based on available dose-response data from human and/or animal studies. 

 

2.4.1 Sources of Toxicity Criteria 

Oral RfDs and CSFs and inhalation RfCs and IURs used in the Site 08 risk assessment were obtained 

from the following primary USEPA literature sources (USEPA, 2003a): 

 

• Integrated Risk Information System (IRIS) (Online). 

 

• USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) – The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical specific basis when requested by 

USEPA’s Superfund program. 

 

• Other Toxicity Values – These sources include but are not limited to California Environmental 

Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry 

100706/P 2-28 CTO 424 



  REVISION 2 
  JULY 2010 
 

(ATSDR) Minimal Risk Levels (MRLs), and the Annual Health Effects Assessment Summary Tables 

(HEAST) (USEPA, 1997b). 

 

Toxicity criteria can be found in several toxicological sources, USEPA's IRIS on-line database is the 

preferred source of toxicity values.  This database is continuously updated and values presented have 

been verified by USEPA.  The toxicity criteria for the constituents identified as COPCs for the Lower 

Subase are presented in Tables 2-20 through 2-23. 

 

2.4.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in the literature are frequently expressed as administered doses; therefore, these 

values are considered to be inappropriate for estimating the risks associated with dermal routes of 

exposure.  Oral dose-response parameters based on administered doses must be adjusted to absorbed 

doses before the comparison to estimated dermal exposure intakes is made.  

 

When the oral absorption is essentially complete (i.e., 100%), the absorbed dose is equivalent to the 

administered dose, and therefore no toxicity adjustment is necessary.  Conversely, when the 

gastrointestinal absorption of a chemical is poor (e.g., 1%), the absorbed does is smaller than the 

administered dose; thus, toxicity factors based on absorbed dose should be adjusted to account for the 

difference in the absorbed dose relative to the administered dose.  USEPA (2004) recommends a cutoff 

of 50 percent absorption to reflect the intrinsic variability in the analysis of absorption studies.  Therefore, 

the adjustment from administered to absorbed dose was only performed when the chemical-specific 

gastrointestinal absorption efficiency was less than 50 percent.  The adjustment from administered to 

absorbed dose was made using chemical-specific gastrointestinal absorption efficiencies published in 

available guidance (i.e., USEPA 2004 [the primary reference]; IRIS; ATSDR toxicological profiles, etc.) 

and the following equations: 

 

RfD   =   (RfD )(ABS )dermal oral GI  

CSF   =   (CSF ) / (ABS )dermal oral GI  

 

 where: ABSGI = absorption efficiency in the gastrointestinal tract. 

If chemical-specific gastrointestinal absorption efficiencies was not available then complete oral 

absorption was assumed and the oral toxicity values were not adjusted for dermally absorbed doses.  The 

chemical-specific absorption efficiencies used in this HHRA are presented in Tables 2-20 and 2-22. 
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2.4.3 Toxicity Criteria for Carcinogenic Effects of PAHs 

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to polynuclear 

aromatic hydrocarbons (PAHs).  The most extensively studied PAH is benzo(a)pyrene, which is classified 

by the USEPA as a probable human carcinogen.  Although CSFs are available for benzo(a)pyrene, 

insufficient data are available to calculate CSFs for other potentially carcinogenic PAHs.  Toxic effects for 

these chemicals were evaluated using the toxicity equivalent factors (TEFs) that relate the potency of the 

other potentially carcinogenic PAHs to the potency of benzo(a)pyrene, as presented in current USEPA 

guidance (USEPA, 1993b).  The equivalent oral CSF for a carcinogenic PAH other than benzo(a)pyrene 

is derived by multiplying the CSF for benzo(a)pyrene by TEF recommended for that PAH.  TEFs for the 

individual carcinogenic PAHs are as follows: 

 

Compound TEF  

Benzo(a)anthracene 0.1 

Benzo(a)pyrene 1 

Benzo(b)fluoranthene 0.1 

Benzo(k)fluoranthene 0.01 

Chrysene 0.001 

Dibenzo(a,h)anthracene 1 

Indeno(1,2,3-cd)pyrene 0.1 

 

USEPA has updated the methodology for evaluating carcinogens since the 1999 HHRA was prepared.  

USEPA currently incorporates the use of age-dependent adjustment factors (ADAFs) for carcinogens that 

act via a mutagenic mode of action.  The carcinogenic PAHs were evaluated following USEPA’s 

Guidelines for Carcinogen Risk Assessment (USEPA, 2005a) and Supplemental Guidance of Assessing 

Susceptibility from Early-Life Exposure to Carcinogens (USEPA, 2005b). 

 

2.4.4 Toxicity Criteria for Manganese 

USEPA's IRIS database lists the reference dose for manganese as 10 mg/day or 0.14 mg/kg/day.  The 

value of 0.14 mg/kg/day is derived by dividing 10 mg/day by the average adult body weight of 70 kg.  IRIS 

notes that most individuals consume 5 mg of manganese a day in their diets and that the dietary 

contribution should be taken into effect when evaluating exposures to soil and water.  IRIS also states 

that under certain conditions a modifying factor of three should also be used when evaluating exposures 

to drinking water or soil.  Adjusting the reference dose for dietary intake and the modifying factor of three 

produces a reference dose equal to 0.024 mg/kg/day (i.e., 10 mg/day - 5 mg/day) / 70 kg / 3).  USEPA 

Region 1 (1996) recommends using the RfD value of 0.024 mg/kg/day for evaluating exposures to 
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manganese in water.  USEPA recommends using a modifying factor of 1 for evaluating exposures to soil 

which results in an RfD equal to 0.07 mg/kg/day (i.e., 10 mg/day - 5 mg/day) / 70 kg). 

 

2.4.5 Toxicity Criteria for Chromium 

Toxicity criteria are available for different forms of chromium (trivalent and hexavalent), which is 

considered to be more toxic in the hexavalent state.  Because there is no evidence to support the 

conclusion that hexavalent chromium is present at the Lower Subase, speciation analyses were not 

completed for at the site.  However, risks were conservatively calculated assuming that all of the reported 

total chromium in soils and groundwater was present in the hexavalent state.  

 

2.4.6 Changes in Toxicity Criteria from the 1999 HHRA 

Tables 2-24 and 2-25 present a comparison of the toxicity criteria used in the 1999 HHRA versus current 

values.  As noted on Table 2-24 RfDs and/or RfCs for all the chemicals evaluated in the 1999 HHRA have 

been revised.  Methylene chloride and cadmium were the only chemicals evaluated in the 1999 HHRA for 

which the CSFs did not change.  Previously there were no oral RfDs and inhalation RfCs for vinyl chloride 

or inhalation RfCs for 1,1-dichloroethene, chloroform, tetrachloroethene, beryllium, and chromium.  The 

inhalation RfC for mercury has been withdrawn.  The oral CSF and IUR for 1,1-dichloroethene and oral 

CSF for chloroform have been withdrawn.  Approximately 50 percent of the changes in RfDs and CSFs 

were due to changes in the oral absorption efficiencies which are used to derive the dermal RfDs and 

CSFs.   

 

2.5 RISK CHARACTERIZATION 

This section provides a characterization of the potential human health risks associated with the potential 

exposures to COPCs at the Lower Subase.  Potential risks (noncarcinogenic and carcinogenic) for human 

receptors resulting from exposures outlined in the exposure assessment were quantitatively determined 

during the risk characterization component of this HHRA.  Both RME and CTE estimates were generated.  

Summaries of the risk characterization for Zones 1 through 7 are provided in Sections 3 through 9. 

 

Quantitative estimates of risk for chemicals other than lead were calculated according to risk assessment 

methods outlined in USEPA guidance (USEPA, 1989).  Lifetime cancer risks are expressed in the form of 

dimensionless probabilities, referred to as incremental lifetime cancer risks (ILCRs), based on CSFs and 

IURs.  Noncarcinogenic risk estimates are presented in the form of hazard quotients (HQs) that are 

determined through a comparison of intakes with published RfDs and RfCs. 
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ILCR estimates for ingestion and dermal exposures are generated for each COPC using estimated 

exposure intakes and published CSFs, as follows: 

 

ILCR = (Estimated Exposure Intake)(CSF) 

 

If the above equation results in an ILCR greater than 0.01, the following equation is used: 

 

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)] 

 

ILCRs estimates for inhalation exposures are generated for each COPC using estimated exposure 

concentrations and published IURs, as 

 

ILCR = (IUR)(Exposure Concentration)(1000 μg/mg) 

 

An ILCR of 1 x 10-6 indicates that the exposed receptor has an one-in-one-million chance of developing 

cancer under the defined exposure scenario.  Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

 

As mentioned previously, noncarcinogenic risks were assessed using the concept of HQs and Hazard 

Indices (HIs).  The HQ for a COPC is the ratio of the estimated intake to the RfD, and is calculated for 

ingestion and dermal exposures as follows: 

 

HQ = (Estimated Exposure Intake)/(RfD) 

 

For inhalation exposures, HQ is calculated as follows: 

 

HQ = (Exposure Concentration) / (RfC) 

 

An HI was generated by summing the individual HQs for all COPCs.  The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 

 

2.6 UNCERTAINTIES ANALYSIS 

Uncertainty is associated with all aspects of the HHRA.  This section presents a generic summary of 

these uncertainties and discusses how they might affect the final risk numbers.  A more detailed 

discussion of uncertainty is provided in each of the site-specific risk assessment sections. 
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Uncertainty in the selection of COPCs is primarily associated with the current status of the predictive 

databases and the procedures used to include or exclude constituents as COPCs.  Uncertainty 

associated with the exposure assessment includes the values used as input variables for a given intake 

route, the methods used and the assumptions made to determine exposure point concentrations, and the 

predictions regarding future land use and population characteristics.  Uncertainty in the toxicity 

assessment includes the quality of the existing data to support dose-response relationships and the 

weight of evidence used for determining the carcinogenicity of COPCs.  Uncertainty in risk 

characterization includes those uncertainties associated with exposure to multiple chemicals and the 

cumulative uncertainty from combining conservative assumptions made in earlier activities. 

 

2.6.1 Uncertainty in Selection of Chemicals of Concern 

A minor amount of uncertainty is associated with the final risk values based on the selection of COPCs to 

be used in the quantitative risk assessment.  However, the use of predetermined ORNL RSLs and 

CTDEP screening values based on conservative land use scenarios (i.e., residential land use for soil and 

ingestion for groundwater) in combination with the reduction of the values for noncarcinogens to 

correspond to a hazard index of 0.1 should ensure that the most significant contributors to risk from a site 

are evaluated.  The elimination of chemicals that are present at concentrations corresponding to a cancer 

risk less than 1 x 10-6 and an HI less than 0.1 should not affect the final conclusions regarding 

contaminants that could pose a potential health concern.  In addition, other health-based and state risk-

based criteria will be used to conservatively select COPCs. 

 

2.6.2 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises from the methods used to calculate exposure point 

concentrations, determine land use conditions, select receptors, and select exposure parameters.  Each 

of these is discussed below.  

 

Calculation of Exposure Point Concentrations.  For media at some sites, fewer than 10 soil samples 

may be available, making the estimation of the 95 percent UCL on the mean highly uncertain.  In these 

cases, the maximum detected chemical concentrations were used to assess risks.  As a result, the risk 

estimated for the RME, where maxima were used as EPCs, are most likely overstated because potential 

receptors are not likely to be exposed to the maximum concentration over the entire exposure period. 

 

Determination of Land Use.  The current land use patterns were well established during the Phase I and 

Phase II RIs.  Detailed interviews with base personnel were used to establish the potentially exposed 

populations and the activities that could bring them into contact with contaminated media.  In addition, 

planned construction projects were identified. 
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One issue associated with land use that contains a high degree of uncertainty is the potential conversion 

of the base to residential uses.  This scenario is considered highly unlikely given the dispersed population 

patterns currently surrounding the base and the heavily industrialized nature of the facility.  These factors, 

in addition to the critical nature of the facility with respect to support for the submarine fleet, make a future 

industrial land use scenario much more likely, at least for the foreseeable future.   

 

Exposure Routes and Receptor Identification.  Exposure routes and receptor groups were fairly well 

defined.  An attempt has been made to simplify the various groups identified and to determine a single set 

of exposure parameters to apply to each group.  These may either under- or overestimate the risks, with 

the final result dependent on how well the receptors were defined. 

 

Selection of Exposure Parameters.  Each exposure factor selected for risk assessment has some 

associated uncertainty.  Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States.  The attributes and activities studied in these surveys generally have a 

broad distribution.  To avoid underestimation of exposure, the selection USEPA guidelines were used for 

the RME receptor, which generally consist of the 95th percentile for most parameters.  

 

Use of the 95th percentile for each parameter ensures that the assessment bounds the actual risks from a 

postulated exposure.  This risk number is used in risk management decisions but does not indicate an 

average or more typical exposure or the risk range expected for individuals in the exposed population.  To 

address these issues, USEPA has suggested the use of the CTE receptor, whose intake variables are set 

at approximately the 50th percentile of the distribution.  The risks for this receptor seek to incorporate the 

range of uncertainty associated with various intake assumptions.  Many of the parameters were estimated 

using professional judgment.     

 

Lack of Dermal Soil Absorption Values.  The ability to quantify the absorption of contaminants from 

exposure to soil is limited.  Chemical specific information is available for only a few chemicals.  For most 

chemicals, no data are available, so dermal exposures have not been quantified.  This lack of data results 

in the potential underestimation of total exposure and risk.  The degree of underestimation is dependent 

on the chemical being evaluated. 

 

Evaluation of the Vapor Intrusion Pathway.   
The evaluation of the vapor intrusion pathway is subject to the following sources of uncertainty: 

 

• USEPA and CTDEP guidance recommends that if a contaminant source exists in soil then the 

migration of chemicals that have migrated from soil through building foundations and into indoor air 
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be evaluated using soil gas.  No soil gas samples were collected for the NSB-NLON.  VOCs were 

detected infrequently and/or at low concentrations in surface and subsurface soil in Zones 1 through 

7.  There were no major source areas for VOCs in soil identified at any of the zones which were 

evaluated in this HHRA.  Consequently the absence of soil gas samples does not introduce any 

uncertainty in the HHRA. 

 

• The J&E model assumes an infinite source.  The sources of VOCs at the sites have been removed 

and VOCs are no longer being released to groundwater. 

 

• The J&E model assumes that the areal extent of contamination is greater than that of the building 

floor in contact with the soil and that the contamination is homogeneously distributed within the zone 

of contamination.  The groundwater concentrations from a single well were used as the exposure 

point concentrations for the model.  It is not known if the extent of the groundwater plume is larger or 

smaller than the assumed building foot print at each zone. 

 

• The J&E model does not take into account transformation processes. 

 

• The default building area of 10 meters (32.8 feet) by 10 meters for residential exposures is based on a 

Michigan study and corresponds to the 10th percentile floor space area for residential single family 

dwellings.  The slab on grade scenario assumes a single floor dwelling 2.44 meters (8 feet) high for 

residential exposures and 3.0 meters (10 feet) for industrial exposures.  The modeling results may be 

different for a building with different dimensions. 

 

2.6.3 Uncertainty in the Toxicological Evaluation 

The toxicological data used as the basis for all risk assessments contain uncertainty in the following 

areas: 

 

• Non-threshold (carcinogenic) effects are extrapolated from high doses administered to laboratory 

animals to low doses received under more common human exposure scenarios. 

 

• Results of laboratory animal studies are extrapolated to human environmental receptors. 

 

• There are considerable interspecies variations in toxicological endpoints used in characterizing 

potential health effects resulting from exposure to a chemical. 
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• There is considerable variability in sensitivity among individuals of any particular species. 

 

• Short-time toxicological studies are used to predict long-term effects. 

 

Some chemical-specific uncertainties are as follows: 

 

• The carcinogenicity of arsenic via ingestion is not confirmed by the available data.  However, USEPA 

has proposed an oral unit risk factor that was used for all oral and dermal exposures to arsenic at this 

site.  Because arsenic is a major risk driver, the risks may be overstated. 

 

• Some uncertainty is associated with the evaluation of chromium, which will be assumed to be present 

in its hexavalent state.  Because hexavalent chromium is considered to be more toxic than the 

trivalent state, which is more common, risks for this chemical will probably be overestimated. 

 

2.6.4 Uncertainty Associated with Evaluation of Risks from lead 

Residential exposure to lead were evaluated using USEPA's IEUBK model Version 1.0 Build 264.  Non-

residential exposure to lead were evaluated using the May 2005 version of USEPA's Adult Lead 

Methodology.  In June 2009, after the draft HHRA was submitted to USEPA, USEPA released Version 

1.1 Build 9 of the IEUBK model.  Also on June 26, 2009 USEPA updated the Adult Lead Methodology. 

 

Use of the revised IEUBK model and adult lead methodology would result in lower risks and higher PRGs 

than those presented in this HHRA.  Since the results of the current risk assessment are more 

conservative than the results would be using the updated lead models USEPA has agreed the lead 

evaluated presented in this HHRA is adequate and does not need to be rvised to incorporate the updated 

guidance (USEPA, 2009d). 

 

2.6.5 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization results primarily from assumptions made regarding additivity of effects 

from exposure to multiple compounds from various exposure routes.  High uncertainty exists when cancer 

risks for several substances are summed across different exposure pathways.  This assumes that each 

substance has a similar effect and mode of action.  Often compounds affect different organs, have 

different mechanisms of action, and differ in their fate in the body, so additivity may not be an appropriate 

assumption.  However, the assumption of additivity is made to provide a conservative risk estimate. 

 

Finally, the risk characterization does not consider antagonistic or synergistic effects.  Little or no 

information is available to determine the potential for antagonism or synergism for the COPCs.  
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Therefore, this uncertainty cannot be discussed for its impact on the risk assessment, because it may 

either underestimate or overestimate potential human health risk. 

 



TABLE 2-1

SUMMARY OF SCREENING CRITERIA USED IN COPC SELECTION
NSB-NLON, GROTON, CONNECTICUT

SOIL
Direct Contact Criteria Migration Criteria

ORNL RSLs for Residential Exposures USEPA SSLs - Soil to groundwater
CTDEP Direct Contact Criteria CTDEP Mobility Criteria

USEPA SSLs - Soil to air Background
Background

GROUNDWATER
Direct Contact Criteria Migration Criteria

ORNLs for Tap Water Ingestion CTDEP Surface Water Protection Criteria
CTDEP Groundwater Protection Criteria CTDEP Groundwater Volatilization Criteria

USEPA MCLs USEPA Groundwater Volatization Criteria
State MCLs Background
Background

Notes:
CTDEP = Connecticut Department of Environmental Protection
ORNL = Oak Ridge National Laboratory
RSLs - Regional Screening Levels
SSLs - Soil screening levels
MCLs - Maximum contaminant levels
USEPA = United States Environmental Protection Agency
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TABLE 2-2

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
SURFACE AND SUBSURFACE SOIL

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP RSR(2) USEPA USEPA CTDEP RSR(2)

CAS Chemical ORNL(1) Direct SSL(3) SSL(3) Pollutant
Number Residential Exposure Soil to Soil to Mobility

Criteria Air Groundwater Criteria
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Volatile Organic Compounds
71-55-6 1,1,1-Trichloroethane 9,000 N 500 1,200 sat 1.9 MCL 4071 55 6 1,1,1 Trichloroethane 9,000 N 500 1,200 sat 1.9 MCL 40
78-93-3 2-Butanone 28,000 N 500 24,000 sat 89 N 80
67-64-1 Acetone 61,000 N 500 NA 130 N 140
71-43-2 Benzene 1.1 C 21 0.83 C 0.034 MCL 0.2
75-15-0 Carbon Disulfide 670 N 500 720 sat 29 N 140
100-41-4 Ethylbenzene 5.7 C 500 400 sat 13 MCL 10.1
75-09-2 Methylene Chloride 11 C 82 13 C 0.023 MCL 1
127-18-4 Tetrachloroethene 0.57 C 12 10 C 0.058 MCL 1
108-88-3 Toluene 5,000 N 500 650 sat 12 MCL 67
79-01-6 Trichloroethene 2.8 C 56 0.071 C 0.057 MCL 1

1330-20-7 Total Xylenes 600 N 500 700 N 140 N 19.5
Semivolatile Organic Compounds

105-67-9 2,4-Dimethylphenol 1,200 N 1,000 NA 9 N 28
91-57-6 2-Methylnaphthalene 310 N 474 NA NA 9.8
59-50-7 4-Chloro-3-methylphenol NA NA NA NA NA
83-32-9 Acenaphthene 3,400 N 1,000 NA 630 N 8483-32-9 Acenaphthene 3,400 N 1,000 NA 630 N 84
208-96-8 Acenaphthylene 3,400 N(4) 1,000 NA NA 84
120-12-7 Anthracene 17,000 N 1,000 NA 13,000 N 400
56-55-3 Benzo(a)anthracene 0.15 C 1 NA 3.2 MCL 1
50-32-8 Benzo(a)pyrene 0.015 C 1 NA 8.2 MCL 1
205-99-2 Benzo(b)fluoranthene 0.15 C 1 NA 9.8 MCL 1
191-24-2 Benzo(g,h,i)perylene 1,700 N(5) 1,000 NA NA 42
207-08-9 Benzo(k)fluoranthene 1.5 C 8.4 NA 9.8 MCL 1
117-81-7 Bis(2-ethylhexyl)phthalate 35 C 44 NA 3,600 MCL 11
85-68-7 Butyl Benzyl Phthalate 260 C 1,000 NA 17,000 N 200
86-74-8 Carbazole NA 31 NA 0.59 C 1
218-01-9 Chrysene 15 C 84 NA 3.2 MCL 1
117-84-0 Di-n-octyl phthalate NA 1,000 NA 4,900,000 N 20
53-70-3 Dibenzo(a,h)anthracene 0.015 C 1 NA 30 MCL 1
132-64-9 Dibenzofuran NA 270 NA 48 N 5.6
84 66 2 Diethyl phthalate 49 000 N 1 000 NA 450 N 1 10084-66-2 Diethyl phthalate 49,000 N 1,000 NA 450 N 1,100
206-44-0 Fluoranthene 2,300 N 1,000 NA 6,300 N 56
86-73-7 Fluorene 2,300 N 1,000 NA 810 N 56
193-39-5 Indeno(1,2,3-CD)pyrene 0.15 C 1 NA 28 MCL 1
91-20-3 Naphthalene 3.9 C 1,000 170 N 61 N 56
85-01-8 Phenanthrene 1,700 N(5) 1,000 NA NA 40
108-95-2 Phenol 18,000 N 1,000 NA 56 N 800
129-00-0 Pyrene 1,700 N 1,000 NA 4,600 N 40
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TABLE 2-2

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
SURFACE AND SUBSURFACE SOIL

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP RSR(2) USEPA USEPA CTDEP RSR(2)

CAS Chemical ORNL(1) Direct SSL(3) SSL(3) Pollutant
Number Residential Exposure Soil to Soil to Mobility

Criteria Air Groundwater Criteria
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Pesticides/PCBs
72-54-8 4,4'-DDD 2 C 2.6 NA 14 C NA72 54 8 4,4 DDD 2 C 2.6 NA 14 C NA
72-55-9 4,4'-DDE 1.4 C 1.8 NA 45 C NA
50-29-3 4,4'-DDT 1.7 C 1.8 750 C 26 C NA

5103-71-9 alpha-chlordane 1.6 C(6) 0.49 (6) 72 C(6) 9.6 MCL(6) 0.066 (6)

11096-82-5 Aroclor-1260 0.22 C 1 NA NA 0.005 (7)

72-20-8 Endrin 18 N 20 NA 0.99 MCL NA
5103-74-2 Gamma-chlordane 1.6 C(6) 0.49 (6) 72 C(6) 9.6 MCL(6) 0.066 (6)

1024-57-3 Heptachlor epoxide 0.053 C 0.067 4.7 C 0.67 MCL 0.02
Metals
7429-90-5 Aluminum 77,000 N NA 7,090,000 N 170 NA
7440-36-0 Antimony 31 N 27 NA 5.4 MCL 0.06 (7)

7440-38-2 Arsenic 0.39 C 10 769 C 5.8 MCL 0.1 (7)

7440-39-3 Barium 15,000 N 4,700 709,000 N 1,600 MCL 10 (7)

7440-41-7 Beryllium 160 N 2 1,380 C 63 MCL 0.04 (7)

7440-42-8 Boron 16,000 N NA 28,400,000 N 470 N NA0 8 6,000 8, 00,000 0
7440-43-9 Cadmium 70 N 34 1,840 C 7.5 MCL 0.05 (7)

7440-70-2 Calcium NA NA NA NA NA
7440-47-3 Chromium 230 N(8,9) 100 (8) 276 C 42 N 0.5 (7)

7440-48-4 Cobalt 23 N 70 1,180 C 3.3 N NA
7440-50-8 Copper 3,100 N 2,500 NA 11,000 MCL 13 (7)

57-12-5 Cyanide 1,600 N 1,400 NA 40 MCL 2 (7)

7439-89-6 Iron 55,000 N NA NA NA NA
7439-92-1 Lead 400 400 NA NA 0.15 (7)

7439-95-4 Magnesium NA NA NA NA NA
7439-96-5 Manganese 1,800 N NA 70,900 N 2,200 N NA
7439-97-6 Mercury 23 N 20 NA 2.1 MCL 0.02 (7)

7440-02-0 Nickel 1,500 N 1,400 NA 280 N 1 (7)

7440-09-7 Potassium NA NA NA NA NA
7782-49-2 Selenium 390 N 340 NA 5.2 MCL 0.5 (7)

7440-22-4 Silver 390 N 340 NA 31 N 0.36 (7)

7440-23-5 Sodium NA NA NA NA NA
7440-28-0 Thallium 5.1 N 5.4 NA 1.1 N 0.05 (7)

7440-62-2 Vanadium 390 N 470 NA 5,100 N 0.5 (7)

7440-66-6 Zinc 23,000 N 20,000 NA 14,000 N 50 (7)

Total Petroleum Hydrocarbons
-- Total Petroleum Hydrocarbons NA 500 NA NA 2500
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TABLE 2-2

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
SURFACE AND SUBSURFACE SOIL

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP RSR(2) USEPA USEPA CTDEP RSR(2)

CAS Chemical ORNL(1) Direct SSL(3) SSL(3) Pollutant
Number Residential Exposure Soil to Soil to Mobility

Criteria Air Groundwater Criteria
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Notes: Definitions:Notes: Definitions:
1 - Oak Ridge National Laboratory (ORNL) Regional Screening Level, April 2009.  Carcinogenic c - carcinogen
     values represent a incremental cancer risk of 1.0E-06 and noncarcinogenic values represent n - noncarcinogen
     a hazard index of 1. sat - soil saturation level
2 - CTDEP Remediation Standard Regulations, 2007. NA - not available
3 - EPA Soil Screening Levels. EPA Internet Site at http://risk.lsd.ornl.gov/calc_start.htm. RSR - Remedial Standard Regulations
     Migration to groundwater values are based on a dilution attenuation factor (DAF) of 20. SSL - Soil Screening Levels
4 - Acenaphthene is used as a surrogate for acenaphthylene.
5 - Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene.
6 - Chlordane is used as a surrogate for alpha and gamma-chlordane.
7 - Criteria for Toxicity Characteristic Leaching Procedure (TCLP) or Synthetic Precipitation Leaching Procedure (SPLP) results (mg/L).
8 - Values are for hexavalent chromium.
9 - Ten percent of noncarcinogenic screening level is less then the carcinogenic screening level, therefore the noncarcinogenic value is presented.
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TABLE 2-3

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
GROUNDWATER

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS ORNL GA/GAA MCLs(3) MCLs(4) Groundwater Surface Water Groundwater
Number Chemical RSL(1) Criteria(2) Volatilization Protection Volatilization

Criteria(5) Criteria(2) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Volatile Organic Compounds

71-55-6 1,1,1-Trichloroethane 9,100 N 200 200 200 3,100 N 62,000 6,500
75-34-3 1,1-Dichloroethane 2.4 C 70 NA NA 2,200 N NA 3,000
75-35-4 1,1-Dichloroethene 340 N 7 7 7 190 N 96 190
71-43-2 Benzene 0.41 C 1 5 5 1.36 C 710 130
75-15-0 Carbon disulfide 1,000 N NA NA NA 560 N NA NA
67-66-3 Chloroform 0.19 C 6 80 80 0.71 C(12) 14,100 26
100-41-4 Ethylbenzene 1.5 C 700 700 700 3.04 C(12) 580,000 2,700
75-09-2 Methylene chloride 4.8 C 5 5 5 58 C 48,000 160
100-42-5 Styrene 1,600 N 100 100 100 8,900 N NA 3,100
127-18-4 Tetrachloroethene 0.11 C 5 5 5 0.55 C(12) 88 340
108-88-3 Toluene 2,300 N 1,000 1,000 1,000 1,500 N 4,000,000 7,100
79-01-6 Trichloroethene 1.7 C 5 5 5 2.89 C(12) 2,340 27,
75-01-4 Vinyl chloride 0.016 C 2 2 2 0.32 C(12) 15,750 1.6

1330-20-7 Total Xylenes 200 N 530 10,000 10,000 22,000 N NA 8,700
Semivolatile Organic Compounds

120-82-1 1,2,4-Trichlorobenzene 8.2 N 70 70 70 3,400 N NA NA
541-73-1 1,3-Dichlorobenzene NA 600 NA NA 830 N 26,000 4,300
105-67-9 2,4-Dimethylphenol 730 N 140 NA NA NA NA NA
91-57-6 2-Methylnaphthalene 150 N 49 NA NA 3,300 N NA NA
106-44-5 4-Methylphenol 180 N 35 NA NA NA NA NA
83-32-9 Acenaphthene 2,200 N NA NA NA NA NA NA
208-96-8 Acenaphthylene 2,200 N(8) 420 NA NA NA 0.3 NA
120-12-7 Anthracene 11,000 N 2,000 NA NA NA 1,100,000 NA
56-55-3 Benzo(a)anthracene 0.029 C 0.06 NA NA NA 0.3 NA
50-32-8 Benzo(a)pyrene 0.0029 C 0.2 0.2 0.2 NA 0.3 NA
205-99-2 Benzo(b)fluoranthene 0.029 C 0.08 NA NA NA 0.3 NA
191-24-2 Benzo(g,h,i)perylene 1,100 N(9) 210 NA NA NA 110,000 (9) NA
207-08-9 Benzo(k)fluoranthene 0.29 C 0.5 NA NA NA 0.3 NA
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TABLE 2-3

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
GROUNDWATER

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS ORNL GA/GAA MCLs(3) MCLs(4) Groundwater Surface Water Groundwater
Number Chemical RSL(1) Criteria(2) Volatilization Protection Volatilization

Criteria(5) Criteria(2) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
65-85-0 Benzoic acid 150,000 N 50,000 NA NA NA NA NA
117-81-7 Bis(2-ethylhexyl)phthalate 4.8 C 2 6 6 NA 59 NA
85-68-7 Butyl Benzyl Phthalate 35 C 1,000 NA NA NA 120,000 NA
86-74-8 Carbazole NA 10 NA NA NA NA NA
218-01-9 Chrysene 2.9 C 4.8 NA NA NA NA NA
84-74-2 Di-n-butyl phthalate 3,700 N 700 NA NA NA 120,000 NA
132-64-9 Dibenzofuran NA 28 NA NA NA NA NA
84-66-2 Diethyl phthalate 29,000 N 5,600 NA NA NA NA NA
206-44-0 Fluoranthene 1,500 N 280 NA NA NA 3,700 NA
86-73-7 Fluorene 1,500 N 280 NA NA NA 140,000 NA
193-39-5 Indeno(1,2,3-CD)pyrene 0.029 C 0.2 NA NA NA NA NA
91-20-3 Naphthalene 0.14 C 280 NA NA 150 N NA NA
85-01-8 Phenanthrene 1,100 N(9) 200 NA NA NA 23 NA
108 95 2 Phenol 11 000 N 4 000 NA NA NA 92 000 000 NA108-95-2 Phenol 11,000 N 4,000 NA NA NA 92,000,000 NA
129-00-0 Pyrene 1,100 N 200 NA NA NA 110,000 NA

Metals
7429-90-5 Aluminum 37,000 N NA 50 (10) NA NA NA NA
7440-36-0 Antimony 15 N 6 6 6 NA 86,000 NA
7440-38-2 Arsenic 0.045 C 10 10 10 NA 4 NA
7440-39-3 Barium 7,300 N 1,000 2,000 2,000 NA NA NA
7440-41-7 Beryllium 73 N 4 4 4 NA 4 NA
7440-42-8 Boron 7,300 N NA NA NA NA NA NA
7440-43-9 Cadmium 18 N 5 5 5 NA 6 NA
7440-70-2 Calcium NA NA NA NA NA NA NA
7440-47-3 Chromium 110 N(11) 100 100 100 NA 110 NA
7440-48-4 Cobalt 11 N 10 NA NA NA NA NA
7440-50-8 Copper 1,500 N 1,300 1,300 1,300 NA 48 NA
7439-89-6 Iron 26,000 N NA 300 (10) NA NA NA NA
7439-92-1 Lead NA 15 15 15 NA 13 NA
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TABLE 2-3

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
GROUNDWATER

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS ORNL GA/GAA MCLs(3) MCLs(4) Groundwater Surface Water Groundwater
Number Chemical RSL(1) Criteria(2) Volatilization Protection Volatilization

Criteria(5) Criteria(2) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
7439-95-4 Magnesium NA NA NA NA NA NA NA
7439-96-5 Manganese 880 N NA 50 (10) NA NA NA NA
7439-97-6 Mercury 11 N 2 2 2 NA 0.4 NA
7440-02-0 Nickel 730 N 100 NA 100 NA 880 NA
7440-09-7 Potassium NA NA NA NA NA NA NA
7782-49-2 Selenium 180 N 50 50 50 NA 50 NA
7440-22-4 Silver 180 N 36 100 (10) 50 NA 12 NA
7440-23-5 Sodium NA NA NA NA NA NA NA
7440-28-0 Thallium 2.4 N 5 2 2 NA 63 NA
7440-62-2 Vanadium 180 N 50 NA NA NA NA NA
7440-66-6 Zinc 11,000 N 5,000 5,000 (10) NA NA 123 NA

Total Petroleum Hydrocarbons
-- Total Petroleum Hydrocarbons NA 500 NA NA NA 2,500 NA
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TABLE 2-3

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
GROUNDWATER

NSB-NLON, GROTON, CONNECTICUT

Direct Contact Exposures Migration Pathways
CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS ORNL GA/GAA MCLs(3) MCLs(4) Groundwater Surface Water Groundwater
Number Chemical RSL(1) Criteria(2) Volatilization Protection Volatilization

Criteria(5) Criteria(2) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Notes:
1 - Oak Ridge National Laboratory (ORNL) Regional Screening Level, April 2009.  Carcinogenic values represent an incremental cancer risk of 1E-06 and noncarcinogenic
     values represent a hazard index of 1.
2 - CTDEP Remediation Standard Regulations, Residential, 2007.
3 - USEPA Drinking Water Standards and Health Advisories, August 2006.
4 - Title 19-13-B102, Health and Safety, the Public Code of the State of Connecticut.
5 - Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils.  November 2002. EPA530-F-02-052.
     Values are from Table 2c and correspond to a target cancer risk level of 1E-6 or HI =1 and an attenuation factor of 0.001.
6 - Connecticut's Proposed Revisions Remediation Standard Regulations, Volatilization Criteria, March 2003.
7 - Naphthalene is used as a surrogate for 2-methylnaphthalene.
8- Acenaphthene is used as a surrogate for acenaphthylene.
9 - Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene.
10 Secondary MCL10 - Secondary MCL
11 - Value is for hexavalent chromium.
12 - USEPA Region I target level.

Definitions:
c - carcinogen
n - noncarcinogen
NA - not available
PRG - Preliminary Remedial Goals
MCL - Maximum Contaminant Level
RSR - Remedial Standard Regulations



TABLE 2-4 
 

BACKGROUND SOIL CONCENTRATIONS(1) 
NSB-NLON, GROTON, CONNECTICUT 

 
Naval Submarine Base Site-Specific Background(2) (mg/kg) 

Parameter 
(0-2 feet) (0-4 feet) 

Aluminum 17,600 17,600 
Arsenic 3.6 3.6 
Antimony 2.05(3) 2.05(3) 
Barium 39 57.2 
Beryllium 0.72 0.72 
Boron 3.1(3) 3.1(3) 
Cadmium 0.24(3) 0.24(3) 
Calcium 314 499 
Chromium 19.3 21.5 
Cobalt 7 8 
Copper 17.9 25.6 
Iron 16,800 17,200 
Lead 17.5 17.5 
Magnesium 2,460 3,650 
Manganese 172 188 
Mercury 0.055(3) 0.05 
Nickel 5.0(3) 5.95(3) 
Potassium 669 2,580 
Selenium 0.445(3) 0.445(3) 
Silver 0.385(3) 0.385(3) 
Sodium 16.5(3) 20.5(3) 
Thallium 0.105(3) 0.29 
Vanadium  33.3 35.1 
Zinc 25.6 31.3 

 
1 All data taken from Atlantic, 1995a. 
2 The site-specific background value is the highest value detected from among all the background soil 

samples collected in April 1995. 
3 Value based on one-half of the highest detection level from among all the background soil samples 

collected in April 1995. 



TABLE 2-5

BACKGROUND GROUNDWATER CONCENTRATIONS
NSB-NLON, GROTON, CONNECTICUT

Site-Specific
Parameter Background Concentration (1)

Total Metals (ug/L)
Aluminum 3560
Antimony 2.90
Arsenic 1.92
Barium 227
Calcium 188000
Chromium 49.9
Cobalt 48.6
Copper 107
Iron 28200
Lead 6.63
Magnesium 191000
Manganese 11700
Nickel 32.2
Potassium 70800
Selenium 3.19
Sodium 1900000
Vanadium 10.2
Zinc 131
Filtered Metals (ug/L)
Aluminum 64.4
Antimony 2.01
Arsenic 2.55
Barium 124
Calcium 152000
Chromium 16.0
Cobalt 43.3
Copper 39.4
Iron 25300
Lead 2.52
Magnesium 150000
Manganese 9400
Nickel 15.3
Potassium 60000
Sodium 1580000
Vanadium 9.90
Zinc 109

Notes:
1 - The site specific background concentration is the lesser of the
     95 percent upper tolerance limit and the maximum detected
     concentration.



TABLE 2-6

COMPARISON OF EXPOSURE ASSUMPTIONS
CONSTRUCTION WORKERS EXPOSED TO SOIL - REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 480 USEPA, 1994 330 USEPA, 2002
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 2002
EF Exposure Frequency (days/year) 120 (1) 120 (1)
ED Exposure Duration (years) 1 (1) 1 (1)
BW Body Weight (kg) 70 USEPA, 1994 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 365 USEPA, 1989 365 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA, 1992 3,300 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 1 USEPA, 1992 0.3 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 120 (1) 120 (1)
ED Exposure Duration (years) 1 (1) 1 (1)
BW Body Weight (kg) 70 USEPA, 1994 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 365 USEPA, 1989 365 USEPA, 1989

Inhalation
ET Exposure Time (hours/day) NA 8 (2)
EF Exposure Frequency (days/year) NA 120 (1)
ED Exposure Duration (years) NA 1 (1)

AT-C Averaging Time (Cancer) (days) NA 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) NA 365 USEPA, 1989

PEF Particulate Emission Factor (m3/kg) NA 1.37E+06 Calculated from 
USEPA, 2002.

Notes:
1 - Professional judgment.
2 - Length of typical work day.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-7

COMPARISON OF EXPOSURE ASSUMPTIONS
CONSTRUCTION WORKERS EXPOSED TO SOIL - CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 240 (1) 165 (1)
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 2002
EF Exposure Frequency (days/year) 80 (1) 80 (1)
ED Exposure Duration (years) 1 (1) 1 (1)
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 365 USEPA, 1989 365 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3800 USEPA, 1992 3300 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 1 USEPA, 1992 0.1 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 80 (1) 80 (1)
ED Exposure Duration (years) 1 (1) 1 (1)
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 365 USEPA, 1989 365 USEPA, 1989

Inhalation
ET Exposure Time (hours/day) NA 8 (2)
EF Exposure Frequency (days/year) NA 80 (1)
ED Exposure Duration (years) NA 1 (1)

AT-C Averaging Time (Cancer) (days) NA 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) NA 365 USEPA, 1989

PEF Particulate Emission Factor (m3/kg) NA 1.37E+06 Calculated from 
USEPA, 2002.

Notes:
1 - Professional judgment.
2 - Length of typical work day.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-8

COMPARISON OF EXPOSURE ASSUMPTIONS
CONSTRUCTION WORKERS EXPOSED TO GROUNDWATER - REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA, 1992 3,300 USEPA, 2004
EV Event Frequency (events/day) 1 USEPA, 1992 1 USEPA, 2004
ET Exposure Time (hours/day) 8 (1) 4 (1)
EF Exposure Frequency (days/year) 120 (1) 30 (1)
ED Exposure Duration (years) 1 (1) 1 (1)
BW Body Weight (kg) 70 USEPA, 1994 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 365 USEPA, 1989 365 USEPA, 1989

Inhalation
ET Exposure Time (hours/day) NA 4 (1)
EF Exposure Frequency (days/year) NA 30 (1)
ED Exposure Duration (years) NA 1 (1)

AT-C Averaging Time (Cancer) (days) NA 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) NA 365 USEPA, 1989
VF Volatilization Factor NA Calculated VDEQ, 2004

Notes:
1 - Professional judgment.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.
VDEQ, 2004: Virginia Department of Environmental Quality (VDEQ, online- http://www.deq.state.va.us/vrprisk/homepage.html).

Values that have changed from the previous HHRA are shaded.



TABLE 2-9

COMPARISON OF EXPOSURE ASSUMPTIONS
CONSTRUCTION WORKERS EXPOSED TO GROUNDWATER - CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA, 1992 3,300 USEPA, 2004
EV Event Frequency (events/day) 1 USEPA, 1992 1 USEPA, 2004
ET Exposure Time (hours/day) 8 (1) 2 (1)
EF Exposure Frequency (days/year) 80 (1) 15 (1)
ED Exposure Duration (years) 1 (1) 1 (1)
BW Body Weight (kg) 70 USEPA, 1994 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 365 USEPA, 1989 365 USEPA, 1989

Inhalation
ET Exposure Time (hours/day) NA 2 (1)
EF Exposure Frequency (days/year) NA 15 (1)
ED Exposure Duration (years) NA 1 (1)

AT-C Averaging Time (Cancer) (days) NA 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) NA 365 USEPA, 1989
VF Volatilization Factor NA Calculated VDEQ, 2004

Notes:
1 - Professional judgment.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.
VDEQ, 2004: Virginia Department of Environmental Quality (VDEQ, online- http://www.deq.state.va.us/vrprisk/homepage.html).

Values that have changed from the previous HHRA are shaded.



TABLE 2-10

COMPARISON OF EXPOSURE ASSUMPTIONS
OCCUPATIONAL WORKERS EXPOSED TO SOIL - REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 100 USEPA, 1994 100 USEPA, 2002
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 2002
EF Exposure Frequency (days/year) 150 USEPA, 1994 250 USEPA, 2002
ED Exposure Duration (years) 25 USEPA, 1994 25 USEPA, 2002
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 9,125 USEPA, 1989 9,125 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA,1992 3,300 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 1 USEPA, 1992 0.2 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 150 USEPA, 1991 250 USEPA, 2002
ED Exposure Duration (years) 25 USEPA, 1994 25 USEPA, 1989
BW Body Weight (kg) 70 USEPA, 1994 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 9,125 USEPA, 1989 9,125 USEPA, 1989

Notes:
1 - Old values are from the Remedial Investigation Report for Site 5 Fire Training Area, February 2002, Table 3-6.
2 - Length of typical work day.

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.
                      OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-11

COMPARISON OF EXPOSURE ASSUMPTIONS
OCCUPATIONAL WORKERS EXPOSED TO SOIL - CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 50 USEPA, 1994 50 USEPA, 1993
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 1993
EF Exposure Frequency (days/year) 150 USEPA, 1994 219 USEPA, 1993
ED Exposure Duration (years) 25 USEPA, 1994 9 USEPA, 1993
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 9,125 USEPA, 1989 3,285 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA, 1992 3,300 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 1 USEPA, 1992 0.02 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 150 USEPA, 1991 219 USEPA, 1993
ED Exposure Duration (years) 25 USEPA, 1994 9 USEPA, 1993
BW Body Weight (kg) 70 USEPA, 1994 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 9,125 USEPA, 1989 3,285 USEPA, 1989

Notes:
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.
                      OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-12

COMPARISON OF EXPOSURE ASSUMPTIONS
CHILD RESIDENTS EXPOSED TO SOIL - REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 200 USEPA, 1994 200 USEPA, 1991
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 1991
EF Exposure Frequency (days/year) 150 USEPA, 1994 350 USEPA, 1991
ED Exposure Duration (years) 6 USEPA, 1994 6 USEPA, 1991
BW Body Weight (kg) 15 USEPA, 1994 15 USEPA, 1991

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 2,190 USEPA, 1989 2,190 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 2,094 USEPA, 1992 2,800 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 1 USEPA, 1992 0.2 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 150 USEPA, 1994 350 USEPA, 1991
ED Exposure Duration (years) 6 USEPA, 1994 6 USEPA, 1991
BW Body Weight (kg) 15 USEPA, 1994 15 USEPA, 1991

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 2,190 USEPA, 1989 2,190 USEPA, 1989

Notes:
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.
                      OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-13

COMPARISON OF EXPOSURE ASSUMPTIONS
CHILD RESIDENTS EXPOSED TO SOIL - CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 100 USEPA, 1994 100 USEPA, 1993
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 1993
EF Exposure Frequency (days/year) 150 USEPA, 1994 234 USEPA, 1993
ED Exposure Duration (years) 2 USEPA, 1994 2 USEPA, 1993
BW Body Weight (kg) 15 USEPA, 1994 15 USEPA, 1993

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 730 USEPA, 1989 730 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 2,094 USEPA, 1992 2,800 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 0.2 USEPA, 1992 0.04 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 150 USEPA, 1994 234 USEPA, 1993
ED Exposure Duration (years) 2 USEPA, 1994 2 USEPA, 1993
BW Body Weight (kg) 15 USEPA, 1994 15 USEPA, 1993

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 730 USEPA, 1989 730 USEPA, 1989

Notes:
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-14

COMPARISON OF EXPOSURE ASSUMPTIONS
ADULT RESIDENTS EXPOSED TO SOIL - REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 100 USEPA, 1994 100 USEPA, 1991
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 1991
EF Exposure Frequency (days/year) 150 USEPA, 1994 350 USEPA, 1991
ED Exposure Duration (years) 24 USEPA, 1994 24 USEPA, 1991
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 8,760 USEPA, 1989 8,760 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA, 1992 5,700 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 1 USEPA, 1992 0.07 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 150 USEPA, 1994 350 USEPA, 1991
ED Exposure Duration (years) 24 USEPA, 1994 24 USEPA, 1991
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1991

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 8,760 USEPA, 1989 8,760 USEPA, 1989

Notes:
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.
                      OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-15

COMPARISON OF EXPOSURE ASSUMPTIONS
ADULT RESIDENTS EXPOSED TO SOIL - CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

 
Parameter Parameter Definition Old Rationale/ New Rationale/

Code Value Reference Value Reference

Incidental Ingestion
IR-S Ingestion Rate (mg/day) 50 USEPA, 1994 50 USEPA, 1993
FI Fraction Ingested (unitless) 1 USEPA, 1994 1 USEPA, 1993
EF Exposure Frequency (days/year) 150 USEPA, 1994 234 USEPA, 1993
ED Exposure Duration (years) 7 USEPA, 1994 7 USEPA, 1993
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 2,555 USEPA, 1989 2,555 USEPA, 1989

Dermal Contract
SA Skin Surface Available for Contact (cm2) 3,800 USEPA, 1992 5,700 USEPA, 2004

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 0.2 USEPA, 1992 0.01 USEPA, 2004
DABS Absorption Factor (unitless) Chemical Specific USEPA, 1992 Chemical Specific USEPA, 2004

EF Exposure Frequency (days/year) 150 USEPA, 1994 234 USEPA, 1993
ED Exposure Duration (years) 7 USEPA, 1994 7 USEPA, 1993
BW Body Weight (kg) 70 USEPA, 1989 70 USEPA, 1989

AT-C Averaging Time (Cancer) (days) 25,550 USEPA, 1989 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) (days) 2,555 USEPA, 1989 2,555 USEPA, 1989

Notes:
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.  EPA/540/1-86/060.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1994; USEPA Region I Risk Updates, Number 2.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. 
                      EPA/540/R/99/005.

Values that have changed from the previous HHRA are shaded.



TABLE 2-16

INTERMEDIATE VARIABLES FOR CALCULATING DA(EVENT)
NSB-NLON, GROTON, CONNECTICUT

Chemical of Media Dermal Absorption FA Kp T(event) Tau T* B
Potential Concern  Fraction (soil) Value Value Units Value Units Value Units Value Units Value

Volatile Organic Compounds
1,1-Dichloroethane Groundwater NA 1 6.7E-03 cm/hr (1) hr 3.8E-08 hr 9.2E+91 hr 2.6E-02
1,1-Dichloroethene Groundwater NA 1 1.2E-02 cm/hr (1) hr 3.7E-01 hr 8.9E-01 hr 4.4E-02
Benzene Groundwater NA 1 1.5E-02 cm/hr (1) hr 2.9E-01 hr 7.0E-01 hr 5.1E-02
Chloroform Groundwater NA 1 6.8E-03 cm/hr (1) hr 5.0E-01 hr 1.2E+00 hr 2.9E-02
Methylene Chloride Groundwater NA 1 3.5E-03 cm/hr (1) hr 3.2E-01 hr 7.6E-01 hr 1.3E-02
Tetrachloroethene Groundwater NA 1 3.3E-02 cm/hr (1) hr 9.1E-01 hr 2.2E+00 hr 1.7E-01
Trichloroethene Groundwater NA 1 1.2E-02 cm/hr (1) hr 5.8E-01 hr 1.4E+00 hr 5.1E-02
Vinyl Chloride Groundwater NA 1 5.6E-03 cm/hr (1) hr 2.4E-01 hr 5.7E-01 hr 1.7E-02
Total Xylenes Groundwater NA 1 4.6E-02 cm/hr (1) hr 4.1E-01 hr 9.9E-01 hr 1.8E-01
Semivolatile Organic Compounds
2-Methylnaphthalene Soil, Groundwater 0.1 1 8.9E-02 cm/hr (1) hr 6.6E-01 hr 1.6E+00 hr 4.1E-01
Benzo(a)anthracene Soil, Groundwater 0.13 NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2)

Benzo(a)pyrene Soil, Groundwater 0.13 NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2)

Benzo(b)fluoranthene Soil, Groundwater 0.13 NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2)

Benzo(k)fluoranthene Soil, Groundwater 0.13 NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2)

Bis(2-ethylhexyl)phthalate Groundwater NA 0.8 2.5E-02 cm/hr (1) hr 1.7E+01 hr 4.0E+01 hr 1.9E-01
Dibenzo(a,h)anthracene Soil 0.13 NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2)

Dibenzofuran Groundwater NA 1 9.5E-02 cm/hr (1) hr 9.2E-01 hr 2.2E+00 hr 4.7E-01
Indeno(1,2,3-cd)pyrene Soil, Groundwater 0.13 NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2) NA(2)

Naphthalene Groundwater NA 1 4.7E-02 cm/hr (1) hr 5.6E-01 hr 1.3E+00 hr 2.0E-01
Inorganics
Antimony Soil, Groundwater 0 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Arsenic S il G d t 0 03 NA 1 0E 03 /h (1) h NA NA NA NA NAArsenic Soil, Groundwater 0.03 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Barium Soil, Groundwater 0 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Beryllium Groundwater NA NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Boron Groundwater NA NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Cadmium Groundwater NA NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Chromium Groundwater NA NA 2.0E-03 cm/hr (1) hr NA NA NA NA NA
Manganese Soil, Groundwater 0 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Mercury Soil, Groundwater 0 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Nickel Groundwater NA NA 2.0E-04 cm/hr (1) hr NA NA NA NA NA
Selenium Groundwater NA NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Thallium Soil, Groundwater 0 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Vanadium Soil, Groundwater 0 NA 1.0E-03 cm/hr (1) hr NA NA NA NA NA
Zinc Soil 0 NA NA NA NA NA NA NA NA NA NA

Notes:
All values from EPA's Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final, July 2004.
1 - T(event) for the construction worker is 4 hours for RME and 2 hours for CTE.
2 - RAGS Part E recommends not attempting to quantify risk because contaminants are outside the effective predictive domain of the model.
FA = Fraction Absorbed Water T* = Time to Reach Steady-State
Kp = Dermal Permeability Coefficient of Compound in Water B = Dimensionless Ratio of the Permeability Coefficient of a Compound Through the
T(event) = Event Duration Stratum Corneum Relative to its Permeability Coefficient Across the Viable Epidermis
Tau = Lag Time NA = Not applicable.



TABLE 2-17

CHEMICAL PROPERTIES FOR
VOLATILIZATION FROM SOIL/GROUNDWATER TO OUTDOOR AIR MODELS

NSB-NLON, GROTON, CONNECTICUT

Molecular Organic Carbon Air Water Solubility Henry's Law Constant
Chemical Weight Partition Coefficient Diffusivity Diffusivity Limit

(g/mole) (cm3/g) (cm2/sec) (cm2/sec) (mg/L) (Dimensionless) (atm-m3/mol)
1,1-Dichloroethene 9.69E+01 5.89E+01 9.00E-02 1.04E-05 2.25E+03 1.07E+00 2.61E-02
Benzene 7.81E+01 5.89E+01 8.80E-02 9.80E-06 1.75E+03 2.28E-01 5.56E-03
Chloroform 1.19E+02 3.98E+01 1.04E-01 1.00E-05 7.92E+03 1.50E-01 3.66E-03
Methylene Chloride 8.49E+01 1.17E+01 1.01E-01 1.17E-05 1.30E+04 8.98E-02 2.19E-03
Tetrachloroethene 1.66E+02 1.55E+02 7.20E-02 8.20E-06 2.00E+02 7.54E-01 1.84E-02
Trichloroethene 1.31E+02 1.66E+02 7.90E-02 9.10E-06 1.10E+03 4.22E-01 1.03E-02
Vinyl Chloride 6.25E+01 1.86E+01 1.06E-01 1.23E-05 2.76E+03 1.11E+00 2.71E-02
Total Xylenes 1.06E+02 3.74E+02 7.14E-02 9.34E-06 1.61E+02 2.15E-01 5.25E-03
2-Methylnaphthalene 1.42E+02 2.24E+03 4.80E-02 7.84E-06 2.46E+01 2.38E-03 5.80E-05
Benzo(a)anthracene 2.28E+02 3.98E+05 5.10E-02 9.00E-06 9.40E-03 1.37E-04 3.34E-06
Benzo(a)pyrene 2.52E+02 1.02E+06 4.30E-02 9.00E-06 1.62E-03 4.63E-05 1.13E-06
Benzo(b)fluoranthene 2.52E+02 1.23E+06 2.26E-02 5.56E-06 1.50E-03 4.55E-03 1.11E-04
Benzo(k)fluoranthene 2.52E+02 1.23E+06 2.26E-02 5.56E-06 8.00E-04 3.40E-05 8.29E-07
Bis(2-ethylhexyl)phthalate 3.91E+02 1.51E+07 3.51E-02 3.66E-06 3.40E-01 4.18E-06 1.02E-07
Dibenzo(a,h)anthracene 2.78E+02 3.80E+06 2.02E-02 5.18E-06 2.49E-03 6.03E-07 1.47E-08
Dibenzofuran 1.68E+02 8.13E+03 6.01E-02 1.00E-05 4.22E+00 8.73E-03 2.13E-04
Indeno(1,2,3-cd)pyrene 2.76E+02 3.47E+06 1.90E-02 5.66E-06 2.20E-05 6.56E-05 1.60E-06
Naphthalene 1.28E+02 2.00E+03 5.90E-02 7.50E-06 3.10E+01 1.98E-02 4.83E-04

Source: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, U.S. EPA, December 2002.



TABLE 2-18

INPUT PARAMETERS FOR CALCULATION OF
THE VOLATILIZATION FROM SOIL TO OUTDOOR AIR MODELS

NSB-NLON, GROTON, CONNECTICUT

Parameter Definition Value Reference
Q/C Inverse of mean concentration at center of source (g/m2-s per kg/m3). 14.31 USEPA, 2002

T Exposure interval (seconds). 3.2E+07 USEPA, 2002
pb Dry soil bulk density (g/cm3). 1.5 USEPA, 2002
ps Soil particle density (g/cm3). 2.65 USEPA, 2002
θw Water-filled soil porosity (Lpore/Lsoil). 0.15 USEPA, 2002
n Total soil porosity (Lpore/Lsoil). 0.434 USEPA, 2002
Di Diffusivity in air (cm2/sec). Chemical specific USEPA, 2002
H' Dimensionless Henry's Law Constant. Chemical specific USEPA, 2002
S Solubility limit (mg/L) Chemical specific USEPA, 2002

Dw Diffusivity in water (cm2/sec). Chemical specific USEPA, 2002
Koc Soil organic carbon partition coefficient (cm3/g). Chemical specific USEPA, 2002
foc Fraction organic carbon in soil (g/g). 0.006 USEPA, 2002

Notes:
Chemical specific values are presented in Table 2-17
USEPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.



TABLE 2-19

INPUT PARAMETERS FOR JOHNSON AND ETTINGER VAPOR INTRUSION MODEL
NSB-NLON, GROTON, CONNECTICUT

Zone and Well Site Sample

Ground 
Elevation

(feet)1

 (1998 NAVD)

Top of Riser
Elevation

 (feet)1

(1998 NAVD)

Top of Riser Height 
(feet)

Depth to Groundwa
Below Top of Ris

(feet bgs)1

(2007)

ter
er

Depth to Groundwater
Below Surface

(feet bgs)
(2007)

Soil Type in Vadose Zone
Screened 
Interval 

(feet bgs)1
Reference for Soil Type

Zone 1
13MW2 10 011691-13MW2S 10.84 10.41 -0.43 9.83 10.26 fine to coarse sand and gravel, trace silt 7.67-17.67 Atlantic Boring Log

13MW19/13TB16 11 13MW19 5.95 5.66 -0.29 4.84 5.13 silty fine to medium sand, trace gravel 5.00-15.00 HNUS Boring Log
Zone 2
13MW6 11 13GW6 19.45 19.08 -0.37 19.42 19.79 fine to coarse sand, trace gravel 17.82-27.82 Atlantic Boring Log

13MW10 11 13GW10 6.34 6.05 -0.29 6.53 6.82 fine to coarse sand and gravel 5.00-15.00 Atlantic Boring Log
Zone 4

13MW13 13 012191-13MW13S 6.55 6.11 -0.44 6.03 6.47 fine to medium sand and gravel, some cobbles 4.60-14.60 Atlantic Boring Log
13MW13 13 13GW13-2 6.55 6.11 -0.44 6.03 6.47 fine to medium sand and gravel, some cobbles 4.60-14.60 Atlantic Boring Log

WE-1 13 WE1-2 7.23 7.03 -0.2 7.03 7.23 loose coarse to fine sand, little gravel 5.30-15.30  Wehran Boring Log
Zone 5
19MW4 22 19MW4 (93) 4.94 4.7 -0.24 3.81(2) 4.05(2) fine to medium sand and gravel 1.7-5.7 HNUS Boring Log
Zone 6

MW1-6RI 24 LS6GW00101 28.36 27.99 -0.37 27.71 28.08 very dense sandy gravel 25.00-35.00 Lower Subase RI 
Zone 7
20MW4 21 20MW4 (93) 5.9 5.7 -0.2 0.91 1.11 fine to coarse sand and gravel 4.00-14.00 Atlantic Boring Log
20MW6 21 20MW6 (93) 7.8 7.63 -0.17 7.66 7.83 fine sand some gravel / ash and cinders 4.00-14.00 Atlantic Boring Log

Notes:
1 - TtNUS, 2007. Monitoring Well Inventory Report and Abandonment Plan, Naval Submarine Base - New London, Groton, CT, September. 
2 - Montoring well 19MW4 no longer exists, depth to groundwate measure is from August 23, 1994.
NAVD - North America Vertical Datum.
No COPCs were indentified for vapor intrusion at Zone 3, therefore exposures from vapor intrusion were not evaluated for Zone 3.



TABLE 2-20

NON-CANCER TOXICITY DATA -- ORAL/DERMAL
NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorpti Aon bsorbed RfD for Dermal(2) Primary Combined RfD:Target Organ(s)
of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal(1) Value Units Organ(s) Factors Source(s) Date(s)
(MM/DD/YYYY)

Volatile Organic Compounds
1,1-Dichloroethane Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Liver NA PPRTV 9/27/2006
1,1-Dichloroethene Chronic 5.0E-02 mg/kg/day 1 5.0E-02 mg/kg/day Liver 100/1 IRIS 7/10/2009
Benzene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Blood 300/1 IRIS 7/10/2009
Chloroform Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Liver 100/1 IRIS 7/10/2009
Ethylbenzene Chronic 1.0E-01 mg/kg/day 1 1.0E-01 mg/kg/day Liver, Kidney 1000/1 IRIS 7/10/2009
Methylene Chloride Chronic 6.0E-02 mg/kg/day 1 6.0E-02 mg/kg/day Liver 100/1 IRIS 7/10/2009
Tetrachloroethene Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Liver 1000/1 IRIS 7/10/2009
Trichloroethene NA NA NA 1 NA NA NA NA NA NA
Vinyl Chloride Chronic 3.0E-03 mg/kg/day 1 3.0E-03 mg/kg/day Liver 30/1 IRIS 7/10/2009
Total Xylenes Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Body Weight 1000/1 IRIS 7/10/2009
Semivolatile Organic Compounds
2-Methylnaphthalene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Body Weight 3000/1 IRIS 7/10/2009
Benzo(a)anthracene NA NA NA 1 NA NA NA NA NA NA
Benzo(a)pyrene NA NA NA 1 NA NA NA NA NA NA
Benzo(b)fluoranthene NA NA NA 1 NA NA NA NA NA NA
Benzo(k)fluoranthene NA NA NA 1 NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Liver 1000/1 IRIS 7/10/2009
Chrysene NA NA NA 1 NA NA NA NA NA NA
Dibenzo(a,h)anthracene NA NA NA 1 NA NA NA NA NA NA
Dibenzofuran NA NA NA 1 NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene NA NA NA 1 NA NA NA NA NA NA
Naphthalene Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Body Weight 3000/1 IRIS 7/10/2009
InorganicsInorganics
Antimony Chronic 4.0E-04 mg/kg/day 0.15 6.0E-05 mg/kg/day Blood 1000/1 IRIS 7/10/2009
Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 7/10/2009
Barium Chronic 2.0E-01 mg/kg/day 0.07 1.4E-02 mg/kg/day Kidney 300/1 IRIS 7/10/2009
Beryllium Chronic 2.0E-03 mg/kg/day 0.007 1.4E-05 mg/kg/day GS 300/1 IRIS 7/10/2009
Boron Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Lungs 66 IRIS 7/10/2009
Cadmium(3) Chronic 5.0E-04 mg/kg/day 0.05 2.5E-05 mg/kg/day Kidney 10/1 IRIS 7/10/2009
Chromium Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day Fetotoxicity, GS, Bone 300/3 IRIS 7/10/2009
Lead NA NA NA NA NA NA NA NA NA NA
Manganese (soil) Chronic 7.0E-02 mg/kg/day 0.04 2.8E-03 mg/kg/day CNS 1/1 IRIS 7/10/2009
Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 7/10/2009
Mercury(4) Chronic 3.0E-04 mg/kg/day 0.07 2.1E-05 mg/kg/day Autoimmune 1000/1 IRIS 7/10/2009
Nickel Chronic 2.0E-02 mg/kg/day 0.04 8.0E-04 mg/kg/day Body Weight 300/1 IRIS 7/10/2009
Selenium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day CNS, Skin 3/1 IRIS 7/10/2009
Thallium Chronic 6.5E-05 mg/kg/day 1 6.5E-05 mg/kg/day Liver 3000/1 IRIS 7/10/2009
Vanadium Chronic 5.0E-03 mg/kg/day 0.026 1.3E-04 mg/kg/day Kidney 300 IRIS 7/10/2009
Zinc Chronic 3.0E-01 mg/kg/day 1 3.0E-01 mg/kg/day Blood 3/1 IRIS 7/10/2009

Notes: Definitions:
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System
        Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system
2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. GS = Gastrointestinal
3 - Values are for cadmium water. IRIS = Integrated Risk Information System
4 - Values are for mercuric chloride. NA = Not Available.

PPRTV = Provisional Peer Reviewed Toxicity Value.
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TABLE 2-21

NON-CANCER TOXICITY DATA -- INHALATION
NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD(1) Primary Combined RfC : Target Organ(s)
of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)
(MM/DD/YYYY)

Volatile Organic Compounds
1,1-Dichloroethane NA NA NA NA NA NA NA NA NA
1,1-Dichloroethene Chronic 2.0E-01 mg/m3 5.7E-02 (mg/kg/day) Liver 30/1 IRIS 7/10/2009
Benzene Chronic 3.0E-02 mg/m3 8.6E-03 (mg/kg/day) Blood 300/1 IRIS 7/10/2009
Chloroform Chronic 9.8E-02 mg/m3 2.8E-02 (mg/kg/day) Liver NA ATSDR(1) 9/1997
Ethylbenzene Chronic 1.0E+00 mg/m3 2.9E-01 (mg/kg/day) Developmental 300/1 IRIS 7/10/2009
Methylene Chloride Chronic 1.0E+00 mg/m3 2.9E-01 (mg/kg/day) Liver NA ATSDR(2) 9/2000
Tetrachloroethene Chronic 2.7E-01 mg/m3 7.7E-02 (mg/kg/day) Liver NA ATSDR(3) 9/1997
Trichloroethene Chronic 1.0E-02 mg/m3 2.9E-03 (mg/kg/day) CNS NA NYSDOH 10/2006
Vinyl Chloride Chronic 1.0E-01 mg/m3 2.9E-02 (mg/kg/day) Liver 30/1 IRIS 7/10/2009
Total Xylenes Chronic 1.0E-01 mg/m3 2.9E-02 (mg/kg/day) CNS 300/1 IRIS 7/10/2009
Semivolatile Organic Compounds
2-Methylnaphthalene NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene NA NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene NA NA NA NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate NA NA NA NA NA NA NA NA NA
Chrysene NA NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA
Dibenzofuran NA NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA NA NA NA
Naphthalene Chronic 3.0E-03 mg/m3 8.6E-04 (mg/kg/day) Nasal 3000/1 IRIS 7/10/2009
Inorganics
Antimony NA NA NA NA NA NA NA NA NA
Arsenic Chronic 1.5E-05 mg/m3 4.3E-06 (mg/kg/day) CVS, CNS NA CalEPA 9/2009
Barium Chronic 5.0E-04 mg/m3 1.4E-04 (mg/kg/day) Fetotoxicity 1000 HEAST 7/1997
Beryllium Chronic 2.0E-05 mg/m3 5.7E-06 (mg/kg/day) Lungs 10/1 IRIS 7/10/2009
Boron Chronic 2.0E-02 mg/m3 5.7E-03 (mg/kg/day) Lungs 100 HEAST 7/1997
Cadmium Chronic 1.0E-05 mg/m3 2.9E-06 (mg/kg/day) Lungs NA ATSDR(4) 9/2008
Chromium Chronic 1.0E-04 mg/m3 2.9E-05 (mg/kg/day) Lungs 300/1 IRIS 7/10/2009
Lead NA NA NA NA NA NA NA NA NA
Manganese Chronic 5.0E-05 mg/m3 1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 7/10/2009
Mercury NA NA NA NA NA NA NA NA NA
Nickel Chronic 9.0E-05 mg/m3 2.6E-05 (mg/kg/day) Lungs NA NA NA
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TABLE 2-21

NON-CANCER TOXICITY DATA -- INHALATION
NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD(1) Primary Combined RfC : Target Organ(s)
of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)
(MM/DD/YYYY)

Selenium Chronic 2.0E-02 mg/m3 5.7E-03 (mg/kg/day) Lungs NA NA NA
Thallium NA NA NA NA NA NA NA NA NA
Vanadium NA NA NA NA NA NA NA NA NA
Zinc NA NA NA NA NA NA NA NA NA

Notes: Definitions:
1  - Extrapolated RfD = RfC *20m3/day / 70 kg CNS = Central Nervous System

HEAST= Health Effects Assessment Summary Tables
IRIS = Integrated Risk Information System
NA = Not Applicable
NYSDOH = Final Report, Trichloroethene Air Criteria Document, New "York State Department of Health, October, 2006.
ATSDR(!) = Agency for Toxic Substances and Disease Registry, Toxicological Profile for Tetrachloroethylene, September 1997.
ATSDR(2) = Toxicological Profile for Methylene Chlroide, September 2000.
ATSDR(3) = Toxicological Profile for Chloroform, September 1997.
ATSDR(4) = Draft Toxicological Profile for Cadmiuim, September 2008.
CalEPA = Californai Environmental Protection Agency, Technical Support Document for Describing Available Cancer Slope Factors,
                 September 2009.
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TABLE 2-22

CANCER TOXICITY DATA -- ORAL/DERMAL
NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF
of Potential  Efficiency for Dermal(2) Cancer Guideline  

Concern Value Units for Dermal(1) Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

Volatile Organic Compounds
1,1-Dichloroethane 5.7E-03 (mg/kg/day)-1 1 5.7E-03 (mg/kg/day)-1 C CalEPA(1) 9/2009
1,1-Dichloroethene NA NA 1 NA NA C IRIS 7/10/2009
Benzene 5.5E-02 (mg/kg/day)-1 1 5.5E-02 (mg/kg/day)-1 A IRIS 7/10/2009
Chloroform 3.1E-02 (mg/kg/day)-1 1 3.1E-02 (mg/kg/day)-1 B2 CalEPA(1) 9/2009
Ethylbenzene 1.1E-02 (mg/kg/day)-1 1 1.1E-02 (mg/kg/day)-1 D CalEPA(2) 11/2007
Methylene Chloride 7.5E-03 (mg/kg/day)-1 1 7.5E-03 (mg/kg/day)-1 B2 IRIS 7/10/2009
Tetrachloroethene 5.4E-01 (mg/kg/day)-1 1 5.4E-01 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Trichloroethene 1.3E-02 (mg/kg/day)-1 1 1.3E-02 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Vinyl Chloride (early life) 1.5E+00 (mg/kg/day)-1 1 1.5E+00 (mg/kg/day)-1 A IRIS 7/10/2009
Vinyl Chloride (adult) 7.2E-01 (mg/kg/day)-1 1 7.2E-01 (mg/kg/day)-1 A IRIS 7/10/2009
Total Xylenes NA NA 1 NA NA NA NA NA
Semivolatile Organic Compounds
2-Methylnaphthalene NA NA 1 NA NA NA NA NA
Benzo(a)anthracene(3) 7.3E-01 (mg/kg/day)-1 1 7.3E-01 (mg/kg/day)-1 B2 USEPA(1) 7/1993
Benzo(a)pyrene(3) 7.3E+00 (mg/kg/day)-1 1 7.3E+00 (mg/kg/day)-1 B2 IRIS 7/10/2009
Benzo(b)fluoranthene(3) 7 3E 01 (mg/kg/day)-1 1 7 3E 01 (mg/kg/day)-1 B2 USEPA(1) 7/1993Benzo(b)fluoranthene(3) 7.3E-01 (mg/kg/day) 1 1 7.3E-01 (mg/kg/day) 1 B2 USEPA(1) 7/1993
Benzo(k)fluoranthene(3) 7.3E-02 (mg/kg/day)-1 1 7.3E-02 (mg/kg/day)-1 B2 USEPA(1) 7/1993
Bis(2-ethylhexyl)phthalate 1.4E-02 (mg/kg/day)-1 1 1.4E-02 (mg/kg/day)-1 B2 IRIS 7/10/2009
Chrysene(3) 7.3E-03 (mg/kg/day)-1 1 7.3E-03 (mg/kg/day)-1 B2 USEPA(1) 7/1993
Dibenzo(a,h)anthracene(3) 7.3E+00 (mg/kg/day)-1 1 7.3E+00 (mg/kg/day)-1 B2 USEPA(1) 7/1993
Dibenzofuran NA NA 1 NA NA D IRIS 7/10/2009
Indeno(1,2,3-cd)pyrene(3) 7.3E-01 (mg/kg/day)-1 1 7.3E-01 (mg/kg/day)-1 B2 USEPA(1) 7/1993
Naphthalene NA NA 1 NA NA C IRIS 7/10/2009
Inorganics
Antimony NA NA 0.15 NA NA NA NA NA
Arsenic 1.5E+00 (mg/kg/day)-1 1 1.5E+00 (mg/kg/day)-1 A IRIS 7/10/2009
Barium NA NA 0.07 NA NA D IRIS 7/10/2009
Beryllium NA NA 0.007 NA NA D IRIS 7/10/2009
Boron NA NA 1 NA NA NA NA NA
Cadmium NA NA 0.05 NA NA B1 IRIS 7/10/2009
Chromium NA NA 0.025 NA NA D IRIS 7/10/2009
Lead NA NA NA NA NA B2 IRIS 7/10/2009
Manganese NA NA 0.04 NA NA D IRIS 7/10/2009
Mercury NA NA 0.07 NA NA D IRIS 7/10/2009
Nickel NA NA 0.04 NA NA NA NA NA
Selenium NA NA 1 NA NA NA NA NA
Thallium NA NA 1 NA NA D IRIS 7/10/2009
Vanadium NA NA 0.026 NA NA NA NA NA
Zinc NA NA 1 NA NA D IRIS 7/10/2009
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TABLE 2-22

CANCER TOXICITY DATA -- ORAL/DERMAL
NSB-NLON, GROTON, CONNECTICUT

Notes:
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540/R/99/005.
2 -  Adjusted cancer slope factor for dermal = Oral cancer slope factor / Oral Absorption Efficiency for Dermal.
3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing 
      Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

IRIS = Integrated Risk Information System.

NA = Not Available.

CalEPA(1) = California Environmental Protecton Agency, Technical Support Document for Describing Cancer Slope Factors, September 2009.

CalEPA(2) = Notice of Adoption of Unit Risk Value for Ethylbenzene, November 2007.
USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

              inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE 2-23

CANCER TOXICITY DATA -- INHALATION
NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF
of Potential Slope Factor(1) Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

Volatile Organic Compounds
1,1-Dichloroethane 1.6E-06 (ug/m3)-1 5.6E-03 (mg/kg/day)-1 C CalEPA(1) 9/2009
1,1-Dichloroethene NA NA NA NA C IRIS 7/10/2009
Benzene 7.8E-06 (ug/m3)-1 2.7E-02 (mg/kg/day)-1 A IRIS 7/10/2009
Chloroform 2.3E-05 (ug/m3)-1 8.1E-02 (mg/kg/day)-1 B2 IRIS 7/10/2009
Ethylbenzene 2.5E-06 (ug/m3)-1 8.8E-03 (mg/kg/day)-1 D CalEPA(2) 11/2007
Methylene Chloride 4.7E-07 (ug/m3)-1 1.6E-03 (mg/kg/day)-1 B2 IRIS 7/10/2009
Tetrachloroethene 5.9E-06 (ug/m3)-1 2.1E-02 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Trichloroethene 2.0E-06 (ug/m3)-1 7.0E-03 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Vinyl Chloride (early life) 8.8E-06 (ug/m3)-1 3.1E-02 (mg/kg/day)-1 A IRIS 7/10/2009
Vinyl Chloride (adult) 4.4E-06 (ug/m3)-1 1.5E-02 (mg/kg/day)-1 A IRIS 7/10/2009
Total Xylenes NA NA NA NA NA NA NA
Semivolatile Organic Compounds
2-Methylnaphthalene NA NA NA NA NA NA NA
Benzo(a)anthracene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Benzo(a)pyrene(2) 1.1E-03 (ug/m3)-1 3.9E+00 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Benzo(b)fluoranthene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Benzo(k)fluoranthene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Bis(2-ethylhexyl)phthalate 2.4E-06 (ug/m3)-1 8.4E-03 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Chrysene(2) 1.1E-05 (ug/m3)-1 3.9E-02 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Dibenzo(a,h)anthracene(2) 1.2E-03 (ug/m3)-1 4.2E+00 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Dibenzofuran NA NA NA NA D IRIS 7/10/2009
Indeno(1,2,3-cd)pyrene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Naphthalene 3.4E-05 (ug/m3)-1 1.2E-01 (mg/kg/day)-1 C CalEPA(3) 8/2004
Inorganics
Antimony NA NA NA NA NA NA NA
Arsenic 4.3E-03 (ug/m3)-1 1.5E+01 (mg/kg/day)-1 A IRIS 7/10/2009
Barium NA NA NA NA D IRIS 7/10/2009
Beryllium 2.4E-03 (ug/m3)-1 8.4E+00 (mg/kg/day)-1 B1 IRIS 7/10/2009
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TABLE 2-23

CANCER TOXICITY DATA -- INHALATION
NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF
of Potential Slope Factor(1) Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

Boron NA NA NA NA NA NA NA
Cadmium 1.8E-03 (ug/m3)-1 6.3E+00 (mg/kg/day)-1 B1 IRIS 7/10/2009
Chromium 1.2E-02 (ug/m3)-1 4.2E+01 (mg/kg/day)-1 A IRIS 7/10/2009
Lead NA NA NA NA B2 IRIS 7/10/2009
Manganese NA NA NA NA D IRIS 7/10/2009
Mercury NA NA NA NA D IRIS 7/10/2009
Nickel 2.6E-04 (ug/m3)-1 9.1E-01 (mg/kg/day)-1 NA CalEPA(1) 9/2009
Selenium NA NA NA NA D IRIS 7/10/2009
Thallium NA NA NA NA D IRIS 7/10/2009
Vanadium NA NA NA NA NA NA NA
Zinc NA NA NA NA D IRIS 7/10/2009

Notes:Notes:
1 - Inhalation CSF = Unit Risk * 70 kg / 20m3/day.
2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance
       for Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:
IRIS = Integrated Risk Information System.
NA = Not Available.

EPA Group:
     A - Human carcinogen.
     B1 - Probable human carcinogen - indicates that limited human data are available.
     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 
              inadequate or no evidence in humans .
     C - Possible human carcinogen.
     D - Not classifiable as a human carcinogen.
CalEPA(1) = California Environmental Protection Agency, Technical Support Document for Describing Cancer Slope Factors, September 2009.
CalEPA(2) = Notice of Adoption of Unit Risk Value for Ethylbenzene, November 2007.
CalEPA(3) = Adoption of Unit Risk Value for Naphthalene, August 2004.



TABLE 2-24

COMPARISON OF REFERENCE DOSES
NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Absorption Oral RfD Dermal RfD(2) Inhalation RfC
of  Potential Efficiency Old New Old New Old New

Concern Old New(1) mg/kg/day mg/kg/day mg/kg/day mg/kg/day mg/m3 mg/m3

Volatiles Organic Compounds
1,1-Dichloroethene 1 1 9.0E-03 5.0E-02 5.0E-02 5.0E-02 NA 2.0E-01
Benzene 1 1 3.0E-03 4.0E-03 4.0E-03 4.0E-03 6.0E-03 3.0E-02
Chloroform 1 1 1.0E-02 1.0E-02 1.0E-02 1.0E-02 NA 9.8E-02
Methylene Chloride 1 1 6.0E-02 6.0E-02 6.0E-02 6.0E-02 3.0E+00 1.0E+00
Tetrachloroethene 1 1 1.0E-02 1.0E-02 1.0E-02 1.0E-02 NA 2.7E-01
Vinyl Chloride 1 1 NA 3.0E-03 NA 3.0E-03 NA 1.0E-01
Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate 0.55 1 2.0E-02 2.0E-02 1.1E-02 2.0E-02 NA NA
Inorganics
Antimony 0.95 0.15 4.0E-04 4.0E-04 3.8E-04 6.0E-05 NA NA
Arsenic 0.95 1 3.0E-04 3.0E-04 2.9E-04 3.0E-04 NA 1.5E-05
Barium 0.05 0.07 7.0E-02 2.0E-01 1.0E-02 1.4E-02 5.0E-04 5.0E-04
Beryllium 0.05 0.007 5.0E-03 2.0E-03 1.0E-04 1.4E-05 NA 2.0E-05
Boron 0.05 1 9.0E-02 2.0E-01 1.0E-02 2.0E-01 2.0E-02 2.0E-02
Cadmium 0.05 0.05 5.0E-04 5.0E-04 2.5E-05 2.5E-05 2.0E-04 1.0E-05
Chromium 0.02 0.025 5.0E-03 3.0E-03 6.0E-05 7.5E-05 NA 1.0E-04
Manganese (soil) 0.03 0.04 1.4E-01 7.0E-02 2.1E-03 2.8E-03 5.0E-05 5.0E-05
Manganese (water) 0.03 0.04 2.4E-02 2.4E-02 7.2E-04 9.6E-04 NA NA
Mercury 0.05 0.07 3.0E-04 3.0E-04 1.5E-05 2.1E-05 3.0E-04 NA
Nickel 0.1 0.04 2.0E-02 2.0E-02 2.0E-03 8.0E-04 NA 9.0E-05
Selenium 0.2 1 5.0E-03 5.0E-03 1.0E-03 5.0E-03 NA 2.0E-02
Thallium 0.05 1 8.0E-05 6.5E-05 3.3E-06 6.5E-05 NA NA
Vanadium 0.05 0.026 7.0E-03 5.0E-03 2.5E-04 1.3E-04 NA NA

Notes:
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005.
2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency.

Values that have changed from the previous HHRA are shaded.



TABLE 2-25

COMPARISON OF CANCER SLOPE FACTORS
NSB-NLON, GROTON, CONNECTICUT

Oral Absorption Oral CSF Dermal CSF(2) Inhalation Unit Risk
Chemical Efficiency Old New Old New Old New

Old New(1) (mg/kg/day)-1 (mg/kg/day)-1 (mg/kg/day)-1 (mg/kg/day)-1 (ug/m3)-1 (ug/m3)-1

Volatiles Organic Compounds
1,1-Dichloroethene 1 1 6.0E-01 NA 6.0E-01 NA 5.0E-05 NA
Benzene 1 1 2.9E-02 5.5E-02 2.9E-02 5.5E-02 8.3E-06 7.8E-06
Chloroform 1 1 6.1E-03 3.1E-02 6.1E-03 3.1E-02 2.3E-05 2.3E-05
Methylene Chloride 1 1 7.5E-03 7.5E-03 7.5E-03 7.5E-03 4.7E-07 4.7E-07
Tetrachloroethene 1 1 5.2E-02 5.4E-01 5.2E-02 5.4E-01 5.7E-07 5.9E-06
Vinyl Chloride (early life) 1 1 1.9E+00 1.5E+00 1.9E+00 1.5E+00 8.6E-05 8.8E-06
Vinyl Chloride (adult) 1 1 1.9E+00 7.2E-01 1.9E+00 7.2E-01 8.6E-05 4.4E-06
Semivolatile Organic Compounds
Benzo(a)anthracene 0.89 1 7.3E-01 7.3E-01 8.2E-01 7.3E-01 8.9E-05 1.1E-04
Benzo(b)fluoranthene 0.89 1 7.3E-01 7.3E-01 8.2E-01 7.3E-01 8.9E-05 1.1E-04
Benzo(k)fluoranthene 0.89 1 7.3E-02 7.3E-02 8.2E-02 7.3E-02 8.9E-06 1.1E-04
Benzo(a)pyrene 0.89 1 7.3E+00 7.3E+00 8.2E+00 7.3E+00 8.9E-04 1.1E-03
Bis(2-ethylhexyl)phthalate 0.55 1 1.4E-02 1.4E-02 2.5E-02 1.4E-02 4.0E-06 2.4E-06
Dibenzo(a,h)anthracene 0.89 1 7.3E+00 7.3E+00 8.2E+00 7.3E+00 8.9E-04 1.2E-03
Indeno(1,2,3-cd)pyrene 0.89 1 7.3E-01 7.3E-01 8.2E-01 7.3E-01 8.9E-05 1.1E-04
Inorganics
Arsenic 0.95 1 1.5E+00 1.5E+00 1.6E+00 1.5E+00 4.3E-03 4.3E-03
Beryllium 0.05 0.007 NA NA NA NA 2.4E-03 2.4E-03
Cadmium 0.05 0.05 NA NA NA NA 1.8E-03 1.8E-03
Chromium 0.02 0.025 NA NA NA NA 1.2E-02 1.2E-02

Notes:
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005.
2 - Adjusted cancer slope factor for dermal =  Oral cancer slope factor / Oral Absorption Efficiency.

Values that have changed from the previous HHRA are shaded.
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FIGURE 2-1
CONCEPTUAL SITE MODEL

NSB-NLON, GROTN, CONNECTICUT
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FIGURE 2-2
CONCEPTUAL SITE MODEL - SUBSURFACE SOILS
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3.0  ZONE 1 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 1 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 3.6.1 contains 

a discussion of the selection of COPCs, Section 3.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 3.6.3 contains the numerical results of the risk assessment, and 

Section 3.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment A. 

 

3.1 DATA EVALUATION 

COPCs were identified for Zone 1 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 3-1 presents a summary of the chemicals retained as COPCs for Zone 1.  RAGS Part D tables for 

COPC selection are included in Attachment A.1. 

 

3.1.1 Surface/Shallow Soil 

Three VOCs, 14 SVOCs, and 18 inorganics were detected in the one surface/shallow soil sample 

collected at Zone 1.  Benzo(a)pyrene was the only chemical detected in the surface/shallow soil sample 

at a maximum concentration exceeding the direct contact risk-based COPC screening levels for 

residential land use and was retained as COPCs for surface soil at Zone 1. 

 

The concentration of benzo(a)pyrene exceeded the screening levels based on the RSLs.  Concentrations 

of all chemicals were less than the CTDEP RSRs.  Concentrations of iron also exceeded the screening 

criteria but iron was not retained as a COPC because, as discussed in Section 2.2.1, USEPA Region I 

does not advocate evaluating exposures to iron.  The detected concentrations of iron were also less than 

the background concentrations.   

  

100706/P 3-1 CTO 424 



  REVISION 2 
  JULY 2010 
 
Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

surface soil at Zone 1 by full-time employees or hypothetical residents were not evaluated quantitatively 

in the HHRA. 

 

Concentrations of chemicals in surface/shallow soil were also compared to screening levels for the 

migration of chemicals from soil to groundwater.  With the exception of aluminum, concentrations of all 

chemicals were less than the screening criteria for the migration of chemicals from soil to groundwater. 

However, aluminum was not retained as a COPC because, as discussed in Section 2.2.1, USEPA Region 

I does not advocate evaluating exposures to aluminum.  

 

3.1.2 Subsurface Soil 

Two VOCs, 24 SVOCs, 20 inorganics, and total petroleum hydrocarbons (TPH) were detected in the 

subsurface soil samples collected at Zone 1.  The following chemicals were detected in subsurface soils 

at maximum concentrations exceeding the direct contact risk-based COPC screening levels for residential 

land use and were retained as COPCs for subsurface soil at Zone 1: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• Inorganics (arsenic, manganese, and mercury) 

• TPH 

 

Concentrations of iron also exceeded the screening criteria but iron was not retained as a COPC 

because, as discussed in Section 2.2.1, USEPA Region I does not advocate evaluating exposures to iron. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

subsurface soil at Zone 1 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 

 

Concentrations of chemicals in subsurface soil were also compared to screening levels for the migration 

of chemicals from soil to groundwater.  The following chemicals were detected in subsurface soil at 

maximum concentrations exceeding the COPC screening levels for migration from soil to groundwater 

and were retained as COPCs for subsurface soil at Zone 1: 
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• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

carbazole, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene] 

• Inorganics (arsenic, lead, and mercury) 

• TPH 

 

Concentrations of dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene exceeded 

the CDTEP RSRs but were less than the USEPA SSLs.  Concentrations of arsenic and mercury 

exceeded the migration criteria in only one sample (LS1SB0020101).  Benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, chrysene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were not detected in groundwater samples collected 

at Zone 1.  Concentrations of aluminum and cobalt also exceeded the screening criteria but aluminum 

and cobalt were not retained as a COPC because, as discussed in Section 2.2.1, USEPA Region I does 

not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Lead concentrations in the TCLP extracts from four subsurface soil samples 

exceeded the state criteria.  

 

3.1.3 Groundwater 

Seven VOCs, 21 SVOCs, 24 inorganics, and petroleum hydrocarbons were detected in groundwater 

samples collected at Zone 1.  The following chemicals were detected in groundwater at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for groundwater at Zone 1: 

 

• VOCs (1,1-dichloroethane, benzene, ethylbenzene, and total xylenes) 

• SVOCs [2-methylnaphthalene, bis(2-ethylhexyl)phthalate, and naphthalene] 

• Inorganics (antimony, arsenic, boron, cadmium, chromium, lead, manganese, selenium, thallium, and 

vanadium) 

• TPH 

 

Concentrations of ethylbenzene, total xylenes, 2-methylnaphthalene, naphthalene, chromium, copper, 

and selenium exceeded the RSLs but were less than the CTDEP RSRs.  

 

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  The following chemicals were detected in groundwater at 
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maximum concentrations exceeding the CDTEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 1: 

 

• SVOCs (acenaphthylene) 

• Inorganics (arsenic, cadmium, copper, lead, and mercury) 

• TPH 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  Concentrations of benzene and ethylbenzene 

exceeded the screening criteria for migration of chemicals from groundwater to indoor air and therefore 

benzene and ethylbenzene was retained as a COPC for groundwater at Zone 1. 

 

3.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 1 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 

and full-time employees are not assumed to come into contact with groundwater at Zone 1 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

Construction workers were assumed to be exposed to the COPCs in surface/subsurface soil.  The 

potential exposure pathways evaluated in the HHRA were incidental ingestion, dermal contact, and 

inhalation of fugitive dust and VOC emissions.  Construction workers could also come into contact with 

groundwater while excavating building foundations or digging trenches.  The potential exposures 

pathways evaluated in the HHRA were dermal contact and inhalation of chemicals that have volatilized 

from groundwater. 

 

At present, Zone 1 is covered primarily by buildings, concrete, or paving although there are some small 

sections which are covered by grass.  However, for purposes of risk assessment, it was assumed that the 

concrete and paving were removed and full-time employees could be exposed to surface soil.  

Additionally, if excavation activities were to occur at Zone 1 (i.e., the subsurface soils were brought to the 

surface and mixed with surface soil) full-time employees could be exposed to COPCs in both surface and 

subsurface soil.  Full-time employees could also be exposed to COPCs that have volatilized from 

groundwater and migrated through the building foundation into indoor air.  The potential exposure 

pathways for full-time employees would include incidental ingestion and dermal contact with soil and 

inhalation of chemicals that have volatilized from groundwater. 
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Hypothetical child and adult residents were also assumed to be exposed to surface and subsurface soil.  

Hypothetical residents could also be exposed to COPCs that have volatilized from groundwater and 

migrated thorugh the building foundation into indoor air.  Potential exposure pathways would include 

incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized from 

groundwater.  As previously discussed, residential development of the Lower Subase is not anticipated.  

However, a future residential scenario is typically evaluated in a risk assessment for decision-making 

purposes.  For example the need for deed restrictions at a site may be eliminated prior to site closure if 

minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of  the 

inhalation of particulates or VOCs emanating from surface soils and subsurface soils were evaluated (in 

the COPC selection process) by comparing the maximum site soil concentrations to the USEPA Generic 

SSLs for transfers from soil to air for a residential scenario.  Maximum surface soil and subsurface soil 

concentrations did not exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure 

pathway was not performed for these receptors.  However, fugitive dust emissions under a construction 

scenario are likely to be higher than those under a residential scenario; therefore, the inhalation pathway 

was evaluated for construction workers. 

 

Exposure point concentrations for Zone 1 are presented in Table 3-2.  As discussed in Section 2.3.5, 

since there were fewer than 10 surface soil samples collected, the maximum detected concentration was 

used as the EPC for surface soil under the RME and CTE scenarios.  The 95 percent UCL was used as 

the EPC for exposures to surface/subsurface soil.  The maximum detected concentration and average 

concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

3.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 1.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  

Uncertainties associated with the risk estimates are discussed in Section 3.4.  The methodology used to 

calculate the risks presented in this section is provided in Section 2.  Potential cancer risks and hazard 

indices were calculated for construction works, current and future full-time employees, and hypothetical 

residents under the RME and CTE scenarios and are summarized in Tables 3-3 and 3-4, respectively.  

Sample calculations are included in Attachment H and the results of the risk assessment in RAGS Part D 

format are included in Attachment A.1.  Tables 3-5 and 3-6 present the chemicals of concern (COCs) for 

Zone 1. 

 

100706/P 3-5 CTO 424 



  REVISION 2 
  JULY 2010 
 
3.3.1 Noncarcinogenic Risks – RME 

HIs for construction workers, full-time employees, and hypothetical adult residents under the RME 

scenario were less than or equal to unity (1), indicating that adverse non-carcinogenic effects are not 

anticipated for these receptors under the defined exposure conditions. 

 

The HI for hypothetical child residents (HI = 3) exposed to surface/subsurface soil exceeded the 

acceptable level of 1.  Mercury (HQ = 3) was the major contributor to the elevated HI for the hypothetical 

child resident. 

 

3.3.2 Carcinogenic Risks – RME 

ILCRs for construction workers and full-time employees exposed to only shallow soil were less than or 

within USEPA’s target risk range of 10-4 to 10-6.  The ILCR for full-time employees exposed to 

surface/subsurface soil (ILCR= 1 x 10-4) was equal to the upper bound of USEPA’s target range.  The 

ILCRs for hypothetical child resident (ILCR= 1 x 10-3), hypothetical adult residents (ILCR= 2 x 10-4), and 

hypothetical lifelong residents (ILCR= 1 x 10-3) exceeded USEPA’s target range.  Carcinogenic PAHs and 

arsenic were the major contributors to the unacceptable ILCRs for the hypothetical child, adult, and 

lifelong residents. 

 

3.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors under the CTE scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

3.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 

 

3.3.5 Risks from Vapor Intrusion 

As discussed in Section 3.1.3, benzene and ethylbenzene were detected in groundwater at 

concentrations exceeding the USEPA screening levels for migration from groundwater through building 

foundations and into the indoor air of a structure.  Exposures by hypothetical residents to COPCs that 

have migrated from groundwater into indoor air were evaluated using the EPA’s Johnson and Ettinger 

volatilization model (USEPA, 2003c).  Spreadsheet calculations/printouts for the Johnson and Ettinger 

volatilization model are presented in Attachment A.2.  The risks from vapor intrusion are: 
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Chemical ILCR HI   

Benzene 1E-6 0.01 
Ethylbenzene 2E-6 0.002 
Total 3E-6 0.01 

 

The cumulative HI for hypothetical residents exposed to chemicals that have migrated from groundwater 

through building foundations into indoor air is less unity, indicating that adverse non-carcinogenic effects 

are not anticipated for these receptors under the defined exposure conditions.  The ILCR for the 

hypothetical residents exposed to chemicals that have migrated from groundwater through building 

foundations into indoor air is within USEPA’s target risk range of 10-4 to 10-6.  HIs and ILCRs for industrial 

workers would also be expected to be within acceptable levels since these receptors would be exposed to 

volatiles in indoor air on a less frequent basis than residential receptors.  In addition, industrial facilities 

are typically larger than residential housing units and have larger air exchange rates which would result in 

lower indoor air concentrations. 

 

3.3.6 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment A.1 and Tables A.3.1 and A.3.2 in Attachment A.3 present a 

comparison of chemical concentrations in soil to CTDEP RSRs for direct contact with soil.  Tables 2.2 and 

2.4 in Attachment A.1 present a comparison of chemical concentrations in soil to CTDEP pollutant 

mobility criteria.  Tables 2.5 and 2.6 in Attachment A.1 present a comparison of chemical concentrations 

in groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into indoor air, and 

surface water protection.  Table 3-6 lists those chemicals detected at concentrations exceeding the RSRs 

and retained as COCs for Zone 1 based on CTDEP guidance.  Concentrations of carcinogenic PAHs, 

arsenic, mercury, and TPH exceeded the CTDEP residential RSRs for direct contact with soil and were 

retained as COCs.  Concentrations of chemicals in surface/shallow soil and subsurface soil were less 

than the CTDEP industrial RSRs.  Concentrations of all chemicals in surface/shallow soil were less than 

the CTDEP pollutant mobility criteria.  Concentrations of carcinogenic PAHs, carbazole, phenanthrene, 

pyrene, lead, and TPH in subsurface soil exceeded the CTDEP pollutant mobility criteria.  Concentrations 

of several chemicals in groundwater exceeded the CTDEP groundwater protection (GA/GAA) criteria.  

The Connecticut groundwater protection criteria are applicable to GA/GAA-classified areas (drinking 

water source areas) only.  All of the groundwater included in the Lower Subase at NSB-NLON is within a 

GB-classified area (a non-drinking water source area), therefore no COCs were retained for direct contact 

exposures to groundwater.  Concentrations of all chemicals in groundwater were less than the 

Connecticut groundwater volatilization criteria.  Concentrations of acenaphthylene, arsenic, cadmium, 

copper, lead, mercury, and TPH exceeded the Connecticut surface water protection criteria and were 

retained as COCs in groundwater. 
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3.3.7 Comparison to Results from 1999 HHRA 

Table 3-7 presents a comparison of the ILCRs and HIs from the 1999 HHRA and those calculated in this 

HHRA.  ILCRs and HIs are lower in this HHRA for full-time employees exposed to surface/shallow soil as 

compared to those estimated in the 1999 HHRA.  The difference is attributable to changes in the 

evaluation of dermal exposures.  In the 1999 HHRA a soil adherence factor of 1 mg/cm2 was used to 

evaluate dermal exposures to soil.  Current USEPA guidance recommends a value of 0.02 mg/cm2 for the 

full-time employee (USEPA, 2004). 

 

The ILCRs for construction workers exposed to surface/subsurface soil are lower in this HHRA as 

compared to those estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker 

is attributable to changes in the evaluation of incidental ingestion and dermal exposures.  A value of 

480 mg/day was used as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA 

guidance recommends a value of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.3 mg/cm2 for the construction workers (USEPA, 2004). 

 

ILCRs and HIs are also lower in this HHRA for construction workers exposed to groundwater.  The 

differences in the ILCRs and HIs are primarily due to changes in the exposure frequency assumptions.  

There are no standard default exposure frequencies for construction workers exposed to groundwater.  

The 1999 HHRA assumed that the construction worker would be exposed to groundwater 100 percent of 

the time the receptor was working at the site or 120 days a year.  It was assumed in this HHRA that the 

construction worker would be exposed to groundwater 25 percent of the time the receptor was working at 

the site or 30 days a year.   

 

ILCRs and HIs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as 

compared to those estimated in the 1999 HHRA.  The differences are primarily due to changes in the 

exposure frequency assumptions and changes in the methodology used to evaluate carcinogenic 

exposures to PAHs.  In the 1999 HHRA it was assumed that hypothetical residents were exposed to soil 

150 days a year (USEPA Region I, 1994).  USEPA Region I now recommends that an exposure 

frequency of 350 days a year be used to evaluate exposures to soil by hypothetical residents.  Also in 

2005 USEPA issued new guidance for evaluating early life exposures to carcinogens that act via a 

mutagenic mode of action such as PAHs.  This new guidance impacts receptors less than 18 years old 

and results in higher ILCRs for child and lifelong residents.   
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3.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  Site-specific uncertainties for Zone 1 are presented below. 

 

Most of the soil samples collected from Zone 1 were collected from locations that are currently under 

pavement.  Therefore, actual exposures under current site conditions are less than exposures assumed 

in the HHRA.  In addition, potential exposures for future full-time employees and hypothetical residents 

assume that substantial excavation occurs at the site and excavated subsurface soil is mixed with surface 

soil.  If in the future the site is redeveloped without subsurface excavation then the exposures to future 

receptors will be less than those estimated in this HHRA. 

 

Concentrations of total petroleum hydrocarbons (TPH) in subsurface soil and groundwater exceeded the 

CTDEP RSR for residential exposure.  Exposures to TPH in subsurface soil and groundwater were not 

evaluated in the HHRA because there are no toxicity criteria available for TPH. 

 

Concentrations of acenaphthylene, arsenic, cadmium, copper, lead, and mercury exceeded the 

Connecticut surface water protection criteria and were retained as COCs in groundwater.  

Acenaphthylene was only detected in 1 of 33 groundwater samples.  Lead exceeded the surface water 

protection criteria in only six groundwater samples.  Copper exceeded the surface water protection 

criteria in four samples.  Arsenic and cadmium exceeded the surface water protection criteria in three 

samples and mercury exceeded the criteria in only two samples.  This suggests there is not a significant 

source area in groundwater at Zone 1. 

 

Only one surface soil sample was collected at Zone 1.  One sample is not adequate to delineate the 

nature and extent of contamination.  Therefore there is uncertainty associated with estimating risks using 

the results of only one sample. 

 



TABLE 3-1

CHEMICALS RETAINED AS COPCs
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical D

Co
irect 
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Soil to Air
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Soil to 
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Dire
Conta

Soil toct 
ct

 Air So
Groun

il to Volatilization Migration toDirect 
dwater to Indoor Air Surface WaterContact

Volatile Organic Compounds
1,1-Dichloroethene X
Benzene X X
Ethylbenzene X X
Total Xylenes X
Semivolatile Organic Compounds
2-Methylnaphthalene X
Acenaphthylene X
Benzo(a)anthracene X X
Benzo(a)pyrene X X X
Benzo(b)fluoranthene X X
Benzo(k)fluoranthene X X
Bis(2-ethylhexyl)phthalate X
Carbazole X
Chrysene X X
Dibenzo(a,h)anthracene X X
Indeno(1,2,3-cd)pyrene( , , )py X X
Naphthalene X
Phenanthrene X
Pyrene X
Inorganics
Antimony X
Arsenic X X X X
Boron X
Cadmium X X
Chromium X
Copper X
Lead X X X
Manganese X X
Mercury X X X
Selenium X
Thallium X
Vanadium X
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment A.



TABLE 3-2

EXPOSURE POINT CONCENTRATIONS
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Surface Surface/ Groundwater
Chemical Soil(1) Subsurface Soil(1) RME CTE

(mg/kg) (mg/kg) (ug/L) (ug/L)
Volatile Organic Compounds
1,1-Dichloroethane NA NA 4(2) 2.13(3)

Benzene NA NA 2.83(2) 1.65(3)

Ethylbenzene NA NA 8.00(2) 2.22(3)

Total Xylenes NA NA 24.5(2) 3.68(3)

Semivolatile Organic Compounds
2-Methylnaphthalene NA NA 25.0(2) 4.38(3)

Benzo(a)anthracene NA 15.7(4) NA NA
Benzo(a)pyrene 0.13(2) 13.2(4) NA NA
Benzo(b)fluoranthene NA 13(4) NA NA
Benzo(k)fluoranthene NA 7.1(4) NA NA
Chrysene NA 14.9(4) NA NA
Bis(2-ethylhexyl)phthalate NA NA 3.00(2) 3.00(3)

Dibenzo(a,h)anthracene NA 3.55(4) NA NA
Indeno(1,2,3-cd)pyrene NA 9.67(4) NA NA
Naphthalene NA NA 23.1(2) 4.21(3)

Inorganics
Antimony NA NA 6.60(2) 3.26(3)

Arsenic NA 4.33(5) 9.23(2) 3.16(3)33 9 3 3 6
Boron NA NA 1220(2) 208(3)

Cadmium NA NA 9.93(2) 1.08(3)

Chromium NA NA 10.5(2) 2.97(3)

Lead NA NA 7.08(3) 7.08(3)

Manganese NA 151(6) 1574(2) 279(3)

Mercury NA 76.1(4) NA NA
Selenium NA NA 8.61(2) 1.53(3)

Thallium NA NA 5.40(2) 1.66(3)

Vanadium NA NA 252(2) 25.1(3)

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Maximum Detected Concentration
3 - Arithmetic Mean
4 - 95% Chebyshev(MVUE) UCL
5 - Approximate Gamma 95% UCL
6 - Student-UCL
NA - This chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment A.
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TABLE 3-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 1
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 3E-06 - - - - Benzo(a)pyrene 0.4 - -
Dermal Contact 1E-06 - - - - - - 0.002 - -
Inhalation 5E-08 - - - - - - 0.3 - -
Total 5E-06 - - - - Benzo(a)pyrene 0.7 - -

Groundwater Dermal Contact 6E-09 - - - - - - 0.05 - -
Inhalation 4E-09 - - - - - - 0.2 - -
Total 1E-08 - - - - - - 0.3 - -
Total All Media 5E-06 1.0

Current Full-Time Employee Surface Soil Incidental Ingestion 3E-07 - - - - - - NC - -
Dermal Contact 3E-07 - - - - - - NC - -
Total 6E-07 - - - - - - NC - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 6E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.3 - -

Dermal Contact 5E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

0.003 - -

Total 1E-04 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

0.3 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 9E-04 Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

 Benzo(k)fluoranthene, Arsenic 3 Mercury

Dermal Contact 3E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

- - 0.02 - -

Total 1E-03 Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

 Benzo(k)fluoranthene, Arsenic 3 Mercury

Adult Residents Surface/Subsurface Soil Incidental Ingestion 1E-04 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

0.4 - -

Dermal Contact 7E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

0.002 - -

Total 2E-04 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

0.4 - -
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TABLE 3-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 1
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 1E-03 Benzo(a)pyrene, 

Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

 Benzo(k)fluoranthene, Arsenic NA - -

Dermal Contact 4E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

- - NA - -

Total 1E-03 Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

 Benzo(k)fluoranthene, Arsenic NA - -

Notes:
NA - Not applicable.
NC - No noncarcinogenic COPCs were identified in surface soil.



TABLE 3-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 1
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 1E-06 - - - - - - 0.1 - -
Dermal Contact 3E-07 - - - - - - 0.0004 - -
Inhalation 3E-08 - - - - - - 0.2 - -
Total 1E-06 - - - - - - 0.3 - -

Groundwater Dermal Contact 8E-10 - - - - - - 0.003 - -
Inhalation 2E-10 - - - - - - 0.04 - -
Total 1E-09 - - - - - - 0.05 - -
Total All Media 1E-06 0.4

Current Full-Time Employee Surface Soil Incidental Ingestion 5E-08 - - - - - - NC - -
Dermal Contact 9E-09 - - - - - - NC - -
Total 6E-08 - - - - - - NC - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 9E-06 - - - - Benzo(a)pyrene 0.1 - -
Dermal Contact 1E-06 - - - - - - 0.0002 - -

Total 1E-05 - - - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.1 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-05 - - - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 1 - -

Dermal Contact 3E-06 - - - - Benzo(a)pyrene 0.002 - -

Total 2E-05 - - - -
Benzo(a)anthracene, 

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

1 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 7E-06 - - - - Benzo(a)pyrene 0.1 - -
Dermal Contact 1E-06 - - - - - - 0.0002 - -
Total 8E-06 - - - - Benzo(a)pyrene 0.1 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 3E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene 

Dibenzo(a,h)anthracene
NA - -

Dermal Contact 4E-06 - - - - Benzo(a)pyrene NA - -

Total 3E-05 - - Benzo(a)pyrene
Benzo(a)anthracene, 
Benzo(b)fluoranthene 

Dibenzo(a,h)anthracene
NA - -

Notes:
NA - Not applicable.
NC - No noncarcinogenic COPCs were identified in surface soil.



TABLE 3-5

USEPA CHEMICALS OF CONCERN
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1) Impact on Human Receptors
SURFACE/SUBSURFACE SOIL
Benzo(a)anthracene Hypothetical Child Resident ILCR = 9E-05

Hypothetical Adult Resident ILCR = 1E-05
Hypothetical Lifelong Resident ILCR = 1E-04

Benzo(a)pyrene Hypothetical Child Resident ILCR = 8E-04
Hypothetical Adult Resident ILCR = 1E-04
Hypothetical Lifelong Resident ILCR = 9E-04

Benzo(b)fluoranthene Hypothetical Child Resident ILCR = 8E-05
Hypothetical Adult Resident ILCR = 1E-05
Hypothetical Lifelong Resident ILCR = 9E-05

Benzo(k)fluoranthene Hypothetical Child Resident ILCR = 4E-06
Hypothetical Lifelong Resident ILCR = 5E-06

Dibenzo(a,h)anthracene Hypothetical Child Resident ILCR = 2E-04
Hypothetical Adult Resident ILCR = 3E-05
Hypothetical Lifelong Resident ILCR = 2E-04

Indeno(1,2,3-cd)pyrene Hypothetical Child Resident ILCR = 6E-05
Hypothetical Adult Resident ILCR = 9E-06
Hypothetical Lifelong Resident ILCR = 7E-05

Arsenic Hypothetical Child Resident ILCR = 8E-06
Hypothetical Adult Resident ILCR = 3E-06
Hypothetical Lifelong Resident ILCR = 1E-05

Mercury Hypothetical Child Resident HI = 3
GROUNDWATER
No Chemicals of Concern were identified for groundwater.

HQ = Hazard Quotient.
ILCR = Incremental Lifetime Cancer Risk
1 - For mediums with ILCR > 1 x 10-4 a COC is any carcinogenic chemical with an ILCR 
    greater than 1 x 10-6 or a noncarcinogenic chemical contributing to target organ 
    hazard indices (HI) greater than 1.0.



TABLE 3-6

CTDEP CHEMICALS OF CONCERN
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grassy Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)anthracene None None None Benzo(a)anthracene None Acenaphthylene

Benzo(a)pyrene Benzo(a)pyrene Arsenic
Benzo(b)fluoranthene Benzo(b)fluoranthene Cadmium
Benzo(k)fluoranthene Benzo(k)fluoranthene Copper

Dibenzo(a,h)anthracene Carbazole Lead
Indeno(1,2,3-cd)pyrene Chrysene Mercury

Arsenic Dibenzo(a,h)anthracene Total Petroleum Hydrocarbons
Mercury Indeno(1,2,3-cd)pyrene

Total Petroleum Hydrocarbons Phenanthrene
Pyrene
Lead

Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 3-7

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 3E-04 6E-07 0.2 No COPCs

Surface/Subsurface Soil
Construction Workers 2E-05 5E-06 0.7 0.7
Full-Time Employee NC 1E-04 NC 0.3
Child Resident NR 1E-03 NR 3
Adult Resident NR 2E-04 NR 0.4
Lifelong Resident 5E-04 1E-03 0.5 NA

Groundwater
Construction Workers 6E-08 1E-08 0.8 0.3

Notes:
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
No COPCs - No noncarcinogenic COPCs were identified in surface soil.
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4.0  ZONE 2 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 2 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 4.6.1 contains 

a discussion of the selection of COPCs, Section 4.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 4.6.3 contains the numerical results of the risk assessment, and 

Section 4.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment B.1. 

 

4.1 DATA EVALUATION 

COPCs were identified for Zone 2 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 4-1 presents a summary of the chemicals retained as COPCs for Zone 2.  RAGS Part D tables for 

COPC selection are included in Attachment B.1. 

 

4.1.1 Surface Soil 

No surface soil (0 to 2 feet bgs) samples were collected at Zone 2. 

 
4.1.2 Subsurface Soil 

Two VOCs, 22 SVOCs, 19 inorganics, and TPH were detected in the subsurface soil samples collected at 

Zone 2.  The following chemicals were detected in subsurface soils at maximum concentrations 

exceeding the direct contact risk-based COPC screening levels for residential land use and were retained 

as COPCs for subsurface soil at Zone 2: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and 

indeno(1,2,3-cd)pyrene] 

• Inorganics [arsenic, lead, and manganese] 

• TPH 
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Concentrations of the above chemicals with the exception of TPH exceeded the screening levels based 

on the RSLs but were less than the CTDEP RSRs.  The detected concentrations of arsenic were also 

less than the background concentrations.  Concentrations of aluminum and iron also exceeded the 

screening criteria but aluminum and iron were not retained as a COPC because as discussed in 

Section 2.2.1 USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

subsurface soil at Zone 2 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 

 

Concentrations of chemicals in subsurface soil were also compared to screening levels for the migration 

of chemicals from soil to groundwater.  TPH was the only chemical detected at concentrations in 

subsurface soil which exceeded the COPC screening levels for migration from soil to groundwater and 

was retained as a COPC for subsurface soil at Zone 2.  Concentrations of aluminum and cobalt exceeded 

the screening criteria but aluminum and cobalt were not retained as a COPC because as discussed in 

Section 2.2.1 USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Lead concentrations in the TCLP extracts from three subsurface soil 

samples exceeded the state criteria. 

 

4.1.3 Groundwater 

Four VOCs, five SVOCs, 20 inorganics, and petroleum hydrocarbons were detected in groundwater 

samples collected at Zone 2.  The following chemicals were detected in groundwater at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for groundwater at Zone 2: 

 

• VOCs (chloroform and tetrachloroethene) 

• Inorganics (antimony, arsenic, cadmium, lead, and manganese) 

• TPH 

 

Concentrations of chloroform, tetrachloroethene, antimony, arsenic, and cadmium exceeded the 

screening levels based on the RSLs but were less than the CTDEP RSRs. 
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Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  Arsenic and lead were the only chemicals detected in 

groundwater at maximum concentrations exceeding the CDTEP criteria for migration from groundwater to 

surface water and was therefore retained as COPCs for groundwater at Zone 2: 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  Concentrations of chloroform and 

tetrachloroethene exceeded the screening criteria for migration of chemicals from groundwater to indoor 

air and therefore were retained as COPCs for groundwater at Zone 2. 

 

4.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 2 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 

and full-time employees are not assumed to come into contact with groundwater at Zone 2 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

No surface soil samples were collected at Zone 2; consequently only potential exposures to subsurface 

soil were evaluated in the HHRA. 

 

Construction workers were assumed to be exposed to the COPCs in subsurface soil.  The potential 

exposure pathways evaluated in the HHRA were incidental ingestion, dermal contact, and inhalation of 

fugitive dust and VOC emissions.  Construction workers could also come into contact with groundwater 

while excavating building foundations or digging trenches.  The potential exposures pathways evaluated 

in the HHRA were dermal contact and inhalation of chemicals that have volatilized from groundwater. 

 

At present, Zone 2 is covered primarily by buildings, concrete, or paving although there are some small 

sections which are covered by grass.  However, if the concrete is removed and excavation activities occur 

at Zone 2 subsurface soil could be brought to the surface and mixed with surface soil.  Consequently full-

time employees could be exposed to subsurface soil in the future.  Full-time employees could also be 

exposed to COPCs that have volatilized form groundwater and migrated through the building foundation 

into indoor air.  The potential exposure pathways for full-time employees were incidental ingestion of and 

dermal contact with the subsurface soils and inhalation of chemicals that have volatilized from 

groundwater. 
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Hypothetical child and adult residents were also assumed to be exposed to subsurface soil.  Hypothetical 

residents could also be exposed to COPCs that have volatilized from groundwater and migrated through 

the building foundation into indoor air.  Potential exposure pathways included incidental ingestion and 

dermal contact with soil and inhalation of chemicals that have volatilized from groundwater.  Hypothetical 

residents are not assumed to come into contact with groundwater at Zone 2 because saline conditions 

near the river would preclude domestic use of groundwater.  As previously discussed, residential 

development of the Lower Subase is not anticipated.  A future residential scenario is typically evaluated in 

a risk assessment for decision-making purposes.  For example the need for deed restrictions at a site 

may be eliminated prior to site closure if minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of  the 

inhalation of particulates or VOCs emanating from subsurface soils were evaluated (in the COPC 

selection process) by comparing the maximum site soil concentrations to the USEPA Generic SSLs for 

transfers from soil to air for a residential scenario.  Maximum subsurface soil concentrations did not 

exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure pathway was not 

performed for these receptors.  However, fugitive dust emissions under a construction scenario are likely 

to be higher than those under a residential scenario; therefore, the inhalation pathway was evaluated for 

construction workers. 

 

Exposure point concentrations for Zone 2 are presented in Table 4-2.  The 95 percent UCL was used as 

the EPC for exposures to subsurface soil.  The maximum detected concentration and average 

concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

4.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 2.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  The 

methodology used to calculate the risks presented in this section is provided in Section 2.  Potential 

cancer risks and hazard indices were calculated for construction works, full-time employees, and 

hypothetical residents under the RME and CTE scenarios and are summarized in Tables 4-3 and 4-4, 

respectively.  Sample calculations are included in Attachment H and the results of the risk assessment in 

RAGS Part D format are included in Attachment B.1.  Table 4-5 presents the chemicals of concern 

(COCs) for Zone 2. 
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4.3.1 Noncarcinogenic Risks – RME 

HIs for all receptors under the RME scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

4.3.2 Carcinogenic Risks – RME 

ILCRs for all receptors were less than or within USEPA’s target risk range of 10-4 to 10-6.   

 

4.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors under the CTE scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

4.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 

 

4.3.5 Risks from Lead 

Lead was identified as a COPC in subsurface soil.  The maximum detected concentration of lead in 

subsurface soil (404 mg/kg) exceeded the OSWER soil screening level and CTDEP RSR of 400 mg/kg 

for residential land use.  

 

Hypothetical residential exposures to lead in subsurface soil were evaluated using the most recent 

version of the IEUBK lead model (USEPA, 1994b).  As recommended by the IEUBK model, the average 

lead concentration of 91.8 mg/kg in subsurface soil was used as the EPC.  Default values were used for 

the rest of the model input parameters.  IEUBK model outputs are included in Attachment B.2.  The lead 

concentration of 91.8 mg/kg in subsurface soil results in 0.13 percent of future on-site child residents 

having a blood lead level greater than 10 µg/dL and results in a geometric mean blood lead level of 

1.6 µg/dL.  This value is within the USEPA goal as described in the 1994 OSWER Directive of no more 

than 5 percent of children exceeding a 10 µg/dL blood lead level. 

 

Exposures to lead in subsurface soil by construction workers and full-time employees were evaluated 

using a slope-factor approach developed by the USEPA Technical Review Workgroup for Lead (USEPA, 

2003a).  As recommended by the model, the average lead concentration of 91.8 mg/kg in subsurface soil 

was used as the exposure point concentration for construction workers and full-time employees.  ILCRs 

and HIs are calculated for non-lead compounds using RME assumptions; however, the adult lead model 

guidance recommends the use of CTE assumptions in evaluating adult exposures to lead in soil (USEPA, 
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2003a).  Therefore, the incidental ingestion rate was assumed to be 100 mg/day for the construction 

worker and 50 mg/day for full-time employees (USEPA, 2003a).  The exposure frequency was assumed 

to be 80 days/year for the construction worker and 219 days/year for the full-time employees.  Values of 

2.0 and 1.98 µg/dL were used for the standard deviation and baseline blood lead concentration, 

respectively, which are the recommended values for the northeastern United States (USEPA, 2002e).  

Default parameters were used for the remaining model input parameters.  Results of the model runs are 

included in Attachment B.2.  The fetus of a pregnant worker is the receptor of concern for the TRW 

model.   

 

For construction workers exposed to subsurface soil, the lead concentration of 91.8 mg/kg results in 

0.9 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a geometric 

mean blood lead level of 2.2 µg/dL.  For full-time employees exposed to subsurface soil, the lead 

concentration of 91.8 mg/kg results in 0.8 percent of the receptors (fetuses) having a blood lead level 

greater than 10.0 µg/dL and a geometric mean blood lead level of 2.1 µg/dL.  These results do not 

exceed the U.S. EPA goal of no more than 5 percent of children (fetuses of exposed women) exceeding a 

10 µg/dL blood lead level. 

 

4.3.6 Risks from Vapor Intrusion 

As discussed in Section 4.1.3, chloroform and tetrachloroethene were detected in groundwater at 

concentrations exceeding the USEPA screening levels for migration from groundwater through building 

foundations and into indoor air.  Exposures by hypothetical residents to COPCs that have migrated from 

groundwater into indoor air were evaluated using the EPA’s Johnson and Ettinger volatilization model 

(USEPA, 2003c).  Spreadsheet calculations/printouts for the Johnson and Ettinger volatilization model are 

presented in Attachment B.3.  The risks from vapor intrusion are: 

 

Chemical ILCR HI   

Chloroform 1E-6 0.001 
Tetrachloroethene 1E-6 0.002 
Total 2E-6 0.003 

 

The cumulative HI for hypothetical residents exposed to chemicals that have migrated from groundwater 

through building foundations into indoor air is less than unity, indicating that adverse non-carcinogenic 

effects are not anticipated for these receptors under the defined exposure conditions.  The ILCR for the 

hypothetical residents exposed to chemicals that has migrated from groundwater through building 

foundations into indoor air is within USEPA’s target risk range of 10-4 to 10-6.  HIs and ILCRs for industrial 

workers would also be expected to be within acceptable levels since these receptors would be exposed to 

volatiles in indoor air on a less frequent basis than residential receptors.  In addition, industrial facilities 
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are typically larger than residential housing units with larger air exchange rates which would result in 

lower indoor air concentrations. 

 

4.3.7 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment B.1 and Tables B.4.1 and B.4.2 in Attachment B.4 present a 

comparison of chemical concentrations in subsurface soil to CTDEP RSRs for direct contact with soil.  

Tables 2.2 and 2.4 in Attachment B.1 present a comparison of chemical concentrations in soil to CTDEP 

pollutant mobility criteria.  Tables 2.3 and 2.4 in Attachment B.1 present a comparison of chemical 

concentrations in groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into 

indoor air, and surface water protection.  Table 4-5 lists those chemicals detected at concentrations 

exceeding the RSRs and retained as COCs for Zone 2 based on CTDEP guidance.  TPH was the only 

chemical detected in subsurface soil at concentrations exceeding the CTDEP residential RSRs for direct 

contact with soil.  Concentrations of chemicals in subsurface soil were less than the CTDEP industrial 

RSRs.  Concentrations of lead and TPH in subsurface soil exceeded the CTDEP pollutant mobility 

criteria.  Concentrations of lead (total), antimony (filtered), and TPH in groundwater exceeded the CTDEP 

groundwater protection (GA/GAA) criteria.  The Connecticut groundwater protection criteria are applicable 

to GA/GAA-classified areas (drinking water source areas) only.  All of the groundwater included in the 

Lower Subase at NSB-NLON is within a GB-classified area (a non-drinking water source area), therefore 

no COCs were retained for direct contact exposures to groundwater.  Concentrations of all chemicals in 

groundwater were less than the Connecticut groundwater volatilization criteria.  Concentrations of total 

arsenic and total lead exceeded the Connecticut surface water protection criteria and were retained as 

COCs in groundwater. 

 

4.3.8 Comparison to Results from 1999 HHRA 

Table 4-6 presents a comparison of the ILCRs and HIs from the 1999 HHRA and those calculated in this 

HHRA.  No ILCRs were calculated in this HHRA for the current full-time employees exposed to surface 

soil because no soil samples were collected in the 0 to 2 feet bgs interval.  In the 1999 HHRA full-time 

employees were assumed to be exposed to “shallow” soil which included soil samples collected in the 0 

to 4 feet bgs interval.  ILCRs and HIs for the full-time employee exposed to “shallow” soil in the 1999 

HHRA were within USEPA acceptable levels. 

 

The ILCRs for construction workers exposed to surface/subsurface soil are lower in this HHRA as 

compared to those estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are slightly 

higher than those estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker is 

attributable to changes in the evaluation of incidental ingestion and dermal exposures.  A value of 

480 mg/day was used as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA 
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guidance recommends a value of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.3 mg/cm2 for the construction workers (USEPA, 2004).  The difference in the 

HIs is attributable to the fact that inhalation of fugitive dust was evaluated for the construction worker in 

this HHRA whereas this exposure pathway was not evaluated in the 1999 HHRA. 

 

ILCRs and HIs for construction workers exposed to groundwater are also lower in this HHRA.  The 

differences in the ILCRs and HIs are primarily due to changes in the exposure frequency.  There are no 

standard default exposure frequencies for construction workers exposed to groundwater.  The 1999 

HHRA assumed that the construction worker would be exposed to groundwater 100 percent of the time 

the receptor was working at the site or 120 days a year.  It was assumed in this HHRA that the 

construction worker would be exposed to groundwater 25 percent of the time the receptor was working at 

the site or 30 days a year. 

 

ILCRs and HIs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as 

compared to those estimated in the 1999 HHRA.  The differences in the ILCRs and HIs are primarily due 

to changes in the exposure frequency assumptions and changes in the methodology used to evaluate 

carcinogenic exposures to PAHs.  In the 1999 HHRA it was assumed that hypothetical residents were 

exposed to soil 150 days a year (USEPA Region I, 1994).  USEPA Region I now recommends that an 

exposure of 350 days a year be used to evaluate exposures to soil by hypothetical residents.  Also in 

2005 USEPA issued new guidance for evaluating early life exposures to carcinogens that act via a 

mutagenic mode of action such as PAHs.  This new guidance impacts receptors less than 18 years old 

and results in higher ILCRs for child and lifelong residents. 

 

In both the 1999 HHRA and this HHRA USEPA’s IEUBK lead model was used to evaluate exposures to 

lead in soil by hypothetical child residents.  In the 1999 HHRA exposures to lead in surface/subsurface 

soil by hypothetical residents were evaluated for the RME scenario using the maximum detected 

concentration of lead and for the CTE scenario using the average concentration of lead.  The IEUBK 

results indicated that exposures to lead under the RME scenario exceeded acceptable levels while results 

for the CTE scenario were within acceptable levels.  Current USEPA guidance recommends that 

exposures to lead in soil be evaluated using the average lead concentration in soil.  The results of the 

IEUBK modeling conducted for this HHRA were within acceptable levels.   

 

Exposures to lead in soil by construction workers and full-time employees were evaluated in both HHRAs 

using a slope-factor approach developed by the USEPA Technical Review Workgroup for Lead (USEPA, 

2003a).  In the 1999 HHRA exposures to lead in soil by construction workers and full-time employees 

were evaluated for the RME scenario using the maximum detected concentration of lead and RME 
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exposure assumptions and for the CTE scenario using the average concentration of lead and CTE 

exposure assumptions.  Model results were within acceptable levels for full-time employees and 

exceeded acceptable levels for construction workers in the 1999 HHRA.  Current USEPA guidance 

recommends using the average lead concentration and CTE exposure assumptions to evaluate 

exposures to lead under non-residential land use.  The results of the lead modeling in this HHRA for 

construction workers and full-time employees were with acceptable levels. 

 

4.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  There were no site-specific uncertainties for Zone 2. 

 

Arsenic was identified as COPCs in subsurface soil.  The detected concentrations of arsenic were within 

background levels for metals in soil, consequently arsenic may be naturally occurring at Zone 2 and not 

present as a result of site operations. 

 

Concentrations of total petroleum hydrocarbons (TPH) in subsurface soil and groundwater exceeded the 

CTDEP RSR for residential exposure.  Exposures to TPH in subsurface soil and groundwater were not 

evaluated in the HHRA because there are no toxicity criteria available for TPH. 

 

Concentrations of total lead exceeded the Connecticut surface water protection criteria and was retained 

as COCs in groundwater.  Concentrations of dissolved lead were below the surface water protection 

criteria in all groundwater samples.  This indicates the total lead concentrations are due, in part, to the 

presence of suspended solids in the groundwater samples.  Concentrations of total lead only exceeded 

the surface water protection criteria in two groundwater samples.  This suggests there is not a significant 

source area for lead in groundwater at Zone 2. 

 



TABLE 4-1

CHEMICALS RETAINED AS COPCs
ZONE 2

NSB-NLON, GROTON, CONNECTICUT

Subsurface Soil Groundwater
Chemical Dire

Conta
Soil tct 

ct
o Air So

Groun
il to 
dwater

D
C

Virect olatilization Migration to
to ontact Indoor Air Surface Water

Volatile Organic Compounds
Chloroform X X
Tetrachloroethene X X
Semivolatile Organic Compounds
Benzo(a)anthracene X
Benzo(a)pyrene X
Benzo(b)fluoranthene X
Dibenzo(a,h)anthracene X
Indeno(1,2,3-cd)pyrene X
Inorganics
Antimony X
Arsenic X X X
Cadmium X
Lead X X X X
Manganese X X
Zinc
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment B.
No surface soil samples were collected at Zone 2.



TABLE 4-2

EXPOSURE POINT CONCENTRATIONS
ZONE 2

NSB-NLON, GROTON, CONNECTICUT

Surface/ Groundwater
Chemical Subsurface Soil(1) RME CTE

(mg/kg) (ug/L) (ug/L)
Volatile Organic Compounds
Chloroform NA 1(2) 1(2)

Tetrachloroethene NA 2(2) 2(2)

Semivolatile Organic Compounds
Benzo(a)anthracene 0.31(3) NA NA
Benzo(a)pyrene 0.262(4) NA NA
Benzo(b)fluoranthene 0.305(3) NA NA
Dibenzo(a,h)anthracene 0.18(2) NA NA
Indeno(1,2,3-cd)pyrene 0.204(4) NA NA
Inorganics
Antimony NA 4.1(2) 3.84(5)

Arsenic 2.06(4) 3.0(2) 1.31(5)

Cadmium NA 1.5(2) 0.588(5)

Lead 91.8(5) 5.53(5) 5.53(5)

Manganese 168(4) 250(2) 59.6(5)

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Maximum Detected Concentration
3 Approximate Gamma 95% UCL3 - Approximate Gamma 95% UCL
4 - Student-UCL
5 - Arithmetic Mean
6 - The arithmetic mean concentration for chloroform and tetrachloroethene was greater 
     than the maximum detected concentration; therefore, the maximum detected concentration 
     was used as the exposure point concentraton for the CTE scenario.
NA - This chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment B.



TABLE 4-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 2
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 2E-07 - - - - - - 0.01 - -
Dermal Contact 4E-08 - - - - - - 0.001 - -
Inhalation 1E-08 - - - - - - 0.3 - -
Total 2E-07 - - - - - - 0.3 - -

Groundwater Dermal Contact 1E-08 - - - - - - 0.006 - -
Inhalation 2E-10 - - - - - - 0.0006 - -
Total 1E-08 - - - - - - 0.007 - -
Total All Media 2E-07 0.3

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - 0.009 - -
Dermal Contact 1E-06 - - - - - - 0.001 - -
Total 4E-06 - - - - - - 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 3E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.1 - -

Dermal Contact 8E-06 - - - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.007 - -

Total 3E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.1 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 5E-06 - - - - Benzo(a)pyrene 0.01 - -
Dermal Contact 2E-06 - - - - - - 0.001 - -

Total 7E-06 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.01 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 3E-05 - - - -

 Benzo(a)anthracene, 
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

NA - -

Dermal Contact 1E-05 - - - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene NA - -

Total 4E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene,  

Dibenzo(a,h)anthracene, 
Arsenic

NA - -



TABLE 4-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 2
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 5E-08 - - - - - - 0.005 - -
Dermal Contact 9E-09 - - - - - - 0.0002 - -
Inhalation 7E-09 - - - - - - 0.2 - -
Total 7E-08 - - - - - - 0.2 - -

Groundwater Dermal Contact 4E-09 - - - - - - 0.0006 - -
Inhalation 2E-08 - - - - - - 0.2 - -
Total 2E-08 - - - - - - 0.2 - -
Total All Media 9E-08 0.4

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 4E-07 - - - - - - 0.004 - -
Dermal Contact 4E-08 - - - - - - 0.0001 - -
Total 4E-07 - - - - - - 0.004 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 8E-07 - - - - - - 0.04 - -
Dermal Contact 8E-08 - - - - - - 0.0010 - -
Total 9E-07 - - - - - - 0.04 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-07 - - - - - - 0.004 - -
Dermal Contact 3E-08 - - - - - - 0.0001 - -
Total 3E-07 - - - - - - 0.004 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 1E-06 - - - - - - NA - -

Dermal Contact 1E-07 - - - - - - NA - -
Total 1E-06 - - - - NA - -



TABLE 4-5

CTDEP CHEMICALS OF CONCERN
ZONE 2

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grass Areas Paved Areas Surface Soil Subsurface Soil
Total Petroleum Hydrocarbons None None No surface soil samples were Lead None Arsenic

collected at Zone 2. Total Petroleum Hydrocarbons Lead

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 4-6

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 2

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 7E-06 NS 0.008 NS

Surface/Subsurface Soil
Construction Workers 4E-07 2E-07 0.02 0.3
Full-Time Employee NC 4E-06 NC 0.01
Child Resident NR 3E-05 NR 0.1
Adult Resident NR 7E-06 NR 0.01
Lifelong Resident 1E-05 4E-05 0.02 NA

Groundwater
Construction Workers 5E-07 1E-08 0.08 0.007

Notes:
NS = No samples were collected in the 0 to 2 feet bgs interval.  The 1999 HHRA evaluated
        full-time employees being exposed to soil collected from 0 to 4 feet bgs.
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
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5.0  ZONE 3 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 3 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 4.6.1 contains 

a discussion of the selection of COPCs, Section 4.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 4.6.3 contains the numerical results of the risk assessment, and 

Section 4.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment C.1. 

 

5.1 DATA EVALUATION 

COPCs were identified for Zone 3 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 5-1 presents a summary of the chemicals retained as COPCs for Zone 3.  RAGS Part D tables for 

COPC selection are included in Attachment C.1. 

 

5.1.1 Surface Soil 

Three VOCs, one SVOC, and 18 inorganics were detected in the one surface soil samples collected at 

Zone 3.  The following chemicals were detected in surface soils at maximum concentrations exceeding 

the direct contact risk-based COPC screening levels for residential land use and were retained as COPCs 

for surface soil at Zone 3: 

 

• Inorganics [arsenic and lead] 

 

Concentrations of arsenic exceeded the screening levels based on the RSLs but were less than the 

CTDEP RSRs.  The detected concentrations of arsenic were also less than the background 

concentration.  Concentrations of aluminum and iron also exceeded the screening criteria but aluminum 

and iron were not retained as a COPC because as discussed in Section 2.2.1 USEPA Region I does not 

advocate evaluating exposures to these chemicals. 
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Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

surface soil at Zone 3 by full-time employees or hypothetical residents were not evaluated quantitatively 

in the HHRA. 

 

Concentrations of chemicals in surface soil were also compared to screening levels for the migration of 

chemicals from soil to groundwater.  Concentrations of all chemicals with the exception of aluminum and 

cobalt were less than the screening criteria for the migration of chemicals from soil to groundwater.  

Aluminum and cobalt were not retained as a COPC because as discussed in Section 2.2.1 USEPA 

Region I does not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Lead concentrations in the TCLP extracts from ten surface soil samples 

exceeded the state criteria. 

 

5.1.2 Subsurface Soil 

Six VOCs, 22 SVOCs, 22 inorganics, and TPH were detected in the subsurface soil samples collected at 

Zone 3.  The following chemicals were detected in subsurface soils at maximum concentrations 

exceeding the direct contact risk-based COPC screening levels for residential land use and were retained 

as COPCs for subsurface soil at Zone 3: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and 

indeno(1,2,3-cd)pyrene] 

• Inorganics (arsenic, lead, and manganese) 

• TPH 

 

Concentrations of dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and arsenic exceeded the screening 

levels based on the USEPA Region 9 PRGs but were less than the CTDEP RSRs.  Concentrations of 

aluminum and iron also exceeded the screening criteria but aluminum and iron were not retained as a 

COPC because as discussed in Section 2.2.1 USEPA Region I does not advocate evaluating exposures 

to these chemicals. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 
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subsurface soil at Zone 3 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 

 

Concentrations of chemicals in subsurface soil were also compared to screening levels for the migration 

of chemicals from soil to groundwater.  The following chemicals were detected in subsurface soil at 

maximum concentrations exceeding the COPC screening levels for migration from soil to groundwater 

and were retained as COPCs for subsurface soil at Zone 3: 

 

• SVOCs [benzo(a)anthracene, benzo(b)fluoranthene, and chrysene] 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(b)fluoranthene, and chrysene exceeded the CDTEP RSRs 

but were less than the USEPA SSLs.  Benzo(a)anthracene, benzo(b)fluoranthene, and chrysene were not 

detected in groundwater samples collected at Zone 3.  Concentrations of aluminum and cobalt also 

exceeded the screening criteria but aluminum and cobalt were not retained as a COPC because as 

discussed in Section 2.2.1 USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Lead concentrations in the TCLP extracts from six subsurface soil samples 

and SPLP extracts from one subsurface soil sample exceeded the state criteria. 

 

5.1.3 Groundwater 

Two SVOCs and 20 inorganics were detected in groundwater samples collected at Zone 3.  The following 

chemicals were detected in groundwater at maximum concentrations exceeding the direct contact 

risk-based COPC screening levels for residential land use and were retained as COPCs for groundwater 

at Zone 3: 

 

• Inorganics (antimony, arsenic, beryllium, cadmium, chromium, lead, manganese, mercury, nickel, and 

vanadium) 

 

Concentrations of antimony, arsenic, barium, cadmium exceeded the RSLs but were less than the 

CTDEP RSRs.  Concentrations of antimony only exceeded the screening criteria in the filtered 

groundwater samples. 

 

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  The following chemicals were detected in groundwater at 
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maximum concentrations exceeding the CDTEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 3: 

 

• Inorganics (arsenic, beryllium, copper, lead, mercury, and zinc) 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  The concentrations of all chemicals were less than 

the USEPA and CTDEP criteria for migration from groundwater to indoor air. 

 

5.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 3 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 

and full-time employees are not assumed to come into contact with groundwater at Zone 3 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

Construction workers were assumed to be exposed to the COPCs in subsurface soil.  The potential 

exposure pathways evaluated in the HHRA were incidental ingestion, dermal contact, and inhalation of 

fugitive dust and VOC emissions.  Construction workers could also come into contact with groundwater 

while excavating building foundations or digging trenches.  The potential exposures pathways evaluated 

in the HHRA were dermal contact and inhalation of chemicals that have volatilized from groundwater. 

 

At present the Zone 3 is covered by concrete and there are no grassy areas, therefore there are no 

exposures to surface soil by current full-time employees.  It was assumed that the concrete was removed 

and full-time employees could be exposed to surface soil.  If excavation activities occurred at Zone 3 (i.e., 

the subsurface soils were brought to the surface and mixed with surface soil) full-time employees could 

be exposed to COPCs in both surface and subsurface soil.  The potential exposure pathways for full-time 

employees include incidental ingestion and dermal contact. 

 

Hypothetical child and adult residents were also assumed to be exposed to surface and subsurface soil.  

Potential exposure pathways included incidental ingestion and dermal contact.  Hypothetical residents are 

not assumed to come into contact with groundwater at Zone 3 because saline conditions near the river 

would preclude domestic use of groundwater.  As previously discussed, residential development of the 

Lower Subase is not anticipated.  A future residential scenario is typically evaluated in a risk assessment 
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for decision-making purposes.  For example the need for deed restrictions at a site may be eliminated 

prior to site closure if minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of  the 

inhalation of particulates or VOCs emanating from surface soil and subsurface soil were evaluated (in the 

COPC selection process) by comparing the maximum site soil concentrations to the USEPA Generic 

SSLs for transfers from soil to air for a residential scenario.  Maximum surface soil and subsurface soil 

concentrations did not exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure 

pathway was not performed for these receptors.  However, fugitive dust emissions under a construction 

scenario are likely to be higher than those under a residential scenario; therefore, the inhalation pathway 

was evaluated for construction workers. 

 

Exposure point concentrations for Zone 3 are presented in Table 5-2.  As discussed in Section 2.3.5, 

since there were fewer than 10 surface soil samples collected, the maximum detected concentration was 

used as the EPC for surface soil under the RME and CTE scenarios.  The 95 percent UCL was used as 

the EPC for exposures to surface/subsurface soil.  The maximum detected concentration and average 

concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

5.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 3.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  

Uncertainties associated with the risk estimates are discussed in Section 5.4.  The methodology used to 

calculate the risks presented in this section is provided in Section 2.  Potential cancer risks and hazard 

indices were calculated for construction works, full-time employees, and hypothetical residents under the 

RME and CTE scenarios and are summarized in Tables 5-3 and 5-4, respectively.  Sample calculations 

are included in Attachment H and the results of the risk assessment in RAGS Part D format are included 

in Attachment C.1.  Tables 5-5 and 5-6 present the chemicals of concern (COCs) for Zone 3. 

 

5.3.1 Noncarcinogenic Risks – RME 

HIs for all receptors on a target organ basis under the RME scenario were less than or equal to unity (1), 

indicating that adverse non-carcinogenic effects are not anticipated for these receptors under the defined 

exposure conditions. 
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5.3.2 Carcinogenic Risks – RME 

ILCRs for all receptors under the RME scenario were less than or within USEPA’s target risk range. 

 

5.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors under the CTE scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

5.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 

 

5.3.5 Risks from Lead 

Lead was identified as a COPC in surface soil subsurface soil at Zone 3.  The maximum detected 

concentration of lead in surface soil (4,390 mg/kg) and subsurface soil (4,173 mg/kg) exceeded the 

OSWER soil screening level and CTDEP RSR of 400 mg/kg for residential land use. 

  

Hypothetical residential exposures to lead in surface/subsurface soil were evaluated using the most 

recent version of the IEUBK lead model (USEPA, 1994b).  As recommended by the IEUBK model, the 

average lead concentration of 257 mg/kg in surface/subsurface soil was used as the EPC.  Default values 

were used for the rest of the model input parameters.  IEUBK model outputs are included in Attachment 

C.2.  The lead concentration of 257 mg/kg in surface/subsurface soil results in 2.3 percent of future on-

site child residents having a blood lead level greater than 10 µg/dL and results in a geometric mean blood 

lead level of 3.9 µg/dL.  This value is within the USEPA goal as described in the 1994 OSWER Directive 

of no more than 5 percent of children exceeding a 10 µg/dL blood lead level. 

 

Exposures to lead in surface soil by full-time employees and in surface/subsurface soil by construction 

workers and full-time employees were evaluated using a slope-factor approach developed by the U.S. 

EPA Technical Review Workgroup for Lead (USEPA, 2003a).  As recommended by the model, the 

average lead concentration of 267 mg/kg was used as the EPC for full-time employees exposed to 

surface soil and the average lead concentration of 257 mg/kg was used as the EPC for construction 

workers and full-time employees exposed to surface/subsurface soil.  ILCRs and HIs are calculated for 

non-lead compounds using RME assumptions; however, the adult lead model guidance recommends the 

use of CTE assumptions in evaluating adult exposures to lead in soil (USEPA, 2003a).  Therefore, the 

incidental ingestion rate was assumed to be 100 mg/day for the construction worker and 50 mg/day for 

full-time employees (USEPA, 2003a).  The exposure frequency was assumed to be 80 days/year for the 

construction worker and 219 days/year for the full-time employees.  Values of 2.0 and 1.98 µg/dL were 
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used for the standard deviation and baseline blood lead concentration, respectively, which are the 

recommended values for the northeastern United States (USEPA, 2002e).  Default parameters were used 

for the remaining model input parameters.  Results of the model runs are included in Attachment C.2.  

The fetus of a pregnant worker is the receptor of concern for the TRW model.   

 

For full-time employees exposed to surface soil, the lead concentration of 267 mg/kg results in 

1.3 percent of the receptors (fetuses) having a blood lead level greater than 10.0 µg/dL and a geometric 

mean blood lead level of 2.4 µg/dL.  These results do not exceed the USEPA goal of no more than 

5 percent of children (fetuses of exposed women) exceeding a 10 µg/dL blood lead level. 

 

For construction workers exposed to surface/subsurface soil, the lead concentration of 257 mg/kg results 

in 1.6 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a geometric 

mean blood lead level of 2.5 µg/dL.  For full-time employees exposed to surface/subsurface soil, the lead 

concentration of 257 mg/kg results in 1.3 percent of the receptors (fetuses) having a blood lead level 

greater than 10.0 µg/dL and a geometric mean blood lead level of 2.4 µg/dL.  These results do not 

exceed the USEPA goal of no more than 5 percent of children (fetuses of exposed women) exceeding a 

10 µg/dL blood lead level. 

 

While the results of the IEUBK and TRW lead models are within USEPA acceptable levels concentrations 

of lead in several samples exceeded the OSWER screening level by an order of magnitude or more.  Also 

concentrations of lead in one surface soil sample and eight subsurface soil samples exceeded the 

CTDEP RSR of 400 mg/kg.  Therefore, lead was retained as a chemical of concern at Zone 3. 

 

5.3.6 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment C.1 and Table C.3.1 in Attachment C.3 present a comparison of 

chemical concentrations in soil to CTDEP RSRs for direct contact with soil.  Tables 2.2 and 2.4 in 

Attachment C.1 present a comparison of chemical concentrations in soil to CTDEP pollutant mobility 

criteria.  Tables 2.5 and 2.6 in Attachment C.1 present a comparison of chemical concentrations in 

groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into indoor air, and 

surface water protection.  Table 5-5 lists those chemicals detected at concentrations exceeding the RSRs 

and retained as COCs for Zone 3 based on CTDEP guidance.  Concentrations of benzo(a)anthracene, 

benzo(b)fluoranthene, lead, and TPH in surface soil and subsurface soil exceeded the CTDEP residential 

RSRs for direct contact with soil.  Lead was the only chemical detected in soil at concentrations 

exceeding the CTDEP industrial RSRs.  Concentrations of lead in surface soil and benzo(a)anthracene, 

benzo(b)fluoranthene, chrysene, lead, and TPH in subsurface soil exceeded the CTDEP pollutant mobility 

criteria.  Concentrations of several chemicals in groundwater exceeded the CTDEP groundwater 

protection (GA/GAA) criteria.  The Connecticut groundwater protection criteria are applicable to GA/GAA-
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classified areas (drinking water source areas) only.  All of the groundwater included in the Lower Subase 

at NSB-NLON is within a GB-classified area (a non-drinking water source area), therefore no COCs were 

retained for direct contact exposures to groundwater.  Concentrations of arsenic, beryllium, copper, lead, 

mercury, and zinc exceeded the Connecticut surface water protection criteria and were retained as COCs 

in groundwater. 

 

5.3.7 Comparison to Results from 1999 HHRA 

Table 5-7 presents a comparison of the ILCRs and HIs from the 1997 HHRA and those calculated in this 

HHRA.  ILCRs are lower in this HHRA for full-time employees exposed to surface soil as compared to 

those estimated in the 1999 HHRA.  The main reason for the difference in the ILCRs for the full-time 

employees is due to changes in the evaluation of dermal exposures.  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.02 mg/cm2 for the full-time employee (USEPA, 2004). 

 

The ILCRs for construction workers exposed to surface/subsurface soil are lower in this HHRA as 

compared to those estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are slightly 

higher than those estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker is 

attributable to changes in the evaluation of incidental ingestion and dermal exposures.  A value of 

480 mg/day was used as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA 

guidance recommends a value of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.3 mg/cm2 for the construction workers (USEPA, 2004).  The difference in the 

HIs is attributable to the fact that inhalation of fugitive dust was evaluated for the construction worker in 

this HHRA whereas this exposure pathway was not evaluated in the 1999 HHRA. 

 

ILCRs for construction workers exposed to groundwater are also lower in this HHRA.  The differences in 

the ILCRs are primarily due to changes in the exposure frequency.  There are no standard default 

exposure frequencies for construction workers exposed to groundwater.  The 1999 HHRA assumed that 

the construction worker would be exposed to groundwater 100 percent of the time the receptor was 

working at the site or 120 days a year.  It was assumed in this HHRA that the construction worker would 

be exposed to groundwater 25 percent of the time the receptor was working at the site or 30 days a year. 

 

ILCRs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as compared 

to those estimated in the 1999 HHRA.  The differences in the ILCRs are primarily due to changes in the 

exposure frequency assumptions and changes in the methodology used to evaluate carcinogenic 

exposures to PAHs.  In the 1999 HHRA it was assumed that hypothetical residents were exposed to soil 

150 days a year (USEPA Region I, 1994).  USEPA Region I now recommends that an exposure of 
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350 days a year be used to evaluate exposures to soil by hypothetical residents.  Also in 2005 USEPA 

issued new guidance for evaluating early life exposures to carcinogens that act via a mutagenic mode of 

action such as PAHs.  This new guidance impacts receptors less than 18 years old and results in higher 

ILCRs for child and lifelong residents.   

 

In both the 1999 HHRA and this HHRA USEPA’s IEUBK lead model was used to evaluate exposures to 

lead in soil by hypothetical child residents.  In the 1999 HHRA exposures to lead in surface/subsurface 

soil by hypothetical residents were evaluated for the RME scenario using the maximum detected 

concentration of lead and for the CTE scenario using the average concentration of lead.  The IEUBK 

results indicated that exposures to lead under the RME and CTE scenarios exceeded acceptable levels.  

Current USEPA guidance recommends that exposures to lead in soil be evaluated using the average lead 

concentration in soil.  The results of the IEUBK modeling conducted for this HHRA were within acceptable 

levels.   

 

Exposures to lead in soil by construction workers and full-time employees were evaluated in both HHRAs 

using a slope-factor approach developed by the USEPA Technical Review Workgroup for Lead (USEPA, 

2003a).  In the 1999 HHRA exposures to lead in soil by construction workers and full-time employees 

were evaluated for the RME scenario using the maximum detected concentration of lead and RME 

exposure assumptions and for the CTE scenario using the average concentration of lead and CTE 

exposure assumptions.  Model results exceeded acceptable levels for full-time employees and for 

construction workers in the 1999 HHRA.  Current USEPA guidance recommends using the average lead 

concentration and CTE exposure assumptions to evaluate exposures to lead under non-residential land 

use.  The results of the lead modeling in this HHRA for construction workers and full-time employees 

were within acceptable levels. 

 

5.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  Site-specific uncertainties for Zone 3 are presented below. 

 

Most of the soil samples collected from Zone 3 were collected from locations that are currently under 

pavement.  Therefore, actual exposures under current site conditions are less than the exposure that is 

assumed in the HHRA.  In addition, potential exposures for future full-time employees and hypothetical 

residents assume that substantial excavation occurs at the site and excavated subsurface soil is mixed 

with surface soil.  If in the future the site is redeveloped without subsurface excavation then the 

exposures to future receptors will be less than those estimated in this HHRA. 
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Arsenic was identified as COPCs in surface and subsurface soil.  The detected concentrations of arsenic 

in surface soil were within background levels.  Consequently, arsenic in surface soil may be naturally 

occurring at Zone 3 and not present as a result of site operations. 

 

Concentrations of total beryllium, copper, lead, mercury, and zinc exceeded the Connecticut surface 

water protection criteria and were retained as COCs in groundwater.  Concentrations of dissolved 

beryllium, copper, lead, mercury, and zinc were below the surface water protection criteria in all 

groundwater samples.  This indicates the total metal concentrations are due, in part, to the presence of 

suspended solids in the groundwater samples.  In addition, concentrations of total beryllium exceeded the 

surface water protection criteria in only one groundwater sample.  Concentrations of total copper, 

mercury, and zinc only exceeded the surface water protection criteria in only two samples.  This suggests 

there is not a significant source area for beryllium, copper, mercury, and zinc in groundwater at Zone 2. 

 

Only one surface soil sample was collected at Zone 3.  One sample is not adequate to delineate the 

nature and extent of contamination.  Therefore there is uncertainty associated with estimating risks using 

the results of only one sample. 

 



X X

TABLE 5-1

CHEMICALS RETAINED AS COPCs
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical D

C
irect 

ontact
Soil to Air

G
Soil to 

roundwater
Dire

Conta
Soil toct 

ct
 Air So

Groun
il to Volatilization Migration toDirect 
dwater C to Indoor Air Surface Waterontact

Semivolatile Organic Compounds
Benzo(a)anthracene X X
Benzo(a)pyrene X
Benzo(b)fluoranthene X X
Chrysene X
Dibenzo(a,h)anthracene X
Indeno(1,2,3-cd)pyrene X
Inorganics
Antimony X
Arsenic X X X X
Beryllium X X
Cadmium X
Chromium X
Copper X
Lead X X X X X X
Manganese X X
MercuryMercury X X
Nickel X
Vanadium X
Zinc X
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment C.



TABLE 5-2

EXPOSURE POINT CONCENTRATIONS
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Surface Surface/ Groundwater
Chemical Soil(1) Subsurface Soil(1) RME CTE

(mg/kg) (mg/kg) (ug/L) (ug/L)
Semivolatile Organic Compounds
Benzo(a)anthracene NA 0.802(2) NA NA
Benzo(a)pyrene NA 0.609(2) NA NA
Benzo(b)fluoranthene NA 0.633(2) NA NA
Dibenzo(a,h)anthracene NA 0.211(3) NA NA
Indeno(1,2,3-cd)pyrene NA 0.335(2) NA NA
Inorganics
Antimony NA NA NA NA
Arsenic 2.2(4) 2.89(3) 6.75(4) 2.39(5)

Beryllium NA NA 6.90(4) 1.63(5)

Cadmium NA NA 3.15(4) 0.854(5)

Chromium NA NA 56.3(4) 14.5(5)

Lead 267(5) 257(5) 105(5) 105(5)

Manganese NA 188(3) 3890(4) 9.37(5)

Mercury NA NA 4.50(4) 0.797(5)

Nickel NA NA 133(4) 41.6(5)

Vanadium NA NA 87.2(4) 23.6(5)

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Approximate Gamma 95% UCL
3 - Student-UCL
4 - Maximum Detected Concentration
5 - Arithmetic Mean
NA - This chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment C.



TABLE 5-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 3
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 3E-07 - - - - - - 0.02 - -
Dermal Contact 7E-08 - - - - - - 0.001 - -
Inhalation 2E-08 - - - - - - 0.3 - -
Total 3E-07 - - - - - - 0.3 - -

Groundwater Dermal Contact 2E-09 - - - - - - 0.1 - -
Total 2E-09 - - - - - - 0.1 - -
Total All Media 3E-07 0.4

Current Full-Time Employee Surface Soil Incidental Ingestion 1E-06 - - - - - - 0.007 - -
Dermal Contact 2E-07 - - - - - - 0.001 - -
Total 1E-06 - - - - - - 0.009 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 4E-06 - - - - Benzo(a)pyrene, Arsenic 0.01 - -
Dermal Contact 2E-06 - - - - - - 0.002 - -
Total 7E-06 - - - - Benzo(a)pyrene, Arsenic 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 5E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.2 - -

Dermal Contact 2E-05 - - - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.01 - -

Total 6E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.2 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 8E-06 - - - - Benzo(a)pyrene, Arsenic 0.02 - -
Dermal Contact 3E-06 - - - - Benzo(a)pyrene 0.002 - -

Total 1E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.02 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 6E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

NA - -

Dermal Contact 2E-05 - - - -
Benzo(a)anthracene, 

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

NA - -

Total 7E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

NA - -



TABLE 5-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 3
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 9E-08 - - - - - - 0.006 - -
Dermal Contact 2E-08 - - - - - - 0.0003 - -
Inhalation 1E-08 - - - - - - 0.2 - -
Total 1E-07 - - - - - - 0.2 - -

Groundwater Dermal Contact 2E-10 - - - - - - 0.003 - -
Total 2E-10 - - - - - - 0.003 - -
Total All Media 1E-07 0.2

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 6E-07 - - - - - - 0.005 - -
Dermal Contact 8E-08 - - - - - - 0.0002 - -
Total 7E-07 - - - - - - 0.005 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 1E-06 - - - - - - 0.05 - -
Dermal Contact 1E-07 - - - - - - 0.001 - -
Total 2E-06 - - - - - - 0.05 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 5E-07 - - - - - - 0.006 - -
Dermal Contact 6E-08 - - - - - - 0.0002 - -
Total 6E-07 - - - - - - 0.006 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - NA - -

Dermal Contact 2E-07 - - - - - - NA - -
Total 2E-06 - - - - NA - -



TABLE 5-5

USEPA CHEMICALS OF CONCERN
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern Impact on Human Receptors
SURFACE/SUBSURFACE SOIL

Lead Concentrations of lead in several samples exceed the OSWER screening 
level by an order of magnitude or more.



TABLE 5-6

CTDEP CHEMICALS OF CONCERN
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

Industrial Protective of Groundwater
Grass Areas Paved Areas Surface Soil Subsurface Soil

Benzo(a)anthracene There are no grassy areas Lead Lead Benzo(a)anthracene None Arsenic
Benzo(b)fluoranthene at Zone 3. Benzo(b)fluoranthene Beryllium

Lead Chrysene Copper
Total Petroleum Hydrocarbons Lead Lead

Total Petroleum Hydrocarbons Mercury
Zinc

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 5-7

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 9E-06 1E-06 0.01 0.009

Surface/Subsurface Soil
Construction Workers 1E-06 3E-07 0.05 0.3
Full-Time Employee NC 7E-06 NC 0.01
Child Resident NR 6E-05 NR 0.2
Adult Resident NR 1E-05 NR 0.02
Lifelong Resident 4E-05 7E-05 0.04 NA

Groundwater
Construction Workers 5E-09 2E-09 0.07 0.1

Notes:
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
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6.0  ZONE 4 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 4 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 6.6.1 contains 

a discussion of the selection of COPCs, Section 6.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 6.6.3 contains the numerical results of the risk assessment, and 

Section 6.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment D.1. 

 

6.1 DATA EVALUATION 

COPCs were identified for Zone 4 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 6-1 presents a summary of the chemicals retained as COPCs for Zone 4.  RAGS Part D tables for 

COPC selection are included in Attachment D.1. 

 

6.1.1 Surface Soil 

Nineteen SVOCs, 20 inorganics, and total petroleum hydrocarbons were detected in the one surface soil 

samples collected at Zone 4.  The following chemicals were detected in surface soils at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for surface soil at Zone 4: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and 

indeno(1,2,3-cd)pyrene] 

• Inorganics (antimony, arsenic, and lead) 

• TPH 

 

Concentrations of antimony and arsenic exceeded the screening levels based on the USEPA RSLs but 

were less than the CTDEP RSRs.  Concentrations of iron also exceeded the screening criteria but iron 
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was not retained as a COPC because as discussed in Section 2.2.1 USEPA Region I does not advocate 

evaluating exposures to iron. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

surface soil at Zone 4 by full-time employees or hypothetical residents were not evaluated quantitatively 

in the HHRA. 

 

Concentrations of chemicals in surface soil were also compared to screening levels for the migration of 

chemicals from soil to groundwater.  The following chemicals were detected in surface soil at maximum 

concentrations exceeding the COPC screening levels for migration from soil to groundwater and were 

retained as COPCs for surface soil at Zone 4: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

carbazole, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• TPH 

 

Concentrations of benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, 

and indeno(1,2,3-cd)pyrene the CDTEP RSRs but were less than the USEPA SSLs.  Concentrations of 

aluminum also exceeded the screening criteria but aluminum was not retained as a COPC because as 

discussed in Section 2.2.1 USEPA Region I does not advocate evaluating exposures to aluminum. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRs for pollutant mobility.  Lead concentrations in the TCLP extracts from two surface soil samples 

exceeded the state criteria. 

 

6.1.2 Subsurface Soil 

Eight VOCs, 19 SVOCs, one pesticide, 21 inorganics, and TPH were detected in the subsurface soil 

samples collected at Zone 4.  The following chemicals were detected in subsurface soils at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for subsurface soil at Zone 4: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and 

indeno(1,2,3-cd)pyrene] 

• Inorganics (arsenic,  chromium, lead, and manganese) 

• TPH 
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Concentrations of benzo(a)anthracene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, 

indeno(1,2,3-cd)pyrene, arsenic, and chromium exceeded the screening levels based on the RSLs but 

were less than the CTDEP RSRs.  Concentrations of aluminum and iron also exceeded the screening 

criteria but aluminum and iron were not retained as a COPC because as discussed in Section 2.2.1 

USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

subsurface soil at Zone 4 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 

 

Concentrations of chemicals in subsurface soil were also compared to screening levels for the migration 

of chemicals from soil to groundwater.  TPH was the only chemical detected at concentrations in 

subsurface soil which exceeded the COPC screening levels for migration from soil to groundwater and 

was retained as a COPC for subsurface soil at Zone 4.  Concentrations of aluminum and cobalt exceeded 

the screening criteria but aluminum and cobalt were not retained as a COPC because as discussed in 

Section 2.2.1 USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Arsenic concentrations in TCLP extract from two subsurface soil samples 

and lead concentrations in the TCLP extracts from six subsurface soil samples exceeded the state 

criteria. 

 

6.1.3 Groundwater 

Eight VOCs, 18 SVOCs, and 24 inorganics were detected in groundwater samples collected at Zone 4.  

The following chemicals were detected in groundwater at maximum concentrations exceeding the direct 

contact risk-based COPC screening levels for residential land use and were retained as COPCs for 

groundwater at Zone 4: 

 

• VOCs (1,1-dichloroethane, 1,1-dichloroethene, ethylbenzene, methylene chloride, total xylenes, and 

vinyl chloride) 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

bis(2-ethylhexyl)phthalate, indeno(1,2,3-cd)pyrene, and naphthalene] 
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• Inorganics (antimony, arsenic, boron, cadmium, chromium, lead, manganese, nickel, thallium, and 

vanadium) 

 

• Nitrate 

 

• TPH 

 

Concentrations of 1,1-dichloroethane, ethylbenzene, total xylenes, naphthalene, and nickel exceeded 

screening levels based on the RSLs but were less than the CTDEP RSRs. 

 

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  The following chemicals were detected in groundwater at 

maximum concentrations exceeding the CDTEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 4: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and benzo(k)fluoranthene] 

• Inorganics (arsenic, cadmium, chromium, copper, lead, mercury, and zinc) 

• TPH 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  Concentrations of ethylbenzene and vinyl chloride 

exceeded the screening criteria for migration of chemicals from groundwater to indoor air and therefore 

ethylbenzene and vinyl chloride were retained as COPCs for groundwater at Zone 4. 

 

6.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 4 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 

and full-time employees are not assumed to come into contact with groundwater at Zone 4 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

Construction workers were assumed to be exposed to the COPCs in surface/subsurface soil.  The 

potential exposure pathways evaluated in the HHRA were incidental ingestion, dermal contact, and 

inhalation of fugitive dust and VOC emissions.  Construction workers could also come into contact with 
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groundwater while excavating building foundations or digging trenches.  The potential exposures 

pathways evaluated in the HHRA were dermal contact and inhalation of chemicals that have volatilized 

from groundwater. 

 

At present, Zone 4 is covered by concrete and there are no grassy areas therefore full-time employees 

are not currently exposed to COPCs in surface soils.  However, for purposes of risk assessment, it was 

assumed that the concrete was removed and full-time employees could be exposed to surface soil.  

Additionally, if excavation activities were to occur at Zone 4 (i.e., the subsurface soils were brought to the 

surface and mixed with surface soil) full-time employees could be exposed to COPCs in both surface and 

subsurface soil.  Full-time employees could also be exposed to COPCs that have volatilized from 

groundwater and migrated through the building foundation into indoor air.  The potential exposure 

pathways for full-time employees would include incidental ingestion and dermal contact with soil and 

inhalation of chemicals that have volatilized from groundwater. 

 

Hypothetical child and adult residents were also assumed to be exposed to surface and subsurface soil.  

Hypothetical residents could also be exposed to COPCs that have volatilized from groundwater and 

migrated through the building foundation into indoor air.  Potential exposure pathways would include 

incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized from 

groundwater.  As previously discussed, residential development of the Lower Subase is not anticipated.  

However, a future residential scenario is typically evaluated in a risk assessment for decision-making 

purposes.  For example the need for deed restrictions at a site may be eliminated prior to site closure if 

minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of  the 

inhalation of particulates or VOCs emanating from surface soils and subsurface soils were evaluated (in 

the COPC selection process) by comparing the maximum site soil concentrations to the USEPA Generic 

SSLs for transfers from soil to air for a residential scenario.  Maximum surface soil and subsurface soil 

concentrations did not exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure 

pathway was not performed for these receptors.  However, fugitive dust emissions under a construction 

scenario are likely to be higher than those under a residential scenario; therefore, the inhalation pathway 

was evaluated for construction workers. 

 

Exposure point concentrations for Zone 4 are presented in Table 6-2.  As discussed in Section 2.3.5, 

since there were fewer than 10 surface soil samples collected, the maximum detected concentration was 

used as the EPC for surface soil under the RME and CTE scenarios.  The 95 percent UCL was used as 

the EPC for exposures to surface/subsurface soil.  The maximum detected concentration and average 
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concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

6.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 4.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  

Uncertainties associated with the risk estimates are discussed in Section 6.4.  The methodology used to 

calculate the risks presented in this section is provided in Section 2.  Potential cancer risks and hazard 

indices were calculated for construction works, current and future full-time employees, and hypothetical 

residents under the RME and CTE scenarios and are summarized in Tables 6-3 and 6-4, respectively.  

Sample calculations are included in Attachment H and the results of the risk assessment in RAGS Part D 

format are included in Attachment D.1.  Tables 6-5 and 6-6 present the COCs for Zone 4. 

 

6.3.1 Noncarcinogenic Risks – RME 

HIs for all receptors under the RME scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

6.3.2 Carcinogenic Risks – RME 

ILCRs for all receptors with the exception of the hypothetical child and lifetime residents were within 

USEPA’s target risk range of 10-4 to 10-6.  The ILCRs for hypothetical child resident (ILCR = 3 x 10-4) and 

hypothetical lifelong residents (ILCR = 3 x 10-4) exceeded USEPA’s target range.  Carcinogenic PAHs 

and arsenic were the major contributors to the ILCRs. 

 

6.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors under the CTE scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

6.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 
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6.3.5 Risks from Lead 

Lead was identified as a COPC in surface soil and subsurface soil at Zone 4.  The maximum detected 

concentration of lead in surface soil (10,600 mg/kg) and subsurface soil (8,240 mg/kg) exceeded the 

OSWER soil screening level and CTDEP RSR of 400 mg/kg for residential land use. 

  

Hypothetical residential exposures to lead in surface/subsurface soil were evaluated using the most 

recent version of the IEUBK lead model (USEPA, 1994b).  As recommended by the IEUBK model, the 

average lead concentration of 1,466 mg/kg in surface/subsurface soil was used as the EPC.  Default 

values were used for the rest of the model input parameters.  IEUBK model outputs are included in 

Attachment D.2.  The lead concentration of 1,466 mg/kg in subsurface soil results in 67 percent of future 

on-site child residents having a blood lead level greater than 10 µg/dL and results in a geometric mean 

blood lead level of 12.3 µg/dL.  This value exceeds the USEPA goal as described in the 1994 OSWER 

Directive of no more than 5 percent of children exceeding a 10 µg/dL blood lead level. 

 

Exposures to lead in surface soil by full-time employees and in surface/subsurface soil by construction 

workers and full-time employees were evaluated using a slope-factor approach developed by the USEPA 

Technical Review Workgroup for Lead (USEPA, 2003a).  As recommended by the model, the average 

lead concentration of 3,284 mg/kg was used as the EPC for full-time employees exposed to surface soil 

and the average lead concentration of 1,466 mg/kg was used as the EPC for construction workers and 

full-time employees exposed to surface/subsurface soil.  ILCRs and HIs are calculated for non-lead 

compounds using RME assumptions; however, the adult lead model guidance recommends the use of 

CTE assumptions in evaluating adult exposures to lead in soil (USEPA, 2003c).  Therefore, the incidental 

ingestion rate was assumed to be 100 mg/day for the construction worker and 50 mg/day for full-time 

employees (USEPA, 2003a).  The exposure frequency was assumed to be 80 days/year for the 

construction worker and 219 days/year for the full-time employees.  Values of 2.0 and 1.98 µg/dL were 

used for the standard deviation and baseline blood lead concentration, respectively, which are the 

recommended values for the northeastern United States (USEPA, 2002e).  Default parameters were used 

for the remaining model input parameters.  Results of the model runs are included in Attachment D.2.  

The fetus of a pregnant worker is the receptor of concern for the TRW model.   

 

For full-time employees exposed to surface soil, the lead concentration of 3,284 mg/kg results in 

23 percent of the receptors (fetuses) having a blood lead level greater than 10.0 µg/dL and a geometric 

mean blood lead level of 6.7 µg/dL.  These results exceeded the USEPA goal of no more than 5 percent 

of children (fetuses of exposed women) exceeding a 10 µg/dL blood lead level. 

 

For construction workers exposed to surface/subsurface soil, the lead concentration of 1,466 mg/kg 

results in 13.1 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a 
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geometric mean blood lead level of 5.1 µg/dL.  For full-time employees exposed to surface/subsurface 

soil, the lead concentration of 1,466 mg/kg results in 7.5 percent of the receptors (fetuses) having a blood 

lead level greater than 10.0 µg/dL and a geometric mean blood lead level of 4.1 µg/dL.  These results 

exceed the U.S. EPA goal of no more than 5 percent of children (fetuses of exposed women) exceeding a 

10 µg/dL blood lead level. 

 

6.3.6 Risks from Vapor Intrusion 

As discussed in Section 3.1.3, ethylbenzene and vinyl chloride were detected in groundwater at 

concentrations exceeding the USEPA screening levels for migration from groundwater through building 

foundations and into indoor air.  Exposures by hypothetical residents to COPCs that have migrated from 

groundwater into indoor air were evaluated using the EPA’s Johnson and Ettinger volatilization model 

(USEPA, 2003c).  Spreadsheet calculations/printouts for the Johnson and Ettinger volatilization model are 

presented in Attachment D.3.  The risks from vapor intrusion are: 

 

Chemical ILCR HI   

Ethylbenzene 1E-6 0.001 
Vinyl Chloride 4E-5 0.1 
Total 4E-5 0.1 

 

The cumulative HI for hypothetical residents exposed to chemicals that has migrated from groundwater 

through building foundations into indoor air is less unity, indicating that adverse non-carcinogenic effects 

are not anticipated for these receptors under the defined exposure conditions.  The ILCR for the 

hypothetical residents exposed to chemicals that has migrated from groundwater through building 

foundations into indoor air is within USEPA’s target risk range of 10-4 to 10-6.  HIs and ILCRs for industrial 

workers would also be expected to be within acceptable levels since these receptors would be exposed to 

volatiles in indoor air on a less frequent basis than residential receptors.  In addition, industrial facilities 

are typically larger than residential housing units with larger air exchange rates which would result in 

lower indoor air concentrations. 

 

6.3.6 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment D.1 and Table D.4.1 in Attachment D.4 present a comparison of 

chemical concentrations in soil to CTDEP RSRs for direct contact with soil.  Tables 2.2 and 2.4 in 

Attachment D.1 present a comparison of chemical concentrations in soil to CTDEP pollutant mobility 

criteria.  Tables 2.5 and 2.6 in Attachment D.1 present a comparison of chemical concentrations in 

groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into indoor air, and 

surface water protection.  Table 6-6 lists those chemicals detected at concentrations exceeding the RSRs 

and retained as COCs for Zone 4 based on CTDEP guidance.  Concentrations of carcinogenic PAHs, 
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lead, and TPH in surface soil and subsurface soil exceeded the CTDEP residential RSRs for direct 

contact with soil and were retained as COCs.  Concentrations of benzo(a)anthracene, 

dibenzo(a,h)anthracene, lead, and TPH exceeded the CTDEP industrial RSRs.  Concentrations of 

carcinogenic PAHs, carbazole, lead, and TPH in surface soil and arsenic, lead, and TPH in subsurface 

soil exceeded the CTDEP pollutant mobility criteria.  Concentrations of several chemicals in groundwater 

exceeded the CTDEP groundwater protection (GA/GAA) criteria.  The Connecticut groundwater 

protection criteria are applicable to GA/GAA-classified areas (drinking water source areas) only.  All of the 

groundwater included in the Lower Subase at NSB-NLON is within a GB-classified area (a non-drinking 

water source area), therefore no COCs were retained for direct contact exposures to groundwater.  

Concentrations of vinyl chloride in groundwater exceeded Connecticut groundwater volatilization criteria 

and concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

total arsenic, total cadmium, total chromium, total copper, total lead, total mercury, total zinc, and TPH 

exceeded the Connecticut surface water protection criteria and were retained as COCs in groundwater. 

 

6.3.7 Comparison to Results from 1999 HHRA 

Table 6-7 presents a comparison of the ILCRs and HIs from the 1997 HHRA and those calculated in this 

HHRA.  ILCRs are lower in this HHRA for full-time employees exposed to surface soil as compared to 

those estimated in the 1999 HHRA.  The main reason for the difference in the ILCRs for the full-time 

employees is due to changes in the evaluation of dermal exposures.  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.02 mg/cm2 for the full-time employee (USEPA, 2004).  

 

The ILCRs for construction workers exposed to surface/subsurface soil are lower in this HHRA compared 

to those estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are higher than those 

estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker is attributable to 

changes in the evaluation of incidental ingestion and dermal exposures.  A value of 480 mg/day was used 

as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA guidance recommends a value 

of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence factor of 1 mg/cm2 was used to 

evaluate dermal exposures to soil.  Current USEPA guidance recommends a value of 0.3 mg/cm2 for the 

construction workers (USEPA, 2004).  The difference in the HIs is attributable to the fact that the 

inhalation of fugitive dust was evaluated for the construction worker in this HHRA whereas this exposure 

pathway was not evaluated in the 1999 HHRA. 

 

ILCRs for construction workers exposed to groundwater are higher in this HHRA.  The difference in the 

ILCRs is because dermal exposures to PAHs in groundwater were not evaluated in the 1999 HHRA 

whereas they were elevated in this HHRA.  HIs for construction workers exposed to groundwater are 

lower in this HHRA.  The difference in the HIs is attributable to changes in the exposure frequency.  There 
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are no standard default exposure frequencies for construction workers exposed to groundwater.  The 

1999 HHRA assumed that the construction worker would be exposed to groundwater 100 percent of the 

time they were at the site or 120 days a year.  It was assumed in this HHRA that the construction worker 

would be exposed to groundwater 25 percent of the time they were at the site or 30 days a year. 

 

ILCRs and HIs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as 

compared to those estimated in the 1999 HHRA.  The differences in the ILCRs and HIs are primarily due 

to changes in the exposure frequency and changes in the methodology used to evaluate carcinogenic 

exposures to PAHs.  In the 1999 HHRA it was assumed that hypothetical residents were exposed to soil 

150 days a year (USEPA Region I, 1994).  USEPA Region I now recommends that an exposure of 

350 days a year be used to evaluate exposures to soil by hypothetical residents.  Also in 2005 USEPA 

issued new guidance for evaluating early life exposures to carcinogens that act via a mutagenic mode of 

action such as PAHs.  This new guidance impacts receptors less than 18 years old and results in higher 

ILCRs for child and lifelong residents.   

 

In both the 1999 HHRA and this HHRA USEPA’s IEUBK lead model was used to evaluate exposures to 

lead in soil by hypothetical child residents.  In the 1999 HHRA exposures to lead in surface/subsurface 

soil by hypothetical residents were evaluated for the RME scenario using the maximum detected 

concentration of lead and for the CTE scenario using the average concentration of lead.  The IEUBK 

results indicated that exposures to lead under the RME scenario exceeded acceptable levels while results 

for the CTE scenario were within acceptable levels.  Current USEPA guidance recommends that 

exposures to lead in soil be evaluated using the average lead concentration in soil.  The results of the 

IEUBK modeling conducted for this HHRA also exceeded acceptable levels.   

 

Exposures to lead in soil by construction workers and full-time employees were evaluated in both HHRAs 

using a slope-factor approach developed by the USEPA Technical Review Workgroup for Lead (USEPA, 

2003a).  In the 1999 HHRA exposures to lead in soil by construction workers and full-time employees 

were evaluated for the RME scenario using the maximum detected concentration of lead and RME 

exposure assumptions and for the CTE scenario using the average concentration of lead and CTE 

exposure assumptions.  Model results exceeded acceptable levels for full-time employees and exceeded 

acceptable levels for construction workers in the 1999 HHRA.  Current USEPA guidance recommends 

using the average lead concentration and CTE exposure assumptions to evaluate exposures to lead 

under non-residential land use.  The results of the lead modeling in this HHRA for construction workers 

and full-time employees also exceeded acceptable levels. 
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6.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  Site-specific uncertainties for Zone 4 are presented below. 

 

Most of the soil samples collected from Zone 4 were collected from locations that are currently under 

pavement.  Therefore, actual exposures under current site conditions are less than the exposure that is 

assumed in the HHRA.  In addition, potential exposures for future full-time employees and hypothetical 

residents assume that substantial excavation occurs at the site and excavated subsurface soil is mixed 

with surface soil.  If in the future the site is redeveloped without subsurface excavation then the 

exposures to future receptors will be less than those estimated in this HHRA. 

 

Concentrations of total petroleum hydrocarbons (TPH) in subsurface soil and groundwater exceeded the 

CTDEP RSR for residential exposure.  Exposures to TPH in subsurface soil and groundwater were not 

evaluated in the HHRA because there are no toxicity criteria available for TPH. 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

total arsenic, total cadmium, total chromium, total copper, total lead, total mercury, total zinc, and TPH 

exceeded the Connecticut surface water protection criteria and were retained as COCs in groundwater.  

Concentrations of dissolved cadmium, chromium, and mercury were less than the surface water 

protection criteria.  This indicates the total cadmium, chromium, and mercury concentrations are due, in 

part, to the presence of suspended solids in the groundwater samples.  Benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, and mercury were only detected in one 

groundwater sample.  Concentrations of cadmium exceeded the surface water protection criteria in only 

three samples.  Concentrations of chromium, copper, and TPH exceeded the surface water protection 

criteria in only one sample.  Concentrations of zinc exceeded the surface water protection criteria in only 

two samples.  This suggests there is not a significant source area for benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, cadmium, chromium, copper, mercury, 

zinc, and TPH in groundwater at Zone 4. 
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TABLE 6-1

CHEMICALS RETAINED AS COPCs
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical Volatilization Migration to

to Indoor Air Surface Water
Volatile Organic Compounds
1,1-Dichloroethane X
1,1-Dichloroethene X
Ethylbenzene X X
Methylene Chloride X
Total Xylenes X
Vinyl Chloride X X
Semivolatile Organic Compounds
Benzo(a)anthracene X X X X X
Benzo(a)pyrene X X X X X
Benzo(b)fluoranthene X X X X X
Benzo(k)fluoranthene X X X
Bis(2-ethylhexyl)phthalate X
Carbazole X
Chrysene X
Dibenzo(a h)anthracene X X X

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact

Soil to Air Soil to 
Groundwater

Direct 
Contact

Dibenzo(a,h)anthracene X X X
Indeno(1,2,3-cd)pyrene X X X X
Naphthalene X
Phenanthrene
Inorganics
Antimony X X
Arsenic X X X X X
Barium
Boron X
Cadmium X X
Chromium X X X
Lead X X X X X X
Manganese X X
Mercury X
Nickel X
Thallium X
Vanadium X
Zinc X
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TABLE 6-1

CHEMICALS RETAINED AS COPCs
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical Volatilization Migration to

to Indoor Air Surface WaterSoil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact

Soil to Air Soil to 
Groundwater

Direct 
Contact

Miscellaneous Parameters
Nitrate X
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X X X X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment D.



TABLE 6-2

EXPOSURE POINT CONCENTRATIONS
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Surface Surface/ Groundwater
Chemical Soil(1) Subsurface Soil(1) RME CTE

(mg/kg) (mg/kg) (ug/L) (ug/L)
Volatile Organic Compounds
1,1-Dichloroethene NA NA 27.3(2) 5.08(3)

Methylene Chloride NA NA 5.50(2) 2.38(3)

Total Xylenes NA NA 11.5(2) 4.07(3)

Vinyl Chloride NA NA 7.33(2) 3.04(3)

Semivolatile Organic Compounds
Benzo(a)anthracene 5.3(2) 2.7(4) 1.00(2) 1.00(3)

Benzo(a)pyrene 4.3(2) 2.92(5) 0.800(2) 0.800(2)

Benzo(b)fluoranthene 4.3(2) 2.2(4) 0.600(2) 0.600(2)

Benzo(k)fluoranthene NA NA 1.00(2) 1.00(2)

Bis(2-ethylhexyl)phthalate NA NA 6.83(2) 3.23(3)

Dibenzo(a,h)anthracene 1.5(2) 0.611(6) NA NA
Indeno(1,2,3-cd)pyrene 3.4(2) 2.31(5) 0.700(2) 0.700(2)

Naphthalene NA NA 3.77(2) 2.85(3)

Inorganics
Antimony 3.3(2) 1.77(7) 9.00(2) 4.81(3)

Arsenic 4.2(2) 3.32(8) 15.5(2) 4.96(3)

Barium NA NA 1118(2) 50.8(3)

Boron NA NA 1980(2) 787(3)

Cadmium NA NA 7.08(2) 1.35(3)

Chromium NA NA 30.2(2) 3.39(3)

Lead 3284(3) 1466(3) 67.3(3) 67.3(3)

Manganese NA 139(8) 1980(2) 1980(2)

Nickel NA NA 26.9(2) 8.61(3)

Selenium NA NA NA NA
Thallium NA NA 6.76(2) 2.24(3)

Vanadium 14.1(2) 18.4(7) 29.5(2) 4.67(3)

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Maximum Detected Concentration
3 - Arithmetic Mean
4 - 95% Chebyshev(Mean, Std) UCL
5 - 97.5% Chebyshev(Mean, Std) UCL
6 - H-UCL
7 - Approximate Gamma 95% UCL
8 - Student-UCL
NA - This chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment D.
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TABLE 6-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 4
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 8E-07 - - - - - - 0.04 - -
Dermal Contact 3E-07 - - - - - - 0.002 - -
Inhalation 2E-07 - - - - - - 0.3 - -
Total 1E-06 - - - - - - 0.3 - -

Groundwater Dermal Contact 3E-06 - - - - Benzo(a)pyrene 0.06 - -
Inhalation 1E-09 - - - - - - 0.05 - -
Total 3E-06 - - - - Benzo(a)pyrene 0.1 - -
Total All Media 4E-06 0.4

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-05 - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.02 - -

Dermal Contact 2E-05 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.003 - -

Total 4E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.02 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 1E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.02 - -

Dermal Contact 1E-05 - - - - Benzo(a)pyrene 0.002 - -

Total 2E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.02 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-04 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

0.3 - -

Dermal Contact 7E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

0.01 - -

Total 3E-04 Benzo(a)pyrene Benzo(a)anthracene, 
Dibenzo(a,h)anthracene

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic
0.3 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-05 - - Benzo(a)pyrene
Benzo(a)anthracene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.03 - -

Dermal Contact 1E-05 - - - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.002 - -

Total 4E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.03 - -
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TABLE 6-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 4
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-04 - - Benzo(a)pyrene, 

Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

NA - -

Dermal Contact 8E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

NA - -

Total 3E-04 Benzo(a)pyrene
Benzo(a)anthracene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

 Benzo(b)fluoranthene,  Arsenic NA - -



TABLE 6-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 4
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 3E-07 - - - - - - 0.01 - -
Dermal Contact 6E-08 - - - - - - 0.0003 - -
Inhalation 2E-07 - - - - - - 0.2 - -
Total 5E-07 - - - - - - 0.2 - -

Groundwater Dermal Contact 9E-07 - - - - - - 0.1 - -
Inhalation 2E-10 - - - - - - 0.03 - -
Total 9E-07 - - - - - - 0.2 - -
Total All Media 1E-06 0.3

Current Full-Time Employee Surface Soil Incidental Ingestion 3E-06 - - - - Benzo(a)pyrene 0.01 - -
Dermal Contact 5E-07 - - - - - - 0.0002 - -
Total 4E-06 - - - - Benzo(a)pyrene 0.01 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - 0.01 - -
Dermal Contact 3E-07 - - - - - - 0.0002 - -
Total 2E-06 - - - - - - 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 4E-06 - - - - Benzo(a)pyrene 0.1 - -
Dermal Contact 6E-07 - - - - - - 0.002 - -
Total 5E-06 - - - - Benzo(a)pyrene 0.1 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - 0.01 - -
Dermal Contact 2E-07 - - - - - - 0.0002 - -
Total 2E-06 - - - - - - 0.01 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 6E-06 - - - - Benzo(a)pyrene NA - -

Dermal Contact 8E-07 - - - - - - NA - -
Total 7E-06 - - Benzo(a)pyrene NA - -



TABLE 6-5

USEPA CHEMICALS OF CONCERN
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1) Impact on Human Receptors
SURFACE/SUBSURFACE SOIL
Benzo(a)anthracene Hypothetical Child Resident ILCR = 8E-06

Hypothetical Lifelong Resident ILCR = 9E-06
Benzo(a)pyrene Hypothetical Child Resident ILCR = 2E-04

Hypothetical Lifelong Resident ILCR = 2E-04
Benzo(b)fluoranthene Hypothetical Child Resident ILCR = 6E-06

Hypothetical Lifelong Resident ILCR = 8E-06
Dibenzo(a,h)anthracene Hypothetical Child Resident ILCR = 4E-05

Hypothetical Lifelong Resident ILCR = 4E-05
Indeno(1,2,3-cd)pyrene Hypothetical Child Resident ILCR = 1E-05

Hypothetical Lifelong Resident ILCR = 2E-05
Arsenic Hypothetical Child Resident ILCR = 6E-06

Hypothetical Lifelong Resident ILCR = 9E-06

Lead Risks for child residents, construction workers and full-time employees 
exceed acceptable levels.

ILCR = Incremental Lifetime Cancer Risk
1 - For mediums with ILCR > 1 x 10-4 a COC is any carcinogenic chemical with an ILCR 
    greater than 1 x 10-6 or a noncarcinogenic chemical contributing to target organ 
    hazard indices (HI) greater than 1.0.



TABLE 6-6

CTDEP CHEMICALS OF CONCERN
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

Industrial Protective of Groundwater
Grassy Areas Paved Areas Surface Soil Subsurface Soil

Benzo(a)anthracene No samples were collected Benzo(a)anthracene Benzo(a)anthracene Arsenic Vinyl Chloride Benzo(a)anthracene
Benzo(a)pyrene from the grassy area at Dibenzo(a,h)anthracene Benzo(a)pyrene Lead Benzo(b)fluoranthene

Benzo(b)fluoranthene Zone 4. Lead Benzo(b)fluoranthene Total Petroleum Hydrocarbons Benzo(a)pyrene
Dibenzo(a,h)anthracene Total Petroleum Hydrocarbons Benzo(k)fluoranthene Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene Carbazole Arsenic

Lead Chrysene Cadmium
Total Petroleum Hydrocarbons Dibenzo(a,h)anthracene Chromium

Indeno(1,2,3-cd)pyrene Lead
Mercury

Lead Zinc
Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 6-7

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 7E-05 4E-05 0.02 0.02

Surface/Subsurface Soil
Construction Workers 3E-06 1E-06 0.06 0.3
Full-Time Employee NC 2E-05 NC 0.02
Child Resident NR 2E-04 NR 0.3
Adult Resident NR 4E-05 NR 0.03
Lifelong Resident 1E-04 3E-04 0.05 NA

Groundwater
Construction Workers 9E-07 3E-06 0.7 0.1

Notes:
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
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7.0  ZONE 5 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 5 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 7.6.1 contains 

a discussion of the selection of COPCs, Section 7.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 7.6.3 contains the numerical results of the risk assessment, and 

Section 7.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment E.1. 

 

7.1 DATA EVALUATION 

COPCs were identified for Zone 5 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 7-1 presents a summary of the chemicals retained as COPCs for Zone 5.  RAGS Part D tables for 

COPC selection are included in Attachment E.1. 

 

7.1.1 Surface Soil 

Five VOCs, four SVOCs, two pesticides/PCBs, 19 inorganics, and total petroleum hydrocarbons were 

detected in the one surface soil sample collected at Zone 5.  The following chemicals were detected in 

surface soils at maximum concentrations exceeding the direct contact risk-based COPC screening levels 

for residential land use and were retained as COPCs for surface soil at Zone 5: 

 

• SVOCs [benzo(a)anthracene and benzo(b)fluoranthene] 

• Inorganics (arsenic and vanadium) 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(b)fluoranthene, arsenic, and vanadium exceeded the 

screening levels based on the RSLs but were less than the CTDEP RSRs.  The detected concentrations 

of arsenic and vanadium were also less than the background concentration.  Concentrations of iron also 
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exceeded the screening criteria but iron was not retained as a COPC because, as discussed in 

Section 2.2.1, USEPA Region I does not advocate evaluating exposures to iron. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

surface soil at Zone 5 by full-time employees or hypothetical residents were not evaluated quantitatively 

in the HHRA. 

 

Concentrations of chemicals in surface soil were also compared to screening levels for the migration of 

chemicals from soil to groundwater.  TPH was the only chemical detected at concentrations exceeding 

the COPC screening levels for migration from soil to groundwater and was retained as COPCs for surface 

soil at Zone 5.  Concentrations of aluminum exceeded the screening criteria but aluminum was not 

retained as a COPC because, as discussed in Section 2.2.1, USEPA Region I does not advocate 

evaluating exposures to aluminum. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRs for pollutant mobility.  Lead concentrations in the TCLP extract from the one surface soil sample 

analyzed for TCLP exceeded the state criteria. 

 

7.1.2 Subsurface Soil 

Six VOCs, 23 SVOCs, five pesticides/PCBs, 20 inorganics, and TPH were detected in the subsurface soil 

samples collected at Zone 5.  The following chemicals were detected in subsurface soils at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for subsurface soil at Zone 5: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, 

indeno(1,2,3-cd)pyrene, and naphthalene] 

• Inorganics (arsenic and manganese) 

• TPH 

 

Concentrations of benzo(a)anthracene, dibenzo(a,h)anthracene, and arsenic exceeded the screening 

levels based on the RSLs but were less than the CTDEP RSRs.  The detected concentrations of arsenic 

were also less than the background concentration.  Concentrations of aluminum and iron also exceeded 

the screening criteria but aluminum and iron were not retained as a COPC because, as discussed in 

Section 2.2.1, USEPA Region I does not advocate evaluating exposures to these chemicals. 
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Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

subsurface soil at Zone 5 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 

 

Concentrations of chemicals in subsurface soil were also compared to screening levels for the migration 

of chemicals from soil to groundwater.  The following chemicals were detected in subsurface soil at 

maximum concentrations exceeding the COPC screening levels for migration from soil to groundwater 

and were retained as COPCs for subsurface soil at Zone 5: 

 

• VOCs (methylene chloride) 

• SVOCs [2-methylnaphthalene, benzo(a)pyrene, and benzo(b)fluoranthene] 

• TPH 

 

Concentrations of benzo(a)pyrene and benzo(b)fluoranthene exceeded the CDTEP RSRs but were less 

than the USEPA SSLs.  Methylene chloride, benzo(a)pyrene, and benzo(b)fluoranthene were not 

detected in groundwater samples collected at Zone 5.  Concentrations of aluminum and cobalt also 

exceeded the screening criteria but aluminum and cobalt were not retained as a COPC because, as 

discussed in Section 2.2.1, USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Lead concentrations in the TCLP extracts from one subsurface soil sample 

exceeded the state criteria. 

 

7.1.3 Groundwater 

Three VOCs, eight SVOCs, and 15 inorganics were detected in groundwater samples collected at 

Zone 5.  The following chemicals were detected in groundwater at maximum concentrations exceeding 

the direct contact risk-based COPC screening levels for residential land use and were retained as COPCs 

for groundwater at Zone 5: 

 

• VOCs (ethylbenzene) 

• SVOCs (2-methylnaphthalene and naphthalene) 

• Inorganics (arsenic and manganese) 
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Concentrations of arsenic only exceeded the screening criteria in the filtered groundwater samples.  

Concentrations of ethylbenzene and naphthalene exceeded the RSLs but were less than the CTDEP 

RSRs. 

 

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  The following chemicals were detected in groundwater at 

maximum concentrations exceeding the CDTEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 5: 

 

• SVOCs (acenaphthylene) 

• Inorganics (mercury) 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  The concentration of ethylbenzene in one sample 

exceeded the screening criteria for migration of chemicals from groundwater to indoor air and therefore 

ethylbenzene was retained as a COPC for groundwater at Zone 5. 

 

7.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 5 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 

and full-time employees are not assumed to come into contact with groundwater at Zone 5 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

At present, Zone 5 is covered primarily by buildings, concrete, or paving and there are no grassy areas.  

However, for purposes of risk assessment, it was assumed that the concrete and paving were removed 

and full-time employees could be exposed to surface soil.  Additionally, if excavation activities were to 

occur at Zone 5 (i.e., the subsurface soils were brought to the surface and mixed with surface soil) full-

time employees could be exposed to COPCs in both surface and subsurface soil.  Full-time employees 

could also be exposed to COPCs that have volatilized from groundwater and migrated through the 

building foundation into indoor air.  The potential exposure pathways for full-time employees would 

include incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized 

from groundwater. 
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Hypothetical child and adult residents were also assumed to be exposed to surface and subsurface soil.  

Hypothetical residents could also be exposed to COPCs that have volatilized from groundwater and 

migrated through the building foundation into indoor air.  Potential exposure pathways would include 

incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized from 

groundwater.  As previously discussed, residential development of the Lower Subase is not anticipated.  

However, a future residential scenario is typically evaluated in a risk assessment for decision-making 

purposes.  For example the need for deed restrictions at a site may be eliminated prior to site closure if 

minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of  the 

inhalation of particulates or VOCs emanating from surface soils and subsurface soils were evaluated (in 

the COPC selection process) by comparing the maximum site soil concentrations to the USEPA Generic 

SSLs for transfers from soil to air for a residential scenario.  Maximum surface soil and subsurface soil 

concentrations did not exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure 

pathway was not performed for these receptors.  However, fugitive dust emissions under a construction 

scenario are likely to be higher than those under a residential scenario; therefore, the inhalation pathway 

was evaluated for construction workers. 

 

Exposure point concentrations for Zone 5 are presented in Table 7-2.  As discussed in Section 2.3.5, 

since there were fewer than 10 surface soil samples collected, the maximum detected concentration was 

used as the EPC for surface soil under the RME and CTE scenarios.  The 95 percent UCL was used as 

the EPC for exposures to surface/subsurface soil.  The maximum detected concentration and average 

concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

7.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 5.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  

Uncertainties associated with the risk estimates are discussed in Section 7.4.  The methodology used to 

calculate the risks presented in this section is provided in Section 2.  Potential cancer risks and hazard 

indices were calculated for construction works, full-time employees, and hypothetical residents under the 

RME and CTE scenarios and are summarized in Tables 7-3 and 7-4, respectively.  Sample calculations 

are included in Attachment H and the results of the risk assessment in RAGS Part D format are included 

in Attachment E.1.  Table 7-5 presents the COCs for Zone 5. 

 

100706/P 7-5 CTO 424 



  REVISION 2 
  JULY 2010 
 
7.3.1 Noncarcinogenic Risks – RME 

HIs for all receptors under the RME scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

7.3.2 Carcinogenic Risks – RME 

ILCRs for all receptors were less than or within USEPA’s target risk range of 10-4 to 10-6.  The ILCR for 

hypothetical lifelong residents (ILCR= 1 x 10-4) was equal to the upper bound of USEPA’s target risk 

range.  Carcinogenic PAHs and arsenic were the major contributors to the ILCRs for hypothetical lifelong 

residents. 

 

It should be noted that the concentrations of arsenic in surface and subsurface soil at Zone 5 were within 

background levels. 

 

7.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors under the CTE scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

7.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 

 

7.3.5 Risks from Vapor Intrusion 

As discussed in Section 7.1.3, ethylbenzene was detected in groundwater at concentrations exceeding 

the USEPA screening levels for migration from groundwater through building foundations and into indoor 

air.  Exposures by hypothetical residents to COPCs that have migrated from groundwater into indoor air 

were evaluated using the EPA’s Johnson and Ettinger volatilization model (USEPA, 2003c).  Spreadsheet 

calculations/printouts for the Johnson and Ettinger volatilization model are presented in Attachment E.2.   

 

The HI for hypothetical residents (HI = 0.0006) exposed to ethylbenzene that has migrated from 

groundwater through building foundations into indoor air is less unity, indicating that adverse non-

carcinogenic effects are not anticipated for these receptors under the defined exposure conditions.  The 

ILCR for the hypothetical residents (ILCR = 7 x 10-7) exposed to ethylbenzene that has migrated from 

groundwater through building foundations into indoor air is less than USEPA’s target risk range of 10-4 to 

10-6.  HIs and ILCRs for industrial workers would also be expected to be within acceptable levels since 

these receptors would be exposed to volatiles in indoor air on a less frequent basis than residential 
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receptors.  In addition, industrial facilities are typically larger than residential housing units with larger air 

exchange rates which would result in lower indoor air concentrations. 

 

7.3.6 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment E.1 and Tables E.2.1 and E.2.2 in Attachment E.2 present a 

comparison of chemical concentrations in soil to CTDEP RSRs for direct contact with soil.  Tables 2.2 and 

2.4 in Attachment E.1 present a comparison of chemical concentrations in soil to CTDEP pollutant 

mobility criteria.  Tables 2.5 and 2.6 in Attachment E.1 present a comparison of chemical concentrations 

in groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into indoor air, and 

surface water protection.  Table 7-5 lists those chemicals detected at concentrations exceeding the RSRs 

and retained as COCs for Zone 5 based on CTDEP guidance.  Concentrations of benzo(a)pyrene, 

benzo(b)fluoranthene, and TPH in surface soil and subsurface soil exceeded the CTDEP residential 

RSRs for direct contact with soil and were retained as COCs.  TPH was the only chemical detected in soil 

at concentrations exceeding the CTDEP industrial RSRs.  Concentrations of lead and TPH in surface soil 

and lead and methylene chloride, 2-methylnaphthalene, benzo(a)pyrene, benzo(b)fluoranthene, lead, and 

TPH in subsurface soil exceeded the CTDEP pollutant mobility criteria.  Concentrations of 

2-methylnaphthalene in groundwater exceeded the CTDEP groundwater protection (GA/GAA) criteria.  

The Connecticut groundwater protection criteria are applicable to GA/GAA-classified areas (drinking 

water source areas) only.  All of the groundwater included in the Lower Subase at NSB-NLON is within a 

GB-classified area (a non-drinking water source area), therefore no COCs were retained for direct contact 

exposures to groundwater.  Concentrations of all chemicals in groundwater were less than the 

Connecticut groundwater volatilization criteria.  Concentrations of acenaphthylene and total mercury 

exceeded the Connecticut surface water protection criteria and were retained as COCs in groundwater. 

 

7.3.7 Comparison to Results from 1999 HHRA 

Table 7-6 presents a comparison of the ILCRs and HIs from the 1997 HHRA and those calculated in this 

HHRA.  ILCRs are lower in this HHRA for full-time employees exposed to surface soil as compared to 

those estimated in the 1999 HHRA.  The main reason for the difference in the ILCRs for the full-time 

employees is due to changes in the evaluation of dermal exposures.  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.02 mg/cm2 for the full-time employee (USEPA, 2004).  

 

The ILCRs for construction workers exposed to surface/subsurface soil in this HHRA are slightly lower as 

compared to those estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are slightly 

higher than those estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker is 

attributable to changes in the evaluation of incidental ingestion and dermal exposures.  A value of 
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480 mg/day was used as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA 

guidance recommends a value of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.3 mg/cm2 for the construction workers (USEPA, 2004).  The differences in the 

HIs are due to changes in the toxicity criteria for manganese and because inhalation of chemicals that 

have volatilized from groundwater were evaluated for the construction worker in this HHRA whereas this 

exposure pathway was not evaluated in the 1999 HHRA. 

 

ILCRs for construction workers exposed to groundwater are lower in this HHRA as compared to those 

estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are higher than those 

estimated in the 1999 HHRA.  The difference in the ILCRs is attributable to changes in the exposure 

frequency.  There are no standard default exposure frequencies for construction workers exposed to 

groundwater.  The 1999 HHRA assumed that the construction worker would be exposed to groundwater 

100 percent of the time they were at the site or 120 days a year.  It was assumed in this HHRA that the 

construction worker would be exposed to groundwater 25 percent of the time they were at the site or 

30 days a year.  The differences in the HIs are due to changes in the toxicity criteria for manganese. 

 

ILCRs and HIs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as 

compared to those estimated in the 1999 HHRA.  The differences in the ILCRs and HIs are primarily due 

to changes in the exposure frequency assumptions and changes in the methodology used to evaluate 

carcinogenic exposures to PAHs.  In the 1999 HHRA it was assumed that hypothetical residents were 

exposed to soil 150 days a year (USEPA Region I, 1994).  USEPA Region I now recommends that an 

exposure of 350 days a year be used to evaluate exposures to soil by hypothetical residents.  Also in 

2005 USEPA issued new guidance for evaluating early life exposures to carcinogens that act via a 

mutagenic mode of action such as PAHs.  This new guidance impacts receptors less than 18 years old 

and results in higher ILCRs for child and lifelong residents.   

 

7.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  Site-specific uncertainties for Zone 5 are presented below. 

 

Most of the soil samples collected from Zone 5 were collected from locations that are currently under 

pavement.  Therefore, actual exposures under current site conditions are less than the exposure that is 

assumed in the HHRA.  In addition, potential exposures for future full-time employees and hypothetical 

residents assume that substantial excavation occurs at the site and excavated subsurface soil is mixed 

with surface soil.  If in the future the site is redeveloped without subsurface excavation then the 

exposures to future receptors will be less than those estimated in this HHRA. 
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Arsenic was identified as a COPC in surface and subsurface soil and vanadium was identified as a COPC 

in surface soil.  The detected concentrations of arsenic and vanadium in surface and subsurface soil were 

within background levels.  Consequently, arsenic and vanadium in surface and subsurface soil may be 

naturally occurring at Zone 5 and not present as a result of site operations. 

 

Concentrations of total petroleum hydrocarbons (TPH) in subsurface soil and groundwater exceeded the 

CTDEP RSR for residential exposure.  Exposures to TPH in subsurface soil and groundwater were not 

evaluated in the HHRA because there are no toxicity criteria available for TPH. 

 

Concentrations of acenaphthylene and total mercury exceeded the Connecticut surface water protection 

criteria and were retained as COCs in groundwater.  Acenaphthylene and total mercury were only 

detected in one groundwater sample.  Dissolved mercury was not detected in any groundwater sample.  

The detected total mercury concentration of 0.41 µg/L only slightly exceeded the surface water protection 

criteria of 0.4 µg/L.  This suggests there is not a significant source area for acenaphthylene and total 

mercury in groundwater at Zone 5. 

 



TABLE 7-1

CHEMICALS RETAINED AS COPCs
ZONE 5

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical Volatilization Migration to

to Indoor Air Surface Water
Volatile Organic Compounds
Methylene Chloride X
Ethylbenzene X X
Semivolatile Organic Compounds
Acenaphthylene X
2-Methylnaphthalene X X
Benzo(a)anthracene X X
Benzo(a)pyrene X X
Benzo(b)fluoranthene X X X
Dibenzo(a,h)anthracene X
Indeno(1,2,3-cd)pyrene X
Naphthalene X X
Inorganics
Arsenic X X X
Barium
Lead X X
Manganese X X

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact

Soil to Air Soil to 
Groundwater

Direct 
Contact

Manganese X X
Mercury X
Vanadium X
Zinc
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment E.



TABLE 7-2

EXPOSURE POINT CONCENTRATIONS
ZONE 5

NSB-NLON, GROTON, CONNECTICUT

Surface Surface/ Groundwater
Chemical Soil(1) Subsurface Soil(1) RME CTE

(mg/kg) (mg/kg) (ug/L) (ug/L)
Volatile Organic Compounds
Ethylbenzene NA NA 4(3) 1.7(4)

Semivolatile Organic Compounds
2-Methylnaphthalene NA 15.9(2) 75(3) 33(4)

Benzo(a)anthracene NA 0.7(3) NA NA
Benzo(a)pyrene NA 1.1(3) NA NA
Benzo(b)fluoranthene NA 1.2(3) NA NA
Dibenzo(a,h)anthracene NA 0.12(3) NA NA
Dibenzofuran NA NA 2(3) 2(4)

Naphthalene NA NA 73(3) 27.9(4)

Inorganics
Arsenic 1.5(3) 1.58(5) 34.3(3) 11.8(4)

Barium NA NA 173(3) 98.7(4)

Manganese NA 139(6) 4140(3) 1657(4)

Vanadium 15.6(3) 12.7(5) NA NA

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - 99% Chebyshev(Mean, Std) UCL
3 Maximum Detected Concentration3 - Maximum Detected Concentration
4 - Arithmetic Mean
5 - Student-UCL
6 - Approximate Gamma 95% UCL
NA - Chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment E.



TABLE 7-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 5
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 3E-07 - - - - - - 0.02 - -
Dermal Contact 1E-07 - - - - - - 0.003 - -
Inhalation 1E-08 - - - - - - 0.2 - -
Total 4E-07 - - - - - - 0.2 - -

Groundwater Dermal Contact 1E-08 - - - - - - 0.1 - -
Inhalation 1E-08 - - - - - - 0.7
Total 3E-08 - - - - - - 0.8 - -
Total All Media 4E-07 1

Current Full-Time Employee Surface Soil Incidental Ingestion 9E-07 - - - - - - 0.005 - -
Dermal Contact 2E-07 - - - - - - 0.001 - -
Total 1E-06 - - - - - - 0.006 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 5E-06 - - - - Benzo(a)pyrene 0.01 - -
Dermal Contact 4E-06 - - - - Benzo(a)pyrene 0.004 - -
Total 8E-06 - - - - Benzo(a)pyrene 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 7E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.1 - -

Dermal Contact 2E-05 - - Benzo(a)pyrene
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Dibenzo(a,h)anthracene

0.02 - -

Total 9E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.2 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 1E-05 - - - - Benzo(a)pyrene 0.02 - -
Dermal Contact 5E-06 - - - - Benzo(a)pyrene 0.003 - -
Total 2E-05 - - - - Benzo(a)pyrene 0.02 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 8E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

NA - -

Dermal Contact 3E-05 - - Benzo(a)pyrene
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Dibenzo(a,h)anthracene

NA - -

Total 1E-04 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

NA - -



TABLE 7-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 5
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 1E-07 - - - - - - 0.006 - -
Dermal Contact 2E-08 - - - - - - 0.0006 - -
Inhalation 1E-08 - - - - - - 0.2 - -
Total 1E-07 - - - - - - 0.2 - -

Groundwater Dermal Contact 1E-09 - - - - - - 0.01 - -
Inhalation 1E-09 - - - - - - 0.3 - -
Total 2E-09 - - - - - - 0.3 - -
Total All Media 1E-07 0.4

Current Full-Time Employee Surface Soil Incidental Ingestion 1E-07 - - - - - - 0.002 - -
Dermal Contact 8E-09 - - - - - - 0.00008 - -
Total 1E-07 - - - - - - 0.002 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 8E-07 - - - - - - 0.005 - -
Dermal Contact 1E-07 - - - - - - 0.0003 - -
Total 9E-07 - - - - - - 0.005 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - 0.05 - -
Dermal Contact 2E-07 - - - - - - 0.003 - -
Total 2E-06 - - - - - - 0.05 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 6E-07 - - - - - - 0.005 - -
Dermal Contact 8E-08 - - - - - - 0.0003 - -
Total 7E-07 - - - - - - 0.005 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - NA - -

Dermal Contact 3E-07 - - - - - - NA - -
Total 3E-06 - - Benzo(a)pyrene NA - -



TABLE 7-5

CTDEP CHEMICALS OF CONCERN
ZONE 5

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grass Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)pyrene Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons Lead Methylene Chloride None Acenaphthylene

Benzo(b)fluoranthene Total Petroleum Hydrocarbons 2-Methylnaphthalene Mercury
Total Petroleum Hydrocarbons Benzo(a)pyrene

Benzo(b)fluoranthene
Lead

Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 7-6

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 5

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 5E-06 1E-06 0.007 0.006

Surface/Subsurface Soil
Construction Workers 8E-07 4E-07 0.02 0.2
Full-Time Employee NC 8E-06 NC 0.01
Child Resident NR 9E-05 NR 0.2
Adult Resident NR 2E-05 NR 0.02
Lifelong Resident 3E-05 1E-04 0.02 NA

Groundwater
Construction Workers 1E-07 3E-08 0.2 0.8

Notes:
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
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8.0  ZONE 6 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 6 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 8.6.1 contains 

a discussion of the selection of COPCs, Section 8.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 8.6.3 contains the numerical results of the risk assessment, and 

Section 8.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment F.1. 

 

8.1 DATA EVALUATION 

COPCs were identified for Zone 6 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 8-1 presents a summary of the chemicals retained as COPCs for Zone 6.  RAGS Part D tables for 

COPC selection are included in Attachment F.1. 

 

8.1.1 Surface Soil 

Nineteen SVOCs, 18 inorganics, and total petroleum hydrocarbons were detected in the one surface soil 

samples collected at Zone 6.  The following chemicals were detected in surface soils at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for surface soil at Zone 6: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene] 

• Inorganics (arsenic and manganese) 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(d)fluoranthene, and arsenic exceeded the 

screening levels based on the RSLs but were less than the CTDEP RSRs.  The detected concentrations 

of arsenic were also less than the background concentration.  Concentrations of iron also exceeded the 
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screening criteria but iron was not retained as a COPC because as discussed in Section 2.2.1 USEPA 

Region I does not advocate evaluating exposures to iron. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

surface soil at Zone 6 by full-time employees or hypothetical residents were not evaluated quantitatively 

in the HHRA. 

 

Concentrations of chemicals in surface soil were also compared to screening levels for the migration of 

chemicals from soil to groundwater.  TPH was the only chemical detected at concentrations exceeding 

the COPC screening levels for migration from soil to groundwater and was retained as COPCs for surface 

soil at Zone 6.  Concentrations of aluminum and cobalt exceeded the screening criteria but aluminum and 

cobalt were not retained as a COPC because as discussed in Section 2.2.1 USEPA Region I does not 

advocate evaluating exposures to these chemicals. 

 

8.1.2 Subsurface Soil 

One VOC, 13 SVOCs, 17 inorganics, and TPH were detected in the subsurface soil samples collected at 

Zone 6.  The following chemicals were detected in subsurface soils at maximum concentrations 

exceeding the direct contact risk-based COPC screening levels for residential land use and were retained 

as COPCs for subsurface soil at Zone 6: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene] 

• Inorganics (arsenic and vanadium) 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, arsenic, and vanadium 

exceeded the screening levels based on the RSLs but were less than the CTDEP RSRs.  The detected 

concentrations of arsenic and vanadium were also less than the background concentration.  

Concentrations of aluminum and iron also exceeded the screening criteria but aluminum and iron were 

not retained as a COPC because as discussed in Section 2.2.1 USEPA Region I does not advocate 

evaluating exposures to these chemicals. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

subsurface soil at Zone 6 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 
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Concentrations of all chemicals in subsurface soil with the exception of aluminum and cobalt were less 

than the screening levels for the migration of chemicals from soil to groundwater.  Aluminum and cobalt 

were not retained as a COPC because as discussed in Section 2.2.1 USEPA Region I does not advocate 

evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  All TCLP and SPLP concentrations were less than the state criteria. 

 

8.1.3 Groundwater 

Two VOCs, five SVOCs, and 16 inorganics were detected in groundwater samples collected at Zone 6.  

The following chemicals were detected in groundwater at maximum concentrations exceeding the direct 

contact risk-based COPC screening levels for residential land use and were retained as COPCs for 

groundwater at Zone 6: 

 

• VOCs (chloroform) 

• Inorganics (antimony, manganese, and thallium) 

 

Concentrations of antimony exceeded the screening criteria in the filtered groundwater samples.  

Concentrations of antimony exceeded the screening criteria based on the RSLs but were less than the 

CTDEP RSRs. 

 

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  Acenaphthylene was the only chemical detected at 

concentrations exceeding the CDTEP criteria for migration from groundwater to surface water and was 

retained as COPCs for groundwater at Zone 6. 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  Concentrations of chloroform exceeded the 

screening criteria for migration of chemicals from groundwater to indoor air and therefore chloroform was 

retained as a COPC for groundwater at Zone 6. 

 

8.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 6 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 
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and full-time employees are not assumed to come into contact with groundwater at Zone 6 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

At present, Zone 6 is covered primarily by buildings, concrete, or paving and there are no grassy areas.  

However, for purposes of risk assessment, it was assumed that the concrete and paving were removed 

and full-time employees could be exposed to surface soil.  Additionally, if excavation activities were to 

occur at Zone 6 (i.e., the subsurface soils were brought to the surface and mixed with surface soil) full-

time employees could be exposed to COPCs in both surface and subsurface soil.  Full-time employees 

could also be exposed to COPCs that have volatilized from groundwater and migrated through the 

building foundation into indoor air.  The potential exposure pathways for full-time employees would 

include incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized 

from groundwater. 

 

Hypothetical child and adult residents were also assumed to be exposed to surface and subsurface soil.  

Hypothetical residents could also be exposed to COPCs that have volatilized from groundwater and 

migrated through the building foundation into indoor air.  Potential exposure pathways would include 

incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized from 

groundwater.  As previously discussed, residential development of the Lower Subase is not anticipated.  

However, a future residential scenario is typically evaluated in a risk assessment for decision-making 

purposes.  For example the need for deed restrictions at a site may be eliminated prior to site closure if 

minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of  the 

inhalation of particulates or VOCs emanating from surface soils and subsurface soils were evaluated (in 

the COPC selection process) by comparing the maximum site soil concentrations to the USEPA Generic 

SSLs for transfers from soil to air for a residential scenario.  Maximum surface soil and subsurface soil 

concentrations did not exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure 

pathway was not performed for these receptors.  However, fugitive dust emissions under a construction 

scenario are likely to be higher than those under a residential scenario; therefore, the inhalation pathway 

was evaluated for construction workers. 

 

Exposure point concentrations for Zone 6 are presented in Table 8-2.  As discussed in Section 2.3.5, 

since there were fewer than 10 surface soil samples collected, the maximum detected concentration was 

used as the EPC for surface soil under the RME and CTE scenarios.  The 95 percent UCL was used as 

the EPC for exposures to surface/subsurface soil.  The maximum detected concentration and average 
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concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

8.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 6.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  

Uncertainties associated with the risk estimates are discussed in Section 8.4.  The methodology used to 

calculate the risks presented in this section is provided in Section 2.  Potential cancer risks and hazard 

indices were calculated for construction works, full-time employees, and hypothetical residents under the 

RME and CTE scenarios and are summarized in Tables 8-3 and 8-4, respectively.  Sample calculations 

are included in Attachment H and the results of the risk assessment in RAGS Part D format are included 

in Attachment F.1.  Table 8-5 presents the COCs for Zone 6. 

 

8.3.1 Noncarcinogenic Risks – RME 

HIs for all receptors under the RME scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

8.3.2 Carcinogenic Risks – RME 

ILCRs for all receptors under the RME scenario were less than or within USEPA’s target risk range. 

 

8.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors under the CTE scenario were less than or equal to unity (1), indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure conditions. 

 

8.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 

 

8.3.5 Risks from Vapor Intrusion 

As discussed in Section 8.1.3, chloroform was detected in groundwater at concentrations exceeding the 

USEPA screening levels for migration from groundwater through building foundations and into indoor air.  

Exposures by hypothetical residents to COPCs that have migrated from groundwater into indoor air were 

evaluated using the EPA’s Johnson and Ettinger volatilization model (USEPA, 2003c).  Spreadsheet 

calculations/printouts for the Johnson and Ettinger volatilization model are presented in Attachment F.2.   
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The HI for hypothetical residents (HI = 0.01) exposed to chloroform that has migrated from groundwater 

through building foundations into indoor air is less unity, indicating that adverse non-carcinogenic effects 

are not anticipated for these receptors under the defined exposure conditions.  The ILCR for the 

hypothetical residents (ILCR = 1 x 10-5) exposed to chloroform that has migrated from groundwater 

through building foundations into indoor air is within USEPA’s target risk range of 10-4 to 10-6.  HIs and 

ILCRs for industrial workers would also be expected to be within acceptable levels since these receptors 

would be exposed to volatiles in indoor air on a less frequent basis than residential receptors.  In addition, 

industrial facilities are typically larger than residential housing units with larger air exchange rates which 

would result in lower indoor air concentrations. 

 

8.3.6 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment F.1 and Tables F.3.1 and F.3.2 in Attachment F.3 present a comparison 

of chemical concentrations in soil to CTDEP RSRs for direct contact with soil.  Tables 2.2 and 2.4 in 

Attachment F.1 present a comparison of chemical concentrations in soil to CTDEP pollutant mobility 

criteria.  Tables 2.5 and 2.6 in Attachment F.1 present a comparison of chemical concentrations in 

groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into indoor air, and 

surface water protection.  Table 8-5 lists those chemicals detected at concentrations exceeding the RSRs 

and retained as COCs for Zone 6 based on CTDEP guidance.  Concentrations of TPH in surface soil and 

subsurface soil exceeded the CTDEP residential RSRs for direct contact with soil and was retained as 

COCs.  Concentrations of all chemicals in soil were less than the CTDEP industrial RSRs.  

Concentrations of TPH in surface soil exceeded the CTDEP pollutant mobility criteria.  Concentrations of 

all chemicals in subsurface soil were less than the CTDEP pollutant mobility criteria.  Concentrations of 

chloroform and thallium (total and filtered) in groundwater exceeded the CTDEP groundwater protection 

(GA/GAA) criteria.  The Connecticut groundwater protection criteria are applicable to GA/GAA-classified 

areas (drinking water source areas) only.  All of the groundwater included in the Lower Subase at NSB-

NLON is within a GB-classified area (a non-drinking water source area), therefore no COCs were retained 

for direct contact exposures to groundwater.  Concentrations of all chemicals in groundwater were less 

than the Connecticut groundwater volatilization criteria.  Concentrations of acenaphthylene exceeded the 

Connecticut surface water protection criteria and was retained as a COC in groundwater. 

 

8.3.7 Comparison to Results from 1999 HHRA 

Table 8-6 presents a comparison of the ILCRs and HIs from the 1997 HHRA and those calculated in this 

HHRA.  ILCRs are lower in this HHRA for full-time employees exposed to surface soil as compared to 

those estimated in the 1999 HHRA.  The main reason for the difference in the ILCRs for the full-time 

employees is due to changes in the evaluation of dermal exposures.  In the 1999 HHRA a soil adherence 
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factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.02 mg/cm2 for the full-time employee (USEPA, 2004).   

 

The ILCRs for construction workers exposed to surface/subsurface soil are lower in this HHRA as 

compared to those estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are higher 

than those estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker is 

attributable to changes in the evaluation of incidental ingestion and dermal exposures.  A value of 

480 mg/day was used as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA 

guidance recommends a value of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence 

factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current USEPA guidance 

recommends a value of 0.3 mg/cm2 for the construction workers (USEPA, 2004).  The difference in the 

HIs is attributable to the fact that inhalation of fugitive dust was evaluated for the construction worker in 

this HHRA whereas this exposure pathway was not evaluated in the 1999 HHRA. 

 

ILCRs for construction workers exposed to groundwater are higher in this HHRA as compared to those 

estimated in the 1999 HHRA while the HIs estimated in this HHRA are slightly than those estimated in the 

1999 HHRA.  The difference in the ILCRs is because chloroform was retained as a COPC in this HHRA. 

The difference in the HIs is due to changes in the toxicity criteria for manganese. 

 

ILCRs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as compared 

to those estimated in the 1999 HHRA.  The differences in the ILCRs are primarily due to changes in the 

exposure frequency assumptions and changes in the methodology used to evaluate carcinogenic 

exposures to PAHs.  In the 1999 HHRA it was assumed that hypothetical residents were exposed to soil 

150 days a year (USEPA Region I, 1994).  USEPA Region I now recommends that an exposure of 

350 days a year be used to evaluate exposures to soil by hypothetical residents.  Also in 2005 USEPA 

issued new guidance for evaluating early life exposures to carcinogens that act via a mutagenic mode of 

action such as PAHs.  This new guidance impacts receptors less than 18 years old and results in higher 

ILCRs for child and lifelong residents.   

 

8.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  Site-specific uncertainties for Zone 6 are presented below. 

 

Most of the soil samples collected from Zone 6 were collected from locations that are currently under 

pavement.  Therefore, actual exposures under current site conditions are less than the exposure that is 

assumed in the HHRA.  In addition, potential exposures for future full-time employees and hypothetical 

residents assume that substantial excavation occurs at the site and excavated subsurface soil is mixed 
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with surface soil.  If in the future the site is redeveloped without subsurface excavation then the 

exposures to future receptors will be less than those estimated in this HHRA. 

 

Arsenic was identified as a COPC in surface and subsurface soil and vanadium was identified as a COPC 

in subsurface soil.  The detected concentrations of arsenic and vanadium in surface and subsurface soil 

were within background levels.  Consequently, arsenic and vanadium in surface and subsurface soil may 

be naturally occurring at Zone 6 and not present as a result of site operations. 

 

Concentrations of total petroleum hydrocarbons (TPH) in subsurface soil and groundwater exceeded the 

CTDEP RSR for residential exposure.  Exposures to TPH in subsurface soil and groundwater were not 

evaluated in the HHRA because there are no toxicity criteria available for TPH. 

 

Concentrations of acenaphthylene exceeded the Connecticut surface water protection criteria and was 

retained as a COC in groundwater.  Acenaphthylene was only detected in one groundwater sample.  This 

suggests there is not a significant source area for acenaphthylene in groundwater at Zone 6. 

 



TABLE 8-1

CHEMICALS RETAINED AS COPCs
ZONE 6

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical Direct 

Contact Soil to Air Soil to 
Groundwater

Direct 
Contact Soil to Air Soil to 

Groundwater
Direct 

Contact
Volatilization Migration to
to Indoor Air Surface Water

Volatile Organic Compounds
Chloroform X X
Semivolatile Organic Compounds
Acenaphthylene X
Benzo(a)anthracene X X
Benzo(a)pyrene X X
Benzo(b)fluoranthene X X
Inorganics
Antimony X
Arsenic X X
Barium
Manganese X X
Thallium X
Vanadium X
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment F.



TABLE 8-2

EXPOSURE POINT CONCENTRATIONS
ZONE 6

NSB-NLON, GROTON, CONNECTICUT

Surface Surface/ Groundwater
Chemical Soil(1) Subsurface Soil(1) RME CTE

(mg/kg) (mg/kg) (ug/L) (ug/L)
Volatile Organic Compounds
Chloroform NA NA 22.0(2) 6.4(3)

Semivolatile Organic Compounds
Benzo(a)pyrene 0.46(2) 0.266(4) NA NA
Inorganics
Antimony NA NA 2.03(2) 0.905(3)

Arsenic 2.1(2) 1.93(5) NA NA
Barium NA NA 125(2) 51.2(3)

Manganese 182(2) 155(5) 448(2) 254(3)

Thallium NA NA 4.45(2) 1.85(3)

Vanadium 23.1(2) 17.1(5) NA NA

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Maximum Detected Concentration
3 - Arithmetic Mean
4 - Approximate Gamma 95% UCL
5 - Student-UCL
NA - Chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment F.



TABLE 8-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 6
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 1E-07 - - - - - - 0.01 - -
Dermal Contact 3E-08 - - - - - - 0.0009 - -
Inhalation 1E-08 - - - - - - 0.3 - -
Total 1E-07 - - - - - - 0.3 - -

Groundwater Dermal Contact 1E-09 - - - - - - 0.009 - -
Inhalation 3E-09 0.008
Total 5E-09 - - - - - - 0.02 - -
Total All Media 2E-07 0.3

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-06 - - - - - - 0.009 - -
Dermal Contact 1E-06 - - - - - - 0.001 - -
Total 4E-06 - - - - Benzo(a)pyrene 0.01 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - 0.008 - -
Dermal Contact 9E-07 - - - - - - 0.001 - -
Total 3E-06 - - - - - - 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-05 - - - - Benzo(a)pyrene, Arsenic 0.1 - -
Dermal Contact 5E-06 - - - - Benzo(a)pyrene 0.007 - -
Total 2E-05 - - Benzo(a)pyrene Arsenic 0.1 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-06 - - - - Benzo(a)pyrene 0.01 - -
Dermal Contact 1E-06 - - - - - - 0.001 - -
Total 4E-06 - - - - Benzo(a)pyrene, Arsenic 0.01 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-05 - - - - Benzo(a)pyrene, Arsenic NA - -

Dermal Contact 6E-06 - - - - Benzo(a)pyrene NA - -

Total 3E-05 - - Benzo(a)pyrene Benzo(b)fluoranthene, Arsenic NA - -



TABLE 8-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 6
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 4E-08 - - - - - - 0.004 - -
Dermal Contact 6E-09 - - - - - - 0.0002 - -
Inhalation 7E-09 - - - - - - 0.2 - -
Total 5E-08 - - - - - - 0.2 - -

Groundwater Dermal Contact 1E-10 - - - - - - 0.001 - -
Inhalation 2E-10 0.002
Total 4E-10 - - - - - - 0.003 - -
Total All Media 5E-08 0.2

Current Full-Time Employee Surface Soil Incidental Ingestion 4E-07 - - - - - - 0.004 - -
Dermal Contact 4E-08 - - - - - - 0.0001 - -
Total 4E-07 - - - - - - 0.004 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 3E-07 - - - - - - 0.004 - -
Dermal Contact 3E-08 - - - - - - 0.0001 - -
Total 3E-07 - - - - - - 0.004 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 6E-07 - - - - - - 0.04 - -
Dermal Contact 5E-08 - - - - - - 0.0009 - -
Total 7E-07 - - - - - - 0.04 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 2E-07 - - - - - - 0.004 - -
Dermal Contact 2E-08 - - - - - - 0.0001 - -
Total 3E-07 - - - - - - 0.004 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 9E-07 - - - - - - NA - -

Dermal Contact 7E-08 - - - - - - NA - -
Total 9E-07 - - - - NA - -



TABLE 8-5

CTDEP CHEMICALS OF CONCERN
ZONE 6

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grass Areas Paved Areas Surface Soil Subsurface Soil
Total Petroleum Hydrocarbons There are no grassy areas None Total Petroleum Hydrocarbons None None Acenaphthylene

at Zone 6.

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 8-6

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 6

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 6E-06 4E-06 0.01 0.01

Surface/Subsurface Soil
Construction Workers 4E-07 1E-07 0.03 0.3
Full-Time Employee NC 3E-06 NC 0.01
Child Resident NR 2E-05 NR 0.1
Adult Resident NR 4E-06 NR 0.01
Lifelong Resident 1E-05 3E-05 0.02 NA

Groundwater
Construction Workers No COPCs 5E-09 0.03 0.02

Notes:
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
No COPCs - No carcinogenic COPCs were identified in groundwater in the 1999 HHRA.
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9.0  ZONE 7 

This section presents the site-specific HHRA for soil and groundwater exposures at Zone 7 of the Lower 

Subase.  The HHRA was prepared using the methodology presented in Section 2.  Section 9.6.1 contains 

a discussion of the selection of COPCs, Section 9.6.2 contains information on the potential receptors and 

potential exposure pathways, Section 9.6.3 contains the numerical results of the risk assessment, and 

Section 9.6.4 presents site-specific uncertainties associated with the risk assessment.  RAGS Part D 

Tables are presented in Attachment G.1. 

 

9.1 DATA EVALUATION 

COPCs were identified for Zone 7 of the Lower Subase using the screening levels presented and 

discussed in Section 2.2.1.  All validated data collected during the Phase I and II RIs, the Lower Subase 

RI, and additional investigations were used to identify COPCs.  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 COPCs selected using migration criteria are presented below.  COPCs selected 

using migration criteria 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. 

 

Table 9-1 presents a summary of the chemicals retained as COPCs for Zone 7.  RAGS Part D tables for 

COPC selection are included in Attachment G.1. 

 

9.1.1 Surface Soil 

Two VOCs, 16 SVOCs, two pesticides, 20 inorganics, and total petroleum hydrocarbons were detected in 

the one surface soil sample collected at Zone 7.  The following chemicals were detected in surface soils 

at maximum concentrations exceeding the direct contact risk-based COPC screening levels for residential 

land use and were retained as COPCs for surface soil at Zone 7: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene] 

• Inorganics (antimony, arsenic, lead, and vanadium) 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, antimony, arsenic, and 

vanadium exceeded the screening levels based on the RSLs but were less than the CTDEP RSRs.  The 

detected concentrations of arsenic and vanadium were also less than background concentrations.  

100706/P 9-1 CTO 424 



  REVISION 2 
  JULY 2010 
 
Concentrations of iron also exceeded the screening criteria but iron was not retained as a COPC 

because, as discussed in Section 2.2.1, USEPA Region I does not advocate evaluating exposures to iron. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

surface soil at Zone 7 by full-time employees or hypothetical residents were not evaluated quantitatively 

in the HHRA. 

 

Concentrations of chemicals in surface soil were also compared to screening levels for the migration of 

chemicals from soil to groundwater.  The following chemicals were detected in surface soil at maximum 

concentrations exceeding the COPC screening levels for migration from soil to groundwater and were 

retained as COPCs for surface soil at Zone 7: 

 

• SVOCs [benzo(b)fluoranthene] 

• Inorganics (antimony) 

 

Concentrations of benzo(b)fluoranthene exceeded the CDTEP RSRs but were less than the USEPA 

SSLs.  Benzo(b)fluoranthene was not detected in groundwater samples collected at Zone 7.  

Concentrations of aluminum and cobalt also exceeded the screening criteria but aluminum and cobalt 

were not retained as a COPC because, as discussed in Section 2.2.1 USEPA Region I, does not 

advocate evaluating exposures to these chemicals. 

 

9.1.2 Subsurface Soil 

Five VOCs, 23 SVOCs, six pesticides, 25 inorganics, and TPH were detected in the subsurface soil 

samples collected at Zone 7.  The following chemicals were detected in subsurface soils at maximum 

concentrations exceeding the direct contact risk-based COPC screening levels for residential land use 

and were retained as COPCs for subsurface soil at Zone 7: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• Inorganics (antimony, arsenic, chromium, lead, manganese, nickel, vanadium, and zinc) 

• TPH 

 

Concentrations of chromium, nickel, vanadium, and zinc exceeded the screening levels based on the 

RSLs but were less than the CTDEP RSRs.  Concentrations of aluminum, copper, and iron also 

exceeded the screening criteria but aluminum, copper, and iron were not retained as a COPC because, 
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as discussed in Section 2.2.1, USEPA Region I does not advocate evaluating exposures to these 

chemicals. 

 

Concentrations of all chemicals were less than the USEPA Generic SSLs for transfers from soil to air for a 

residential scenario; therefore, exposures through inhalation of fugitive dust emissions and VOCs from 

subsurface soil at Zone 7 by full-time employees or hypothetical residents were not evaluated 

quantitatively in the HHRA. 

 

Concentrations of chemicals in subsurface soil were also compared to screening levels for the migration 

of chemicals from soil to groundwater.  The following chemicals were detected in subsurface soil at 

maximum concentrations exceeding the COPC screening levels for migration from soil to groundwater 

and were retained as COPCs for subsurface soil at Zone 7: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

carbazole, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• Inorganics (antimony, arsenic, and chromium) 

• TPH 

 

Concentrations of dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene exceeded the CDTEP RSRs but 

were less than the USEPA SSLs.  Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were not detected in 

groundwater samples collected at Zone 7.  Concentrations of aluminum and cobalt also exceeded the 

screening criteria but aluminum and cobalt were not retained as a COPC because, as discussed in 

Section 2.2.1, USEPA Region I does not advocate evaluating exposures to these chemicals. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific TCLP and SPLP data were compared to CTDEP 

RSRS for pollutant mobility.  Arsenic concentrations in TCLP extracts from one subsurface soil sample 

and lead concentrations in the TCLP extracts from four subsurface soil samples exceeded the state 

criteria. 

 

9.1.3 Groundwater 

Three VOCs, 12 SVOCs, and 21 inorganics were detected in groundwater samples collected at Zone 7.  

The following chemicals were detected in groundwater at maximum concentrations exceeding the direct 

contact risk-based COPC screening levels for residential land use and were retained as COPCs for 

groundwater at Zone 7: 
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• VOCs (chloroform) 

• SVOCs (naphthalene) 

• Inorganics (antimony, arsenic, barium, boron, lead, manganese, selenium, and thallium) 

• TPH 

 

Concentrations of boron and thallium only exceeded the screening criteria in the filtered groundwater 

samples.  Concentrations of chloroform, naphthalene, barium (total), cadmium (filtered), and thallium 

(filtered) exceeded the RSLs but were less than the CTDEP RSRs. 

 

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of 

chemicals from groundwater to surface water.  The following chemicals were detected in groundwater at 

maximum concentrations exceeding the CDTEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 7: 

 

• SVOCs (acenaphthylene) 

• Inorganics (arsenic, lead, and zinc) 

 

Concentrations of chemicals in groundwater were also compared to USEPA and CTDEP criteria for the 

migration of chemicals from groundwater to indoor air.  Concentrations of chloroform and trichloroethene 

exceeded the screening criteria for migration of chemicals from groundwater to indoor air and therefore 

chloroform and trichloroethene were retained as a COPC for groundwater at Zone 7 

 

9.2 EXPOSURE ASSESSMENT 

Receptors potentially exposed to soil at Zone 7 included construction workers, full-time employees, and 

hypothetical residents.  The HHRA further assumed that construction workers may also be exposed to 

COPCs in groundwater pooling at the bottom of a shallow excavation.  However, hypothetical residents 

and full-time employees are not assumed to come into contact with groundwater at Zone 7 because 

saline conditions near the river would preclude domestic use of shallow groundwater. The following 

paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 through 2-15. 

 

At present, Zone 7 is covered primarily by buildings, concrete, or paving and there are no grassy areas.  

However, for purposes of risk assessment, it was assumed that the concrete and paving were removed 

and full-time employees could be exposed to surface soil.  Additionally, if excavation activities were to 

occur at Zone 7 (i.e., the subsurface soils were brought to the surface and mixed with surface soil) full-

time employees could be exposed to COPCs in both surface and subsurface soil.  Full-time employees 
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could also be exposed to COPCs that have volatilized from groundwater and migrated through the 

building foundation into indoor air.  The potential exposure pathways for full-time employees would 

include incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized 

from groundwater. 

 

Hypothetical child and adult residents were also assumed to be exposed to surface and subsurface soil.  

Hypothetical residents could also be exposed to COPCs that have volatilized from groundwater and 

migrated through the building foundation into indoor air.  Potential exposure pathways would include 

incidental ingestion and dermal contact with soil and inhalation of chemicals that have volatilized from 

groundwater.  As previously discussed, residential development of the Lower Subase is not anticipated.  

However, a future residential scenario is typically evaluated in a risk assessment for decision-making 

purposes.  For example the need for deed restrictions at a site may be eliminated prior to site closure if 

minimal risks are estimated for residential receptors. 

 

Potential risks incurred by the hypothetical future resident or the typical full-time worker as a result of the 

inhalation of particulates or VOCs emanating from surface soils and subsurface soils were evaluated (in 

the COPC selection process) by comparing the maximum site soil concentrations to the USEPA Generic 

SSLs for transfers from soil to air for a residential scenario.  Maximum surface soil and subsurface soil 

concentrations did not exceeded the SSLs; therefore, a quantitative analysis of the inhalation exposure 

pathway was not performed for these receptors.  However, fugitive dust emissions under a construction 

scenario are likely to be higher than those under a residential scenario; therefore, the inhalation pathway 

was evaluated for construction workers. 

 

Exposure point concentrations for Zone 7 are presented in Table 9-2.  As discussed in Section 2.3.5, 

since there were fewer than 10 surface soil samples collected, the maximum detected concentration was 

used as the EPC for surface soil under the RME and CTE scenarios.  The 95 percent UCL was used as 

the EPC for exposures to surface/subsurface soil.  The maximum detected concentration and average 

concentration was used as the EPC for exposures to groundwater for the RME and CTE cases, 

respectively. 

 

9.3 RISK CHARACTERIZATION 

This section contains a summary of the results of the risk characterization for Zone 7.  Quantitative risk 

estimates for potential human receptors are developed for those chemicals identified as COPCs.  

Uncertainties associated with the risk estimates are discussed in Section 9.4.  The methodology used to 

calculate the risks presented in this section is provided in Section 2.  Potential cancer risks and hazard 

indices were calculated for construction works, full-time employees, and hypothetical residents under the 

RME and CTE scenarios and are summarized in Tables 9-3 and 9-4, respectively.  Sample calculations 
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are included in Attachment H and the results of the risk assessment in RAGS Part D format are included 

in Attachment G.1.  Tables 9-5 and 9-6 present the COCs for Zone 7. 

 

9.3.1 Noncarcinogenic Risks – RME 

HIs for construction workers exposed to groundwater and full-time employees exposed to surface soil 

under the RME scenario were less than or equal to unity (1), indicating that adverse non-carcinogenic 

effects are not anticipated for these receptors under the defined exposure conditions. 

 

HIs for exposure to surface/subsurface soil by construction workers (HI = 5), full-time employees (HI = 3), 

hypothetical child residents (HI = 45), and hypothetical adult residents (HI = 5) exceed the acceptable 

level of 1.  Antimony was the major contributor to the HI for all receptors. 

 

9.3.2 Carcinogenic Risks – RME 

ILCRs for all receptors with the exception of the hypothetical child and lifetime residents were within 

USEPA’s target risk range of 10-4 to 10-6.  The ILCRs for hypothetical child resident (ILCR = 5 x 10-4) and 

hypothetical lifelong residents (ILCR = 6 x 10-4) exceeded USEPA’s target range.  Carcinogenic PAHs 

and arsenic were the major contributors to the ILCRs. 

 

9.3.3 Noncarcinogenic Risks – CTE 

HIs for construction workers exposed to groundwater and full-time employees exposed to surface soil 

under the CTE scenario were less than or equal to unity (1), indicating that adverse non-carcinogenic 

effects are not anticipated for these receptors under the defined exposure conditions.  The HI for the full-

time employees (HI = 2) exposed to surface soil exceeded unity although as shown below the HQs for the 

individual target organs were all less or equal to than unity. 

 

Full-Time Employees – Surface Soil 
Target Organ Hazard Quotient 

Blood 1 
Body Weight 0.001 
Central Nervous System 0.002 
Cardiovascular System 0.03 
Gastrointestinal System 0.002 
Kidney 0.0006 
Skin 0.03 
Fetotoxicity 0.002 
Bone 0.002 
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HIs for exposure to surface/subsurface soil by construction workers (HI = 3), hypothetical child residents 

(HI = 15), and hypothetical adult residents (HI = 2) exceed the acceptable level of 1.  Antimony was the 

major contributor to the HI for all receptors. 

 

9.3.4 Carcinogenic Risks – CTE 

ILCRs for all receptors under the CTE scenario were less than or within USEPA’s target risk range. 

 

9.3.5 Risks from Lead 

Lead was identified as a COPC in surface soil and subsurface soil at Zone 7.  The maximum detected 

concentration of lead in surface soil (726 mg/kg) and subsurface soil (189,000 mg/kg) exceeded the 

OSWER soil screening level CTDEP RSR of 400 mg/kg for residential land use. 

  

Hypothetical residential exposures to lead in surface/subsurface soil were evaluated using the most 

recent version of the IEUBK lead model (USEPA, 1994b).  As recommended by the IEUBK model, the 

average lead concentration of 6,335 mg/kg in surface/subsurface soil was used as the EPC.  Default 

values were used for the rest of the model input parameters.  IEUBK model outputs are included in 

Attachment G.2.  The lead concentration of 6,335 mg/kg in subsurface soil results in 99 percent of future 

on-site child residents having a blood lead level greater than 10 µg/dL and results in a geometric mean 

blood lead level of 30.9 µg/dL.  These results exceed the USEPA goal as described in the 1994 OSWER 

Directive of no more than 5 percent of children exceeding a 10 µg/dL blood lead level. 

 

Exposures to lead in surface soil by full-time employees and in surface/subsurface soil by construction 

workers and full-time employees were evaluated using a slope-factor approach developed by the U.S. 

EPA Technical Review Workgroup for Lead (USEPA, 2003a).  As recommended by the model, the 

average lead concentration of 323 mg/kg was used as the EPC for current full-time employees exposed 

to surface soil and the average lead concentration of 6,335 mg/kg was used as the EPC for construction 

workers and future full-time employees exposed to surface/subsurface soil.  ILCRs and HIs are calculated 

for non-lead compounds using RME assumptions; however, the adult lead model guidance recommends 

the use of CTE assumptions in evaluating adult exposures to lead in soil (USEPA, 2003a).  Therefore, the 

incidental ingestion rate was assumed to be 100 mg/day for the construction worker and 50 mg/day for 

full-time employees (USEPA, 2003a).  The exposure frequency was assumed to be 80 days/year for the 

construction worker and 219 days/year for the full-time employees.  Values of 2.0 and 1.98 µg/dL were 

used for the standard deviation and baseline blood lead concentration, respectively, which are the 

recommended values for the northeastern United States (USEPA, 2002e).  Default parameters were used 

for the remaining model input parameters.  Results of the model runs are included in Attachment G.2.  

The fetus of a pregnant worker is the receptor of concern for the TRW model.   
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For full-time employees exposed to surface soil, the lead concentration of 323 mg/kg results in 

1.4 percent of the receptors (fetuses) having a blood lead level greater than 10.0 µg/dL and a geometric 

mean blood lead level of 2.4 µg/dL.  These results do not exceed the USEPA goal of no more than 

5 percent of children (fetuses of exposed women) exceeding a 10 µg/dL blood lead level. 

 

For construction workers exposed to surface/subsurface soil, the lead concentration of 6,335 mg/kg 

results in 68 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a 

geometric mean blood lead level of 15.5 µg/dL.  For full-time employees exposed to surface/subsurface 

soil, the lead concentration of 6,335 mg/kg results in 50 percent of the receptors (fetuses) having a blood 

lead level greater than 10.0 µg/dL and a geometric mean blood lead level of 11.1 µg/dL.  These results 

exceed the USEPA goal of no more than 5 percent of children (fetuses of exposed women) exceeding a 

10 µg/dL blood lead level. 

 

9.3.6 Risks from Vapor Intrusion 

As discussed in Section 9.1.3, chloroform and trichloroethene was detected in groundwater at 

concentrations exceeding the USEPA screening levels for migration from groundwater through building 

foundations and into indoor air.  Exposures by hypothetical residents to COPCs that have migrated from 

groundwater into indoor air were evaluated using the EPA’s Johnson and Ettinger volatilization model 

(USEPA, 2003c).  Spreadsheet calculations/printouts for the Johnson and Ettinger volatilization model are 

presented in Attachment G.3.  The risks from vapor intrusion are: 

 

Chemical ILCR HI   

Chloroform 1E-6 0.001 
Trichloroethene 1E-7 0.01 
Total 1E-6 0.01 

 

The cumulative HI for hypothetical residents exposed to chemicals that has migrated from groundwater 

through building foundations into indoor air is less unity, indicating that adverse non-carcinogenic effects 

are not anticipated for these receptors under the defined exposure conditions.  The ILCR for the 

hypothetical residents exposed to chemicals that has migrated from groundwater through building 

foundations into indoor air is within USEPA’s target risk range of 10-4 to 10-6.  HIs and ILCRs for industrial 

workers would also be expected to be within acceptable levels since these receptors would be exposed to 

volatiles in indoor air on a less frequent basis than residential receptors.  In addition, industrial facilities 

are typically larger than residential housing units with larger air exchange rates which would result in 

lower indoor air concentrations. 
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9.3.7 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment G.1 and Table G.4.1 in Attachment G.4 present a comparison of 

chemical concentrations in soil to CTDEP RSRs for direct contact with soil.  Tables 2.2 and 2.4 in 

Attachment G.1 present a comparison of chemical concentrations in soil to CTDEP pollutant mobility 

criteria.  Tables 2.5 and 2.6 in Attachment G.1 present a comparison of chemical concentrations in 

groundwater to CTDEP RSRs for direct contact with groundwater, volatilization into indoor air, and 

surface water protection.  Table 9-6 lists those chemicals detected at concentrations exceeding the RSRs 

and retained as COCs for Zone 7 based on CTDEP guidance.  Concentrations of carcinogenic PAHs, 

antimony, arsenic, copper, lead, and TPH in surface soil and subsurface soil exceeded the CTDEP 

residential RSRs for direct contact with soil and were retained as COCs.  Concentrations of all chemicals 

in soil were less than the CTDEP industrial RSRs.  Concentrations of benzo(b)fluoranthene in surface soil 

and lead and carcinogenic PAHs, carbazole, arsenic, lead, and TPH in subsurface soil exceeded the 

CTDEP pollutant mobility criteria.  Concentrations of antimony (total and filtered), barium (filtered), lead 

(total and filtered), and selenium (total) in groundwater exceeded the CTDEP groundwater protection 

(GA/GAA) criteria.  The Connecticut groundwater protection criteria are applicable to GA/GAA-classified 

areas (drinking water source areas) only.  All of the groundwater included in the Lower Subase at NSB-

NLON is within a GB-classified area (a non-drinking water source area), therefore no COCs were retained 

for direct contact exposures to groundwater.  Concentrations of all chemicals in groundwater were less 

than the Connecticut groundwater volatilization criteria.  Concentrations of acenaphthylene, total arsenic, 

total lead, total selenium, and total zinc exceeded the Connecticut surface water protection criteria and 

were retained as COCs in groundwater. 

 

9.3.8 Comparison to Results from 1999 HHRA 

Table 9-7 presents a comparison of the ILCRs and HIs from the 1997 HHRA and those calculated in this 

HHRA.  ILCRs for full-time employees exposed to surface soil are lower in this HHRA as compared to 

those estimated in the 1999 HHRA.  The differences in the ILCRs for the full-time employees are 

attributable to changes in the evaluation of dermal exposures and changes in the EPCs.  In the 1999 

HHRA a soil adherence factor of 1 mg/cm2 was used to evaluate dermal exposures to soil.  Current 

USEPA guidance recommends a value of 0.02 mg/cm2 for the full-time employee (USEPA, 2004).  The HI 

for full-time employees exposed to surface soil is slightly higher in this HHRA as compared to the 1999 

HHRA due to changes in the toxicity criteria for vanadium.  The EPCs are lower in this HHRA as 

compared to the 1999 HHRA due changes in the EU for the full-time employee.  In the 1999 HHRA full-

time employees were assumed to be exposed to “shallow” soil which included soil samples in the 0 to 

4 feet bgs interval.  In this HHRA full-time employees are assumed to be exposed to surface soil which 

included soil samples collected in the 0 to 2 feet bgs interval. 
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ILCRs for construction workers exposed to surface/subsurface soil are lower in this HHRA as compared 

to those estimated in the 1999 HHRA.  In contrast, the HIs estimated in this HHRA are slightly higher than 

those estimated in the 1999 HHRA.  The difference in the ILCRs for the construction worker is attributable 

to changes in the evaluation of incidental ingestion and dermal exposures.  A value of 480 mg/day was 

used as the incidental ingestion rate of soil in the 1999 HHRA.  Current USEPA guidance recommends a 

value of 330 mg/day (USEPA, 2002b).  In the 1999 HHRA a soil adherence factor of 1 mg/cm2 was used 

to evaluate dermal exposures to soil.  Current USEPA guidance recommends a value of 0.3 mg/cm2 for 

the construction workers (USEPA, 2004).  The difference in the HIs is attributable to the fact that 

inhalation of fugitive dust was evaluated for the construction worker in this HHRA whereas this exposure 

pathway was not evaluated in the 1999 HHRA.  Also the EU used for construction workers in this HHRA 

was larger than the EU used in the 1999 HHRA.  In the 1999 HHRA it was assumed that construction 

workers could be exposed to soil to a depth of 10 feet.  All soil samples that were collected were used in 

this HHRA so it was assumed that construction workers could be exposed to soil to a depth of 16 feet. 

 

ILCRs and HIs are for construction workers exposed to groundwater also lower in this HHRA.  The 

differences in the ILCRs and HIs are due to changes in the exposure frequency.  There are no standard 

default exposure frequencies for construction workers exposed to groundwater.  The 1999 HHRA 

assumed that the construction worker would be exposed to groundwater 100 percent of the time they 

were at the site or 120 days a year.  It was assumed in this HHRA that the construction worker would be 

exposed to groundwater 25 percent of the time they were at the site or 30 days a year.   

 

ILCRs and HIs for hypothetical residents exposed to surface/subsurface soil are higher in this HHRA as 

compared to those estimated in the 1999 HHRA.  The differences in the ILCRs and HIs are primarily due 

to changes in the exposure frequency assumptions, changes in the methodology used to evaluate 

carcinogenic exposures to PAHs, and changes in the size of the EU.  In the 1999 HHRA it was assumed 

that hypothetical residents were exposed to soil 150 days a year (USEPA Region I, 1994).  USEPA 

Region I now recommends that an exposure of 350 days a year be used to evaluate exposures to soil by 

hypothetical residents.  Also in 2005 USEPA issued new guidance for evaluating early life exposures to 

carcinogens that act via a mutagenic mode of action such as PAHs.  This new guidance impacts 

receptors less than 18 years old and results in higher ILCRs for child and lifelong residents.  Also the EU 

used for hypothetical residents in this HHRA was larger than the EU used in the 1999 HHRA.  The 

HHRAs assumed that the hypothetical residents could be exposed to subsurface soil that had been 

brought to the surface as the result of excavation activities.  In the 1999 HHRA it was assumed that 

hypothetical residents could be exposed to soil to a depth of 10 feet.  All soil samples that were collected 

were used in this HHRA so it was assumed that hypothetical residents could be exposed to soil to a depth 

of 16 feet. 
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In both the 1999 HHRA and this HHRA USEPA’s IEUBK lead model was used to evaluate exposures to 

lead in soil by hypothetical child residents.  In the 1999 HHRA exposures to lead in surface/subsurface 

soil by hypothetical residents were evaluated for the RME scenario using the maximum detected 

concentration of lead and for the CTE scenario using the average concentration of lead.  The IEUBK 

results indicated that exposures to lead under the RME and CTE scenarios exceeded acceptable levels.  

Current USEPA guidance recommends that exposures to lead in soil be evaluated using the average lead 

concentration in soil.  The results of the IEUBK modeling conducted for this HHRA also exceeded 

acceptable levels.   

 

Exposures to lead in soil by construction workers and full-time employees were evaluated in both HHRAs 

using a slope-factor approach developed by the USEPA Technical Review Workgroup for Lead (USEPA, 

2003a).  In the 1999 HHRA exposures to lead in soil by construction workers and full-time employees 

were evaluated for the RME scenario using the maximum detected concentration of lead and RME 

exposure assumptions, and for the CTE scenario using the average concentration of lead and CTE 

exposure assumptions.  Model results exceeded acceptable levels for full-time employees exposed to 

surface soil and construction workers exposed to subsurface soil in the 1999 HHRA.  Current USEPA 

guidance recommends using the average lead concentration and CTE exposure assumptions to evaluate 

exposures to lead under non-residential land use.  The results of the lead modeling in this HHRA for full-

time employees exposed to surface soil were within acceptable levels.  Lead modeling results for full-time 

employees and construction workers exposed to surface/subsurface soil exceeded acceptable levels in 

this HHRA. 

 

9.4 UNCERTAINTY ANALYSIS 

A detailed discussion of uncertainties associated with the various aspects of the HHRA, in general, was 

presented in Section 2.6.  Site-specific uncertainties for Zone 7 are presented below. 

 

Most of the soil samples collected from Zone 7 were collected from locations that are currently under 

pavement.  Therefore, actual exposures under current site conditions are less than the exposure that is 

assumed in the HHRA.  In addition, potential exposures for future full-time employees and hypothetical 

residents assume that substantial excavation occurs at the site and excavated subsurface soil is mixed 

with surface soil.  If, in the future, the site is redeveloped without subsurface excavation the exposures to 

future receptors will be less than those estimated in this HHRA. 

 

Arsenic and vanadium was identified as COPCs in surface and subsurface soil.  The detected 

concentrations of arsenic and vanadium in surface soil were within background levels.  Consequently, 

arsenic and vanadium in surface soil may be naturally occurring at Zone 7 and not present as a result of 

site operations. 
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Concentrations of total petroleum hydrocarbons (TPH) in subsurface soil and groundwater exceeded the 

CTDEP RSR for residential exposure.  Exposures to TPH in subsurface soil and groundwater were not 

evaluated in the HHRA because there are no toxicity criteria available for TPH. 

 

Concentrations of acenaphthylene, total arsenic, total lead, total selenium, and total zinc exceeded the 

Connecticut surface water protection criteria and were retained as COCs in groundwater.  Dissolve 

selenium was not detected in any groundwater sample.  This indicates the total selenium concentrations 

are due, in part, to the presence of suspended solids in the groundwater samples.  Concentrations of 

these chemicals exceeded the surface water protection criteria infrequently.  Concentrations of total zinc 

exceeded the surface water protection criteria in four samples.  Concentrations of acenaphthylene, total 

arsenic, and total lead exceeded the surface water protection criteria in only two samples.  

Concentrations of total selenium only exceeded the surface water protection criteria in one sample.  This 

suggests there is not a significant source area for acenaphthylene, arsenic, lead, selenium, and zinc in 

groundwater at Zone 7. 

 

Six soil samples, ranging in depth from 0 to 2 feet bgs to 8 to 10 feet bgs, were collected in the vicinity of 

Site 25 during the Pier 33 and Berth 16/Former Incinerator Site  Investigation (Atlantic, 1995b) and 

analyzed for dioxins.  The results of the investigation were included in the Lower Subase RI (TtNUs, 

1999).  Dioxin was detected in one sample form location 20MW6 (2 to 4 feet bgs) at a 2,3,7,8-TCDD 

equivalent concentration of 0.49 ng/kg.  This concentration is less than the ORNL residential RSL of 

4.5 ng/kg.  Also this value is less than the OSWER action level of 1 µg/kg for residential exposures and 

the range of 5 µg/kg to 20 µg/kg for industrial exposures (USEPA, 1998).  Therefore, the data indicates 

that dioxins are not a concern of Zone 7. 

 



TABLE 9-1

CHEMICALS RETAINED AS COPCs
ZONE 7

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical Volatilization Migration to

to Indoor Air Surface Water
Volatile Organic Compounds
Chloroform X X
Trichloroethene X
Semivolatile Organic Compounds
2-Methylnaphthalene
Acenaphthylene X
Benzo(a)anthracene X X X
Benzo(a)pyrene X X X
Benzo(b)fluoranthene X X X X
Benzo(k)fluoranthene X X
Carbazole X
Chrysene X
Dibenzo(a,h)anthracene X X X
Indeno(1,2,3-cd)pyrene X X
Naphthalene X
Phenanthrene
Inorganics
Antimony X X X X X
Arsenic X X X X X
Barium X
Boron X
Chromium X X
Lead X X X X X
Manganese X X
Nickel X
Selenium X X
Thallium X
Vanadium X X
Zinc X X
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X X X

X - Indicates chemical was retained as a COPC.
RAGS Part D tables are included in Attachment G.

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact Soil to Air Soil to 

Groundwater
Direct 

Contact



TABLE 9-2
EXPOSURE POINT CONCENTRATIONS

ZONE 7
NSB-NLON, GROTON, CONNECTICUT

Surface Surface/ Groundwater
Chemical Soil(1) Subsurface Soil(1) RME CTE

(mg/kg) (mg/kg) (ug/L) (ug/L)
Volatile Organic Compounds
Chloroform NA NA 2(2) 0.542(7)

Trichloroethene NA NA 0.6(2) 0.308(7)

Semivolatile Organic Compounds
2-Methylnaphthalene NA NA 2(2) 2(2)

Benzo(a)anthracene NA 3.88(3) NA NA
Benzo(a)pyrene 0.72(2) 4.76(3) NA NA
Benzo(b)fluoranthene 1.4(2) 2.34(4) NA NA
Benzo(k)fluoranthene NA 2.92(3) NA NA
Dibenzo(a,h)anthracene 0.12(2) 2.26(3) NA NA
Indeno(1,2,3-cd)pyrene NA 2.89(3) NA NA
Naphthalene NA NA 0.7(2) 0.7(2)

Inorganics
Antimony 7.8(2) 1386(3) 13.8(2) 5.1(7)

Arsenic 1.8(2) 18.1(3) 11.0(2) 4.95(7)

Barium NA 151(5) 682(2) 106(7)

Boron NA NA 939(2) 384(7)

Cadmium NA 2.01(3) 1.61(2) 0.304(7)

Chromium NA 12.4(6) NA NA
Lead 323(7) 6335(7) 12.1(7) 12.1(7)

Manganese 162(2) 261(5) 2188(2) 535(7)

Nickel NA 53.6(5) NA NA
Selenium NA NA 28.3(2) 3.93(7)

Thallium NA NA 2.20(2) 1.40(7)

Vanadium 16.8(2) 65.1(5) NA NA
Zinc NA 1313(5) NA NA

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Maximum Detected Concentration
3 - 99% Chebyshev(Mean, Std) UCL
4 - H-UCL
5 - 95% Chebyshev(Mean, Std) UCL
6 - Approximate Gamma 95% UCL
7 - Arithmetic Mean
NA - Chemical is not a COPC for this medium.

RAGS Part D tables for the exposure point concentrations are included in Attachment G.
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TABLE 9-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 7
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 2E-06 - - - - - - 5 Antimony
Dermal Contact 6E-07 - - - - - - 0.008 - -
Inhalation 3E-07 - - - - - - 0.5 - -
Total 3E-06 - - - - - - 6 Antimony

Groundwater Dermal Contact 4E-09 - - - - - - 0.04 - -
Inhalation 4E-10 - - - - - - 0.008 - -
Total 4E-09 - - - - - - 0.05 - -
Total All Media 3E-06 6

Current Full-Time Employee Surface Soil Incidental Ingestion 4E-06 - - Benzo(a)pyrene 0.03 - -
Dermal Contact 2E-06 - - Benzo(a)pyrene 0.001 - -
Total 6E-06 - - Benzo(a)pyrene 0.03 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 3E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

3 Antimony

Dermal Contact 2E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.01 - -

Total 5E-05 - - Benzo(a)pyrene
Benzo(a)anthracene, 

Dibenzo(a,h)anthracene, 
Arsenic

3 Antimony

Child Residents Surface/Subsurface Soil Incidental Ingestion 4E-04 Benzo(a)pyrene
Benzo(a)anthracene, 

Dibenzo(a,h)anthracene, 
Arsenic

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene 45 Antimony

Dermal Contact 1E-04 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

0.06 - -

Total 5E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

Benzo(b)fluoranthene, 
Benzo(k)fluoranthene 45 Antimony

Adult Residents Surface/Subsurface Soil Incidental Ingestion 6E-05 - - Benzo(a)pyrene

Benzo(a)anthracene, 
Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

5 Antimony

Dermal Contact 3E-05 - - Benzo(a)pyrene Dibenzo(a,h)anthracene, 
Arsenic 0.01 - -

Total 9E-05 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

5 Antimony
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TABLE 9-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
REASONABLE MAXIMUM EXPOSURES

ZONE 7
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 4E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Dibenzo(a,h)anthracene, 

Arsenic

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene NA - -

Dermal Contact 2E-04 - - Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

NA - -

Total 6E-04 Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, 
Arsenic

Benzo(k)fluoranthene NA - -



TABLE 9-4

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES

ZONE 7
NSB-NLON, GROTON, CONNECTICUT

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and ≤ 10-4 > 10-6 and ≤ 10-5 HI > 1

Construction Worker Surface/Subsurface Soil Incidental Ingestion 6E-07 - - - - - - 2 Antimony
Dermal Contact 1E-07 - - - - - - 0.002 - -
Inhalation 2E-07 - - - - - - 0.3 - -
Total 9E-07 - - - - - - 2 Antimony

Groundwater Dermal Contact 4E-10 - - - - - - 0.003 - -
Inhalation 5E-11 - - - - - - 0.007 - -
Total 5E-10 - - - - - - 0.01 - -
Total All Media 9E-07 2

Current Full-Time Employee Surface Soil Incidental Ingestion 6E-07 - - - - - - 0.01 - -
Dermal Contact 8E-08 - - - - - - 0.0001 - -
Total 6E-07 - - - - - - 0.01 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 5E-06 - - - - Benzo(a)pyrene 2 Target Organ HIs ≤ 1
Dermal Contact 6E-07 - - - - - - 0.001 - -
Total 5E-06 - - - - Benzo(a)pyrene, Arsenic 2 Target Organ HIs ≤ 1

Child Residents Surface/Subsurface Soil Incidental Ingestion 1E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

15 Antimony

Dermal Contact 1E-06 - - - - - - 0.009 - -

Total 1E-05 - - - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

15 Antimony

Adult Residents Surface/Subsurface Soil Incidental Ingestion 4E-06 - - - - Benzo(a)pyrene 2 Antimony
Dermal Contact 4E-07 - - - - - - 0.0009 - -
Total 4E-06 - - - - Benzo(a)pyrene 2 Antimony

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 1E-05 - - - -

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene, 

Arsenic
NA - -

Dermal Contact 2E-06 - - - - - - NA - -

Total 2E-05 - -
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

NA - -



TABLE 9-5

USEPA CHEMICALS OF CONCERN
ZONE 7

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1) Impact on Human Receptors
SURFACE/SUBSURFACE SOIL
Benzo(a)anthracene Hypothetical Child Resident ILCR = 2E-05

Hypothetical Adult Resident ILCR = 4E-06
Hypothetical Lifelong Resident ILCR = 3E-05

Benzo(a)pyrene Hypothetical Child Resident ILCR = 3E-04
Hypothetical Adult Resident ILCR = 5E-05
Hypothetical Lifelong Resident ILCR = 3E-04

Benzo(b)fluoranthene Hypothetical Child Resident ILCR = 1E-05
Hypothetical Adult Resident ILCR = 2E-06
Hypothetical Lifelong Resident ILCR = 2E-05

Benzo(k)fluoranthene Hypothetical Child Resident ILCR = 2E-06
Hypothetical Lifelong Resident ILCR = 2E-06

Dibenzo(a,h)anthracene Hypothetical Child Resident ILCR = 1E-04
Hypothetical Adult Resident ILCR = 2E-05
Hypothetical Lifelong Resident ILCR = 2E-04

Indeno(1,2,3-cd)pyrene Hypothetical Child Resident ILCR = 2E-05
Hypothetical Adult Resident ILCR = 3E-06
Hypothetical Lifelong Resident ILCR = 2E-05

Antimony Construction Worker HI = 5
Full-Time Employee HI = 3
Hypothetical Child Resident HI = 44
Hypothetical Adult Resident HI = 5

Arsenic Hypothetical Child Resident ILCR = 3E-05
Hypothetical Adult Resident ILCR = 1E-05
Hypothetical Lifelong Resident ILCR = 5E-05

Lead Risks for hypothetical child residents, construction workers and full-time 
employees exceed acceptable levels.

HQ = Hazard Quotient.
ILCR = Incremental Lifetime Cancer Risk
1 - For mediums with ILCR > 1 x 10-4 a COC is any carcinogenic chemical with an ILCR 
    greater than 1 x 10-6 or a noncarcinogenic chemical contributing to target organ 
    hazard indices (HI) greater than 1.0.



TABLE 9-6

CTDEP CHEMICALS OF CONCERN
ZONE 7

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grassy Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)anthracene There are no grassy areas None Benzo(b)fluoranthene Benzo(a)anthracene None Acenaphthylene

Benzo(a)pyrene at Zone 7. Benzo(a)pyrene Arsenic
Benzo(b)fluoranthene Benzo(b)fluoranthene Lead
Benzo(k)fluoranthene Benzo(k)fluoranthene Selenium

Dibenzo(a,h)anthracene Carbazole Zinc
Indeno(1,2,3-cd)pyrene Chrysene

Antimony Dibenzo(a,h)anthracene
Arsenic Indeno(1,2,3-cd)pyrene
Copper Arsenic
Lead Lead

Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 9-7

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 7

NSB-NLON, GROTON, CONNECTICUT

Receptor Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 2E-04 9E-06 0.2 0.03

Surface/Subsurface Soil
Construction Workers 4E-06 3E-06 1 6
Full-Time Employee NC 5E-05 NC 3
Child Resident NR 5E-04 NR 45
Adult Resident NR 9E-05 NR 5
Lifelong Resident 2E-04 6E-04 0.7 NA

Groundwater
Construction Workers 4E-08 4E-09 0.6 0.05

Notes:
NA - Not applicable for this receptor.
NC - Not calculated, cancer risks and hazard indices were only calculated for the
        full-time employee exposed to surface soil in the 1999 HHRA.
NR - Not reported, only results for the lifelong resident were presented in the 1999 HHRA.
1 - Old values are from the 1999 HHRA.
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10.0  PRELIMINARY CLEAN-UP GOALS 

10.1 RISK-BASED CLEAN-UP GOALS 

This section presents preliminary clean-up goals for those chemicals which were retained as COCs on 

the basis of exceeding USEPA target risk levels at each of the zones evaluated in this HHRA 

(Table 10-1).  Preliminary clean-up goals were developed for those media with cumulative ILCRs greater 

than 1 x 10-4 and total HIs greater than 1.0.  Preliminary clean-up goals were derived for the COCs that 

contribute significantly to the cancer risk and/or HI for each exposure pathway in a land use scenario for a 

receptor group.  Chemicals were considered as significant contributors to risk if their individual 

carcinogenic risk contribution were greater than 1 x 10-6 and their noncarcinogenic HQ were greater than 

0.1.  The preliminary clean-up goals were calculated using the following equation: 

 

Preliminary Clean-up Goal[chemical i] = EPC[chemical i] x Target Risk/Calculated Risk[chemical i] 

 

Where: 

EPC[chemical i] = the exposure point concentration for the chemical used 

in risk assessment calculations 

Target Risk = target ILCRs for carcinogens or the target HQs for 

noncarcinogens 

Calculated Risk[chemical i] = the total risk calculated for a specific chemical in the risk 

assessment 

 

The target cancer risks to be used were 1 x 10-6, 1 x 10-5, and 1 x 10-4 and the target HQ was 1.  ILCRs 

and HIs were within USEPA acceptable levels for exposures to groundwater, therefore preliminary clean-

up goals were only developed for exposures to soil.  The preliminary clean-up goal for exposure to lead in 

soil by construction workers and full-time employees were derived using the adult lead model.  The 

chemical-specific preliminary clean-up goals for soil are presented in Table 10-2. 

 

10.2 CLEAN-UP GOALS BASED ON CTDEP GUIDANCE 

This section presents the preliminary clean-up goals for COCs based on CTDEP guidance.  Table 10-3 

lists the chemicals in each zone that were detected at concentrations exceeding a CTDEP RSR.  The 

CTDEP RSRs are used as the preliminary clean-up for the COCs indentified in Table 10-3.  Tables 10-4 

and 10-5 lists the RSRs for the COCs identified in soil and groundwater, respectively. 
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TABLE 10-1

SUMMARY OF CHEMICALS RETAINED AS COCS FOR USEPA
NSB-NLON, GROTON, CONNECTICUT

Chemical(1) Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7
Surface/Subsurface Soil

Benzo(a)anthracene R R R
Benzo(a)pyrene R R R
Benzo(b)fluoranthene R R R
Benzo(k)fluoranthene R R
Dibenzo(a,h)anthracene R R R
Indeno(1,2,3-cd)pyrene R R R
Antimony I,R
Arsenic R R R
Lead I,R I,R I,R
Mercury R

Groundwater
No COCs were identified for groundwater.

1 - For mediums with ILCR > 1 x 10-4 a chemical of concern (COC) is any carcinogenic chemical with an ILCR greater than
    1 x 10-6 or a noncarcinogenic chemical contributing to target organ hazard indices (HI) greater than 1.0.
I - Indicates chemical was retained as a chemical of concern for industrial direct contact exposures.I  Indicates chemical was retained as a chemical of concern for industrial direct contact exposures
R- Indicates chemical was retained as a COC for residential direct contact exposures.
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TABLE 10-2

PRELIMINARY CLEANUP GOALS
NSB-NLON, GROTON, CONNECTICUT

CONSTRUCTION WORKERS - SURFACE/SUBSURFACE SOIL
CTDEP Target Cancer Risk Level Hazard 

Chemical RSR(1) 10-6 10-5 10-4 Index = 1
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Antimony 8200 NA NA NA 260
Lead NA 737(2)

FULL-TIME EMPLOYEES - SURFACE/SUBSURFACE SOIL
CTDEP Target Cancer Risk Level Hazard 

Chemical RSR(1) 10-6 10-5 10-4 Index = 1
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Antimony 8200 NA NA NA 410
Lead 1000 1090(2)

HYPOTHETICAL CHILD RESIDENTS - SURFACE/SUBSURFACE SOIL
CTDEP Target Cancer Risk Level Hazard 

Chemical RSR(2) 10-6 10-5 10-4 Index = 1
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Benzo(a)anthracene 1 0.17 1.7 17 NA
Benzo(a)pyrene 1 0.017 0.17 1.7 NA
Benzo(b)fluoranthene 1 0.17 1.7 17 NA
Benzo(k)fluoranthene 8.4 1.7 17 170 NA
Dibenzo(a,h)anthracene 1 0.017 0.17 1.7 NA
Indeno(1 2 3 cd)pyrene 1 0 17 1 7 17 NAIndeno(1,2,3-cd)pyrene 1 0.17 1.7 17 NA
Antimony 27 NA NA NA 31
Arsenic 10 0.56 5.6 56 22
Mercury 20 NA NA NA 24
Lead 400 400(4)

HYPOTHETICAL ADULT RESIDENTS - SURFACE/SUBSURFACE SOIL
CTDEP Target Cancer Risk Level Hazard 

Chemical RSR(3) 10-6 10-5 10-4 Index = 1
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Benzo(a)anthracene 1 1 10 100 NA
Benzo(a)pyrene 1 0.1 1 10 NA
Benzo(b)fluoranthene 1 1 10 100 NA
Dibenzo(a,h)anthracene 1 0.1 1 10 NA
Indeno(1,2,3-cd)pyrene 1 1 10 100 NA
Antimony 27 NA NA NA 290
Arsenic 10 1.3 13 130 196
Lead 400 400(4)
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TABLE 10-2

PRELIMINARY CLEANUP GOALS
NSB-NLON, GROTON, CONNECTICUT

LIFELONG RESIDENTS - SURFACE/SUBSURFACE SOIL
CTDEP Target Cancer Risk Level Hazard 

Chemical RSR(3) 10-6 10-5 10-4 Index = 1
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Benzo(a)anthracene 1 0.15 1.5 15 NA
Benzo(a)pyrene 1 0.015 0.15 1.5 NA
Benzo(b)fluoranthene 1 0.15 1.5 15 NA
Benzo(k)fluoranthene 8.4 1.5 15 150 NA
Dibenzo(a,h)anthracene 1 0.015 0.15 1.5 NA
Indeno(1,2,3-cd)pyrene 1 0.15 1.5 15 NA
Arsenic 10 0.39 3.9 39 NA
Lead 400 400(4)

Notes:
NA = Not applicable.
1 - Industrial Criteria, CTDEP Remediation Standard Regulations, 2007. 
2 - Site specific values derived using USEPA's Adult Lead Methodology.
3 - Residential Criteria, CTDEP Remediation Standard Regulations, 2007. 
4 - OSWER screening level for residential exposures to lead in soil.



TABLE 10-3

SUMMARY OF CHEMICALS RETAINED AS COCS FOR CTDEP
NSB-NLON, GROTON, CONNECTICUT

Chemical Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7
Soil

Methylene Chloride X
2-Methylnaphthalene X
Benzo(a)anthracene X X X X X
Benzo(a)pyrene X X X
Benzo(b)fluoranthene X X X X X
Benzo(k)fluoranthene X X X
Carbazole X X X
Chrysene X X X X
Dibenzo(a,h)anthracene X X X
Indeno(1,2,3-cd)pyrene X X X
Phenanthrene X
Pyrene X
Antimony X
Arsenic X X
Copper X
Lead X X X X X
Mercury X
Total Petroleum Hydrocarbons X X X X X X X

Groundwater
Vinyl Chloride X
Acenaphthylene X X X X
Benzo(a)anthracene X
Benzo(a)pyrene X
Benzo(b)fluoranthene X
Arsenic X X X X
Beryllium X
CadmiumCad u X X
Chromium X
Copper X X
Lead X X X X X
Mercury X X X X
Selenium X
Zinc X X X
Total Petroleum Hydrocarbons X X

X - Indicates chemical was retained as a chemical of concern (COC).



TABLE 10-4

CTDEP RSRs FOR CHEMICALS OF CONCERN IN SOIL
NSB-NLON, GROTON, CONNECTICUT

CTDEP RSR(1)

Direct Exposure Pollutant
Chemical Criteria Mobility

Residential Industrial Criteria
(mg/kg) (mg/kg) (mg/kg)

Methylene Chloride 82 760 1
2-Methylnaphthalene 474 2,500 9.8
Benzo(a)anthracene 1 7.8 1
Benzo(a)pyrene 1 1 1
Benzo(b)fluoranthene 1 7.8 1
Benzo(k)fluoranthene 8.4 78 1
Carbazole 31 290 1
Chrysene 84 780 1
Dibenzo(a,h)anthracene 1 1 1
Indeno(1,2,3-cd)pyrene 1 7.8 1
Phenanthrene 1,000 2,500 40
Pyrene 1,000 2,500 40
Antimony 27 8,200 0.06(2)

Arsenic 10 10 0.1(2)

Copper 2,500 76,000 13(2)

Lead 400 1,000 0.15(2)

Mercury 20 610 0.02(2)

Total Petroleum Hydrocarbons 500 2500 2500

N tNotes:
1 - CTDEP Remediation Standard Regulations, 2007.
2 - Criteria for Toxicity Characteristic Leaching Procedure (TCLP) or
     Synthetic Precipitation Leaching Procedure (SPLP) results (mg/L).

Definitions:
RSR - Remedial Standard Regulations



TABLE 10-5

CTDEP RSRs FOR CHEMICALS OF CONCERN IN GROUNDWATER
NSB-NLON, GROTON, CONNECTICUT

CTDEP RSR CTDEP RSR
Surface Water Groundwater

Chemical Protection Volatilization
Criteria(1) Criteria(2)

(ug/L) (ug/L)
Vinyl Chloride 15,750 1.6
Acenaphthylene 0.3 NA
Benzo(a)anthracene 0.3 NA
Benzo(a)pyrene 0.3 NA
Benzo(b)fluoranthene 0.3 NA
Arsenic 4 NA
Beryllium 4 NA
Cadmium 6 NA
Chromium 110 NA
Copper 48 NA
Lead 13 NA
Mercury 0.4 NA
Selenium 50 NA
Zinc 123 NA
Total Petroleum Hydrocarbons 2,500 NA

Notes
1 - CTDEP Remediation Standard Regulations, Residential, 2007.
2 - Connecticut's Proposed Revisions Remediation Standard Regulations, 
     Volatilization Criteria, March 2003.     Volatilization Criteria, March 2003.

Definitions:
NA - not available
RSR - Remedial Standard Regulations
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DILUTION FACTORS 
FOR ALTERNATIVE POLLUTANT MOBILITY CRITERIA 

LOWER SUBASE FEASIBILITY STUDY 
NAVAL SUBMARINE BASE NEW LONDON - GROTON, CONNECTICUT 

 
 
 
The Navy will be computing dilution factors (DFs) for the development of alternative Pollutant Mobility 
Criteria (PMCs) for soil as part of its Feasibility Study for the Lower Subase at New London.  The 
following outlines the approach for the proposed computations with example calculations.  
 
The proposed computation of DFs for the development of alternative soil PMCs is in accordance with the 
methodology that is presented in Section 22a-133k-2(c)(2)(E)(ii) of the Connecticut RSRs (CTDEP, 
1996). CTDEP RSRs provide the following equation for the computation of a zone- and chemical-specific 
DF to develop alternative soil PMCs in areas with GB classified groundwater: 
 
DF = {1 + [(K x i x d) / (I x L)]} x (1-Fadj) 
 
Where: 
 
Zone-specific non-adjusted DF = {1 + [(K x i x d) / (I x L)]} 
 
With 
K:  Hydraulic conductivity (ft/year) 
i:  Horizontal hydraulic gradient (ft/ft) 
d:  Regulation-specified depth of 15 ft (22a-133k-2(c)(2)(E)(ii)) 
I:  Infiltration rate (ft/year) 
L:  Length of the release area parallel to the direction of groundwater flow (175 ft which is 

approximately half the width of the Lower Subase) 
 
And 
 
Chemical-specific adjustment factor = (1-Fadj) 
 
With: 
Fadj: Background concentration for groundwater divided by the Groundwater Protection Criterion 

(GWPC) 
 
Because Section 22a-133k-2(c)(2)(E)(ii)(aa) of the Connecticut RSRs prohibit the use of Alternative 
PMCs for areas of soil where non-aqueous phase liquids (NAPL) are present, no such Alternative PMCs 
will be computed for those areas of Zone 1 at the Lower Subase where NAPL is present as determined in 
accordance with the methodology presented in Appendix C.2.  However, TPH concentrations at TB2-1RI, 
TB3-1RI, and TB4-1RI within Zone 1 were less than the NAPL-presence threshold calculated in Appendix 
C.1 (7,500 mg/kg), therefore, Alternative PMCs can be determined for those locations. 
 
 
To allow computation of DFs in the absence of NAPL, the following factors need to be addressed: 
 

 The background concentration for groundwater is less than the groundwater protection criterion,  

 The water table in the release area is at least 15 feet above the surface of the bedrock,  

 The downward groundwater flow velocity is not greater than the groundwater horizontal flow 
velocity.   

 
The following paragraphs address each of these factors for the zones at the Lower Subase. 
 
Background concentrations for groundwater were determined for inorganics during the Basewide 
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Groundwater Operable Unit RI.  Background groundwater concentrations for antimony (2.10 µg/L), 
arsenic (2.55 µg/L), and lead (2.52 µg/L) are less than the CT GWPC for those parameters (6 µg/L, 10 
µg/L, and 15 µg/L, respectively). 
   
The depth to the unconfined water table is approximately 4 to 10 feet bgs in Zone 1, 4 to 5 feet bgs along 
the river to 18 feet bgs at 13MW6 in Zone 2, 4 to 5 feet bgs along the river to 6 feet bgs at 13MW12 
further inland in Zone 3, and 4 to 6 feet bgs in Zone 4.  Borings in Zones 1, 2, 3, and 4 were not advanced 
to bedrock; however, the USGS bedrock map (USGS, 1967) identifies the Mamacoke Formation 
underlying those zones and the Phase II RI report (B&R Environmental, 1997b) estimates the bedrock to 
be more than approximately 70 feet bgs in these areas.  Therefore, the water table in Zones 1 through 4 
is more than 15 feet above the surface of bedrock.  In Zone 5, the unconfined water table lies at a depth 
of approximately 4 feet bgs.  Zone 5 was the only zone where bedrock was encountered at a shallow 
depth.  Based on the available geologic data, bedrock is shallow only in the eastern portion of Zone 5. 
Bedrock slopes steeply towards the Thames River to the west, and the depth from the water table to the 
bedrock surface along the western boundary of Zone 5 is approximately 28 feet. The depth of saturated 
overburden is greater than 15 feet along the western side of Zone 5 and the average thickness of 
saturated overburden is approximately 16.5 feet. Based on this information, CTDEP accepted the use of 
alternative PMCs in Zone 5 (Responses to CTDEP March 2, 2010 Comments and March 30, 2010 
Rebuttals, Draft Sampling and Analysis Plan, UFP-SAP for Pre-Design Groundwater Sampling at Lower 
Subase, NSB-NLON, Groton, Connecticut, Revision 1 Issue: April 14, 2010). 
 
The depth to the unconfined water table in Zone 6 is approximately 2 to 4 feet bgs along Amberjack Road 
and 27 feet bgs on the 30-foot terrace. Bedrock was not encountered during boring installation; however, 
the USGS bedrock map (USGS, 1967) identifies Granite Gneiss underlying Zone 6, and the Phase II RI 
report (B&R Environmental, 1997b) estimates the bedrock to be approximately 40 feet bgs. The depth to 
the unconfined water table varies from 3 to 6 feet bgs across Zone 7.   Zone 7 is underlain by 6 to 16 feet 
of sand and gravel fill underlain by natural gravelly sand and gravel units to approximately 50 feet bgs. 
Bedrock underlies the gravelly sand and gravel units. Therefore, the water tables in Zones 6 and 7 are 
more than 15 feet above the surface of bedrock. 
 
Tidal influence and the twice daily flushing associated with the tidal fluctuations ensure groundwater 
migrates from the zones to the Thames River and addresses the horizontal/vertical velocity concern. The 
Thames River is a tidally-influenced river.  The tides of the Thames River influence the discharge of 
groundwater from NSB-NLON on a daily basis.  The following conclusions were reached in the Lower 
Subase RI regarding tidal influences on groundwater discharge from NSB-NLON:  (1) during low tide, the 
hydraulic gradient is toward the Thames River and results in the greatest discharge rate of groundwater 
to the river; (2) during high tide, the hydraulic gradient along the Thames River is reversed and flow 
occurs from the river to the Lower Subase, temporarily halting the discharge of groundwater from the 
base to the river; and (3) the reversal in hydraulic gradient resulting from tidal influences occurs only near 
the river, generally within 300 feet, and does not seem to significantly alter groundwater flow in other 
areas of NSB-NLON.  Thus horizontal groundwater flow provides significant dilution of potentially mobile 
contaminants in the Lower Subase soils. 
 
1.0 ZONE-SPECIFIC NON-ADJUSTED DFs 

1.1 Parameters Determination 

1.1.1 Hydraulic Conductivity K 

Hydraulic conductivity was calculated as the geometric mean of all currently available hydraulic 
conductivity (K) data including the following: 
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Zone  1 2 3 4 

Well 13MW7 13MW6 13MW10 13MW11 13MW12 13MW13 13MW14 

K (ft/yr) 57,670 26,280 21,535 34,310 620.5 14,600 210,240 

 
 
Therefore, a representative hydraulic conductivity (K) for the Lower Subase soil can be calculated by the 
geometric mean as: 

 
K = (57,670 * 26,280 * 21,535 * 34,310 * 620.5 * 14,600 * 210,240)

1/7
 = 21,513 ft/yr 

 
 
1.1.2 Hydraulic Gradients (i) 

Hydraulic gradients were determined during the Lower Subase Remedial Investigation based on water 
level data collected during low tide (TtNUS, 1999). 
 
1.1.3 Infiltration Rate (l) 

Infiltration rates were calculated at 0.5 ft/year under the current industrial/commercial (I/C) site use 
scenario and at 1.5 ft/year under a hypothetical future residential site use scenario in accordance with the 
computations provided in Attachment 1.  
 
1.2 Zone-Specific Non-Adjusted DFs 

Zone-specific non-adjusted DFs were computed for the current I/C and future hypothetical residential site 
use scenario.  These computations are presented on Attachment 2. 
 
 
2.0 CHEMICAL-SPECIFIC ADJUSTED DFs AND ALTERNATIVE PMCs 

2.1 Chemical-Specific Adjusted DFs 

For each chemical of potential concern (COPC), the zone-specific non-adjusted DFs computed in 
Attachment A were then multiplied by (1-Fadj), where Fadj is the COPC background concentration divided 
by its Connecticut GA GWPC.   
 
For most inorganic COPCs including antimony, arsenic, and lead, background groundwater 
concentrations were determined during the Basewide Groundwater Operable Unit Remedial Investigation 
(BGOURI) (TtNUS, 2001).  Filtered concentrations were used to determine the adjusted DFs.   
For the  organic COPCs including methylene chloride, 2-methylnaphthalene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, chrysene, 
dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and Aroclor-1260, one-half of the minimum detection 
limit of the BGOURI data was used for background.  This is in conformance with CT regulation 22a-133k-
2(c)(2)(E)(ii).  Minimum non-detected values for organics in background groundwater were derived from 
BGOURI Table B.19 (TtNUS, 2001). 

Computation of chemical-specific adjusted DFs is presented in the left-hand columns of the tables 
provided in Attachment 3. 
 
2.2 Alternative PMCs 

The chemical-specific adjusted DFs were then used to develop Alternative PMCs in either of two ways: 
 
For soil TCLP/SPLP analytical data (mg/L) of metals and PCBs: 
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Alternative PMC (mg/L) = DF x Connecticut GWPC 
 
For soil mass analytical data (mg/kg) of volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), and pesticides: 
 
Alternative PMC (mg/kg) = DF x Connecticut GA PMC 
 
It should be noted that neither of the two above equations is applicable to total petroleum hydrocarbons 
(TPH). 
 
The computation of Alternative PMCs is presented in the right-hand columns of the tables provided in 
Attachment 3.  Alternative PMCs were rounded to the nearest whole number for values 10 and greater, to 
one decimal place for values less than 10 but greater or equal to one, and two decimal places for values 
less than one. 
 
3.0 CONCLUSIONS 
 
A summary of the computed Alternative PMCs is presented in Attachment 4.  The following conclusions 
were reached from this summary: 
 

 Alternative PMCs computed for all COPCs in the current I/C use of Lower Subase Zones 1 through 7 
are slightly to significantly greater than the corresponding standard PMCs provided in the Connecticut 
RSRs.  Therefore, these Alternative PMCs will be used. 

 

 Alternative PMCs computed for antimony, arsenic, lead, and methylene chloride in the hypothetical 
residential use of Lower Subase Zones 2 through 7 are lower than or equal to (lead in Zone 5) the 
standard PMCs provided in the Connecticut RSRs.  Therefore, these Alternative PMCs will not be 
used. 

 

 Alternative PMCs calculated for 2-methylnaphthalene, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, chrysene, dibenzo(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene in the hypothetical residential use of Lower Subase Zones 1 through 7 are 
greater than the standard PMCs provided in the Connecticut RSRs.  Therefore, these Alternative 
PMCs will be used. 

 
 
ATTACHMENTS 
 
1.  Estimate of Infiltration Rates for Various Site Use Scenarios 
2.  Computation of Zone-Specific Non-Adjusted DFs 
3.  Computation of Chemical-Specific Adjusted DFs and Alternative PMCs 
4.  Summary of Alternative PMCs 
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COMPUTATION OF ZONE-SPECIFIC NON-ADJUSTED DFs

LOWER SUBASE FEASIBILITY STUDY

NAVAL SUBMARINE BASE NEW LONDON - GROTON,CONNECTICUT

Rev  0

Zone
(1) K i d I L

Non-Adjusted 

DF
(ft/yr) (ft/ft) (ft) (ft/yr) (ft)

1 21513 0.00476 15 0.5 175 18.55

2 21513 0.00318 15 0.5 175 12.73

3 21513 0.00792 15 0.5 175 30.21

4 21513 0.00390 15 0.5 175 15.38

5 21513 0.00920 15 0.5 175 34.93

6 21513 0.00920 15 0.5 175 34.93

7 21513 0.00527 15 0.5 175 20.44

Zone
(1) K i d I L

Non-Adjusted 

DF
(ft/yr) (ft/ft) (ft) (ft/yr) (ft)

1 21513 0.00476 15 1.5 175 6.85

2 21513 0.00318 15 1.5 175 4.91

3 21513 0.00792 15 1.5 175 10.74

4 21513 0.00390 15 1.5 175 5.79

5 21513 0.00920 15 1.5 175 12.31

6 21513 0.00920 15 1.5 175 12.31

7 21513 0.00527 15 1.5 175 7.48

(1)
 No DF was calculated for the areas of Zone 1 where LNAPL is present.

Residential

Industrial/Commercial
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Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GWPC Alternative GB PMC

(µg/L) (µg/L) (mg/L TCLP) (mg/L TCLP)

7 20.44 2.01 6 0.335 0.665 13.59 0.006 0.08

7 7.48 2.01 6 0.335 0.665 4.97 0.006 0.03

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GWPC Alternative GB PMC

(µg/L) (µg/L) (mg/L TCLP) (mg/L TCLP)

For Industrial/Commercial Scenario

4 15.38 2.55 10 0.255 0.745 11.46 0.01 0.11

7 20.44 2.55 10 0.255 0.745 15.22 0.01 0.15

For Residential Scenario

4 5.79 2.55 10 0.255 0.745 4.32 0.01 0.04

7 7.48 2.55 10 0.255 0.745 5.57 0.01 0.06

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GWPC Alternative GB PMC

(µg/L) (µg/L) (mg/L TCLP) (mg/L TCLP)

For Industrial/Commercial Scenario

1 18.55 2.52 15 0.168 0.832 15.44 0.015 0.23

2 12.73 2.52 15 0.168 0.832 10.59 0.015 0.16

3 30.21 2.52 15 0.168 0.832 25.13 0.015 0.38

4 15.38 2.52 15 0.168 0.832 12.80 0.015 0.19

5 34.93 2.52 15 0.168 0.832 29.06 0.015 0.44

7 20.44 2.52 15 0.168 0.832 17.00 0.015 0.26

For Residential Scenario

1 6.85 2.52 15 0.168 0.832 5.70 0.015 0.09

2 4.91 2.52 15 0.168 0.832 4.08 0.015 0.06

3 10.74 2.52 15 0.168 0.832 8.93 0.015 0.13

4 5.79 2.52 15 0.168 0.832 4.82 0.015 0.07

5 12.31 2.52 15 0.168 0.832 10.24 0.015 0.15

7 7.48 2.52 15 0.168 0.832 6.22 0.015 0.09

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

5 34.93 1 5 0.200 0.800 27.94 0.1 2.8

For Residential Scenario

Lead

Methylene Chloride

Highlighting signifies that calculated Alternative PMC will not be used because it is lower than the Standard PMC 

provided in The CT RSRs.

For Industrial/Commercial Scenario

For Residential Scenario

Alternative PMCs were rounded to the nearest whole number for values 10 and greater, to one decimal place for 

values less than 10 but greater or equal to one, and two decimal places for values less than one.

Antimony

Arsenic
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5 12.31 1 5 0.200 0.800 9.85 0.1 0.98

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

5 34.93 0.25 49 0.005 0.995 34.75 0.98 34

For Residential Scenario

5 12.31 0.25 49 0.005 0.995 12.25 0.98 12

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.025 0.06 0.417 0.583 10.82 1 11

3 30.21 0.025 0.06 0.417 0.583 17.62 1 18

4 15.38 0.025 0.06 0.417 0.583 8.97 1 9.0

5 34.93 0.025 0.06 0.417 0.583 20.38 1 20

7 20.44 0.025 0.06 0.417 0.583 11.92 1 12

For Residential Scenario

1 6.85 0.025 0.06 0.417 0.583 4.00 1 4.0

3 10.74 0.025 0.06 0.417 0.583 6.26 1 6.3

4 5.79 0.025 0.06 0.417 0.583 3.38 1 3.4

5 12.31 0.025 0.06 0.417 0.583 7.18 1 7.2

7 7.48 0.025 0.06 0.417 0.583 4.36 1 4.4

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.025 0.2 0.125 0.875 16.24 1 16

4 15.38 0.025 0.2 0.125 0.875 13.46 1 13

7 20.44 0.025 0.2 0.125 0.875 17.88 1 18

For Residential Scenario

1 6.85 0.025 0.2 0.125 0.875 6.00 1 6.0

4 5.79 0.025 0.2 0.125 0.875 5.07 1 5.1

7 7.48 0.025 0.2 0.125 0.875 6.54 1 6.5

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.05 0.08 0.625 0.375 6.96 1 7

3 30.21 0.05 0.08 0.625 0.375 11.33 1 11

4 15.38 0.05 0.08 0.625 0.375 5.77 1 5.8

5 34.93 0.05 0.08 0.625 0.375 13.10 1 13

2-Methylnaphthalene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene
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7 20.44 0.05 0.08 0.625 0.375 7.66 1 7.7

Benzo(b)fluoranthene (continued)

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Residential Scenario

1 6.85 0.05 0.08 0.625 0.375 2.57 1 2.6

3 10.74 0.05 0.08 0.625 0.375 4.03 1 4.0

4 5.79 0.05 0.08 0.625 0.375 2.17 1 2.2

5 12.31 0.05 0.08 0.625 0.375 4.62 1 4.6

7 7.48 0.05 0.08 0.625 0.375 2.80 1 2.8

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.025 0.5 0.050 0.950 17.63 1 18

4 15.38 0.025 0.5 0.050 0.950 14.61 1 15

7 20.44 0.025 0.5 0.050 0.950 19.41 1 19

For Residential Scenario

1 6.85 0.025 0.5 0.050 0.950 6.51 1 6.5

4 5.79 0.025 0.5 0.050 0.950 5.50 1 5.5

7 7.48 0.025 0.5 0.050 0.950 7.10 1 7.1

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 1.05 10 0.105 0.895 16.61 1 17

4 15.38 1.05 10 0.105 0.895 13.77 1 14

7 20.44 1.05 10 0.105 0.895 18.29 1 18

For Residential Scenario

1 6.85 1.05 10 0.105 0.895 6.13 1 6.1

4 5.79 1.05 10 0.105 0.895 5.19 1 5.2

7 7.48 1.05 10 0.105 0.895 6.69 1 6.7

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.025 4.8 0.005 0.995 18.46 1 18

3 30.21 0.025 4.8 0.005 0.995 30.05 1 30

4 15.38 0.025 4.8 0.005 0.995 15.30 1 15

7 20.44 0.025 4.8 0.005 0.995 20.33 1 20

For Residential Scenario

1 6.85 0.025 4.8 0.005 0.995 6.82 1 6.8

Carbazole

Benzo(k)fluoranthene

Chrysene
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3 10.74 0.025 4.8 0.005 0.995 10.68 1 11

4 5.79 0.025 4.8 0.005 0.995 5.76 1 5.8

7 7.48 0.025 4.8 0.005 0.995 7.44 1 7.4

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

1 18.55 0.05 0.2 0.250 0.750 13.92 1 14

4 15.38 0.05 0.2 0.250 0.750 11.54 1 12

7 20.44 0.05 0.2 0.250 0.750 15.33 1 15

1 6.85 0.05 0.2 0.250 0.750 5.14 1 5.1

4 5.79 0.05 0.2 0.250 0.750 4.35 1 4.3

7 7.48 0.05 0.2 0.250 0.750 5.61 1 5.6

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

1 18.55 0.025 0.2 0.125 0.875 16.24 1 16

4 15.38 0.025 0.2 0.125 0.875 13.46 1 13

7 20.44 0.025 0.2 0.125 0.875 17.88 1 18

1 6.85 0.025 0.2 0.125 0.875 6.00 1 6.0

4 5.79 0.025 0.2 0.125 0.875 5.07 1 5.1

7 7.48 0.025 0.2 0.125 0.875 6.54 1 6.5

Phenanthrene

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.025 200.0 0.000 1.000 18.55 4 74

For Residential Scenario

1 6.85 0.025 200 0.000 1.000 6.85 4 27

Pyrene

Zone Non-Adj DF Bkg Conc CT GWPC Fadj (1-Fadj) Adjusted DF CT GA PMC Alternative GB PMC

(µg/L) (µg/L) (mg/kg) (mg/kg)

For Industrial/Commercial Scenario

1 18.55 0.025 200.0 0.000 1.000 18.55 4 74

Residential

1 6.85 0.025 200 0.000 1.000 6.85 4 27

For Residential Scenario

Dibenzo(a,h)anthracene

For Industrial/Commercial Scenario

Indeno(1,2,3-cd)pyrene

For Industrial/Commercial Scenario

For Residential Scenario
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COCs Units Site Use Zone
(1)

1 2 3 4 5 7

Antimony Industrial/Commercial NA NA NA NA NA 0.08

Residential NA NA NA NA NA 0.03

Arsenic Industrial/Commercial NA NA NA 0.11 NA 0.15

Residential NA NA NA 0.04 NA 0.06

Lead Industrial/Commercial 0.23 0.16 0.38 0.19 0.44 0.26

Residential 0.09 0.06 0.13 0.07 0.15 0.09

Methylene Chloride mg/kg Industrial/Commercial NA NA NA NA 2.8 NA

Residential NA NA NA NA 0.98 NA

2-Methylnaphthalene mg/kg Industrial/Commercial NA NA NA NA 34 NA

Residential NA NA NA NA 12 NA

Benzo(a)anthracene mg/kg Industrial/Commercial 11 NA 18 9.0 20 12

Residential 4.0 NA 6.3 3.4 7.2 4.4

Benzo(a)pyrene mg/kg Industrial/Commercial 16 NA NA 13 NA 18

Residential 6.0 NA NA 5.1 NA 6.5

Benzo(b)fluoranthene mg/kg Industrial/Commercial 7.0 NA 11 5.8 13 7.7

Residential 2.6 NA 4.0 2.2 4.6 2.8

Benzo(k)fluoranthene mg/kg Industrial/Commercial 18 NA NA 15 NA 19

Residential 6.5 NA NA 5.5 NA 7.1

Carbazole mg/kg Industrial/Commercial 17 NA NA 14 NA 18

Residential 6.1 NA NA 5.2 NA 6.7

Chrysene mg/kg Industrial/Commercial 18 NA 30 15 NA 20

Residential 6.8 NA 11 5.8 NA 7.4

Dibenzo(a,h)anthracene mg/kg Industrial/Commercial 14 NA NA 12 NA 15

Residential 5.1 NA NA 4.3 NA 5.6

Indeno(1,2,3-cd)pyrene mg/kg Industrial/Commercial 16 NA NA 13 NA 18

Residential 6.0 NA NA 5.1 NA 6.5

Phenanthrene mg/kg Industrial/Commercial 74 NA NA NA NA NA

Residential 27 NA NA NA NA NA

Pyrene mg/kg Industrial/Commercial 74 NA NA NA NA NA

Residential 27 NA NA NA NA NA

NOTES:

NA: Not applicable.  Specified COC doesn't exceed Standard PMC in that zone.

Highlighting signifies that calculated Alternative PMC will not be used because it is lower than Standard PMC 

provided by CT RSRs

(1)
 No Alternative PMCs were calculated for those areas of Zone 1 where LNAPL is present.  No Alternative 

PMCs were calculated for Zone 6 because there were no exceedance of the Standard PMCs in that zone.

Alternative PMCs were rounded to the nearest whole number for values 10 and greater, to one decimal place 

for values less than 10 but greater or equal to one, and two decimal places for values less than one.

mg/L TCLP 

or SPLP

mg/L TCLP 

or SPLP

mg/L TCLP 

or SPLP
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SELECTION OF SOIL PRELIMINARY REMEDIATION GOALS 
AND CHEMICALS OF CONCERN 

LOWER SUBASE FEASIBILITY STUDY 
NAVAL SUBMARINE BASE - NEW LONDON, GROTON, CONNECTICUT 

 
July 13, 2010  

 
1.0 PURPOSE 
 
The purpose of this memorandum is to select soil chemicals of concern (COCs) and Preliminary 
Remediation Goals (PRGs) based on chemicals of potential concern (COPCs) identified in the 
human health risk assessment (HHRA) and application of Connecticut Department of 
Environmental Protection (CTDEP) Remediation Standard Regulations (RSRs).   
 
The screening-level assessment of the HHRA determined that there were no soil to air COPCs.  
The soil-to-groundwater migration COPCs that have been detected in soil above the groundwater 
table at concentrations greater than the selected PRGs, and direct exposure COPCs that have 
been detected from soil at applicable depths at concentrations greater than the selected PRGs 
will be retained as COCs.  The PRGs will be used to calculate the volume of contaminated soil 
that requires evaluation in the Feasibility Study (FS).  
  
2.0 ASSUMPTIONS 
 
The following assumptions and information were used during the selection process: 
 

 Groundwater in the Lower Subase is classified as GB by State of Connecticut and 
brackish.  The groundwater cannot be used for human consumption without treatment.  
Potable water is supplied to the Lower Subase by a local municipality.   

 

 The Navy uses the Lower Subase as an industrial area and it intends to maintain the 
current land use into the future.  

 
The following scenarios were considered during the HHRA and PRG selection process: 
 

 An Industrial/Commercial (I/C) scenario, in which Land Use Controls (LUCs) or 
Environmental Land Use Restrictions (ELURs) would be used to limit direct contact to 
contaminated soil and restrict excavation depth, depending on surface conditions.  When 
a LUC/ELUR is in effect , CTDEP guidance considers the following soil “inaccessible” 

 
o beneath pavement from 2 to 15 feet below ground surface (bgs)  
o beneath unpaved areas from 4 to 15 feet bgs 
o beneath buildings from 0 to 15 feet 

 
Therefore, where the Lower Subase is paved, only soil from 0 to 2 feet bgs needs to be 
remediated to comply with I/C CT Direct Exposure Criteria (DECs).  Where the Lower 
Subase is unpaved, only soil within 0 to 4 feet bgs needs to be remediated to comply with 
I/C DECs.  Because there is a sparsity of data in the top 2 feet and few samples in 
unpaved areas, soil samples below a depth of 2 or 4 feet will be considered in the 
determination of I/C DEC COCs. 

 

 A “clean closure” residential scenario was evaluated in which samples to a depth of 15 
feet were compared to CT Residential DECs.   

 

 For both the I/C and residential scenarios, COPCs in soil located above the seasonal 
high water table were evaluated with respect to CT Pollutant Mobility Criteria (PMC) and 
Alternative PMC.  This approach was taken because the groundwater at the Lower 
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Subase is classified as GB and Section 22a-133k-2 (c)(1)(A) of the RSRs requires only 
soil above the seasonal high water table to be in compliance with the PMC in an area 
with GB-classified groundwater.  Because the PMCs apply to different depths than the 
DECs, the COC selection process using PMCs was completed separately.  Soil beneath 
buildings is considered “environmentally isolated soil” and is not subject to PMC 
compliance if it is not a source of pollution.  

 
3.0 APPROACH 
 

The following promulgated standards and to be considered criteria were reviewed and used 
to select soil PRGs: 
 

 State of Connecticut RSRs, January 1996. 
 

 State of Connecticut Approved Criteria for Additional Polluting Substances Criteria and 
Alternative Criteria, April 30, 1999. 

 

 State of Connecticut Department of Environmental Protection Comprehensive List of 
Approved Additional Pollution Substances Criteria and Alternative Criteria, October 24, 
2005. 

 

 2007 Proposed Regulated Criteria Summary Table 
(http://www.ct.gov/dep/lib/dep/site_clean_up/remediation_regulations/regulated_criteria_s
ummary_table.xls). 

 

 Site-Specific Alternative Pollutant Mobility Criteria (APMC) developed per Section 22a-
133k-2(d)of the Connecticut RSRs.  The results are summarized in the memorandum 
entitled Dilution Factors for Alternative PMC (Appendix B.1). 

 
3.1 PRG SELECTION PROCESS 
 
The draft HHRA was revised using updated EPA methodology and a comparison to CTDEP RSR 
DECs and PMCs and submitted in January 2010.   For each zone, a chemical was selected as a 
COPC for the HHRA if the maximum detected chemical concentration exceeded any of the 
screening levels for soils. Additional revisions for the Revised Draft Final FS were editorial and 
did not include any changes to COCs, results or conclusions. 
 
Potential PRGs are based on CT RSRs for direct exposure, an incremental lifetime cancer risk 
(ILCR) levels of 1 x 10

-6
, and a non-carcinogenic Hazard Index of 1.  CT RSRs for COPCs for 

both direct exposure (DEC) and pollutant mobility (PMC) are presented on attached Appendix A, 
Table 10-4.   
 
DEC 
 
To determine the applicable criteria under a direct exposure scenario, CT RSR DECs for each 
COPC were compared to risk-based PRGs (10

-6
 ILCR or HI = 1 for non-carcinogenic risk), 

calculated in the HHRA provided in Appendix A. The risk-based PRGs based on the most 
conservative risks for the three receptors (construction workers, current full-time employees, and 
hypothetical future full-time employees) considered in the HHRA were included in the PRG 
selection process for the I/C scenario.  Similarly, the risk-based PRGs based on the most 
conservative risks for the three receptors (hypothetical child residents, hypothetical adult 
residents, or hypothetical lifelong residents) considered in the HHRA were included in the PRG 
selection process for the Residential scenario.  For each COPC, the selected DEC PRG is a) the 
greater of the RSR or value based on a risk of 1 x 10

-6
   or b) the value to achieve HI = 1.  The 

only exception is arsenic, which has potential PRGs of the RSR, 10
-6

 risk-based value, or value 
based on HI=1.  For arsenic, the RSR was selected that is greater than the 10

-6
 risk-based value 

http://www.ct.gov/dep/lib/dep/site_clean_up/remediation_regulations/regulated_criteria_summary_table.xls
http://www.ct.gov/dep/lib/dep/site_clean_up/remediation_regulations/regulated_criteria_summary_table.xls
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but results in a chemical specific HI much less than 1.  With the exception of Zone 1, Zone 4 and 
Zone 7 residential scenarios, the selected PRGs then satisfy EPA requirements of a cumulative 
ILCR less than or equal to 1 x 10

-4
 and a cumulative HI per organ less than or equal to 1.   

 
To more accurately determine the cumulative residential DEC risks in Zones 1, 4, and 7, as 
shown on Tables SOIL-2, SOIL-15, and SOIL-27, ILCRs and HIs to receptors after remediation 
were calculated as follows:  The dataset for each zone was modified by replacing chemical 
concentrations that exceeded the selected PRG with the selected PRG to simulate the impact of 
remediating the contaminated soil.  Exposure point concentrations for each updated data set 
were calculated using USEPA’s ProUCL software Version 4.00.04 and are presented on Tables 
SOIL-2A, SOIL-15A and SOIL-27A.  The exposure point concentration was then used to 
recalculate the ILCR and HI associated with each chemical and then the cumulative ILCR and HI 
was calculated.  The recalculated cumulative ILCRs were less than or equal to 1 x 10

-4
 and the 

cumulative HIs were less than or equal to 1, satisfying EPA requirements. 
 
For lead, the target action levels were compared to the CT Residential and I/C DEC. For the I/C 
scenario, both construction worker (737 mg/kg) and full-time employee (1,090 mg/kg) target 
action levels were derived using the Adult Lead Model.  Because of the significant uncertainty 
associated with the exposure assumptions used in the model for the construction worker (see 
Appendix A), the full-time employee target action level (1,090 mg/kg) was selected for 
comparison to the I/C DEC.  Because the I/C target action level (1,090 mg/kg) was greater than 
the I/C DEC (1,000 mg/kg), the target action level was selected as an Alternative DEC/PRG. 
 
PMC 
 
To determine the applicable criteria for evaluation of soil-to-groundwater pollutant mobility issues, 
CT RSR PMCs and calculated Alternative PMCs were compared for each COPC and zone.  
Alternative soil PMCs were calculated in accordance with the methodology that is presented 
Section 22a-133k-2(c)(2)(E)(ii) of the Connecticut RSRs (CTDEP, 1996).  Dilution Factors (DFs) 
and Alternative PMCs were calculated separately in each zone for each COPC, with the 
exception of total petroleum hydrocarbons (TPH), under both an I/C and Residential scenario).  
As stated in Section 22a-133k-2(c)(2)(E)(i), a site-specific DF may not be applied to the TPH 
PMC (See attached memorandum).  In addition, according to Section 22a-133k-2(c)(2)(D)(ii) of 
the Connecticut RSRs (CTDEP, 1996), no Alternative PMCs were calculated in those areas of 
Zone 1 where non-aqueous phase liquid (NAPL) may be present as determined by Appendix C.1 
calculations which indicate that NAPL  may occur at TPH concentrations exceeding 7,500 mg/kg.  
The higher of the RSR PMC or calculated Alternative PMC was selected as the PRG (see 
Appendix B.1).    
 
Other Information 
 
In addition, Practical Quantitation Limits (PQLs) from a project laboratory certified in Connecticut 
were considered to confirm that the PRGs were greater than the PQLs.  Inorganic background 
soil concentrations (Atlantic, 1995) were also considered during the PRG selection.  The selected 
PRGs were greater than all PQLs and background concentrations for all of the COPCs. 
 
3.2 COC Selection Process 
 
The analytical results for samples from each zone from the Lower Subase RI (TtNUS, 1999) were 
used in the COC selection process.   
 
In the HHRA, noncarcinogenic and carcinogenic risks were estimated from exposures to soil 
following EPA risk assessment guidance.  Exposures to TPH in soil were not evaluated in the 
HHRA because there are no toxicity criteria available for TPH.  A summary of chemicals retained 
as COCs based on the EPA risk assessment method is presented in attached Appendix A Table 
10-1.  As shown on that table, several SVOCs and a few inorganics are retained as COCs in 
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Zones 1, 4, and 7 for the Residential scenario. For the I/C scenario, only lead in Zones 3, 4 and 7 
and antimony in Zone 7 exceeded EPA target risk levels.   
 
Attached Appendix A Tables 3-6, 4-5, 5-6, 6-6, 7-5, 8-5, and 9-6 present COPCs in each zone 
based on a comparison of all validated soil data to CT Residential DECs and PMCs, a 
comparison of soil data to in the top 2 feet to I/C DECs for paved areas, and comparison of soil 
data in the top 4 feet to I/C DECs for unpaved areas.   
 
In attached Tables SOIL-1 through SOIL-29, existing data is screened against CTDEP criteria 
(summarized in attached Appendix A Table 10-4), risk-derived PRGs, and alternative PMCs.  
With the exception of Zone 1, four SOIL tables are presented for each zone. (Zone 1 tables are 
described in Section 4.1.) The SOIL tables are used to screen data against I/C DECs, Residential 
DECs, I/C RSR PMCs/Alternative PMCs, and Residential RSR PMCs/Alternative PMCs.  
Residential DEC COPCs were determined by comparing data at all depths to Residential DECs.  
I/C DECs are relevant only in the top 2 feet of soil in paved areas and the top 4 feet of soil in 
unpaved areas; however, because there is a sparsity of data in the top 2 feet and in unpaved 
areas, I/C COCs were determined by comparing existing data at all depths to the list of residential 
COPCs (first column of attached Appendix A Tables 3-6, 4-5, 5-6, 6-6, 7-5, 8-5, and 9-6).   
 
On Tables SOIL-1 through SOIL-29, COPCs were screened against existing data in accordance 
with CT RSR 22a-133k-2(e) “Applying the Direct Exposure and Pollutant Mobility Criteria” to 
determine COCs for each zone, as follows: 
 
DEC  
 
DEC compliance was based on: 
 
(A) the 95% upper confidence level (UCL) of the arithmetic mean of all sample results of 
laboratory analyses of soil from the subject release area is equal to or less than such criterion, 
provided that the results of no single sample exceeds two times the applicable DEC 
 
or  
 
(B) the results of all laboratory analyses of samples from the subject release area are equal to or 
less than the applicable DEC. 
 
COPCs detected at concentrations greater than the selected DEC-based PRG were retained as 
COCs. 
 
PMC  
 
In most zones and for most parameters, less than 20 samples were available.  For those cases, 
compliance with a PMC was based on the results of all laboratory analysis of samples from the 
subject release area for such substances being equal to or less than the PMC.  
 
For zones where COPCs were detected in 20 or more samples, compliance with the PMC was 
based on:  
 
Section 22a-133k-2 (e)(2)(A)(iii): the 95% UCL of the arithmetic mean of all the sample results of 
laboratory analyses of soil from the subject release area for such substance is equal to or less 
than the applicable PMC  

or 
 
the results of all laboratory analyses of samples from the subject release area are equal to or less 
than the applicable DEC,  
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and 
 
Section 22a-133k-2 (e)(2)(B)(iv): no single sample result exceeds two times the applicable PMC. 
 
 
To determine inorganic PMC COCs, the selected PRGs were compared to the maximum 
detected leachate test results [Synthetic Precipitation Leaching Procedure (SPLP) or Toxicity 
Characteristic Leaching Procedure (TCLP)] for zone-specified samples.  For Zone 7 lead and 
antimony surface samples, there were no leachate tests so the mass results were compared to 
the I/C DEC PRGs as an estimate of leachate samples that would pass the PMC. 
 
COPCs detected at concentrations greater than their respective PMC or Alternative PMC were 
retained as COCs.   
 
For the initial screening of soil-to-groundwater migration COPCs, PMCs/Alternative PMCs were 
compared to the analytical results at all depths.  Sample depths were then compared to the 
groundwater depth (Section 5.0) to further screen COCs because a chemical is a PMC COC only 
in soil above the groundwater table.  
 
 
4.0 SELECTION OF PRGs AND IDENTIFICATION OF COCs 
 
The PRG and COC selection processes are summarized in Tables SOIL-1 through SOIL-29. The 
COC summaries for I/C DEC, Residential DEC, I/C PMC and Residential PMC are presented in 
Tables SOIL-30, 31, 32, and 33, respectively. 
 
4.1 Zone 1 
 
The PRG and COC selection process for Zone 1 for I/C DEC and Residential are summarized in 
Tables SOIL-1 and SOIL-2.  Three PMC tables were developed for Zone 1 because alternative 
PMCs are not allowed where there is NAPL.  Table SOIL-3 applies to the NAPL area and has CT 
RSR GB PMCs as the selected PRGs for both I/C and Residential scenarios.  Tables SOIL-4 and 
SOIL-5 summarize PRG selection for the I/C and Residential PMCs where NAPL is not present in 
Zone 1.  
  
For I/C and residential direct exposure, nine COPCs were identified in Zone 1.  Based on a 
comparison of soil concentrations at all depths to PRGs, selected direct exposure I/C COCs 
(PRGs) were benzo(a)anthracene (7.8 mg/kg), benzo(a)pyrene  (1 mg/kg),  benzo(b)fluoranthene 
(7.8 mg/kg),  dibenzo(a,h)anthracene (1 mg/kg),  indeno(1,2,3-cd)pyrene (7.8 mg/kg),  and TPH 
(2,500 mg/kg).    
 
Selected direct exposure Residential COCs (PRGs) were benzo(a)anthracene (1 mg/kg), 
benzo(a)pyrene  (1 mg/kg),  benzo(b)fluoranthene (1 mg/kg),  dibenzo(a,h)anthracene (1 mg/kg),  
indeno(1,2,3-cd)pyrene (1 mg/kg),  mercury (24 mg/kg),  and TPH (500 mg/kg) based on a 
comparison of soil concentrations at all depths to PRGs.   
 
For pollutant mobility, 12 COPCs were identified in Zone 1.  Based on a comparison of soil 
concentrations at all depths to PRGs,  where there is NAPL and alternative PMCs are not 
allowed, the selected pollutant mobility I/C and Residential COCs (PRGs) were 
benzo(a)anthracene (1 mg/kg), benzo(a)pyrene  (1 mg/kg),  benzo(b)fluoranthene (1 mg/kg),  
benzo(k)fluoranthene (1 mg/kg),  carbazole (1 mg/kg), chrysene (1 mg/kg), 
dibenzo(a,h)anthracene (1 mg/kg),  indeno(1,2,3-cd)pyrene (1 mg/kg),  phenathrene (40 mg/kg), 
pyrene (40 mg/kg), lead (0.15 mg/L and 1090 mg/kg) and TPH (2,500 mg/kg).  At locations within 
Zone 1 where NAPL is not present and alternative PMCs are allowed, the selected I/C COCs 
(PRGs) are benzo(a)anthracene (11 mg/kg), benzo(a)pyrene  (16 mg/kg),  benzo(b)fluoranthene 
(7 mg/kg),  chrysene (18 mg/kg), lead (0.23 mg/L) and TPH (2,500 mg/kg) and the selected 
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residential COCs (PMCs) are benzo(a)anthracene (4 mg/kg), benzo(a)pyrene  (6 mg/kg),  
benzo(b)fluoranthene (2.6 mg/kg), benzo(k)fluoranthene (6.5 mg/kg), chrysene (6.8 mg/kg), 
dibenzo(a,h)anthracene (5.1 mg/kg),  indeno(1,2,3-cd)pyrene (6.0 mg/kg),  phenathrene (40 
mg/kg), pyrene (40 mg/kg), lead (0.15 mg/L and 1090 mg/kg) and TPH (2,500 mg/kg) 
 
4.2 Zone 2 
 
The PRG and COC selection process for Zone 2 is summarized in Tables SOIL-6 to SOIL-9.   
 
For direct exposure, only TPH was identified as a COPC in Zone 2.  Based on a comparison of 
soil concentrations at all depths to PRGs, TPH was confirmed as a direct exposure COC for both 
the I/C and Residential scenarios with respective PRGs of 2,500 mg/kg and 500 mg/kg.   
 
For pollutant mobility, two COPCs were identified in Zone 2.  Based on a comparison of soil 
concentrations at all depths to PRGs, the selected pollutant mobility I/C COCs (PRGs) were lead 
(0.16 mg/L) and TPH (2,500 mg/kg).  Selected pollutant mobility Residential COCs (PRGs) were 
lead (0.15 mg/L) and TPH (2,500 mg/kg).   
 
4.3 Zone 3 
 
The PRG and COC selection process for Zone 3 is summarized in Tables SOIL-10 to SOIL-13.   
 
For direct exposure, four COPCs were identified in Zone 3.   Based on a comparison of soil 
concentrations at all depths to PRGs, only lead was retained as a direct exposure I/C COC with a 
PRG of 1,090 mg/kg.   
 
Selected direct exposure Residential COCs (PRGs) were benzo(a)anthracene (1 mg/kg), lead 
(400 mg/kg),  and TPH (500 mg/kg) based on a comparison of soil concentrations at all depths to 
PRGs.   
 
For pollutant mobility, five COPCs were identified in Zone 3.  Based on a comparison of soil 
concentrations at all depths to PRGs, the selected pollutant mobility I/C COCs (PRGs) were lead 
(0.38 mg/L) and TPH (2,500 mg/kg).  Selected pollutant mobility Residential COCs (PRGs) were 
lead (0.15 mg/L) and TPH (2,500 mg/kg). 
 
4.4 Zone 4 
 
The PRG and COC selection process for Zone 4 is summarized in Tables SOIL-14 to SOIL-17.   
 
For direct exposure, seven I/C and eight Residential COPCs were identified in Zone 4.  Based on 
a comparison of soil concentrations at all depths to PRGs, selected direct exposure I/C COCs 
(PRGs) were benzo(a)pyrene (1 mg/kg), dibenzo(a,h)anthracene   (1 mg/kg), lead (1,090 mg/kg), 
and TPH (2,500 mg/kg). 
 
Selected direct exposure Residential COCs (PRGs) were benzo(a)anthracene (1 mg/kg), 
benzo(a)pyrene  (1 mg/kg), benzo(b)fluoranthene (1 mg/kg),  dibenzo(a,h)anthracene (1 mg/kg),  
indeno(1,2,3-cd)pyrene (1 mg/kg),  lead (400 mg/kg),  and TPH (500 mg/kg) based on a 
comparison of soil concentrations at all depths to PRGs.   
 
For pollutant mobility, 11 COPCs were identified in Zone 4.  Based on a comparison of soil 
concentrations at all depths to PRGs, selected pollutant mobility I/C COCs (PRGs) were lead 
(0.19 mg/L) and TPH (2,500 mg/kg).  Selected pollutant mobility Residential COCs (PRGs) were 
benzo(a)anthracene (3.4 mg/kg), benzo(b)fluoranthene (2.2 mg/kg), lead (0.15 mg/L) and TPH 
(2,500 mg/kg).  Arsenic was initially identified as a I/C and residential PMC COC on Tables SOIL-
16 and SOIL-17, but was later screened out on Tables PMC-5, PMC-6, and PMC-6A based on 
comparison of exceedance locations to the mean high water level. 
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4.5 Zone 5 
 
The PRG and COC selection process for Zone 5 is summarized in Tables SOIL-18 to SOIL-21.   
 
For direct exposure, three COPCs were identified in Zone 5.  Based on a comparison of soil 
concentrations at all depths to PRGs the,selected direct exposure I/C COC (PRG) was TPH 
(2500 mg/kg). 
 
Selected direct exposure Residential COCs (PRGs) were benzo(a)pyrene (1 mg/kg), 
benzo(b)fluoranthene (1 mg/kg),  and TPH (500 mg/kg) based on a comparison of soil 
concentrations at all depths to PRGs.   
 
For pollutant mobility, six COPCs were identified in Zone 5.  Based on a comparison of soil 
concentrations at all depths to PRGs, the only selected pollutant mobility I/C COC (PRG) was 
TPH (2,500 mg/kg).  Selected pollutant mobility Residential COCs (PRGs) were methylene 
chloride (1 mg/kg), 2-Methylnaphthalene (12 mg/kg), lead (0.15 mg/L) and TPH (2,500 mg/kg).   
 
4.6 Zone 6 
 
The PRG and COC selection process for Zone 6 is summarized in Tables SOIL-22 to SOIL-25   
 
For direct exposure, only TPH was identified as a COPC in Zone 6.   Based on a comparison of 
soil concentrations at all depths to PRGs, TPH was confirmed as a direct exposure COC for both 
the I/C and Residential scenarios with respective PRGs of 2,500 mg/kg and 500 mg/kg.  
 
For pollutant mobility, only TPH was identified as COPC for Zone 6.  Based on a comparison of 
soil concentrations at all depths to the PRG, TPH was selected as a pollutant mobility I/C and 
Residential COC with a PRG of 2,500 mg/kg.   
 
4.7 Zone 7 
 
The PRG and COC selection process for Zone 7 is summarized in Tables SOIL-26 to SOIL-29.   
 
For direct exposure, eleven COPCs were identified in Zone 7.  Based on a comparison of soil 
concentrations at all depths to PRGs, selected direct exposure I/C COCs (PRGs) were 
benzo(a)pyrene (1 mg/kg), benzo(b)fluoranthene (7.8 mg/kg),  dibenzo(a,h)anthracene (1 mg/kg),  
antimony (410 mg/kg),  and lead (1,090 mg/kg). I/C DECs are relevant only in the top 2 feet of 
soil in paved areas and the top 4 feet of soil in unpaved areas; however, because there is a 
sparsity of data in the top 2 feet and in unpaved areas, I/C COCs were determined by comparing 
existing data at all depths to the list of residential COPCs.  Therefore many I/C DEC COCs are 
identified based on results deeper than the top 2 or 4 feet, As explained in footnote 5 on Table 
SOIL-26, arsenic is not an I/C DEC COC in Zone 7 (Table SOIL-30) because at the two deep 
samples where the arsenic concentration exceeded the PRG (10 mg/kg), there were shallower 
samples (more appropriate for the I/C scenario) that were less than the I/C DEC PRG. 
 
Selected direct exposure Residential COCs (PRGs) were benzo(a)anthracene (1 mg/kg), 
benzo(a)pyrene  (1 mg/kg), benzo(b)fluoranthene (1 mg/kg),  dibenzo(a,h)anthracene (1 mg/kg),  
indeno(1,2,3-cd)pyrene (1 mg/kg),  antimony (31 mg/kg), arsenic (10 mg/kg), copper (3,130 
mg/kg), lead (400 mg/kg), and TPH (500 mg/kg) based on a comparison of soil concentrations at 
all depths to PRGs.   
 
For pollutant mobility, thirteen COPCs were identified in Zone 7.  Based on a comparison of soil 
concentrations at all depths to PRGs, selected pollutant mobility I/C COCs (PRGs) were 
benzo(b)fluoranthene (7.7 mg/kg), antimony (0.08 mg/L and 410 mg/kg), arsenic ( 0.146 mg/L 
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and 10 mg/kg), and lead (0.26 mg/L and 1090 mg/kg).   Selected pollutant mobility Residential 
COCs (PRGs) were benzo(a)anthracene (4.4 mg/kg), benzo(a)pyrene (6.5 mg/kg), 
benzo(b)fluoranthene (2.8 mg/kg),  benzo(k)fluoranthene (7.1 mg/kg),  chrysene (7.4 mg/kg), 
antimony (0.06 mg/L and 410 mg/kg),  arsenic ( 0.10 mg/L and 10 mg/kg), and lead (0.15 mg/L 
and 1090 mg/kg). Arsenic was identified as a residential PMC COC on Table SOIL-29. The 
leachate results that exceeded were below mean high water and were screened out on Tables 
PMC-11A and PMC-12A.  However, based on a comparison of mass results that were not 
superseded by leachate testing on PMC-12A, one arsenic mass result above mean high water 
(MW5-7RI at 5 to 6 feet bgs) exceeded the I/C DEC; therefore, arsenic is a residential and 
industrial PMC COC.  
 
5.0 COMPARISON OF SAMPLE DEPTHS TO GROUNDWATER TO DETERMINE PMC 

EXCEEDANCE LOCATIONS 
 
As previously mentioned, the DEC and PMC COCs need to be compared to discrete analytical 
results to determine the volume of contaminated soil that requires evaluation in the FS under both 
the I/C and Residential scenarios. 
 
To determine specific PMC exceedance locations, the analytical data has been limited to only 
those results above the seasonal high water table.   As presented in the draft final Soil PDI SAP 
(TtNUS, 2010), mean high water was used to represent the seasonal high water table.  Mean 
high water was determined to be El. 1.2 ft (NAVD 88) or E. 3.59 ft (1982 Base Traverse Datum) 
(TtNUS, TBD).   Sample results above the water table that are PMC exceedances are determined 
on Tables PMC-1 through PMC-12 (Appendix B.2.3).  Data on Tables PMC-1 through PMC-12 
are color-coded to indicate samples that are below groundwater (grey), or above groundwater but 
less than selected PMC and I/C DEC criteria (light green), greater than leachate or mass lead, 
arsenic, or antimony criteria (pink), greater than RCRA-hazardous characteristics criteria for lead 
(red), or greater than 2,500 mg/kg TPH (orange).  Mass lead or arsenic data above groundwater 
is coded light blue to indicate where leachate lead was also tested.  In Zone 1, data is coded 
bright green to indicate data less than the alternative PMC were NAPL is not present, and in Zone 
3 data is coded yellow where it is below the former Building 31 floor or purple where soil at that 
location has been cement-stabilized.  In Zone 7, this method was also used to evaluate antimony.  
One antimony sample in Zone 7 was identified by blue-grey as having a detection limit above 
DEC criteria.  Tables PMC-3A,PMC-4A, PMC-6A, PMC-11A, and PMC 12A were used to 
compare surface and subsurface samples to residential criteria, therefore on those tables pink 
designates data exceeding residential criteria. 
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TABLE SOIL-1

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR  
Industrial/ 

Commercial

Value Based on 
Risk of 10-6  

(Full-time 
Employee)(4)

Value Based 
on HI = 1.0 
(Full-time 

Employee)(4)

Benzo(a)anthracene 0.14 J NA 1 21 16.54 18 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 2/19 3.7E-06 NA

Benzo(a)pyrene 0.13 J 0.13 1 17 13.89 18 0.02 NA 1 0.21 NA 1 CT DEC RSR 4/19 4.8E-06 NA

Benzo(b)fluoranthene 0.13 J NA 1 17 13.65 18 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 2/19 3.7E-06 NA

Benzo(k)fluoranthene 0.11 J NA 1 11 J 7.47 18 0.02 NA 78 21 NA 78 CT DEC RSR 0/19 3.7E-05 NA

Dibenzo(a,h)anthracene ND NA 1 5.2 3.73 18 0.02 NA 1 0.221 NA 1 CT DEC RSR 3/19 4.5E-06 NA

Selected PRGsPotential PRGsSurface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

ILCR to Full-time 
Employee from 
Selected PRG

Hazard Index 
from Selected 

PRG

Detection 
Limits (3) Background Concentration

COPCs(1)

Maximum 
Concentration 95% UCL (2) Maximum 

Concentration 95% UCL (2) Basis Frequency of 
Exceedance 

Direct Exposure

Value

Dibenzo(a,h)anthracene ND NA 1 5.2 3.73 18 0.02 NA 1 0.221 NA 1 CT DEC RSR 3/19 4.5E-06 NA

Indeno(1,2,3-cd)pyrene 0.081 J NA 1 12 10.17 18 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 2/19 3.7E-06 NA

Arsenic ND NA 1 12.3 4.81 11 0.8 3.6 10 1.6 256 10 CT DEC RSR 1/12 6.3E-06 0.04

Mercury ND NA 1 83.4 J 76.1 11 0.04 0.05 610 NA 307 307 CT DEC RSR 0/12 NA 1

Total Petroleum 
Hydrocarbons (6) ND NA 1 51,600 J 29,785 34 5 NA 2,500 NA NA 2,500 CT DEC RSR 9/35 NA NA

Cumulative Value 6.4E-05 NA(5)

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2
3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 
5 Cumulative HI is not applicable because arsenic and mercury target different organs.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 

5 Cumulative HI is not applicable because arsenic and mercury target different organs.
6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
J Estimated value 

NA Not applicable 
ND Not detected



TABLE SOIL-2

DEVELOPMENT OF DEC RESIDENTIAL PRGs AND COCs FOR ZONE 1 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR  
Residential

Value Based on 
Risk of 10-6  

(Resident)(4)

Value Based 
on HI = 1.0 
(Resident)(4)

Benzo(a)anthracene 0.14 J NA 1 21 16.54 18 0.02 NA 1 0.15 NA 1 CT DEC RSR 4/19 0.68 5E-06 NA

Benzo(a)pyrene 0.13 J 0.13 1 17 13.89 18 0.02 NA 1 0.015 NA 1 CT DEC RSR 4/19 0.69 5E-05 NA

Benzo(b)fluoranthene 0.13 J NA 1 17 13.65 18 0.02 NA 1 0.15 NA 1 CT DEC RSR 4/19 0.84 6E-06 NA

Benzo(k)fluoranthene 0.11 J NA 1 11 J 7.47 18 0.02 NA 8.4 1.5 NA 8.4 CT DEC RSR 1/19 5.8 4E-06 NA

Dibenzo(a,h)anthracene ND NA 1 5.2 3.73 18 0.02 NA 1 0.015 NA 1 CT DEC RSR 3/19 0.36 2E-05 NA

Indeno(1,2,3-cd)pyrene 0.081 J NA 1 12 10.17 18 0.02 NA 1 0.15 NA 1 CT DEC RSR 4/19 0.68 5E-06 NA

Selected PRGsPotential PRGsSurface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

ILCR to Future 
Resident After 
Remediation

Hazard Index 
from Selected 

PRG

Detection 
Limits (3) Background Concentration

Exposure Point 
Concentration After 

Remediation(5)

COPCs(1)

Maximum 
Concentration 95% UCL (2) Maximum 

Concentration 95% UCL (2) Basis Frequency of 
Exceedance 

Direct Exposure

Value

Arsenic ND NA 1 12.3 4.81 11 0.8 3.6 10 0.39 22 10 CT DEC RSR 1/12 3.6 9E-06 0.2

Mercury ND NA 1 83.4 J 76.1 11 0.04 0.05 20 NA 24 24 HI = 1.0 1/12 21 NA 0.9

Total Petroleum 
Hydrocarbons (7) ND NA 1 51,600 J 29,785 34 5 NA 500 NA NA 500 CT DEC RSR 17/35 NA NA NA

Cumulative Value 1E-04 NA(6)

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2 95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 
3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 
5 The exposure point concentration after remediation was calculated using USEPA's ProUCL Version 4.00.04 by replacing all detected concentrations greater than the selected PRG with the selected PRG.
6 Cumulative hazard index (HI) is not applicable because arsenic and mercury target different organs.
7 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs)White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
J Estimated value

NA Not applicable 
ND Not detected



TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   C:\Work Folders\Projects\New London - Revised HHRA\Zone 1\Data\ProUCL FS Data.xls.wst

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

BENZO(A)ANTHRACENE

General Statistics

Number of Valid Data 19 Number of Detected Data 15

Number of Distinct Detected Data 11 Number of Non-Detect Data 4

Number of Missing Values 8 Percent Non-Detects 21.05%

Raw Statistics Log-transformed Statistics

Minimum Detected 20 Minimum Detected 2.996

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 347.9 Mean of Detected 5.081

SD of Detected 413.4 SD of Detected 1.346

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 360 Maximum Non-Detect 5.886

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 15

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 4

Observations < Largest ND are treated as NDsg Single DL Non-Detect Percentage 78.95%g g

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.689 Shapiro Wilk Test Statistic 0.91

5% Shapiro Wilk Critical Value 0.881 5% Shapiro Wilk Critical Value 0.881

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 311 Mean 5.096

SD 371.9 SD 1.188

   95% DL/2 (t) UCL 459    95%  H-Stat (DL/2) UCL 691.3

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 360 Mean in Log Scale 4.967

SD 640 SD in Log Scale 1.231

   95% MLE (t) UCL 614.6 Mean in Original Scale 296.7

   95% MLE (Tiku) UCL 843.3 SD in Original Scale 379.2

   95% Percentile Bootstrap UCL 437.3

   95% BCA Bootstrap UCL 476.1
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(A)ANTHRACENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.663 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 524.6

nu star 19.9

A-D Test Statistic 0.939 Nonparametric Statistics

5% A-D Critical Value 0.774 Kaplan-Meier (KM) Method

K-S Test Statistic 0.774 Mean 298

5% K-S Critical Value 0.23 SD 369.7

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 88.4

   95% KM (t) UCL 451.3

Assuming Gamma Distribution    95% KM (z) UCL 443.4

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 450.4

Minimum 20    95% KM (bootstrap t) UCL 507.7

Maximum 1000    95% KM (BCA) UCL 442.3

Mean 347.3    95% KM (Percentile Bootstrap) UCL 442.3

Median 200 95% KM (Chebyshev) UCL 683.3

SD 364.9 97.5% KM (Chebyshev) UCL 850

k star 0.837 99% KM (Chebyshev) UCL 1178

Theta star 414.7

Nu star 31.82 Potential UCLs to Use

AppChi2 19.93    95% KM (Chebyshev) UCL 683.3

   95% Gamma Approximate UCL 554.4

   95% Adjusted Gamma UCL 578.3

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

BENZO(A)PYRENE

General Statistics

Number of Valid Data 19 Number of Detected Data 15

Number of Distinct Detected Data 12 Number of Non-Detect Data 4

Number of Missing Values 8 Percent Non-Detects 21.05%

Raw Statistics Log-transformed Statistics

Minimum Detected 18 Minimum Detected 2.89

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 354 Mean of Detected 5.123

SD of Detected 410 SD of Detected 1.348

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 360 Maximum Non-Detect 5.886

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 15

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 4

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 78.95%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.7 Shapiro Wilk Test Statistic 0.922

5% Shapiro Wilk Critical Value 0.881 5% Shapiro Wilk Critical Value 0.881

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 315.8 Mean 5.128

SD 369.5 SD 1.189

   95% DL/2 (t) UCL 462.8    95%  H-Stat (DL/2) UCL 717.4

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 360 Mean in Log Scale 5.008

SD 640 SD in Log Scale 1.232

   95% MLE (t) UCL 614.6 Mean in Original Scale 302.4

   95% MLE (Tiku) UCL 843.3 SD in Original Scale 376.6

   95% Percentile Bootstrap UCL 445.8

   95% BCA Bootstrap UCL 469.3
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(A)PYRENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.681 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 519.9

nu star 20.43

A-D Test Statistic 0.807 Nonparametric Statistics

5% A-D Critical Value 0.773 Kaplan-Meier (KM) Method

K-S Test Statistic 0.773 Mean 304.5

5% K-S Critical Value 0.23 SD 366.7

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 87.74

   95% KM (t) UCL 456.7

Assuming Gamma Distribution    95% KM (z) UCL 448.9

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 455.8

Minimum 18    95% KM (bootstrap t) UCL 520.8

Maximum 1000    95% KM (BCA) UCL 452.8

Mean 353.3    95% KM (Percentile Bootstrap) UCL 450.4

Median 230 95% KM (Chebyshev) UCL 687

SD 362 97.5% KM (Chebyshev) UCL 852.5

k star 0.86 99% KM (Chebyshev) UCL 1178

Theta star 410.6

Nu star 32.69 Potential UCLs to Use

AppChi2 20.62    95% KM (Chebyshev) UCL 687

   95% Gamma Approximate UCL 560.1

   95% Adjusted Gamma UCL 583.8

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

BENZO(B)FLUORANTHENE

General Statistics

Number of Valid Data 19 Number of Detected Data 13

Number of Distinct Detected Data 9 Number of Non-Detect Data 6

Number of Missing Values 8 Percent Non-Detects 31.58%

Raw Statistics Log-transformed Statistics

Minimum Detected 31 Minimum Detected 3.434

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 375.5 Mean of Detected 5.183

SD of Detected 435.6 SD of Detected 1.307

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 400 Maximum Non-Detect 5.991

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 15

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 4

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 78.95%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.673 Shapiro Wilk Test Statistic 0.863

5% Shapiro Wilk Critical Value 0.866 5% Shapiro Wilk Critical Value 0.866

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 313.3 Mean 5.183

SD 368 SD 1.068

   95% DL/2 (t) UCL 459.7    95%  H-Stat (DL/2) UCL 607.7

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 400 Mean in Log Scale 4.99

SD 600 SD in Log Scale 1.142

   95% MLE (t) UCL 638.7 Mean in Original Scale 291.3

   95% MLE (Tiku) UCL 853.1 SD in Original Scale 379

   95% Percentile Bootstrap UCL 438.4

   95% BCA Bootstrap UCL 468.5
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(B)FLUORANTHENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.664 Data do not follow a Discernable Distribution (0.05)

Theta Star 565.4

nu star 17.27

A-D Test Statistic 1.163 Nonparametric Statistics

5% A-D Critical Value 0.768 Kaplan-Meier (KM) Method

K-S Test Statistic 0.768 Mean 287.9

5% K-S Critical Value 0.245 SD 370.6

Data not Gamma Distributed at 5% Significance Level SE of Mean 88.96

   95% KM (t) UCL 442.2

Assuming Gamma Distribution    95% KM (z) UCL 434.2

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 440.4

Minimum 31    95% KM (bootstrap t) UCL 525.7

Maximum 1000    95% KM (BCA) UCL 446.1

Mean 375.3    95% KM (Percentile Bootstrap) UCL 430.9

Median 341.6 95% KM (Chebyshev) UCL 675.7

SD 355.9 97.5% KM (Chebyshev) UCL 843.4

k star 0.976 99% KM (Chebyshev) UCL 1173

Theta star 384.7

Nu star 37.07 Potential UCLs to Use

AppChi2 24.13  97.5% KM (Chebyshev) UCL 843.4

   95% Gamma Approximate UCL 576.6

   95% Adjusted Gamma UCL 599.2

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

BENZO(K)FLUORANTHENE

General Statistics

Number of Valid Data 19 Number of Detected Data 11

Number of Distinct Detected Data 11 Number of Non-Detect Data 8

Number of Missing Values 8 Percent Non-Detects 42.11%

Raw Statistics Log-transformed Statistics

Minimum Detected 35 Minimum Detected 3.555

Maximum Detected 8400 Maximum Detected 9.036

Mean of Detected 1332 Mean of Detected 5.438

SD of Detected 2779 SD of Detected 1.756

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 360 Maximum Non-Detect 5.886

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 17

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 2

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 89.47%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.533 Shapiro Wilk Test Statistic 0.797

5% Shapiro Wilk Critical Value 0.85 5% Shapiro Wilk Critical Value 0.85

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 844.8 Mean 5.321

SD 2153 SD 1.317

   95% DL/2 (t) UCL 1701    95%  H-Stat (DL/2) UCL 1416

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 5.217

SD in Log Scale 1.471

Mean in Original Scale 855.5

SD in Original Scale 2152

   95% Percentile Bootstrap UCL 1762

   95% BCA Bootstrap UCL 2037
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(K)FLUORANTHENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.335 Data do not follow a Discernable Distribution (0.05)

Theta Star 3972

nu star 7.38

A-D Test Statistic 1.784 Nonparametric Statistics

5% A-D Critical Value 0.805 Kaplan-Meier (KM) Method

K-S Test Statistic 0.805 Mean 825.5

5% K-S Critical Value 0.273 SD 2102

Data not Gamma Distributed at 5% Significance Level SE of Mean 506.1

   95% KM (t) UCL 1703

Assuming Gamma Distribution    95% KM (z) UCL 1658

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 1685

Minimum 35    95% KM (bootstrap t) UCL 18359

Maximum 8400    95% KM (BCA) UCL 1880

Mean 1329    95% KM (Percentile Bootstrap) UCL 1717

Median 422.9 95% KM (Chebyshev) UCL 3031

SD 2095 97.5% KM (Chebyshev) UCL 3986

k star 0.529 99% KM (Chebyshev) UCL 5861

Theta star 2510

Nu star 20.12 Potential UCLs to Use

AppChi2 10.94    99% KM (Chebyshev) UCL 5861

   95% Gamma Approximate UCL 2444

   95% Adjusted Gamma UCL 2583

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

DIBENZO(A,H)ANTHRACENE

General Statistics

Number of Valid Data 19 Number of Detected Data 8

Number of Distinct Detected Data 6 Number of Non-Detect Data 11

Number of Missing Values 8 Percent Non-Detects 57.89%

Raw Statistics Log-transformed Statistics

Minimum Detected 40 Minimum Detected 3.689

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 413.9 Mean of Detected 5.144

SD of Detected 485.6 SD of Detected 1.481

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 360 Maximum Non-Detect 5.886

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 16

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 3

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 84.21%

Warning:  There are only 8 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.664 Shapiro Wilk Test Statistic 0.756

5% Shapiro Wilk Critical Value 0.818 5% Shapiro Wilk Critical Value 0.818

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 275.1 Mean 5.153

SD 326.4 SD 0.924

   95% DL/2 (t) UCL 404.9    95%  H-Stat (DL/2) UCL 570.3

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 360 Mean in Log Scale 4.644

SD 640 SD in Log Scale 1.174

   95% MLE (t) UCL 614.6 Mean in Original Scale 227.9

   95% MLE (Tiku) UCL 918.1 SD in Original Scale 347.4

   95% Percentile Bootstrap UCL 365.2

   95% BCA Bootstrap UCL 390.9

Page 9 of 32



TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

DIBENZO(A,H)ANTHRACENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.513 Data do not follow a Discernable Distribution (0.05)

Theta Star 806.6

nu star 8.209

A-D Test Statistic 1.15 Nonparametric Statistics

5% A-D Critical Value 0.749 Kaplan-Meier (KM) Method

K-S Test Statistic 0.749 Mean 210.3

5% K-S Critical Value 0.305 SD 342.4

Data not Gamma Distributed at 5% Significance Level SE of Mean 84.19

   95% KM (t) UCL 356.3

Assuming Gamma Distribution    95% KM (z) UCL 348.8

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 350.8

Minimum 40    95% KM (bootstrap t) UCL 380

Maximum 1000    95% KM (BCA) UCL 360.1

Mean 402.2    95% KM (Percentile Bootstrap) UCL 357.8

Median 379.5 95% KM (Chebyshev) UCL 577.3

SD 316.4 97.5% KM (Chebyshev) UCL 736.1

k star 1.201 99% KM (Chebyshev) UCL 1048

Theta star 335

Nu star 45.62 Potential UCLs to Use

AppChi2 31.12    95% KM (BCA) UCL 360.1

   95% Gamma Approximate UCL 589.6

   95% Adjusted Gamma UCL 610.1

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

INDENO(1,2,3-CD)PYRENE

General Statistics

Number of Valid Data 19 Number of Detected Data 14

Number of Distinct Detected Data 9 Number of Non-Detect Data 5

Number of Missing Values 8 Percent Non-Detects 26.32%

Raw Statistics Log-transformed Statistics

Minimum Detected 25 Minimum Detected 3.219

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 361.9 Mean of Detected 5.139

SD of Detected 424.1 SD of Detected 1.312

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 360 Maximum Non-Detect 5.886

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 15

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 4

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 78.95%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.685 Shapiro Wilk Test Statistic 0.882

5% Shapiro Wilk Critical Value 0.874 5% Shapiro Wilk Critical Value 0.874

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 312.5 Mean 5.144

SD 370.4 SD 1.115

   95% DL/2 (t) UCL 459.8    95%  H-Stat (DL/2) UCL 564.8

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 360 Mean in Log Scale 4.987

SD 640 SD in Log Scale 1.181

   95% MLE (t) UCL 614.6 Mean in Original Scale 295.8

   95% MLE (Tiku) UCL 843.3 SD in Original Scale 379.1

   95% Percentile Bootstrap UCL 447.8

   95% BCA Bootstrap UCL 451.2
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

INDENO(1,2,3-CD)PYRENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.668 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 541.8

nu star 18.71

A-D Test Statistic 1.11 Nonparametric Statistics

5% A-D Critical Value 0.769 Kaplan-Meier (KM) Method

K-S Test Statistic 0.769 Mean 294.8

5% K-S Critical Value 0.237 SD 370.5

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 88.95

   95% KM (t) UCL 449

Assuming Gamma Distribution    95% KM (z) UCL 441.1

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 447.8

Minimum 25    95% KM (bootstrap t) UCL 507.3

Maximum 1000    95% KM (BCA) UCL 449.9

Mean 361.9    95% KM (Percentile Bootstrap) UCL 439.9

Median 290 95% KM (Chebyshev) UCL 682.5

SD 360.5 97.5% KM (Chebyshev) UCL 850.2

k star 0.908 99% KM (Chebyshev) UCL 1180

Theta star 398.7

Nu star 34.49 Potential UCLs to Use

AppChi2 22.06    95% KM (Chebyshev) UCL 682.5

   95% Gamma Approximate UCL 565.9

   95% Adjusted Gamma UCL 589.1

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

ARSENIC

General Statistics

Number of Valid Data 12 Number of Detected Data 10

Number of Distinct Detected Data 8 Number of Non-Detect Data 2

Number of Missing Values 8 Percent Non-Detects 16.67%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.53 Minimum Detected -0.635

Maximum Detected 10 Maximum Detected 2.303

Mean of Detected 2.467 Mean of Detected 0.486

SD of Detected 2.864 SD of Detected 0.903

Minimum Non-Detect 0.47 Minimum Non-Detect -0.755

Maximum Non-Detect 1.4 Maximum Non-Detect 0.336

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 7

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 5

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 58.33%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.67 Shapiro Wilk Test Statistic 0.934

5% Shapiro Wilk Critical Value 0.842 5% Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 2.134 Mean 0.255

SD 2.707 SD 1.007

   95% DL/2 (t) UCL 3.537    95%  H-Stat (DL/2) UCL 4.932

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 0.121 Mean in Log Scale 0.241

SD 4.477 SD in Log Scale 1.031

   95% MLE (t) UCL 2.442 Mean in Original Scale 2.13

   95% MLE (Tiku) UCL 3.347 SD in Original Scale 2.709

   95% Percentile Bootstrap UCL 3.509

   95% BCA Bootstrap UCL 4.035
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

ARSENIC (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.006 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 2.451

nu star 20.13

A-D Test Statistic 0.586 Nonparametric Statistics

5% A-D Critical Value 0.742 Kaplan-Meier (KM) Method

K-S Test Statistic 0.742 Mean 2.169

5% K-S Critical Value 0.272 SD 2.57

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 0.783

   95% KM (t) UCL 3.575

Assuming Gamma Distribution    95% KM (z) UCL 3.457

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 3.559

Minimum 1E-09    95% KM (bootstrap t) UCL 6.846

Maximum 10    95% KM (BCA) UCL 3.608

Mean 2.164    95% KM (Percentile Bootstrap) UCL 3.575

Median 1.3 95% KM (Chebyshev) UCL 5.582

SD 2.7 97.5% KM (Chebyshev) UCL 7.058

k star 0.302 99% KM (Chebyshev) UCL 9.958

Theta star 7.175

Nu star 7.237 Potential UCLs to Use

AppChi2 2.302    95% KM (BCA) UCL 3.608

   95% Gamma Approximate UCL 6.804

   95% Adjusted Gamma UCL 8.239

Note: DL/2 is not a recommended method.
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

MERCURY

General Statistics

Number of Valid Data 12 Number of Detected Data 3

Number of Distinct Detected Data 3 Number of Non-Detect Data 9

Number of Missing Values 8 Percent Non-Detects 75.00%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.12 Minimum Detected -2.12

Maximum Detected 20 Maximum Detected 2.996

Mean of Detected 6.867 Mean of Detected 0.0472

SD of Detected 11.38 SD of Detected 2.646

Minimum Non-Detect 0.01 Minimum Non-Detect -4.605

Maximum Non-Detect 0.12 Maximum Non-Detect -2.12

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 9

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 3

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 75.00%

Warning:  There are only 3 Distinct Detected Values in this data set

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

However, results obtained using 4 to 9 distinct values may not be reliable.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.g

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.764 Shapiro Wilk Test Statistic 0.935

5% Shapiro Wilk Critical Value 0.767 5% Shapiro Wilk Critical Value 0.767

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 1.75 Mean -2.565

SD 5.749 SD 2.137

   95% DL/2 (t) UCL 4.73    95%  H-Stat (DL/2) UCL 10.06

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE yields a negative mean Mean in Log Scale -9.189

SD in Log Scale 6.287

Mean in Original Scale 1.717

SD in Original Scale 5.759

   95% Percentile Bootstrap UCL 5.01
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TABLE SOIL-2A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 1
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

   95% BCA Bootstrap UCL 6.747

MERCURY (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected)     N/A    Data appear Lognormal at 5% Significance Level

Theta Star     N/A    

nu star     N/A    

A-D Test Statistic     N/A    Nonparametric Statistics

5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method

K-S Test Statistic     N/A    Mean 1.807

5% K-S Critical Value     N/A    SD 5.486

Data not Gamma Distributed at 5% Significance Level SE of Mean 1.94

   95% KM (t) UCL 5.29

Assuming Gamma Distribution    95% KM (z) UCL 4.997

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 4.591

Minimum     N/A       95% KM (bootstrap t) UCL 74.68

Maximum     N/A       95% KM (BCA) UCL 20

Mean     N/A       95% KM (Percentile Bootstrap) UCL 20

Median     N/A    95% KM (Chebyshev) UCL 10.26

SD     N/A    97.5% KM (Chebyshev) UCL 13.92

k star     N/A    99% KM (Chebyshev) UCL 21.11

Theta star     N/A    

Nu star     N/A    Potential UCLs to Use

AppChi2     N/A       99% KM (Chebyshev) UCL 21.11

   95% Gamma Approximate UCLpp     N/A    

   95% Adjusted Gamma UCL     N/A

Warning: Recommended UCL exceeds the maximum observation

Note: DL/2 is not a recommended method.
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TABLE SOIL-3

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL AND RESIDENTIAL PRGs AND COCs FOR ZONE 1 NAPL AREAS
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB PMC 
for Industrial/ 

Commercial and 
Residential 
Scenarios

Value Basis

Benzo(a)anthracene (mg/kg) 0.14 J NA 1 21 16.54 18 0.02 1 NA 1 CT PMC RSR

Benzo(a)pyrene (mg/kg) 0.13 J 0.13 1 17 13.89 18 0.02 1 NA 1 CT PMC RSR

Benzo(b)fluoranthene (mg/kg) 0.13 J NA 1 17 13.65 18 0.02 1 NA 1 CT PMC RSR

Benzo(k)fluoranthene (mg/kg) 0.11 J NA 1 11 J 7.47 18 0.02 1 NA 1 CT PMC RSR

Carbazole (mg/kg) 0.029 J NA 1 5.2 J 4.17 18 0.33 1 NA 1 CT PMC RSR

Maximum 
Concentration

(> 2 ft.)

95% UCL (3) Maximum 
Concentration

COPCs(1)  (units)(2)

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Selected PRGs

Detection 
Limits (4)

Potential PRGs

95% UCL (3)

Surface Soil
(0 to 2 ft.)

Subsurface Soil

Chrysene (mg/kg) 0.14 J NA 1 19 15.65 18 0.02 1 NA 1 CT PMC RSR

Dibenzo(a,h)anthracene (mg/kg) ND NA 1 5.2 3.73 18 0.02 1 NA 1 CT PMC RSR

Indeno(1,2,3-cd)pyrene (mg/kg) 0.081 J NA 1 12 10.17 18 0.02 1 NA 1 CT PMC RSR

Phenanthrene (mg/kg) 0.19 J NA 1 42 36.13 18 0.02 40 NA 40 CT PMC RSR

Pyrene (mg/kg) 0.23 J NA 1 45 37.8 18 0.02 40 NA 40 CT PMC RSR

Lead (mg/L) NA  NA 1 1.7 NA 17 0.005 0.15 NA 0.15 CT PMC RSR

Lead (mg/kg) 7.7 (5) NA 1 NA NA 17 0.005 0.15 NA 1090 CT DEC RSR

Total Petroleum 
Hydrocarbons (6) (mg/kg) ND NA 1 51,600 J 29,785 34 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5

6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern NA Not applicable 

COPC Chemical of Potential Concern ND Not detected
CT RSR Connecticut Remediation Standard Regulations PMC Pollutant Mobility Criteria

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 
(mg/L).

For lead samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG (Target Action Level) are expected to exceed the 
PMC.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

CT RSR Connecticut Remediation Standard Regulations PMC Pollutant Mobility Criteria
J Estimated value



TABLE SOIL-4

DEVELOPMENT PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 1 AREAS WITHOUT NAPL
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB PMC 
for Industrial/ 
Commercial 

Scenario

Value Basis

Benzo(a)anthracene (mg/kg) 0.14 J NA 1 21 16.54 18 0.02 1 11 11 Alternative PMC

Benzo(a)pyrene (mg/kg) 0.13 J 0.13 1 17 13.89 18 0.02 1 16 16 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 0.13 J NA 1 17 13.65 18 0.02 1 7 7 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 0.11 J NA 1 11 J 7.47 18 0.02 1 18 18 Alternative PMC

Carbazole (mg/kg) 0.029 J NA 1 5.2 J 4.17 18 0.33 1 17 17 Alternative PMC

Detection 
Limits (4)

Potential PRGs

95% UCL (3)

Surface Soil

COPCs(1)  (units)(2)

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Subsurface Soil
Selected PRGs

(0 to 2 ft.)

Maximum 
Concentration

(> 2 ft.)

95% UCL (3) Maximum 
Concentration

Chrysene (mg/kg) 0.14 J NA 1 19 15.65 18 0.02 1 18 18 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) ND NA 1 5.2 3.73 18 0.02 1 14 14 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 0.081 J NA 1 12 10.17 18 0.02 1 16 16 Alternative PMC

Phenanthrene (mg/kg) 0.19 J NA 1 42 36.13 18 0.02 40 74 74 Alternative PMC

Pyrene (mg/kg) 0.23 J NA 1 45 37.8 18 0.02 40 74 74 Alternative PMC

Lead (mg/L) NA  NA 1 1.7 NA 17 0.005 0.15 0.23 0.23 Alternative PMC

Lead (mg/kg) 7.7 (5) NA 1 NA NA 17 0.005 0.15 0.23 1090 CT DEC RSR

Total Petroleum 
Hydrocarbons (6) (mg/kg) ND NA 1 51,600 J 29,785 34 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5

6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.
White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).

COC Chemical of Concern ND Not detected
COPC Chemical of Potential Concern PMC Pollutant Mobility Criteria

CT RSR Connecticut Remediation Standard Regulations
J Estimated value

For lead samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG (Target Action Level) are expected to exceed the 
PMC.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 
(mg/L).

J Estimated value
NA Not applicable 



TABLE SOIL-5

DEVELOPMENT OF PMC RESIDENTIAL PRGs AND COCs FOR ZONE 1 AREAS WITHOUT NAPL
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB PMC 
for Residential 

Scenario
Value Basis

Benzo(a)anthracene (mg/kg) 0.14 J NA 1 21 16.54 18 0.02 1 4 4 Alternative PMC

Benzo(a)pyrene (mg/kg) 0.13 J 0.13 1 17 13.89 18 0.02 1 6 6 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 0.13 J NA 1 17 13.65 18 0.02 1 2.6 2.6 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 0.11 J NA 1 11 J 7.47 18 0.02 1 6.5 6.5 Alternative PMC

Carbazole (mg/kg) 0.029 J NA 1 5.2 J 4.17 18 0.33 1 6.1 6.1 Alternative PMC

Surface Soil Subsurface Soil

Detection 
Limits (4)

Potential PRGs

95% UCL (3) Maximum 
Concentration 95% UCL (3)

Selected PRGs
(0 to 2 ft.)

Maximum 
Concentration

(> 2 ft.)

COPCs(1)  (units)(2)

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Chrysene (mg/kg) 0.14 J NA 1 19 15.65 18 0.02 1 6.8 6.8 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) ND NA 1 5.2 3.73 18 0.02 1 5.1 5.1 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 0.081 J NA 1 12 10.17 18 0.02 1 6.0 6.0 Alternative PMC

Phenanthrene (mg/kg) 0.19 J NA 1 42 36.13 18 0.02 40 27 40 CT PMC RSR

Pyrene (mg/kg) 0.23 J NA 1 45 37.8 18 0.02 40 27 40 CT PMC RSR

Lead (mg/L) NA  NA 1 1.7 NA 17 0.005 0.15 0.09 0.15 CT PMC RSR

Lead (mg/kg) 7.7 (5) NA 1 NA NA 17 0.005 0.15 NA 1090 CT DEC RSR

Total Petroleum 
Hydrocarbons (6) (mg/kg) ND NA 1 51,600 J 29,785 34 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5

6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern NA Not applicable 

COPC Chemical of Potential Concern NAPL Non-Aqueous Phase Liquid
CT RSR Connecticut Remediation Standard Regulations ND Not detected

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

For lead samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG (Target Action Level) are expected to exceed the 
PMC.

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 
(mg/L).

CT RSR Connecticut Remediation Standard Regulations ND Not detected
J Estimated value PMC Pollutant Mobility Criteria



TABLE SOIL-6

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 2
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration 95% UCL (2) Number of 

Samples
Number of 
Samples

CT RSR 
Industrial/com
mercial DEC

Value Based 
on Risk of 10-6  

(Full-time 
Employee)(4)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(4)

Total Petroleum 
Hydrocarbons (5) NA NA 0 8,210 NA 22 5 NA 2,500 NA NA 2,500 CT DEC RSR 1/22 NA NA

Cumulative Value NA NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2
3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

COPC(1)

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 

Maximum 
Concentration

Value Basis Frequency of 
Exceedance 

Detection 
Limits (3) Background Concentration

95% UCL (2)

Selected PRGs

ILCR to Full-time 
Employee from 
Selected PRG

Hazard Index 
from Selected 

PRG

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Potential PRGs
Direct Exposure

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
NA Not applicable 



TABLE SOIL-7

DEVELOPMENT OF DEC RESIDENTIAL PRGs AND COCs FOR ZONE 2 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration 95% UCL (2) Number of 

Samples
Number of 
Samples

CT RSR 
Residential 

DEC

Value Based 
on Risk of 10-6  

(Resident)(4)

Value Based on 
HI = 1.0 

(Resident)(4)

Lead NA NA 0 404 344 10 (5) 17.5 400 NA NA 400 CT DEC RSR 1 NA NA

Total Petroleum 
Hydrocarbons (6) NA NA 0 8,210 NA 22 5 NA 500 NA NA 500 CT DEC RSR 2/22 NA NA

Cumulative Value NA NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2
3 Th d t ti li it h P ti l Q tit ti Li it (PQL ) f K t hdi A l ti l S i J l 2007

COPCs(1)

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard Index 
from Selected 

PRG

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Potential PRGs
Direct Exposure

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 

Maximum 
Concentration

Value Basis Frequency of 
Exceedance 

Detection 
Limits (3) Background Concentration

95% UCL (2)

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.
5 All lead samples had detections.
6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
NA Not applicable 



TABLE SOIL-8

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 2
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration 95% UCL (3) Number of 

Samples
95% UCL 

(3)
Number of 
Samples

Alternative GB PMC 
for Industrial/ 

Commercial Scenario
Value Basis

Lead (mg/L) NA NA 0 8.6 NA 7 0.005 0.15 0.16 0.16 Alternative PMC

Total Petroleum 
Hydrocarbons (5) (mg/kg) NA NA 0 8,210 NA 22 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Potential PRGs
Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Maximum 
Concentration

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 
(mg/L)

COPC(1)  (units)(2)

Selected PRGs

Detection 
Limits (4)

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

NA Not applicable 
PMC Pollutant Mobility Criteria

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

(mg/L).



TABLE SOIL-9

DEVELOPMENT OF PMC RESIDENTIAL PRGs AND COCs FOR ZONE 2
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration 95% UCL(3) Number of 

Samples
95% 

UCL(3)
Number of 
Samples

Alternative GB PMC 
for Residential 

Scenario
Value Basis

Lead (mg/L) NA NA 0 8.6 NA 7 0.005 0.15 0.06 0.15 CT PMC RSR

Total Petroleum 
Hydrocarbons (5) (mg/kg) NA NA 0 8,210 NA 22 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 

(mg/L)

COPCs(1)  (units)(2)

Maximum 
Concentration

Detection 
Limits(4)

Selected PRGs
Surface Soil

(0 to 2 ft.)
Subsurface Soil

(> 2 ft.)
Potential PRGs

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

NA Not applicable 
PMC Pollutant Mobility Criteria

(mg/L).
95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 



TABLE SOIL-10

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 3
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration

Number of 
Samples

Number of 
Samples

CT RSR  
Industrial/ 

Commercial

Value Based 
on Risk of 10-6  

(Full-time 
Employee)(4)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(4)

Benzo(a)anthracene NA NA 1 2.1 0.898 11 0.02 NA 7.8 2.1 NA 7.8 CT DEC RSR 0/12 3.7E-06 NA

Benzo(b)fluoranthene NA NA 1 1.5 0.698 11 0.02 NA 7.8 2.1 NA 7.8 CT DEC RSR 0/12 3.7E-06 NA

Lead 4,390 267 31 3,330 NA 80 0.5 17.5 1,000 1,090 Target Action 
Level 9/111 NA NA

Total Petroleum 
Hydrocarbons (6) NA NA 0 3,400 J 2,017 10 5 NA 2,500 NA NA 2,500 CT DEC RSR 1/10 NA NA

Cumulative Value 7.4E-06 NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A Human Health Risk Assessment (HHRA)

1,090(5)

Basis Frequency of 
Exceedance 

Selected PRGs

ILCR to Future 
Employee from 
Selected PRG

Hazard 
Index from 
Selected 

PRG

Potential PRGs
Direct Exposure

Detection 
Limits (3) Background Concentration

95% UCL (2) 95% UCL (2)Maximum 
Concentration

Value
COPCs(1)

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 
5 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.
6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
ELUR Environmental Land Use Restriction

HI Hazard Index
ILCR Incremental Lifetime Cancer Risk
NA Not applicable

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the 
HHRA. 

NA Not applicable 
OSWER Office of Solid Waste and Emergency Response 



TABLE SOIL-11

DEVELOPMENT OF DEC RESIDENTIAL PRGs FOR ZONE 3 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration

Number of 
Samples

Number of 
Samples

CT RSR 
Residential

Value Based 
on Risk of 10-6  

(Resident)(4)

Value Based on 
HI = 1.0 

(Resident)(4)

Benzo(a)anthracene NA NA 1 2.1 0.898 11 0.02 NA 1 0.15 NA 1 CT DEC RSR 2/12 6.7E-06 NA

Benzo(b)fluoranthene NA NA 1 1.5 0.698 11 0.02 NA 1 0.15 NA 1 CT DEC RSR 2/12 6.7E-06 NA

Lead 4,390 267 31 3,330 NA 80 0.5 17.5 400 400(5) 400(5) 400 CT DEC RSR 15/111 NA NA

Total Petroleum 
Hydrocarbons (6) NA NA 0 3,400 J 2,017 10 5 NA 500 NA NA 500 CT DEC RSR 5/10 NA NA

Cumulative Value 1.3E-05 NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

Basis Frequency of 
Exceedance 

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard 
Index from 
Selected 

PRG
95% UCL (2) 95% UCL (2)Maximum 

Concentration
Value

COPCs (1)

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Potential PRGs
Direct Exposure

Detection 
Limits (3) Background Concentration

pp , ( )
2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.
5 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.
6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
J Estimated value

NA Not applicable 

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the 
HHRA. 

NA Not applicable 
OSWER Office of Solid Waste and Emergency Response 



TABLE SOIL-12

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 3
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration 95% UCL (3) Number of 

Samples
Number of 
Samples

Alternative GB 
PMC for 

Industrial/Commerci
al Scenario

Value Basis

Benzo(a)anthracene (mg/kg) NA NA 1 2.1 0.898 11 0.02 1 18 18 Alternative PMC

Benzo(b)fluoranthene (mg/kg) NA NA 1 1.5 0.698 11 0.02 1 11 11 Alternative PMC

Chrysene (mg/kg) NA NA 1 1.5 J 0.995 11 0.02 1 30 30 Alternative PMC

Lead (mg/L) 2.89 NA 8 5.88 NA 14 0.005 0.15 0.38 0.38 Alternative PMC

Total Petroleum 
(5) (mg/kg) NA NA 0 3,400 J 2,017 10 5 2500 NA 2,500 CT PMC RSR

Selected PRGs

95% UCL (3)Maximum 
Concentration

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Detection 
Limits (4)

Potential PRGs

COPCs(1)  (units)(2)

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Hydrocarbons (5) (mg/kg) NA NA 0 3,400 J 2,017 10 5 2500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

NA N t li bl

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 
(mg/L).

NA Not applicable 
PMC Pollutant Mobility Criteria



TABLE SOIL-13

DEVELOPMENT OF PMC RESIDENTIAL PRGs AND COCs FOR ZONE 3
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration 95% UCL (3) Number of 

Samples
Number of 
Samples

Alternative GB 
PMC for Residential 

Scenario
Value Basis

Benzo(a)anthracene (mg/kg) NA NA 1 2.1 0.898 11 0.02 1 6.3 6.3 Alternative PMC

Benzo(b)fluoranthene (mg/kg) NA NA 1 1.5 0.698 11 0.02 1 4 4 Alternative PMC

Chrysene (mg/kg) NA NA 1 1.5 J 0.995 11 0.02 1 11 11 Alternative PMC

Lead (mg/L) 2.89 NA 8 5.88 NA 14 0.005 0.15 0.13 0.15 CT PMC RSR

Total Petroleum 
(5) (mg/kg) NA NA 0 3,400 J 2,017 10 5 2,500 NA 2,500 CT PMC RSR

COPCs(1)  (units)(2)

Potential PRGsSurface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Selected PRGs

95% UCL (3)Maximum 
Concentration

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Detection 
Limits (4)

Hydrocarbons (5) (mg/kg) NA NA 0 3,400 J 2,017 10 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

J E ti t d l

Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter 
(mg/L)

2

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

J Estimated value
NA Not applicable 

PMC Pollutant Mobility Criteria



TABLE SOIL-14

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR  
Industrial/ 

Commercial

Value Based on 
Risk of 10-6  

(Full-time 
Employee)(4)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(4)

Benzo(a)anthracene 5.3 5.3  1 0.62 0.345  10 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 1/11 3.7E-06 NA

Benzo(a)pyrene 4.3 4.3  1 0.68 0.335  10 0.02 NA 1 0.21 NA 1 CT DEC RSR 1/11 4.8E-06 NA

Benzo(b)fluoranthene 4.3 4.3  1 0.68 0.316  10 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 1/11 3.7E-06 NA

Dibenzo(a,h)anthracene 1.5 1.5  1 0.08 J 0.08  10 0.02 NA 1 0.21 NA 1 CT DEC RSR 1/11 4.8E-06 NA

Indeno(1,2,3-cd)pyrene 3.4 3.4  1 0.56 0.314  10 0.02 NA 7.8 2.1 NA 7.8 CT DEC RSR 1/11 3.7E-06 NA

Lead 10 600 J 3 284 4 8 240 J 6 420 15 0 5 17 5 1 000 1 090 Target Action 8/19 NA NA

COPCs (1)

Value Basis Frequency of 
Exceedance 95% UCL (2)Maximum 

Concentration

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Maximum 
Concentration 95% UCL (2)

1 090(5)

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard Index 
from 

Selected 
PRG

Potential PRGs
Direct Exposure

Detection 
Limits (3)

Background 
Concentration

Lead 10,600 J 3,284  4 8,240 J 6,420 15 0.5 17.5 1,000 1,090 Target Action 
Level 8/19 NA NA

Total Petroleum 
Hydrocarbons (6) 3,440 NA 3 11,800 7,646  21 5 NA 2,500 NA NA 2,500 CT DEC RSR 11/24 NA NA

Cumulative Value 2.1E-05 NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2
3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 
5

6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

The OSWER  target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated separately from the other 
chemicals.  It is not included in risk totals.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 

1,090(5)

COC Chemical of Concern
COPC Chemical of Potential Concern

CT RSR Connecticut Remediation Standard Regulations
DEC Direct Exposure Criteria

ELUR Environmental Land Use Restriction
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
J Estimated value

NA Not applicable 
OSWER Office of Solid Waste and Emergency Response 



TABLE SOIL-15

DEVELOPMENT OF DEC RESIDENTIAL PRGs FOR ZONE 4 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 

Samples

Number of 

Samples

CT RSR 

Residential

Value Based 

on Risk of 10
-6  

(Resident)
(4)

Value Based on 

HI = 1.0 

(Resident)
(4)

Benzo(a)anthracene 5.3 5.3  1 0.62 0.345  10 0.02 NA 1 0.15 NA 1 CT DEC RSR 1/11 0.67 4E-06 NA

Benzo(a)pyrene 4.3 4.3  1 0.68 0.335  10 0.02 NA 1 0.015 NA 1 CT DEC RSR 1/11 0.85 6E-05 NA

Benzo(b)fluoranthene 4.3 4.3  1 0.68 0.316  10 0.02 NA 1 0.15 NA 1 CT DEC RSR 1/11 0.65 4E-06 NA

Dibenzo(a,h)anthracene 1.5 1.5  1 0.08 J 0.08  10 0.02 NA 1 0.015 NA 1 CT DEC RSR 1/11 0.32 2E-05 NA

Indeno(1,2,3-cd)pyrene 3.4 3.4  1 0.56 0.314  10 0.02 NA 1 0.15 NA 1 CT DEC RSR 1/11 0.8 5E-06 NA

Arsenic 4.2 4.2 1 4.5 J 2.7 11 0.71 3.6 10 39 22 10 CT DEC RSR 0/12 3.3 8E-06 0.2

Lead 10,600 J 3,284  4 8,240 J 6,420  15 0.5 17.5 400 400
(6)

400
(6) 400 CT DEC RSR 8/19 NA NA NA

Total Petroleum 
Hydrocarbons (7) 3,440 NA 3 11,800 7,646  21 5 NA 500 NA NA 500 CT DEC RSR 11/24 NA NA NA

Cumulative Value 1E-04 NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated

1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

2 95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.

5 The exposure point concentration after remediation was calculated using USEPA's ProUCL Version 4.00.04 by replacing all detected concentrations greater than the selected PRG with the selected PRG.

6 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.

7 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).

COC Chemical of Concern   

COPC Chemical of Potential Concern   

CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria

ELUR Environmental Land Use Restriction

HI Hazard Index

ILCR Incremental Lifetime Cancer Risk

J Estimated value

NA Not applicable 

OSWER Office of Solid Waste and Emergency Response 

COPCs (1)

Value Basis
Frequency of 

Exceedance 95% UCL 
(2)Maximum 

Concentration

Maximum 

Concentration

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

95% UCL 
(2)

Selected PRGs

ILCR to Future 

Resident After 

Remediation

Hazard Index 

from Selected 

PRG

Potential PRGs
Direct Exposure

Detection 

Limits
 (3)

Background 

Concentration

Exposure Point 

Concentration 

After 

Remediation
(5)



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 1 of 10

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   C:\Work Folders\Projects\New London - Revised HHRA\Zone 4\Data\ProUCL FS Data.xls.wst

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

BENZO(A)ANTHRACENE

General Statistics

Number of Valid Data 11 Number of Detected Data 9

Number of Distinct Detected Data 8 Number of Non-Detect Data 2

Percent Non-Detects 18.18%

Raw Statistics Log-transformed Statistics

Minimum Detected 44 Minimum Detected 3.784

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 284.9 Mean of Detected 5.059

SD of Detected 331.2 SD of Detected 1.157

Minimum Non-Detect 360 Minimum Non-Detect 5.886

Maximum Non-Detect 430 Maximum Non-Detect 6.064

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 9

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 2

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 81.82%

Warning:  There are only 9 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.774 Shapiro Wilk Test Statistic 0.91

5% Shapiro Wilk Critical Value 0.829 5% Shapiro Wilk Critical Value 0.829

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 2 of 10

BENZO(A)ANTHRACENE (CONTINUED)

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 269 Mean 5.099

SD 298.4 SD 1.04

   95% DL/2 (t) UCL 432.1    95%  H-Stat (DL/2) UCL 821.4

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 4.969

SD in Log Scale 1.055

Mean in Original Scale 250.7

SD in Original Scale 305.9

   95% Percentile Bootstrap UCL 404.2

   95% BCA Bootstrap UCL 446.8

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.724 Data appear Gamma Distributed at 5% Significance Level

Theta Star 393.3

nu star 13.04

A-D Test Statistic 0.505 Nonparametric Statistics

5% A-D Critical Value 0.744 Kaplan-Meier (KM) Method

K-S Test Statistic 0.744 Mean 253.1

5% K-S Critical Value 0.287 SD 292.8

Data appear Gamma Distributed at 5% Significance Level SE of Mean 94.52

   95% KM (t) UCL 424.4

Assuming Gamma Distribution    95% KM (z) UCL 408.6

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 423

Minimum 44    95% KM (bootstrap t) UCL 591.6

Maximum 1000    95% KM (BCA) UCL 421.5

Mean 279.9    95% KM (Percentile Bootstrap) UCL 411.7

Median 180 95% KM (Chebyshev) UCL 665.1

SD 296.5 97.5% KM (Chebyshev) UCL 843.3

k star 0.908 99% KM (Chebyshev) UCL 1194

Theta star 308.1

Nu star 19.99 Potential UCLs to Use

AppChi2 10.84    95% KM (Chebyshev) UCL 665.1

   95% Gamma Approximate UCL 515.9

   95% Adjusted Gamma UCL 573.1

Note: DL/2 is not a recommended method.



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 3 of 10

BENZO(A)PYRENE

General Statistics

Number of Valid Data 11 Number of Detected Data 10

Number of Distinct Detected Data 9 Number of Non-Detect Data 1

Percent Non-Detects 9.09%

Raw Statistics Log-transformed Statistics

Minimum Detected 41 Minimum Detected 3.714

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 261.6 Mean of Detected 4.925

SD of Detected 331.8 SD of Detected 1.137

Minimum Non-Detect 360 Minimum Non-Detect 5.886

Maximum Non-Detect 360 Maximum Non-Detect 5.886

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.709 Shapiro Wilk Test Statistic 0.851

5% Shapiro Wilk Critical Value 0.842 5% Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 254.2 Mean 4.95

SD 315.7 SD 1.082

   95% DL/2 (t) UCL 426.7    95%  H-Stat (DL/2) UCL 622.6

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 48.13 Mean in Log Scale 4.881

SD 525.8 SD in Log Scale 1.089

   95% MLE (t) UCL 335.5 Mean in Original Scale 245.5

   95% MLE (Tiku) UCL 583.8 SD in Original Scale 319.2

   95% Percentile Bootstrap UCL 411.3

   95% BCA Bootstrap UCL 443.6



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 4 of 10

BENZO(A)PYRENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.704 Data appear Lognormal at 5% Significance Level

Theta Star 371.8

nu star 14.07

A-D Test Statistic 0.973 Nonparametric Statistics

5% A-D Critical Value 0.751 Kaplan-Meier (KM) Method

K-S Test Statistic 0.751 Mean 244.6

5% K-S Critical Value 0.275 SD 305

Data not Gamma Distributed at 5% Significance Level SE of Mean 96.96

   95% KM (t) UCL 420.4

Assuming Gamma Distribution    95% KM (z) UCL 404.1

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 419.5

Minimum 41    95% KM (bootstrap t) UCL 674.4

Maximum 1000    95% KM (BCA) UCL 402.5

Mean 250.5    95% KM (Percentile Bootstrap) UCL 398

Median 110 95% KM (Chebyshev) UCL 667.3

SD 316.9 97.5% KM (Chebyshev) UCL 850.2

k star 0.766 99% KM (Chebyshev) UCL 1209

Theta star 326.9

Nu star 16.86 Potential UCLs to Use

AppChi2 8.569  97.5% KM (Chebyshev) UCL 850.2

   95% Gamma Approximate UCL 492.7

   95% Adjusted Gamma UCL 553.8

Note: DL/2 is not a recommended method.



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 5 of 10

BENZO(B)FLUORANTHENE

General Statistics

Number of Valid Data 11 Number of Detected Data 10

Number of Distinct Detected Data 10 Number of Non-Detect Data 1

Percent Non-Detects 9.09%

Raw Statistics Log-transformed Statistics

Minimum Detected 22 Minimum Detected 3.091

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 253.3 Mean of Detected 4.894

SD of Detected 325.5 SD of Detected 1.171

Minimum Non-Detect 360 Minimum Non-Detect 5.886

Maximum Non-Detect 360 Maximum Non-Detect 5.886

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.708 Shapiro Wilk Test Statistic 0.95

5% Shapiro Wilk Critical Value 0.842 5% Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 246.6 Mean 4.921

SD 309.6 SD 1.115

   95% DL/2 (t) UCL 415.8    95%  H-Stat (DL/2) UCL 663.7

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 4.861

SD in Log Scale 1.116

Mean in Original Scale 238.8

SD in Original Scale 312.5

   95% Percentile Bootstrap UCL 388.5

   95% BCA Bootstrap UCL 446.9



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 6 of 10

BENZO(B)FLUORANTHENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.704 Data appear Gamma Distributed at 5% Significance Level

Theta Star 359.7

nu star 14.08

A-D Test Statistic 0.607 Nonparametric Statistics

5% A-D Critical Value 0.751 Kaplan-Meier (KM) Method

K-S Test Statistic 0.751 Mean 240

5% K-S Critical Value 0.275 SD 298.2

Data appear Gamma Distributed at 5% Significance Level SE of Mean 95.06

   95% KM (t) UCL 412.3

Assuming Gamma Distribution    95% KM (z) UCL 396.3

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 411.5

Minimum 22    95% KM (bootstrap t) UCL 833.7

Maximum 1000    95% KM (BCA) UCL 414.5

Mean 247.5    95% KM (Percentile Bootstrap) UCL 398.5

Median 100 95% KM (Chebyshev) UCL 654.3

SD 309.4 97.5% KM (Chebyshev) UCL 833.6

k star 0.778 99% KM (Chebyshev) UCL 1186

Theta star 318.1

Nu star 17.12 Potential UCLs to Use

AppChi2 8.758    95% KM (Chebyshev) UCL 654.3

   95% Gamma Approximate UCL 483.8

   95% Adjusted Gamma UCL 543.2

Note: DL/2 is not a recommended method.



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Page 7 of 10

DIBENZO(A,H)ANTHRACENE

General Statistics

Number of Valid Data 11 Number of Detected Data 5

Number of Distinct Detected Data 5 Number of Non-Detect Data 6

Percent Non-Detects 54.55%

Raw Statistics Log-transformed Statistics

Minimum Detected 34 Minimum Detected 3.526

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 246 Mean of Detected 4.587

SD of Detected 421.8 SD of Detected 1.333

Minimum Non-Detect 360 Minimum Non-Detect 5.886

Maximum Non-Detect 420 Maximum Non-Detect 6.04

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 10

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 1

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 90.91%

Warning:  There are only 5 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.589 Shapiro Wilk Test Statistic 0.763

5% Shapiro Wilk Critical Value 0.762 5% Shapiro Wilk Critical Value 0.762

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 212.7 Mean 4.932

SD 268.8 SD 0.906

   95% DL/2 (t) UCL 359.6    95%  H-Stat (DL/2) UCL 539.7

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 4.339

SD in Log Scale 1.024

Mean in Original Scale 154.2

SD in Original Scale 283.6

   95% Percentile Bootstrap UCL 317.3

   95% BCA Bootstrap UCL 401.4



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT
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DIBENZO(A,H)ANTHRACENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.399 Data appear Lognormal at 5% Significance Level

Theta Star 617

nu star 3.987

A-D Test Statistic 0.936 Nonparametric Statistics

5% A-D Critical Value 0.703 Kaplan-Meier (KM) Method

K-S Test Statistic 0.703 Mean 143.2

5% K-S Critical Value 0.368 SD 271.4

Data not Gamma Distributed at 5% Significance Level SE of Mean 91.71

   95% KM (t) UCL 309.4

Assuming Gamma Distribution    95% KM (z) UCL 294

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 299.4

Minimum 1E-09    95% KM (bootstrap t) UCL 1793

Maximum 1000    95% KM (BCA) UCL 320.2

Mean 236.2    95% KM (Percentile Bootstrap) UCL 314.5

Median 126 95% KM (Chebyshev) UCL 542.9

SD 285.1 97.5% KM (Chebyshev) UCL 715.9

k star 0.248 99% KM (Chebyshev) UCL 1056

Theta star 952

Nu star 5.457 Potential UCLs to Use

AppChi2 1.369    95% KM (BCA) UCL 320.2

   95% Gamma Approximate UCL 941.3

   95% Adjusted Gamma UCL 1209

Note: DL/2 is not a recommended method.



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT
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INDENO(1,2,3-CD)PYRENE

General Statistics

Number of Valid Data 11 Number of Detected Data 10

Number of Distinct Detected Data 10 Number of Non-Detect Data 1

Percent Non-Detects 9.09%

Raw Statistics Log-transformed Statistics

Minimum Detected 46 Minimum Detected 3.829

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 233.7 Mean of Detected 4.832

SD of Detected 314.2 SD of Detected 1.082

Minimum Non-Detect 360 Minimum Non-Detect 5.886

Maximum Non-Detect 360 Maximum Non-Detect 5.886

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.665 Shapiro Wilk Test Statistic 0.811

5% Shapiro Wilk Critical Value 0.842 5% Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 228.8 Mean 4.865

SD 298.6 SD 1.033

   95% DL/2 (t) UCL 392    95%  H-Stat (DL/2) UCL 500.9

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 4.804

SD in Log Scale 1.031

Mean in Original Scale 220.8

SD in Original Scale 301.2

   95% Percentile Bootstrap UCL 372.6

   95% BCA Bootstrap UCL 432.9



TABLE SOIL-15A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT
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INDENO(1,2,3-CD)PYRENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.721 Data do not follow a Discernable Distribution (0.05)

Theta Star 324

nu star 14.43

A-D Test Statistic 1.149 Nonparametric Statistics

5% A-D Critical Value 0.751 Kaplan-Meier (KM) Method

K-S Test Statistic 0.751 Mean 221.3

5% K-S Critical Value 0.274 SD 287.9

Data not Gamma Distributed at 5% Significance Level SE of Mean 91.81

   95% KM (t) UCL 387.7

Assuming Gamma Distribution    95% KM (z) UCL 372.3

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 387

Minimum 46    95% KM (bootstrap t) UCL 744.2

Maximum 1000    95% KM (BCA) UCL 388.2

Mean 228.1    95% KM (Percentile Bootstrap) UCL 375.3

Median 69 95% KM (Chebyshev) UCL 621.5

SD 298.7 97.5% KM (Chebyshev) UCL 794.6

k star 0.797 99% KM (Chebyshev) UCL 1135

Theta star 286.1

Nu star 17.54 Potential UCLs to Use

AppChi2 9.056  97.5% KM (Chebyshev) UCL 794.6

   95% Gamma Approximate UCL 441.6

   95% Adjusted Gamma UCL 494.9

Note: DL/2 is not a recommended method.



TABLE SOIL-16

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 4 (mg/kg for solids analysis, mg/L for TCLP/SPLP)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB PMC 
for I/C Scenario Value Basis

Benzo(a)anthracene (mg/kg) 5.3 5.3 1 0.62 0.345 10 0.02 1 9.0 9.0 Alternative PMC

Benzo(a)pyrene (mg/kg) 4.3 4.3 1 0.68 0.335 10 0.02 1 13 13 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 4.3 4.3 1 0.68 0.316 10 0.02 1 5.8 5.8 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 1.4 NA 1 0.58  NA  10 0.02 1 15 15 Alternative PMC

Carbazole (mg/kg) 1.1  NA 1 0.025 J NA  10 0.33 1  14 14 Alternative PMC

95% UCL (2)Maximum 
Concentration

Maximum 
Concentration 95% UCL (2)

CT RSR PMC 
(GB 

Groundwater)

Detection 
Limits (3)

COPCs(1)  (units)

Selected PRGs
Surface Soil

(0 to 2 ft.)
Subsurface Soil Potential PRGs

Pollutant Mobility(> 2 ft.)

Carbazole (mg/kg) 1.1  NA 1 0.025 J NA 10 0.33 1 14 14 Alternative PMC

Chrysene (mg/kg) 5.5 NA 1 0.66  NA  10 0.02 1  15 15 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 1.5 1.5 1 0.08 J 0.08 10 0.02 1  12 12 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 3.4 3.4 1 0.56 0.314 10 0.02 1  13 13 Alternative PMC

Arsenic(4) (mg/L) 0.0309  0.0309 1 0.36 0.3 9 0.03 0.1 0.11 0.11 Alternative PMC

Lead (mg/L) 143 J NA 2 150 J NA 15 0.005 0.15 0.19 0.19 Alternative PMC

Total Petroleum 
Hydrocarbons (5) (mg/kg) 3,440 NA 3 11,800 7,646 21 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2 95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the 2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Arsenic was later screened out as a COC on Table PMC-6 based on comparison of sample depth to mean high water level.
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

mg/L milligram per liter
J Estimated value

NA Not applicable 
PMC Pollutant Mobility Criteria
SPLP Synthetic Precipitation Leaching Procedure
TCLP Toxicity Characteristic Leaching Procedure 

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the 
HHRA. 

TCLP Toxicity Characteristic Leaching Procedure 



TABLE SOIL-17

DEVELOPMENT OF PMC  FOR RESIDENTIAL PRGs AND COCs FOR ZONE 4
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB PMC 
for Residential 

Scenario
Value Basis

Benzo(a)anthracene (mg/kg) 5.3 5.3 1 0.62 0.345 10 0.02 1 3.4 3.4 Alternative PMC

Benzo(a)pyrene (mg/kg) 4.3 4.3 1 0.68 0.335 10 0.02 1 5.1 5.1 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 4.3 4.3 1 0.68 0.316 10 0.02 1 2.2 2.2 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 1.4 NA 1 0.58  NA  10 0.02 1 5.5 5.5 Alternative PMC

Carbazole (mg/kg) 1.1  NA 1 0.025 J NA  10 0.33 1  5.2 5.2 Alternative PMC

(> 2 ft.)

Detection 
Limits (4)

Selected PRGs
Surface Soil

(0 to 2 ft.)
Subsurface Soil

95% UCL (3)Maximum 
Concentration

Maximum 
Concentration 95% UCL (3)

COPCs(1)  (units)(2)

Potential PRGs
Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Carbazole (mg/kg) 1.1  NA 1 0.025 J NA 10 0.33 1 5.2 5.2 Alternative PMC

Chrysene (mg/kg) 5.5 NA 1 0.66  NA  10 0.02 1  5.8 5.8 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 1.5 1.5 1 0.08 J 0.08 10 0.02 1  4.3 4.3 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 3.4 3.4 1 0.56 0.314 10 0.02 1  5.1 5.1 Alternative PMC

Arsenic(5) (mg/L) 0.0309  0.0309 1 0.36 0.3 9 0.03 0.1 NA 0.10 CT PMC RSR

Lead (mg/L) 143 J NA 2 150 J NA 15 0.005 0.15 0.07 0.15 CT PMC RSR

Total Petroleum 
Hydrocarbons(6) (mg/kg) 3,440 NA 3 11,800 7,646 21 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter (mg/L).

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5
6 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

J Estimated value
mg/L milligram per liter
NA Not applicable 

PMC Pollutant Mobility Criteria

2

Arsenic was later screened out as a COC on Table PMC-6 based on comparison of sample depth to mean high water level.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology 
used in the HHRA. 

Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per liter (mg/L).

PMC Pollutant Mobility Criteria



TABLE SOIL-18

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 5
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR  
Industrial/ 

Commercial

Value Based 
on Risk of 10-6  

(Full-time 
Employee)(4)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(4)

Benzo(a)pyrene ND NA 4 1.1 0.43 24 0.02 NA 1 0.21 NA 1 CT DEC RSR 1/28 4.8E-06 NA

Benzo(b)fluoranthene 0.2 J NA 4 1.2 0.41 24 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 0/28 3.7E-06 NA

Total Petroleum 
Hydrocarbons (5) 6,800 NA 1 6,200 3,735 14 5 NA 2,500 NA NA 2,500 CT DEC RSR 4/15 NA NA

Cumulative Value 8.5E-06 NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2

COPCs(1)

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard 
Index from 
Selected 

PRG

Potential PRGs
Direct Exposure

Detection 
Limits (3) Background Concentration

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 

Value Basis Frequency of 
Exceedance Maximum 

Concentration 95% UCL (2) Maximum 
Concentration 95% UCL (2)

2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
J Estimated value

NA Not applicable 
ND Not detected

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 



TABLE SOIL-19

DEVELOPMENT OF DEC RESIDENTIAL PRGs FOR ZONE 5 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR 
Residential

Value Based 
on Risk of 10-6  

(Resident)(4)

Value Based on 
HI = 1.0 

(Resident)(4)

Benzo(a)pyrene ND NA 4 1.1 1.10 24 0.02 NA 1 0.015 NA 1 CT DEC RSR 1/28 6.7E-05 NA

Benzo(b)fluoranthene 0.2 J NA 4 1.2 1.20 24 0.02 NA 1 0.15 NA 1 CT DEC RSR 1/28 6.7E-06 NA

Total Petroleum 
Hydrocarbons (5) 6,800 NA 1 6,200 3,735 14 5 NA 500 NA NA 500 CT DEC RSR 9/15 NA NA

Cumulative Value 7.3E-05 NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2

COPCs (1)

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA

Value Basis

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard 
Index from 
Selected 

PRG

Potential PRGsSurface Soil Subsurface Soil

Frequency of 
Exceedance Maximum 

Concentration 95% UCL (2) Maximum 
Concentration 95% UCL (2)

Direct Exposure
Detection 
Limits (3) Background Concentration

(0 to 2 ft.) (> 2 ft.)

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
J Estimated value

NA Not applicable 

methodology used in the HHRA. 



TABLE SOIL-20

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 5
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative PMC 
for Industrial/ 
Commercial 

Scenario

Value Basis

Methylene Chloride (mg/kg) 0.02 NA 6 1.9 1.38 10 0.01 1 2.8 2.8 Alternative PMC

2-Methylnaphthalene (mg/kg) ND NA 4 23 16.84 23 0.02 9.8 34 34 Alternative PMC

Benzo(a)pyrene (mg/kg) ND NA 4 1.1 1.1 24 0.02 1 20 20 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 0.2 J NA 4 1.2 1.2 24 0.02 1 13 13 Alternative PMC

Lead (mg/L) 0.173 NA 1 0.419 NA 8 0.005 0.15 0.44 0.44 Alternative PMC

Potential PRGs
Selected PRGs

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Maximum 
Concentration

COPCs(1)  (units)(2)

Maximum 
Concentration

Detection 
Limits (4)

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)
95% UCL (3)95% UCL (3)

Total Petroleum 
Hydrocarbons (5) (mg/kg) 6,800 NA 1 6,200 3,735 14 5 2,500 NA 2,500 CT PMC RSR

  

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per 
liter (mg/L).

CT RSR Connecticut Remediation Standard Regulations
J Estimated value

NA Not applicable 
ND Not detected

PMC Pollutant Mobility Criteria



TABLE SOIL-21

DEVELOPMENT OF PMC RESIDENTIAL PRGs AND COCs FOR ZONE 5
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB 
PMC for 

Residential 
Scenario

Value Basis

Methylene Chloride (mg/kg) 0.02 NA 6 1.9 1.38 10 0.01 1 0.98 1 CT PMC RSR

2-Methylnaphthalene (mg/kg) ND NA 4 23 16.84 23 0.02 9.8 12 12 Alternative PMC

Benzo(a)pyrene (mg/kg) ND NA 4 1.1 1.1 24 0.02 1 7.2 7.2 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 0.2 J NA 4 1.2 1.2 24 0.02 1 4.6 4.6 Alternative PMC

Lead (mg/L) 0.173 NA 1 0.419 NA 8 0.005 0.15 0.15 0.15 CT PMC RSR

T t l P t l

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

COPCs(1)  (units)(2)

95% UCL (3) Maximum 
Concentration

Detection 
Limits (4)95% UCL (3)

Potential PRGs
Selected PRGs

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Maximum 
Concentration

Total Petroleum 
Hydrocarbons (5) (mg/kg) 6,800 NA 1 6,200 3,735 14 5 2,500 NA 2,500 CT PMC RSR

  

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per 
liter (mg/L).

2

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

CT RSR Connecticut Remediation Standard Regulations
J Estimated value

NA Not applicable 
ND Not detected

PMC Pollutant Mobility Criteria



TABLE SOIL-22

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 6
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR  
Industrial/ 

Commercial

Value Based on 
Risk of 10-6  

(Full-time 
Employee)(4)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(4)

Total Petroleum 
Hydrocarbons (5) 4,000 NA 3 1,200 709 7 5 NA 2,500 NA NA 2,500 CT DEC RSR 4/10 NA NA

Cumulative Value NA NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 

Maximum 
Concentration

Basis Frequency of 
Exceedance 

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard Index 
from Selected 

PRG95% UCL (2) Maximum 
Concentration 95% UCL (2) Value

COPCs(1)

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Potential PRGs
Direct Exposure

Detection 
Limits (3) Background Concentration

p y
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
NA Not applicable 



TABLE SOIL-23

DEVELOPMENT OF DEC RESIDENTIAL PRGs FOR ZONE 6 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR 
Residential

Value Based on 
Risk of 10-6  

(Resident)(4)

Value Based on 
HI = 1.0 

(Resident)(4)

Total Petroleum 
Hydrocarbons (5) 4,000 NA 3 1,200 709 7 5 NA 500 NA NA 500 CT DEC RSR 4/10 NA NA

Cumulative Value NA NA

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.
5 TPH not identified as a CERCLA COC but as a contaminant evaluated under CTDEP RSRs

COPCs (1)

95% UCL (2) Maximum 
Concentration 95% UCL (2) Value Basis

Direct Exposure
Detection 
Limits (3) Background ConcentrationMaximum 

Concentration

Frequency of 
Exceedance 

Selected PRGs

ILCR to Future 
Resident from 
Selected PRG

Hazard Index 
from Selected 

PRG

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Potential PRGs

5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
NA Not applicable 



TABLE SOIL-24

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRG AND COC FOR ZONE 6
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR PMC 
(GB 

Groundwater)

Alternative GB PMC 
for Industrial/ 
Commercial 

Scenario

Value Basis

Total Petroleum 
Hydrocarbons (5) (mg/kg) 4,000 NA 3 1,200 709  7 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 Th d t ti li it h P ti l Q tit ti Li it (PQL ) f K t hdi A l ti l S i J l 2007

Maximum 
Concentration 95% UCL (3)

COPC(1)  (units)(2)

Pollutant Mobility
Potential PRGs

Detection 
Limits (4)

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in 
milligrams per liter (mg/L).

Selected PRGs

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance 
with the methodology used in the HHRA. 

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Maximum 
Concentration 95% UCL (3)

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

NA Not applicable 
PMC Pollutant Mobility Criteria



TABLE SOIL-25

DEVELOPMENT OF PMC RESIDENTIAL PRG AND COC FOR ZONE 6
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR PMC 
(GB 

Groundwater)

Alternative GB PMC 
for Residential 

Scenario
Value Basis

Total Petroleum 
Hydrocarbons (5) (mg/kg) 4,000 NA 3 1,200 709  7 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 Th d t ti li it h P ti l Q tit ti Li it (PQL ) f K t hdi A l ti l S i J l 2007

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in 
milligrams per liter (mg/L).

COPCs(1)  (units)(2) Detection 
Limits (4)Maximum 

Concentration 95% UCL (3)

Selected PRGs

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance 
with the methodology used in the HHRA. 

Surface Soil
(0 to 2 ft.)

Subsurface Soil
(> 2 ft.)

Maximum 
Concentration 95% UCL (3)

Pollutant Mobility
Potential PRGs

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

NA Not applicable 
PMC Pollutant Mobility Criteria



TABLE SOIL-26

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR 
Industrial/

Commercial

Value Based 
on Risk of 10-6  

(Full-time 
Employee)(4)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(4)

Benzo(a)anthracene 0.61 NA 6 9.5 J 4.34 43 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 1/49 3.7E-06 NA

Benzo(a)pyrene 0.72 0.72 6 14 J 5.35 42 0.02 NA 1 0.21 NA 1 CT DEC RSR 10/48 4.8E-06 NA

Benzo(b)fluoranthene 1.4 1.4 6 16 J 3.22 42 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 3/48 3.7E-06 NA

Benzo(k)fluoranthene 0.77 NA 6 9.7 J 3.29 42 0.02 NA 78 21 NA 78 CT DEC RSR 0/48 3.7E-06 NA

Dibenzo(a,h)anthracene 0.12 J 0.12 5 3.1 2.5 42 0.02 NA 1 0.21 NA 1 CT DEC RSR 3/47 4.8E-06 NA

Indeno(1,2,3-cd)pyrene 0.45 NA 6 7 J 3.24 42 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 0/48 3.7E-06 NA

Maximum 
Concentration 95% UCL (2) Maximum 

Concentration 95% UCL (2)

Surface Soil Subsurface Soil
(> 2 ft.) Direct Exposure

Detection 
Limits (3) Background Concentration Value

Selected PRGs

ILCR to Full-time 
Employee from 
Selected PRG

Hazard 
Index from 
Selected 

PRG

Frequency of 
Exceedance Basis

(0 to 2 ft.)

COPCs(1)

Potential PRGs

Indeno(1,2,3-cd)pyrene 0.45 NA 6 7 J 3.24 42 0.02 NA 7.8 2.11 NA 7.8 CT DEC RSR 0/48 3.7E-06 NA

Antimony 7.8 B 7.8 5 1,820 1,568 30 0.8 ND 8,200 NA 410 410 HHRA Hazard 
Index 0/35 NA 1

Arsenic 1.8 1.8 5 50(5) 20.9(5) 30 0.8 3.6 10 1.6 256 10 CT DEC RSR 0/35 6.3E-06 0.04

Copper 122 J 100 5 9,010 J 4,005 30 5 172 76,000 NA 40,900 40,900 HHRA Hazard 
Index 0/35 NA 1

Lead 726 323  5 189,000 J 69,895 30 0.5 17.5 1,000 1,090(6) 1,090(6) 1,090 Target Action 
Level 7/35 NA NA

Total Petroleum 
Hydrocarbons (8) 1,500 J NA 1 2,600 J 777 24 5 NA 2,500 NA NA 2,500 CT DEC RSR 1/25 NA NA

Cumulative Value 3.1E-05 NA(7)

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA).
2 95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 

methodology used in the HHRA. 
3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for current or future full-time employees or construction workers. 

6

7 Cumulative HI is not applicable because antimony, arsenic, and copper target different organs.
8 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern J Estimated value

COPC Chemical of Potential Concern NA Not applicable 
CT RSR Connecticut Remediation Standard Regulations ND Not detected

DEC Direct Exposure Criteria OSWER Office of Solid Waste and Emergency Response 
HI Hazard Index

ILCR I t l Lif ti C Ri k

The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated separately from 
the other chemicals.  It is not included in risk totals.

Arsenic was not selected as a COC because only two deep samples [14 to 16 feet below ground surface (bgs) at 20TB4 and 5 to 6 feet bgs at MW5-7RI] 
exceeded the PRG of 10 mg/kg and both locations had shallow samples that were less than 10 mg/kg (0 to 2 feet bgs at 20TB4 and 2 to 4 feet bgs at MW5-7RI).

5

ILCR Incremental Lifetime Cancer Risk



TABLE SOIL-27

DEVELOPMENT OF DEC RESIDENTIAL PRGs FOR ZONE 7 (mg/kg)
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR 
Residential

Value Based 
on Risk of 10-6  

(Resident)(4)

Value Based on 
HI = 1.0 

(Resident)(4)

Benzo(a)anthracene 0.61 NA 6 9.5 J 4.34 43 0.02 NA 1 0.15 NA 1 CT DEC RSR 10/49 0.53 4E-06 NA

Benzo(a)pyrene 0.72 0.72 6 14 J 5.35 42 0.02 NA 1 0.15 NA 1 CT DEC RSR 10/48 0.68 5E-05 NA

Benzo(b)fluoranthene 1.4 1.4 6 16 J 3.22 42 0.02 NA 1 0.15 NA 1 CT DEC RSR 12/48 0.74 5E-06 NA

Benzo(k)fluoranthene 0.77 NA 6 9.7 J 3.29 42 0.02 NA 8.4 1.5 NA 8.4 CT DEC RSR 1/48 0.87 6E-07 NA

Dibenzo(a,h)anthracene 0.12 J 0.12 5 3.1 2.5 42 0.02 NA 1 0.015 NA 1 CT DEC RSR 3/47 0.36 2E-05 NA

Indeno(1,2,3-cd)pyrene 0.45 NA 6 7 J 3.24 42 0.02 NA 1 0.15 NA 1 CT DEC RSR 8/48 0.49 3E-06 NA

Antimony 7.8 B 7.8 5 1,820 1,568 30 0.8 ND 27 NA 31 31 HHRA Hazard 
Index 2/35 6 NA 0.2

Frequency of 
Exceedance 

Exposure Point 
Concentration 

After 
Remediation(5)

Value

(0 to 2 ft.) (> 2 ft.)
COPCs (1)

Basis
95% UCL (2)

Selected PRGs

ILCR to Future 
Resident After 
Remediation

Detection 
Limits (3) Background Concentration

Hazard 
Index from 
Selected 

PRG

Potential PRGsSurface Soil Subsurface Soil

Maximum 
Concentration 95% UCL (2) Maximum 

Concentration

Direct Exposure

y Index

Arsenic 1.8 1.8 5 50 20.9 30 0.8 3.6 10 0.39 22 10 CT DEC RSR 2/35 3.8 1E-05 0.2

Copper 122 J 100 5 9,010 J 4,005 30 5 172 2,500 NA 3,130 3,130 HHRA Hazard 
Index 2/35 2,035 NA 0.7

Lead 726 323  5 189,000 J 69,895 30 0.5 17.5 400 400(6) 400(6) 400 CT DEC RSR 10/35 NA NA NA

Total Petroleum 
Hydrocarbons (8) 1,500 J NA 1 2,600 J 777 24 5 NA 500 NA NA 500 CT DEC RSR 11/25 NA NA NA

Cumulative Value 9E-05 NA(7)

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 
2 95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 
3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.
5 The exposure point concentration after remediation was calculated using USEPA's ProUCL Version 4.00.04 by replacing all detected concentrations greater than the selected PRG with the selected PRG.
6 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.
7 C l ti HI i t li bl b ti i d t t diff t7 Cumulative HI is not applicable because antimony, arsenic, and copper target different organs.
8 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern

COPC Chemical of Potential Concern
CT RSR Connecticut Remediation Standard Regulations

DEC Direct Exposure Criteria
J Estimated value
HI Hazard Index

ILCR Incremental Lifetime Cancer Risk
NA Not applicable 
ND Not detected

OSWER Office of Solid Waste and Emergency Response 



TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   C:\Work Folders\Projects\New London - Revised HHRA\Zone 7\Data\ProUCL FS Data.xls.wst

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

BENZO(A)ANTHRACENE

General Statistics

Number of Valid Data 49 Number of Detected Data 30

Number of Distinct Detected Data 22 Number of Non-Detect Data 19

Percent Non-Detects 38.78%

Raw Statistics Log-transformed Statistics

Minimum Detected 27 Minimum Detected 3.296

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 565.3 Mean of Detected 5.94

SD of Detected 361.9 SD of Detected 1.149

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 11000 Maximum Non-Detect 9.306

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 49

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDsg Single DL Non-Detect Percentage 100.00%g g

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.866 Shapiro Wilk Test Statistic 0.775

5% Shapiro Wilk Critical Value 0.927 5% Shapiro Wilk Critical Value 0.927

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 563.3 Mean 5.816

SD 797.5 SD 1.065

   95% DL/2 (t) UCL 754.3    95%  H-Stat (DL/2) UCL 1019

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 5.594

SD in Log Scale 1.041

Mean in Original Scale 413.9

SD in Original Scale 345

   95% Percentile Bootstrap UCL 498.7

   95% BCA Bootstrap UCL 501.7

Page 1 of 36



TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(A)ANTHRACENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.285 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 440

nu star 77.08

A-D Test Statistic 1.504 Nonparametric Statistics

5% A-D Critical Value 0.765 Kaplan-Meier (KM) Method

K-S Test Statistic 0.765 Mean 440.2

5% K-S Critical Value 0.163 SD 347.6

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 55.08

   95% KM (t) UCL 532.6

Assuming Gamma Distribution    95% KM (z) UCL 530.8

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 532.9

Minimum 27    95% KM (bootstrap t) UCL 538.3

Maximum 1000    95% KM (BCA) UCL 526

Mean 568.3    95% KM (Percentile Bootstrap) UCL 532.1

Median 565 95% KM (Chebyshev) UCL 680.3

SD 295.4 97.5% KM (Chebyshev) UCL 784.2

k star 1.988 99% KM (Chebyshev) UCL 988.2

Theta star 285.8

Nu star 194.9 Potential UCLs to Use

AppChi2 163.6    95% KM (Percentile Bootstrap) UCL 532.1

   95% Gamma Approximate UCL 677.1

   95% Adjusted Gamma UCL 680.7

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

BENZO(A)PYRENE

General Statistics

Number of Valid Data 48 Number of Detected Data 27

Number of Distinct Detected Data 19 Number of Non-Detect Data 21

Number of Missing Values 1 Percent Non-Detects 43.75%

Raw Statistics Log-transformed Statistics

Minimum Detected 28 Minimum Detected 3.332

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 599.2 Mean of Detected 6.013

SD of Detected 368.2 SD of Detected 1.13

Minimum Non-Detect 260 Minimum Non-Detect 5.561

Maximum Non-Detect 11000 Maximum Non-Detect 9.306

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 48

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.854 Shapiro Wilk Test Statistic 0.771

5% Shapiro Wilk Critical Value 0.923 5% Shapiro Wilk Critical Value 0.923

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 565.7 Mean 5.819

SD 806.9 SD 1.043

   95% DL/2 (t) UCL 761.1    95%  H-Stat (DL/2) UCL 974

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 5.524

SD in Log Scale 1.061

Mean in Original Scale 402.9

SD in Original Scale 358.2

   95% Percentile Bootstrap UCL 486

   95% BCA Bootstrap UCL 489

Page 3 of 36



TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(A)PYRENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.315 Data do not follow a Discernable Distribution (0.05)

Theta Star 455.6

nu star 71.03

A-D Test Statistic 1.646 Nonparametric Statistics

5% A-D Critical Value 0.764 Kaplan-Meier (KM) Method

K-S Test Statistic 0.764 Mean 423

5% K-S Critical Value 0.172 SD 366.5

Data not Gamma Distributed at 5% Significance Level SE of Mean 58.91

   95% KM (t) UCL 521.9

Assuming Gamma Distribution    95% KM (z) UCL 519.9

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 522.5

Minimum 28    95% KM (bootstrap t) UCL 526.1

Maximum 1000    95% KM (BCA) UCL 523.2

Mean 603    95% KM (Percentile Bootstrap) UCL 522.7

Median 609.1 95% KM (Chebyshev) UCL 679.8

SD 292.1 97.5% KM (Chebyshev) UCL 790.9

k star 2.198 99% KM (Chebyshev) UCL 1009

Theta star 274.3

Nu star 211 Potential UCLs to Use

AppChi2 178.4    95% KM (Chebyshev) UCL 679.8

   95% Gamma Approximate UCL 713.2

   95% Adjusted Gamma UCL 716.9

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

BENZO(B)FLUORANTHENE

General Statistics

Number of Valid Data 48 Number of Detected Data 30

Number of Distinct Detected Data 17 Number of Non-Detect Data 18

Number of Missing Values 1 Percent Non-Detects 37.50%

Raw Statistics Log-transformed Statistics

Minimum Detected 24 Minimum Detected 3.178

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 639.4 Mean of Detected 6.109

SD of Detected 365.9 SD of Detected 1.094

Minimum Non-Detect 230 Minimum Non-Detect 5.438

Maximum Non-Detect 1800 Maximum Non-Detect 7.496

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 48

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.831 Shapiro Wilk Test Statistic 0.744

5% Shapiro Wilk Critical Value 0.927 5% Shapiro Wilk Critical Value 0.927

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 506.2 Mean 5.858

SD 365.6 SD 0.985

   95% DL/2 (t) UCL 594.7    95%  H-Stat (DL/2) UCL 845.1

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 5.693

SD in Log Scale 1.063

Mean in Original Scale 463

SD in Original Scale 372.9

   95% Percentile Bootstrap UCL 552.3

   95% BCA Bootstrap UCL 553.9
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(B)FLUORANTHENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.435 Data do not follow a Discernable Distribution (0.05)

Theta Star 445.5

nu star 86.11

A-D Test Statistic 2.247 Nonparametric Statistics

5% A-D Critical Value 0.762 Kaplan-Meier (KM) Method

K-S Test Statistic 0.762 Mean 475.5

5% K-S Critical Value 0.163 SD 380.5

Data not Gamma Distributed at 5% Significance Level SE of Mean 59.81

   95% KM (t) UCL 575.9

Assuming Gamma Distribution    95% KM (z) UCL 573.9

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 576.2

Minimum 24    95% KM (bootstrap t) UCL 579

Maximum 1000    95% KM (BCA) UCL 571.5

Mean 624.7    95% KM (Percentile Bootstrap) UCL 567.8

Median 580 95% KM (Chebyshev) UCL 736.2

SD 305.7 97.5% KM (Chebyshev) UCL 849

k star 2.155 99% KM (Chebyshev) UCL 1071

Theta star 289.9

Nu star 206.8 Potential UCLs to Use

AppChi2 174.6    95% KM (Chebyshev) UCL 736.2

   95% Gamma Approximate UCL 740.2

   95% Adjusted Gamma UCL 744.1

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

BENZO(K)FLUORANTHENE

General Statistics

Number of Valid Data 48 Number of Detected Data 17

Number of Distinct Detected Data 17 Number of Non-Detect Data 31

Number of Missing Values 1 Percent Non-Detects 64.58%

Raw Statistics Log-transformed Statistics

Minimum Detected 23 Minimum Detected 3.135

Maximum Detected 9700 Maximum Detected 9.18

Mean of Detected 1122 Mean of Detected 5.999

SD of Detected 2278 SD of Detected 1.51

Minimum Non-Detect 290 Minimum Non-Detect 5.67

Maximum Non-Detect 11000 Maximum Non-Detect 9.306

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 48

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.46 Shapiro Wilk Test Statistic 0.954

5% Shapiro Wilk Critical Value 0.892 5% Shapiro Wilk Critical Value 0.892

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 665.2 Mean 5.65

SD 1573 SD 1.093

   95% DL/2 (t) UCL 1046    95%  H-Stat (DL/2) UCL 827.4

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 5.077

SD in Log Scale 1.247

Mean in Original Scale 474

SD in Original Scale 1416

   95% Percentile Bootstrap UCL 858.8

   95% BCA Bootstrap UCL 1132
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

BENZO(K)FLUORANTHENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.536 Data appear Gamma Distributed at 5% Significance Level

Theta Star 2095

nu star 18.22

A-D Test Statistic 0.757 Nonparametric Statistics

5% A-D Critical Value 0.789 Kaplan-Meier (KM) Method

K-S Test Statistic 0.789 Mean 514.6

5% K-S Critical Value 0.219 SD 1411

Data appear Gamma Distributed at 5% Significance Level SE of Mean 214.5

   95% KM (t) UCL 874.5

Assuming Gamma Distribution    95% KM (z) UCL 867.4

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 868.9

Minimum 1E-09    95% KM (bootstrap t) UCL 1580

Maximum 9700    95% KM (BCA) UCL 929

Mean 1059    95% KM (Percentile Bootstrap) UCL 916.3

Median 877.6 95% KM (Chebyshev) UCL 1449

SD 1383 97.5% KM (Chebyshev) UCL 1854

k star 0.589 99% KM (Chebyshev) UCL 2649

Theta star 1798

Nu star 56.55 Potential UCLs to Use

AppChi2 40.27    95% KM (t) UCL 874.5

   95% Gamma Approximate UCL 1487

   95% Adjusted Gamma UCL 1503

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

DIBENZO(A,H)ANTHRACENE

General Statistics

Number of Valid Data 47 Number of Detected Data 15

Number of Distinct Detected Data 12 Number of Non-Detect Data 32

Number of Missing Values 2 Percent Non-Detects 68.09%

Raw Statistics Log-transformed Statistics

Minimum Detected 21 Minimum Detected 3.045

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 496.2 Mean of Detected 5.724

SD of Detected 378.2 SD of Detected 1.25

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 11000 Maximum Non-Detect 9.306

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 47

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.869 Shapiro Wilk Test Statistic 0.856

5% Shapiro Wilk Critical Value 0.881 5% Shapiro Wilk Critical Value 0.881

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 436.5 Mean 5.543

SD 806.1 SD 0.92

   95% DL/2 (t) UCL 633.9    95%  H-Stat (DL/2) UCL 702.8

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 4.975

SD in Log Scale 0.99

Mean in Original Scale 239.3

SD in Original Scale 279.2

   95% Percentile Bootstrap UCL 310.2

   95% BCA Bootstrap UCL 319.9
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

DIBENZO(A,H)ANTHRACENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.984 Data appear Gamma Distributed at 5% Significance Level

Theta Star 504.3

nu star 29.52

A-D Test Statistic 0.487 Nonparametric Statistics

5% A-D Critical Value 0.76 Kaplan-Meier (KM) Method

K-S Test Statistic 0.76 Mean 270.3

5% K-S Critical Value 0.227 SD 284.3

Data appear Gamma Distributed at 5% Significance Level SE of Mean 52.94

   95% KM (t) UCL 359.2

Assuming Gamma Distribution    95% KM (z) UCL 357.4

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 361.8

Minimum 21    95% KM (bootstrap t) UCL 373.6

Maximum 1000    95% KM (BCA) UCL 349.1

Mean 500.9    95% KM (Percentile Bootstrap) UCL 360.1

Median 506.8 95% KM (Chebyshev) UCL 501.1

SD 242 97.5% KM (Chebyshev) UCL 600.9

k star 2.664 99% KM (Chebyshev) UCL 797.1

Theta star 188

Nu star 250.4 Potential UCLs to Use

AppChi2 214.7    95% KM (t) UCL 359.2

   95% Gamma Approximate UCL 584

   95% Adjusted Gamma UCL 586.9

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

INDENO(1,2,3-CD)PYRENE

General Statistics

Number of Valid Data 48 Number of Detected Data 20

Number of Distinct Detected Data 13 Number of Non-Detect Data 28

Number of Missing Values 1 Percent Non-Detects 58.33%

Raw Statistics Log-transformed Statistics

Minimum Detected 31 Minimum Detected 3.434

Maximum Detected 1000 Maximum Detected 6.908

Mean of Detected 628 Mean of Detected 6.168

SD of Detected 354.4 SD of Detected 0.931

Minimum Non-Detect 330 Minimum Non-Detect 5.799

Maximum Non-Detect 11000 Maximum Non-Detect 9.306

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 48

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.856 Shapiro Wilk Test Statistic 0.8

5% Shapiro Wilk Critical Value 0.905 5% Shapiro Wilk Critical Value 0.905

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 519.5 Mean 5.779

SD 803.6 SD 0.894

   95% DL/2 (t) UCL 714.1    95%  H-Stat (DL/2) UCL 770.3

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale 5.57

SD in Log Scale 0.848

Mean in Original Scale 370.6

SD in Original Scale 320.2

   95% Percentile Bootstrap UCL 446.3

   95% BCA Bootstrap UCL 455.6
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

INDENO(1,2,3-CD)PYRENE (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.709 Data do not follow a Discernable Distribution (0.05)

Theta Star 367.4

nu star 68.37

A-D Test Statistic 1.055 Nonparametric Statistics

5% A-D Critical Value 0.753 Kaplan-Meier (KM) Method

K-S Test Statistic 0.753 Mean 391.7

5% K-S Critical Value 0.196 SD 327.2

Data not Gamma Distributed at 5% Significance Level SE of Mean 57.27

   95% KM (t) UCL 487.8

Assuming Gamma Distribution    95% KM (z) UCL 485.9

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 491

Minimum 31    95% KM (bootstrap t) UCL 489.7

Maximum 1000    95% KM (BCA) UCL 489.3

Mean 632.6    95% KM (Percentile Bootstrap) UCL 490.9

Median 632.9 95% KM (Chebyshev) UCL 641.3

SD 227.9 97.5% KM (Chebyshev) UCL 749.3

k star 4.211 99% KM (Chebyshev) UCL 961.5

Theta star 150.2

Nu star 404.3 Potential UCLs to Use

AppChi2 358.7    95% KM (t) UCL 487.8

   95% Gamma Approximate UCL 713.1    95% KM (% Bootstrap) UCL 490.9

   95% Adjusted Gamma UCL 715.7

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

ANTIMONY

General Statistics

Number of Valid Data 35 Number of Detected Data 10

Number of Distinct Detected Data 9 Number of Non-Detect Data 25

Number of Missing Values 14 Percent Non-Detects 71.43%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.92 Minimum Detected -0.0834

Maximum Detected 27 Maximum Detected 3.296

Mean of Detected 10.34 Mean of Detected 1.727

SD of Detected 10.42 SD of Detected 1.248

Minimum Non-Detect 0.35 Minimum Non-Detect -1.05

Maximum Non-Detect 7580 Maximum Non-Detect 8.933

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 35

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.814 Shapiro Wilk Test Statistic 0.901

5% Shapiro Wilk Critical Value 0.842 5% Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distributiong Assuming Lognormal Distributiong g

DL/2 Substitution Method DL/2 Substitution Method

Mean 112.1 Mean 0.712

SD 640 SD 1.77

   95% DL/2 (t) UCL 295    95%  H-Stat (DL/2) UCL 27.06

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale -0.313

SD in Log Scale 1.577

Mean in Original Scale 3.248

SD in Original Scale 7.04

   95% Percentile Bootstrap UCL 5.308

   95% BCA Bootstrap UCL 6.039
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

ANTIMONY (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.734 Data appear Gamma Distributed at 5% Significance Level

Theta Star 14.1

nu star 14.68

A-D Test Statistic 0.556 Nonparametric Statistics

5% A-D Critical Value 0.75 Kaplan-Meier (KM) Method

K-S Test Statistic 0.75 Mean 3.841

5% K-S Critical Value 0.274 SD 6.82

Data appear Gamma Distributed at 5% Significance Level SE of Mean 1.237

   95% KM (t) UCL 5.933

Assuming Gamma Distribution    95% KM (z) UCL 5.876

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 5.621

Minimum 0.92    95% KM (bootstrap t) UCL 6.688

Maximum 27    95% KM (BCA) UCL 6.773

Mean 10.44    95% KM (Percentile Bootstrap) UCL 6.235

Median 10.54 95% KM (Chebyshev) UCL 9.234

SD 5.421 97.5% KM (Chebyshev) UCL 11.57

k star 2.748 99% KM (Chebyshev) UCL 16.15

Theta star 3.8

Nu star 192.3 Potential UCLs to Use

AppChi2 161.3    95% KM (t) UCL 5.933

   95% Gamma Approximate UCL 12.45

   95% Adjusted Gamma UCL 12.56

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

ARSENIC

General Statistics

Number of Valid Data 35 Number of Detected Data 34

Number of Distinct Detected Data 28 Number of Non-Detect Data 1

Number of Missing Values 14 Percent Non-Detects 2.86%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.32 Minimum Detected -1.139

Maximum Detected 10 Maximum Detected 2.303

Mean of Detected 2.113 Mean of Detected 0.343

SD of Detected 2.365 SD of Detected 0.87

Minimum Non-Detect 0.55 Minimum Non-Detect -0.598

Maximum Non-Detect 0.55 Maximum Non-Detect -0.598

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.662 Shapiro Wilk Test Statistic 0.962

5% Shapiro Wilk Critical Value 0.933 5% Shapiro Wilk Critical Value 0.933

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 2.06 Mean 0.296

SD 2.35 SD 0.9

   95% DL/2 (t) UCL 2.732    95%  H-Stat (DL/2) UCL 2.74

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 1.796 Mean in Log Scale 0.305

SD 2.628 SD in Log Scale 0.885

   95% MLE (t) UCL 2.547 Mean in Original Scale 2.063

   95% MLE (Tiku) UCL 2.529 SD in Original Scale 2.348

   95% Percentile Bootstrap UCL 2.762

   95% BCA Bootstrap UCL 2.9
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

ARSENIC (CONTINUED)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.275 Data appear Lognormal at 5% Significance Level

Theta Star 1.657

nu star 86.69

A-D Test Statistic 1.103 Nonparametric Statistics

5% A-D Critical Value 0.768 Kaplan-Meier (KM) Method

K-S Test Statistic 0.768 Mean 2.064

5% K-S Critical Value 0.154 SD 2.314

Data not Gamma Distributed at 5% Significance Level SE of Mean 0.397

   95% KM (t) UCL 2.735

Assuming Gamma Distribution    95% KM (z) UCL 2.717

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 2.735

Minimum 1E-09    95% KM (bootstrap t) UCL 3.169

Maximum 10    95% KM (BCA) UCL 2.795

Mean 2.052    95% KM (Percentile Bootstrap) UCL 2.728

Median 1.2 95% KM (Chebyshev) UCL 3.794

SD 2.357 97.5% KM (Chebyshev) UCL 4.543

k star 0.593 99% KM (Chebyshev) UCL 6.014

Theta star 3.462

Nu star 41.5 Potential UCLs to Use

AppChi2 27.73    95% KM (Chebyshev) UCL 3.794

   95% Gamma Approximate UCL 3.071

   95% Adjusted Gamma UCL 3.131

Note: DL/2 is not a recommended method.
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

COPPER

General Statistics

Number of Valid Data 35 Number of Detected Data 34

Number of Distinct Detected Data 34 Number of Non-Detect Data 1

Number of Missing Values 14 Percent Non-Detects 2.86%

Raw Statistics Log-transformed Statistics

Minimum Detected 3 Minimum Detected 1.099

Maximum Detected 5810 Maximum Detected 8.667

Mean of Detected 272.4 Mean of Detected 3.092

SD of Detected 1067 SD of Detected 1.701

Minimum Non-Detect 3.5 Minimum Non-Detect 1.253

Maximum Non-Detect 3.5 Maximum Non-Detect 1.253

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.278 Shapiro Wilk Test Statistic 0.852

5% Shapiro Wilk Critical Value 0.933 5% Shapiro Wilk Critical Value 0.933

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 264.7 Mean 3.019

SD 1052 SD 1.73

   95% DL/2 (t) UCL 565.4    95%  H-Stat (DL/2) UCL 253.5

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 169.8 Mean in Log Scale 3.013

SD 1114 SD in Log Scale 1.74

   95% MLE (t) UCL 488.3 Mean in Original Scale 264.7

   95% MLE (Tiku) UCL 464.3 SD in Original Scale 1052

   95% Percentile Bootstrap UCL 598.5

   95% BCA Bootstrap UCL 769.3
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TABLE SOIL-27A

PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIATION AT ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

j

COPPER (CONTINUED

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.273 Data do not follow a Discernable Distribution (0.05)

Theta Star 999

nu star 18.54

A-D Test Statistic 5.986 Nonparametric Statistics

5% A-D Critical Value 0.866 Kaplan-Meier (KM) Method

K-S Test Statistic 0.866 Mean 264.7

5% K-S Critical Value 0.165 SD 1037

Data not Gamma Distributed at 5% Significance Level SE of Mean 177.9

   95% KM (t) UCL 565.5

Assuming Gamma Distribution    95% KM (z) UCL 557.3

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 565.4

Minimum 1E-09    95% KM (bootstrap t) UCL 7476

Maximum 5810    95% KM (BCA) UCL 590.4

Mean 264.7    95% KM (Percentile Bootstrap) UCL 587.3

Median 15.6 95% KM (Chebyshev) UCL 1040

SD 1052 97.5% KM (Chebyshev) UCL 1376

k star 0.227 99% KM (Chebyshev) UCL 2035

Theta star 1165

Nu star 15.9 Potential UCLs to Use

AppChi2 7.894    99% KM (Chebyshev) UCL 2035

   95% Gamma Approximate UCL 533.2

   95% Adjusted Gamma UCL 551.9

Note: DL/2 is not a recommended method.
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TABLE SOIL-28

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

CT RSR 
Industrial 

Direct 
Exposure

Alternative GB 
PMC for 

Industrial/ 
Commercial 

Scenario

Value Basis

Benzo(a)anthracene (mg/kg) 0.61 NA 6 9.5 J 4.34 43 0.02 7.8 1 12 12 Alternative PMC

Benzo(a)pyrene (mg/kg) 0.72 0.72 6 14 J 5.35 42 0.02 1 1 18 18 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 1.4 1.4 6 16 J 3.22 42 0.02 7.8 1 7.7 7.7 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 0.77 NA 6 9.7 J 3.29 42 0.02 78 1 19 19 Alternative PMC

Carbazole (mg/kg) 0.017 J NA 6 0.95 0.95 43 0.33 290 1 18 18 Alternative PMC

Surface Soil
(0 to 2 ft.)

Subsurface Soil Potential PRGs
Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Maximum 
Concentration 95% UCL (3)

Selected PRGs

Maximum 
Concentration 95% UCL (3)

(> 2 ft.)

COPC(1)  (units)(2) Detection 
Limits (3)

Chrysene (mg/kg) 0.69 NA 6 11 J 4.65 43 0.02 780 1 20 20 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 0.12 J 0.12 6 3.1 2.5 42 0.02 1 1 15 15 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 0.45 NA 6 7 J 3.24 42 0.02 7.8 1 18 18 Alternative PMC

Antimony (mg/L) NA  NA 0 NA  NA 0 0.008 NA 0.06 0.08 0.08 Alternative PMC

Arsenic (mg/L) 0.09 (4) NA 5 0.146 NA 14 0.008 10 0.1 0.15 0.15 Alternative PMC

Antimony (mg/kg) 7.8 B (5) NA 5 1820 NA 30 0.008 8200 0.06 0.08 410 HHRA Hazard 
Index

Lead (mg/L) NA  NA 0 45.9 NA 18 0.005 1000 0.15 0.26 0.26 Alternative PMC

Lead (mg/kg) 726 (6) NA 5 189000 NA 30 0.005 1000 0.15 0.26 1090 Target Action 
Level

Total Petroleum 
( /k ) 1 500 J NA 1 2 600 J 777 24 5 2500 2 500 NA 2 500 CT PMC RSR

Total Petroleum 
Hydrocarbons(7) (mg/kg) 1,500 J NA 1 2,600 J 777 24 5 2500 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 For antimony samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG are expected to exceed the PMC.
6

7 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).

For lead samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG (Target Action Level) are 
expected to exceed the PMC.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with the 
methodology used in the HHRA. 

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in milligrams per 
liter (mg/L).

g p y ( )
COC Chemical of Concern J Estimated value

COPC Chemical of Potential Concern NA Not applicable 
CT RSR Connecticut Remediation Standard Regulations PMC Pollutant Mobility Criteria



TABLE SOIL-29

DEVELOPMENT OF PMC RESIDENTIAL PRGs AND COCs FOR ZONE 7
LOWER SUBASE FEASIBILITY STUDY
NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Number of 
Samples

Alternative GB 
PMC for 

Residential 
Scenario

Value Basis

Benzo(a)anthracene (mg/kg) 0.61 NA 6 9.5 J 4.34 43 0.02 1 4.4 4.4 Alternative PMC

Benzo(a)pyrene (mg/kg) 0.72 0.72 6 14 J 5.35 42 0.02 1 6.5 6.5 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 1.4 1.4 6 16 J 3.22 42 0.02 1 2.8 2.8 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 0.77 NA 6 9.7 J 3.29 42 0.02 1 7.1 7.1 Alternative PMC

Carbazole (mg/kg) 0.017 J NA 6 0.95 0.95 43 0.33 1 6.7 6.7 Alternative PMC

COPCs(1)  (units)(2)

Maximum 
Concentration 95% UCL (3)

Selected PRGs

Maximum 
Concentration 95% UCL (3)

(> 2 ft.)

Detection 
Limits (4)

CT RSR PMC 
(GB 

Groundwater)

Surface Soil
(0 to 2 ft.)

Subsurface Soil Potential PRGs
Pollutant Mobility

Chrysene (mg/kg) 0.69 NA 6 11 J 4.65 43 0.02 1 7.4 7.4 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 0.12 J 0.12 6 3.1 2.5 42 0.02 1 5.6 5.6 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 0.45 NA 6 7 J 3.24 42 0.02 1 6.5 6.5 Alternative PMC

Antimony (mg/L) NA  NA 0 NA  NA 0 0.008 0.06 0.03 0.06 CT PMC RSR

Arsenic (mg/L) 0.09 (5) NA 5 0.146 NA 14 0.008 0.1 NA 0.1 CT PMC RSR

Antimony (mg/kg) 7.8 B (6) NA 5 1820 NA 30 0.008 0.06 0.03 410 I/C Direct 
Exposure PRG

Lead (mg/L) NA  NA 0 45.9 NA 18 0.005 0.15 0.09 0.15 CT PMC RSR

Lead (mg/kg) 726 (7) NA 5 189000 NA 30 0.005 0.15 0.09 1090 Target Action 
Level

Total Petroleum 
( /k ) 1 500 J NA 1 2 600 J 777 24 5 2 500 NA 2 500 CT PMC RSR

Total Petroleum 
Hydrocarbons(8) (mg/kg) 1,500 J NA 1 2,600 J 777 24 5 2,500 NA 2,500 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix A, Human Health Risk Assessment (HHRA). 

3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 For arsenic samples with no TCLP or SPLP analyses, mass results is divided by 20 as an estimated leachate result. 

6
7

8 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

For antimony samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG are expected to exceed the 
PMC.
For lead samples with no TCLP or SPLP analyses, mass results greater than the Industrial/Commercial Direct Exposure PRG (Target Action Level) are expected 
to exceed the PMC.

95% upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in accordance with 
the methodology used in the HHRA. 

2 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching Procedure (TCLP) shown in 
milligrams per liter (mg/L).

8 TPH not identified as a CERCLA COC, but as a contaminant evaluated under CTDEP RSRs.

White text on bla Chemical of Concern NA Not applicable 
COC Chemical of Potential Concern PMC Pollutant Mobility Criteria

COPC Connecticut Remediation Standard Regulations
CT RSR Estimated value



TABLE SOIL-30

COCs AND PRGs FOR SOIL - DEC INDUSTRIAL/COMMERCIAL

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT

Benzo(a)anthracene (1) 7.8

Benzo(a)pyrene (1) 1

Benzo(b)fluoranthene (1) 7.8

Dibenzo(a,h)anthracene (1) 1

Indeno(1,2,3-cd)pyrene (1) 7.8

TPH (2) (1) 2,500

TPH (2) (1) 2,500

 

Lead 1,090

Benzo(a)pyrene 1

Dibenzo(a,h)anthracene 1

Lead 1,090

TPH (2) 2,500

TPH (2) 2,500

TPH (2) 2,500

Benzo(a)pyrene (1) 1

Benzo(b)fluoranthene (1) 7.8

Dibenzo(a,h)anthracene (1) 1

Antimony (1) 410

Lead (1) 1,090

COC Chemical of concern

TPH Total petroleum hydrocarbon

DEC Direct Exposure Criterion

(1)

(2)

Zone COC PRG

1

TPH not identified as a CERCLA COC, but 

as a contaminant evaluated under CTDEP 

RSRs.

2

3

4

5

Note

This chemical has  been detected at 

concentrations greater than the PRG in 

subsurface soil but not in surface soil.

6

7

All Preliminary Remediation Goals (PRGs) shown as 

milligrams per kilogram (mg/kg).



TABLE SOIL-31

COCs AND PRGs FOR SOIL - DEC RESIDENTIAL

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT

Benzo(a)anthracene (1) 1

Benzo(a)pyrene (1) 1

Benzo(b)fluoranthene (1) 1

Dibenzo(a,h)anthracene (1) 1

Indeno(1,2,3-cd)pyrene (1) 1

Mercury (1) 24

TPH (2) (1) 500

TPH (2) (1) 500

 

Benzo(a)anthracene (1) 1

Lead 400

TPH (2) (1) 500

Benzo(a)anthracene 1

Benzo(a)pyrene 1

Benzo(b)fluoranthene 1

Dibenzo(a,h)anthracene 1

Indeno(1,2,3-cd)pyrene 1

Lead 400

TPH (2) 500

Benzo(a)pyrene (1) 1

Benzo(b)fluoranthene (1) 1

TPH (2) 500

TPH (2) 500

Benzo(a)anthracene (1) 1

Benzo(a)pyrene (1) 1

Benzo(b)fluoranthene  1

Dibenzo(a,h)anthracene (1) 1

Indeno(1,2,3-cd)pyrene (1) 1

Antimony (1) 31

Arsenic (1) 10

Copper (1) 3,130

Lead  400

TPH (2) 500

COC Chemical of concern

TPH Total petroleum hydrocarbon

DEC Direct Exposure Criterion

(1)

(2) TPH not identified as a CERCLA COC, but 

as a contaminant evaluated under CTDEP 

RSRs.

2

1

7

6

5

4

Note

This chemical has been detected at 

concentrations greater than the PRG in 

subsurface soil but not in surface soil.

All Preliminary Remediation Goals (PRGs) shown as 

milligrams per kilogram (mg/kg).

Zone COC PRG

3



TABLE SOIL-32

COCs AND PRGs FOR SOIL - INDUSTRIAL/COMMERCIAL PMC

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT

Page 1 of 2

Benzo(a)anthracene 1 mg/kg

Benzo(a)pyrene 1 mg/kg

Benzo(b)fluoranthene 1 mg/kg

Benzo(k)fluoranthene 1 mg/kg

Carbazole 1 mg/kg

Chrysene 1 mg/kg

Dibenzo(a,h)anthracene 1 mg/kg

Indeno(1,2,3-cd)pyrene 1 mg/kg

Phenantrene 40 mg/kg

Pyrene 40 mg/kg

Lead (2) 1090 mg/kg

Lead 0.15 mg/L

TPH (3) 2,500 mg/kg

Benzo(a)anthracene 11 mg/kg

Benzo(a)pyrene 16 mg/kg

Benzo(b)fluoranthene 7 mg/kg

Chrysene 18 mg/kg

Lead (2) 1090 mg/kg

Lead 0.23 mg/L

TPH (3) 2,500 mg/kg

Lead 0.16 mg/L

TPH (3) 2,500 mg/kg

Lead 0.38 mg/L

TPH (2) 2,500 mg/kg

Lead 0.19 mg/L

TPH (3) 2,500 mg/kg

TPH (3) 2,500 mg/kg

   

TPH (3) 2,500 mg/kg

Benzo(b)fluoranthene 7.7 mg/kg

Antimony (2) 410 mg/kg

Arsenic (2) 10 mg/kg

Arsenic 0.15 mg/L

Lead  0.26 mg/L

Lead (2) 1090 mg/kg

(1)

(2)

PRGs shown as milligrams per kilogram (mg/kg) for mass concentrations and 

as milligrams per liter (mg/L) for results of Synthetic Leaching Procedure 

(SPLP) or Toxicity Characteristic Leaching Procedure (TCLP).

1 -

 areas 

without 

NAPL (4)

3

5

4

For samples without leachate testing, the Industrial/Commercial Direct 

Exposure PRG will be used as an estimate of the Industrial/Commercial PMC.

PRG
(1)Note

6

7

1 -

 areas 

with NAPL

2

Zone COC



TABLE SOIL-32

COCs AND PRGs FOR SOIL - INDUSTRIAL/COMMERCIAL PMC

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT

Page 2 of 2

(3)

(4)

COC Chemical of Concern

NAPL Non-Aqueous Phase Liquid

PMC Pollutant Mobility Criteria

PRG Preliminary remediation Goal

TPH Total petroleum hydrocarbon

Zone 1 PRGs for corresponding COCs are typically higher (except 

for lead and TPH) for areas without NAPL than for areas with 

NAPL because Alternative PMCs, which are higher than CT RSR 

PMCs, may be used in those areas.

TPH not identified as a CERCLA COC, but as a contaminant 

evaluated under CTDEP RSRs.



TABLE SOIL-33

COCs AND PRGs FOR SOIL - RESIDENTIAL PMC

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT

Page 1 of 2

Benzo(a)anthracene 1 mg/kg

Benzo(a)pyrene 1 mg/kg

Benzo(b)fluoranthene 1 mg/kg

Benzo(k)fluoranthene 1 mg/kg

Carbazole 1 mg/kg

Chrysene 1 mg/kg

Dibenzo(a,h)anthracene 1 mg/kg

Indeno(1,2,3-cd)pyrene 1 mg/kg

Phenanthrene 40 mg/kg

Pyrene 40 mg/kg

Lead 0.15 mg/L

Lead (2) 1090 mg/kg

TPH (3) 2,500 mg/kg

Benzo(a)anthracene 4 mg/kg

Benzo(a)pyrene 6 mg/kg

Benzo(b)fluoranthene 2.6 mg/kg

Benzo(k)fluoranthene 6.5 mg/kg

Chrysene 6.8 mg/kg

Dibenzo(a,h)anthracene  5.1 mg/kg

Indeno(1,2,3-cd)pyrene 6.0 mg/kg

Phenanthrene 40 mg/kg

Pyrene 40 mg/kg

Lead 0.15 mg/L

Lead (2) 1090 mg/kg

TPH (3) 2,500 mg/kg

Lead 0.15 mg/L

TPH (3) 2,500 mg/kg

Lead 0.15 mg/L

TPH (3) 2,500 mg/kg

Benzo(a)anthracene 3.4 mg/kg

Benzo(b)fluoranthene 2.2 mg/kg

Arsenic 0.27 mg/L

Lead 0.15 mg/L

TPH (3) 2,500 mg/kg

Methylene Chloride 1 mg/kg

2-Methylnaphthalene 12 mg/kg

Lead  0.15 mg/L

TPH (3)  2,500  mg/kg

6 TPH (3) 2,500 mg/kg

Benzo(a)anthracene 4.4 mg/kg

Benzo(a)pyrene 6.5 mg/kg

Benzo(b)fluoranthene 2.8 mg/kg

Benzo(k)fluoranthene 7.1 mg/kg

Chrysene 7.4 mg/kg

Antimony (2) 410 mg/kg

Arsenic (2) 10 mg/kg

Arsenic 0.10 mg/L

Lead  0.15 mg/L

Lead (2) 1090 mg/kg

1 -

 areas 

without 

NAPL (4)

Zone COC PRG
(1)Note

1 -

 areas 

with NAPL

2

7

5

4

3



TABLE SOIL-33

COCs AND PRGs FOR SOIL - RESIDENTIAL PMC

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT

Page 2 of 2

(1)

(2)

(3)

(4)

COC Chemical of Concern

NAPL Non-Aqueous Phase Liquid

PMC Pollutant Mobility Criteria

PRG Preliminary remediation Goal

TPH Total petroleum hydrocarbon

For samples without leachate testing, the Industrial/Commercial Direct 

Exposure PRG will be used as an estimate of the Industrial/Commercial PMC.

PRGs shown as milligrams per kilogram (mg/kg) for mass concentrations and 

as milligrams per liter (mg/L) for results of Synthetic Leaching Procedure 

(SPLP) or Toxicity Characteristic Leaching Procedure (TCLP).

TPH not identified as a CERCLA COC, but as a 

contaminant evaluated under CTDEP RSRs.

Zone 1 PRGs for corresponding COCs are typically higher (except 

for lead and TPH) for areas without NAPL than for areas with 

NAPL because Alternative PMCs, which are higher than CT RSR 

PMCs, may be used in those areas.



B.2.2 -  APPENDIX A TABLES USED TO DETERMINE CHEMICALS OF CONCERN 
 

TABLE 3.6 CTDEP CHEMICALS OF CONCERN, ZONE 1 
TABLE 4.5 CTDEP CHEMICALS OF CONCERN, ZONE 2 
TABLE 5.6 CTDEP CHEMICALS OF CONCERN, ZONE 3 
TABLE 6.6 CTDEP CHEMICALS OF CONCERN, ZONE 4 
TABLE 7.5 CTDEP CHEMICALS OF CONCERN, ZONE 5 
TABLE 8.5 CTDEP CHEMICALS OF CONCERN, ZONE 6 
TABLE 9.6 CTDEP CHEMICALS OF CONCERN, ZONE 7 

TABLE 10.1 SUMMARY OF CHEMICALS RETAINED AS COCs FOR USEPA 
TABLE 10-4 CTDEP RSRs FOR CHEMICALS OF CONCERN IN SOIL 

 



TABLE 3-6

CTDEP CHEMICALS OF CONCERN
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grassy Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)anthracene None None None Benzo(a)anthracene None Acenaphthylene

Benzo(a)pyrene Benzo(a)pyrene Arsenic
Benzo(b)fluoranthene Benzo(b)fluoranthene Cadmium
Benzo(k)fluoranthene Benzo(k)fluoranthene Copper

Dibenzo(a,h)anthracene Carbazole Lead
Indeno(1,2,3-cd)pyrene Chrysene Mercury

Arsenic Dibenzo(a,h)anthracene Total Petroleum Hydrocarbons
Mercury Indeno(1,2,3-cd)pyrene

Total Petroleum Hydrocarbons Phenanthrene
Pyrene
Lead

Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 4-5

CTDEP CHEMICALS OF CONCERN
ZONE 2

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grass Areas Paved Areas Surface Soil Subsurface Soil
Total Petroleum Hydrocarbons None None No surface soil samples were Lead None Arsenic

collected at Zone 2. Total Petroleum Hydrocarbons Lead

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 5-6

CTDEP CHEMICALS OF CONCERN
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

Industrial Protective of Groundwater
Grass Areas Paved Areas Surface Soil Subsurface Soil

Benzo(a)anthracene There are no grassy areas Lead Lead Benzo(a)anthracene None Arsenic
Benzo(b)fluoranthene at Zone 3. Benzo(b)fluoranthene Beryllium

Lead Chrysene Copper
Total Petroleum Hydrocarbons Lead Lead

Total Petroleum Hydrocarbons Mercury
Zinc

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 6-6

CTDEP CHEMICALS OF CONCERN
ZONE 4

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

Industrial Protective of Groundwater
Grassy Areas Paved Areas Surface Soil Subsurface Soil

Benzo(a)anthracene No samples were collected Benzo(a)anthracene Benzo(a)anthracene Arsenic Vinyl Chloride Benzo(a)anthracene
Benzo(a)pyrene from the grassy area at Dibenzo(a,h)anthracene Benzo(a)pyrene Lead Benzo(b)fluoranthene

Benzo(b)fluoranthene Zone 4. Lead Benzo(b)fluoranthene Total Petroleum Hydrocarbons Benzo(a)pyrene
Dibenzo(a,h)anthracene Total Petroleum Hydrocarbons Benzo(k)fluoranthene Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene Carbazole Arsenic

Lead Chrysene Cadmium
Total Petroleum Hydrocarbons Dibenzo(a,h)anthracene Chromium

Indeno(1,2,3-cd)pyrene Lead
Mercury

Lead Zinc
Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 7-5

CTDEP CHEMICALS OF CONCERN
ZONE 5

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grass Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)pyrene Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons Lead Methylene Chloride None Acenaphthylene

Benzo(b)fluoranthene Total Petroleum Hydrocarbons 2-Methylnaphthalene Mercury
Total Petroleum Hydrocarbons Benzo(a)pyrene

Benzo(b)fluoranthene
Lead

Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 8-5

CTDEP CHEMICALS OF CONCERN
ZONE 6

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grass Areas Paved Areas Surface Soil Subsurface Soil
Total Petroleum Hydrocarbons There are no grassy areas None Total Petroleum Hydrocarbons None None Acenaphthylene

at Zone 6.

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 9-6

CTDEP CHEMICALS OF CONCERN
ZONE 7

NSB-NLON, GROTON, CONNECTICUT

Chemical of Concern(1)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grassy Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)anthracene There are no grassy areas None Benzo(b)fluoranthene Benzo(a)anthracene None Acenaphthylene

Benzo(a)pyrene at Zone 7. Benzo(a)pyrene Arsenic
Benzo(b)fluoranthene Benzo(b)fluoranthene Lead
Benzo(k)fluoranthene Benzo(k)fluoranthene Selenium

Dibenzo(a,h)anthracene Carbazole Zinc
Indeno(1,2,3-cd)pyrene Chrysene

Antimony Dibenzo(a,h)anthracene
Arsenic Indeno(1,2,3-cd)pyrene
Copper Arsenic
Lead Lead

Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons

1 - Any chemical detected at a concentration exceeding a residential or industrial CTDEP RSR direct contact screening level or pollutant mobility criteria for soil or a volatilization or protection of surface water
     RSR for groundwater.

Residential Vapor Intrusion Surface Water



TABLE 10-1

SUMMARY OF CHEMICALS RETAINED AS COCS FOR USEPA
NSB-NLON, GROTON, CONNECTICUT

Chemical(1) Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7
Surface/Subsurface Soil

Benzo(a)anthracene R R R
Benzo(a)pyrene R R R
Benzo(b)fluoranthene R R R
Benzo(k)fluoranthene R R
Dibenzo(a,h)anthracene R R R
Indeno(1,2,3-cd)pyrene R R R
Antimony I,R
Arsenic R R R
Lead I,R I,R I,R
Mercury R

Groundwater
No COCs were identified for groundwater.

1 - For mediums with ILCR > 1 x 10-4 a chemical of concern (COC) is any carcinogenic chemical with an ILCR greater than
    1 x 10-6 or a noncarcinogenic chemical contributing to target organ hazard indices (HI) greater than 1.0.
I - Indicates chemical was retained as a chemical of concern for industrial direct contact exposures.
R- Indicates chemical was retained as a COC for residential direct contact exposures.

   



TABLE 10-4

CTDEP RSRs FOR CHEMICALS OF CONCERN IN SOIL
NSB-NLON, GROTON, CONNECTICUT

CTDEP RSR(1)

Direct Exposure Pollutant
Chemical Criteria Mobility

Residential Industrial Criteria
(mg/kg) (mg/kg) (mg/kg)

Methylene Chloride 82 760 1
2-Methylnaphthalene 474 2,500 9.8
Benzo(a)anthracene 1 7.8 1
Benzo(a)pyrene 1 1 1
Benzo(b)fluoranthene 1 7.8 1
Benzo(k)fluoranthene 8.4 78 1
Carbazole 31 290 1
Chrysene 84 780 1
Dibenzo(a,h)anthracene 1 1 1
Indeno(1,2,3-cd)pyrene 1 7.8 1
Phenanthrene 1,000 2,500 40
Pyrene 1,000 2,500 40
Antimony 27 8,200 0.06(2)

Arsenic 10 10 0.1(2)

Copper 2,500 76,000 13(2)

Lead 400 1,000 0.15(2)

Mercury 20 610 0.02(2)

Total Petroleum Hydrocarbons 500 2500 2500

Notes:
1 - CTDEP Remediation Standard Regulations, 2007.
2 - Criteria for Toxicity Characteristic Leaching Procedure (TCLP) or
     Synthetic Precipitation Leaching Procedure (SPLP) results (mg/L).

Definitions:
RSR - Remedial Standard Regulations



B.2.3 - DETERMINATION OF PMC EXCEEDANCES 
 
 

• TABLE PMC-1, ZONE 1 SUBSURFACE SOIL SAMPLES 

• TABLE PMC-2, ZONE 2 SUBSURFACE SOIL SAMPLES 

• TABLE PMC-3, ZONE 3 SURFACE SOIL SAMPLES 

• TABLE PMC-3A, ZONE 3 SURFACE SAMPLES, DETERMINATION 
OF RESIDENTIAL EXCEEDANCES 

• TABLE PMC-4, ZONE 3 SUBSURFACE SOIL SAMPLES 

• TABLE PMC-4A, ZONE 3 SUBSURFACE SAMPLES, 
DETERMINATION OF RESIDENTIAL EXCEEDANCES 

• TABLE PMC-5, ZONE 4 SURFACE SOIL SAMPLES 

• TABLE PMC-6, ZONE 4 SUBSURFACE SOIL SAMPLES 

• TABLE PMC-6A, ZONE 4 SOIL SAMPLES, DETERMINATION OF 
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• TABLE PMC-11A, ZONE 7 SURFACE SOIL SAMPLES, 
DETERMINATION OF RESIDENTIAL PMC EXCEEDANCES 

• TABLE PMC-12, ZONE 7 SUBSURFACE SOIL SAMPLES 
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TABLE PMC-1
ZONE 1 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 3 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

13MW1 12 14.0 LEAD M 4.2 J mg/kg
13MW1 12 14 LEAD TCLPM 100 U μg/L
13MW18 9 11 LEAD M 2.6 mg/kg
13MW18 9 11 LEAD TCLPM 20 U μg/L
13MW19/13TB16 2 4 8.34 3.59 4.75 LEAD M 24.2 mg/kg
13MW19/13TB16 2 4 LEAD TCLPM 20 μg/L
13MW19/13TB16 8 10 8.34 3.59 4.75 LEAD M 87 mg/kg
13MW19/13TB16 8 10 LEAD TCLPM 380 μg/L
13MW2 10 12 LEAD M 22.8 J mg/kg
13MW2 10 12  LEAD TCLPM 150 μg/L
13MW20/13TB17 4 6  LEAD M 62.5 mg/kg
13MW20/13TB17 4 6 10.71 3.59 7.12 LEAD TCLPM 194 μg/L
13MW20/13TB17 6 8 10.71 3.59 7.12 LEAD M 3.4 mg/kg
13MW20/13TB17 6 8 10.71 3.59 7.12 LEAD TCLPM 20 U μg/L
13MW21/13TB15 3 5  LEAD M 112 mg/kg
13MW21/13TB15 3 5  LEAD TCLPM 20 U μg/L
13MW21/13TB15 7 9  LEAD M 6.4 mg/kg
13MW21/13TB15 7 9  LEAD TCLPM 20 U μg/L
13MW3 12 14  LEAD M 3 J mg/kg
13MW3 12 14  LEAD TCLPM 100 U μg/L
13MW4 6 8 10.29 3.59 6.7 LEAD M 383 J mg/kg
13MW4 6 8 10.29 3.59 6.7 LEAD TCLPM 1700 μg/L

Analyzed Result

13MW4 6 8 10.29 3.59 6.7 LEAD TCLPM 1700 μg/L
13MW5 10 12 11.72 3.59 8.13 LEAD M 17.6 J mg/kg
13MW5 10 12  LEAD TCLPM 100 U μg/L
13MW7 8 10  LEAD M 3.8 J mg/kg
13MW7 8 10  LEAD TCLPM 100 U μg/L
13MW8 8 10  LEAD M 15.3 J mg/kg
13MW8 8 10  LEAD TCLPM 200 μg/L
13MW9 6 8  LEAD M 23.3 J mg/kg
13MW9 6 8  LEAD TCLPM 100 U μg/L
13TB13 3 5 11.49 3.59 7.9 LEAD M 26.7 mg/kg
13TB13 3 5  LEAD TCLPM 51.2 μg/L
13TB13 9 11  LEAD M 3.6 mg/kg
13TB13 9 11  LEAD TCLPM 20 U μg/L



TABLE PMC-1
ZONE 1 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 3 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

Analyzed Result

TB1-1RI 1.5 3.5 8.04 3.59 4.45 LEAD M 34.3 mg/kg
TB1-1RI 1.5 3.5  LEAD SPLPM 7 U μg/L
TB2-1RI 2 3.5 8.21 3.59 4.62 LEAD M 98.8 mg/kg
TB2-1RI 2 3.5  LEAD SPLPM 5.3 U μg/L
TB6-1RI 2 4 13.36 3.59 9.77 LEAD M 58.5 mg/kg
13MW1 12 14 TPH PET 1200 mg/kg
13MW18 9 11 12.65 3.59 9.06 TPH PET 51600 J mg/kg
13MW19/13TB16 2 4 TPH PET 23.8 J mg/kg
13MW19/13TB16 8 10 TPH PET 610 J mg/kg
13MW2 10 12 13.23 3.59 9.64 TPH PET 14000 mg/kg
13MW20/13TB17 4 6  TPH PET 546 J mg/kg
13MW20/13TB17 6 8  TPH PET 45 J mg/kg
13MW21/13TB15 3 5  TPH PET 213 J mg/kg
13MW21/13TB15 7 9  TPH PET 788 J mg/kg
13MW3 12 14 13.15 3.59 9.56 TPH PET 11000 mg/kg
13MW4 6 8  TPH PET 450 mg/kg
13MW5 10 12 11.72 3.59 8.13 TPH PET 7000 mg/kg
13MW7 8 10  TPH PET 830 mg/kg
13MW8 8 10 7.8 3.59 4.21 TPH PET 4900 mg/kg
13MW9 6 8  TPH PET 70 U mg/kg
13TB13 3 5  TPH PET 263 J mg/kg
13TB13 9 11 TPH PET 686 J mg/kg13TB13 9 11  TPH PET 686 J mg/kg
GS-25L 6 6 7.6 3.59 4.01 TPH PET 6670 mg/kg
GS-26L 5.8 6.8  TPH PET 147 mg/kg
GS-28L 4 4  TPH PET 223 mg/kg
GS-29L 7 7 9 3.59 5.41 TPH PET 8470 mg/kg
GS-29L 7 7 9 3.59 5.41 TPH PET 11685 mg/kg
GS-29L 7 7 9 3.59 5.41 TPH PET 14900 mg/kg
GS-30L 7 8  TPH PET 27.3 mg/kg
GS-31L 7 8  TPH PET 240 mg/kg
GS-32L 11 12  TPH PET 26800 mg/kg
Tank Grave-N 7 7  TPH PET 10.9 U mg/kg
Tank Grave-S 7 7  TPH PET 23.5 mg/kg
TB1-1RI 1.5 3.5  TPH PET 78 J mg/kg



TABLE PMC-1
ZONE 1 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 3 OF 3 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

Analyzed Result

TB2-1RI 2 3.5  TPH PET 760 J mg/kg
TB6-1RI 2 4  TPH PET 2300 mg/kg
TB7-1RI 2 4  TPH PET 39 mg/kg
TB7-1RI 13 14  TPH PET 75 mg/kg
TB7-1RI 13 14  TPH PET 75 mg/kg
TB8-1RI 2 4  TPH PET 25 U mg/kg
TB8-1RI 10 11  TPH PET 3400 mg/kg
TB9-1RI 2 4 TPH PET 26 mg/kg

Lead Alt GB PMC for I/C Scenario = 0.23 mg/L

J - Estimated concentration mg/L - milligrams per liter PMC - Pollutant Mobility Criteria
M - Metals PET - Petroleum TPH - Total Petroleum Hydrocarbons
mg/kg - milligrams per kilogram TCLPM - Toxicity Characteristic Leaching Procedure, Metals U - Undetected

SPLPM - Synthetic Precipitate Leaching Procedure, Metals μg/L - micrograms per liter

All depths presented in feet below ground surface.
- More than half of sample below mean high water

Only for samples above mean high water:
 - Result ≤ PMC and I/C DEC criteria
- Result ≤ lead Alternative GB PMC for I/C Scenario (0 23 mg/L) where TPH < 7 500 mg/kg - Result ≤ lead Alternative GB PMC for I/C Scenario (0.23 mg/L) where TPH < 7,500 mg/kg

 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alternative GB PMC for I/C Scenario (0.23 mg/L) or  Mass Lead > 1090 mg/kg
 - TPH > 2,500 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)

All depths presented in feet below ground surface.

1982 Base Traverse system 



TABLE PMC-2
ZONE 2 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 2

Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

13MW10 6 8 8.73 3.59 5.14 LEAD M 7.6 J mg/kg
13MW10 6 8 8.73 3.59 5.14 LEAD, TCLP TCLPM 200 μg/L
13MW10 6 8 8.73 3.59 5.14 TPH PET 130 mg/kg
13MW11 2 4 8.23 3.59 4.64 LEAD M 178 J mg/kg
13MW11 2 4 8.23 3.59 4.64 LEAD, TCLP TCLPM 8600 μg/L
13MW11 2 4 8.23 3.59 4.64 TPH PET 150 mg/kg
13MW17 8 10 7.71 3.59 4.12 LEAD M 5.4 J mg/kg
13MW17 8 10 LEAD, TCLP TCLPM 300 U μg/L
13MW17 8 10 TPH PET 80 U mg/kg
13MW6 14 16 LEAD M 2 J mg/kg
13MW6 14 16 LEAD, TCLP TCLPM 300 U μg/L
13MW6 14 16 TPH PET 70 U mg/kg
13TB11 4 6 8.29 3.59 4.7 LEAD M 404 mg/kg
13TB11 4 6 8.29 3.59 4.7 LEAD, TCLP TCLPM 3430 μg/L
13TB11 4 6 TPH PET 169 J mg/kg
13TB8 1 3 12.56 3.59 8.97 LEAD M 149 mg/kg
13TB8 1 3 12.56 3.59 8.97 LEAD, TCLP TCLPM 110 μg/L
13TB8 1 3 TPH PET 856 J mg/kg
13TB9 1 3 14.02 3.59 10.43 LEAD M 150 mg/kg
13TB9 1 3 14 02 3 59 10 43 LEAD TCLP TCLPM 104 μg/L

Analyzed Result

13TB9 1 3 14.02 3.59 10.43 LEAD, TCLP TCLPM 104 μg/L
13TB9 1 3 TPH PET 26.8 J mg/kg
GS-14L 4 4 TPH PET 49.9 mg/kg
GS-15L 9 9 12 3.59 8.41 TPH PET 10.3 U mg/kg
GS-16L 11 11 13.6 3.59 10.01 TPH PET 11.3 U mg/kg
GS-17L 11 12 13.5 3.59 9.91 TPH PET 16.3 mg/kg
GS-18L 5 5 TPH PET 10.2 U mg/kg
GS-22L 7 8 8.5 3.59 4.91 TPH PET 8210 mg/kg
GS-24L 7 8 TPH PET 89.9 mg/kg
TB1-2RI 3 4 TPH PET 330 mg/kg
TB2-2RI 2 4 TPH PET 450 mg/kg
TB3-2RI 2 4 TPH PET 340 mg/kg
TB4-2RI 2 4 TPH PET 31 mg/kg
TB4-2RI 14 16 15.86 3.59 12.27 LEAD M 5.2 mg/kg



TABLE PMC-2
ZONE 2 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 2

Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

Analyzed Result

TB4-2RI 14 16 TPH PET 25 U mg/kg
TB5-2RI 2 4 TPH PET 25 U mg/kg
TB5-2RI 8 11 13.34 3.59 9.75 LEAD M 2.1 mg/kg
TB5-2RI 8 11 13.34 3.59 9.75 LEAD, SPLP SPLPM 1.3 U μg/L
TB5-2RI 8 11 13.34 3.59 9.75 TPH PET 62 mg/kg
TB6-2RI 2 4 TPH PET 59 mg/kg
TB6-2RI 8 11 12.67 3.59 9.08 LEAD M 14.6 mg/kg
TB6-2RI 8 11 LEAD, SPLP SPLPM 1.5 J μg/L
TB6-2RI 8 11 12.67 3.59 9.08 LEAD M 14 mg/kg
TB6-2RI 8 11 LEAD, SPLP SPLPM 1.3 U μg/L

Lead Alt GB PMC for I/C Scenario = 0.16 mg/L
J - Estimated concentration mg/kg - milligrams per kilogram PET - Petroleum
M - Metals mg/L - milligrams per liter TPH - Total Petroleum Hydrocarbons

TCLPM - Toxicity Characteristic Leaching Procedure, Metals U - Undetected
PMC - Pollutant Mobility Criteria μg/L - micrograms per liter

SPLPM - Synthetic Precipitate Leaching Procedure, Metals

- More than half of sample below mean high water

Only for samples above mean high water:
 - Result ≤ Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (160 ug/L) or  Mass Lead > 1090 mg/kg
 - TPH > 2,500 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)

All depths presented in feet below ground surface.



TABLE PMC-3
ZONE 3 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 2 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High Water (ft) Analyzed 
Parameter

Analyzed 
Fraction

2-EXNW09-06 2 2 greater than 2 LEAD M 72.7 mg/kg
2-EXNW78-09 0 0 greater than 2 LEAD M 233 mg/kg
2-EXSW78-09 0 0 greater than 2 LEAD M 97.9 mg/kg
2-EXWW-ALBACORE-06 2 2 greater than 2 LEAD M 4390 mg/kg
4-EXEW03-07 2 2 greater than 2 LEAD M 21.4 mg/kg
EXBE-BULLHEAD-07 2 2 greater than 2 LEAD M 285 mg/kg
EXEWBULLHEAD-08 1 1 greater than 2 LEAD M 134 mg/kg
EXNW03-07 2 2 greater than 2 LEAD M 24.3 mg/kg
EXSW01-07 2 2 greater than 2 LEAD M 184 mg/kg
EXSW03-07 2 2 greater than 2 LEAD M 264 mg/kg
EXSW-BULLHEAD-08 1 1 greater than 2 LEAD M 341 mg/kg
EXWW01-07 2 2 greater than 2 LEAD M 437 mg/kg
SB06 0 2 greater than 2 LEAD M 5.9 mg/kg
SB07 0 2 greater than 2 LEAD M 13.7 mg/kg
SB09 0 2 greater than 2 LEAD M 27.5 mg/kg
SB09 0 2 greater than 2 LEAD, TCLP TCLPM 29.3 μg/L
SB10 0 2 greater than 2 LEAD M 7.9 mg/kg
SB12 0 2 greater than 2 LEAD M 2.8 mg/kg
SB13 0 2 greater than 2 LEAD M 186 mg/kg
SB13 0 2 greater than 2 LEAD TCLP TCLPM 232 μg/L

Analyzed 
Result

SB13 0 2 greater than 2 LEAD, TCLP TCLPM 232 μg/L
SB13 0 2 greater than 2 LEAD M 463 mg/kg
SB14 0 2 greater than 2 LEAD M 3.1 mg/kg
SB15 0 2 greater than 2 LEAD M 69.2 mg/kg
SB15 0 2 greater than 2 LEAD, TCLP TCLPM 154 μg/L
SB19 0 2 greater than 2 LEAD M 9.7 mg/kg
SB20 0 2 greater than 2 LEAD M 229 mg/kg
SB20 0 2 greater than 2 LEAD, TCLP TCLPM 1020 μg/L
SB21 0 2 greater than 2 LEAD M 69.8 mg/kg
SB21 0 2 greater than 2 LEAD, TCLP TCLPM 93.2 μg/L
SB22 0 2 greater than 2 LEAD M 5.4 mg/kg
SB23 0 2 greater than 2 LEAD M 2.8 mg/kg
SB25 0 2 greater than 2 LEAD M 389 mg/kg



TABLE PMC-3
ZONE 3 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 2 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High Water (ft) Analyzed 
Parameter

Analyzed 
Fraction

Analyzed 
Result

SB25 0 2 greater than 2 LEAD, TCLP TCLPM 2890 μg/L
SB26 0 2 greater than 2 LEAD M 30.1 mg/kg
SB26 0 2 greater than 2 LEAD, TCLP TCLPM 125 μg/L
SB27 0 2 greater than 2 LEAD M 19.8 mg/kg
SB27 0 2 greater than 2 LEAD, TCLP TCLPM 196 μg/L
SB30 0 2 greater than 2 LEAD M 413 mg/kg
SB32 0 2 greater than 2 LEAD M 31.4 mg/kg
SB33 0 2 greater than 2 LEAD M 123 mg/kg

Lead Alt GB PMC for I/C Scenario = 0.38 mg/L
  
M - Metals PMC - Pollutant Mobility Criteria μg/L - micrograms per liter
mg/kg - milligrams per kilogram
mg/L - milligrams per liter

 
All depths presented in feet below ground surface.

- More than half of sample below mean high water
 - Covered with concrete floor and asphalt pavement (within former Building 31 footprint)

Only for samples above mean high water and outside of former Building 31 footprint:

TCLPM - Toxicity Characteristic Leaching Procedure, Metals

Only for samples above mean high water and outside of former Building 31 footprint:
 - Result ≤ Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (380 ug/L) or  Mass Lead > 1090 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)



TABLE PMC-3A
ZONE 3 SURFACE SOIL SAMPLES - DETERMINATION OF RESIDENTIAL PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 2 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High Water 
(ft)

Analyzed 
Parameter

Analyzed 
Fraction

2-EXNW09-06 2 2 greater than 2 LEAD M 72.7 mg/kg
2-EXNW78-09 0 0 greater than 2 LEAD M 233 mg/kg
2-EXSW78-09 0 0 greater than 2 LEAD M 97.9 mg/kg
2-EXWW-ALBACORE-06 2 2 greater than 2 LEAD M 4390 mg/kg
4-EXEW03-07 2 2 greater than 2 LEAD M 21.4 mg/kg
EXBE-BULLHEAD-07 2 2 greater than 2 LEAD M 285 mg/kg
EXEWBULLHEAD-08 1 1 greater than 2 LEAD M 134 mg/kg
EXNW03-07 2 2 greater than 2 LEAD M 24.3 mg/kg
EXSW01-07 2 2 greater than 2 LEAD M 184 mg/kg
EXSW03-07 2 2 greater than 2 LEAD M 264 mg/kg
EXSW-BULLHEAD-08 1 1 greater than 2 LEAD M 341 mg/kg
EXWW01-07 2 2 greater than 2 LEAD M 437 mg/kg
SB06 0 2 greater than 2 LEAD M 5.9 mg/kg
SB07 0 2 greater than 2 LEAD M 13.7 mg/kg
SB09 0 2 greater than 2 LEAD M 27.5 mg/kg
SB09 0 2 greater than 2 LEAD, TCLP TCLPM 29.3 μg/L
SB10 0 2 greater than 2 LEAD M 7.9 mg/kg
SB12 0 2 greater than 2 LEAD M 2.8 mg/kg
SB13 0 2 greater than 2 LEAD M 186 mg/kg
SB13 0 2 greater than 2 LEAD, TCLP TCLPM 232 μg/L
SB13 0 2 greater than 2 LEAD M 463 mg/kg
SB14 0 2 greater than 2 LEAD M 3.1 mg/kg
SB15 0 2 greater than 2 LEAD M 69.2 mg/kg
SB15 0 2 greater than 2 LEAD, TCLP TCLPM 154 μg/L
SB19 0 2 greater than 2 LEAD M 9.7 mg/kg

Analyzed 
Result

SB20 0 2 greater than 2 LEAD M 229 mg/kg
SB20 0 2 greater than 2 LEAD, TCLP TCLPM 1020 μg/L
SB21 0 2 greater than 2 LEAD M 69.8 mg/kg
SB21 0 2 greater than 2 LEAD, TCLP TCLPM 93.2 μg/L
SB22 0 2 greater than 2 LEAD M 5.4 mg/kg
SB23 0 2 greater than 2 LEAD M 2.8 mg/kg
SB25 0 2 greater than 2 LEAD M 389 mg/kg
SB25 0 2 greater than 2 LEAD, TCLP TCLPM 2890 μg/L
SB26 0 2 greater than 2 LEAD M 30.1 mg/kg
SB26 0 2 greater than 2 LEAD, TCLP TCLPM 125 μg/L
SB27 0 2 greater than 2 LEAD M 19.8 mg/kg
SB27 0 2 greater than 2 LEAD, TCLP TCLPM 196 μg/L
SB30 0 2 greater than 2 LEAD M 413 mg/kg
SB32 0 2 greater than 2 LEAD M 31.4 mg/kg
SB33 0 2 greater than 2 LEAD M 123 mg/kg
SB01 0 2 LEAD M 1490 mg/kg



TABLE PMC-3A
ZONE 3 SURFACE SOIL SAMPLES - DETERMINATION OF RESIDENTIAL PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 2 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High Water 
(ft)

Analyzed 
Parameter

Analyzed 
Fraction

Analyzed 
Result

SB02 0 2 LEAD M 3390 mg/kg
SB02 0 2 LEAD, TCLP TCLPM 22800 ug/L
SB02 0 2 LEAD M 5860 mg/kg
SB03 0 2 LEAD M 4790 mg/kg
SB04 0 2 LEAD M 492 mg/kg
SB04 0 2 LEAD M 591 mg/kg
SB05 0 2 LEAD M 11900 mg/kg
SB05 0 2 LEAD, TCLP TCLPM 27500 ug/L
SB08 0 2 LEAD M 962 mg/kg
SB08 0 2 LEAD, TCLP TCLPM 5810 ug/L
SB11 0 2 LEAD M 9.7 mg/kg
SB16 0 2 LEAD M 1060 mg/kg
SB16 0 2 LEAD, TCLP TCLPM 9130 ug/L
SB17 0 2 LEAD M 25 mg/kg
SB18 0 2 LEAD M 39.1 mg/kg
SB24 0 2 LEAD M 16900 mg/kg
SB24 0 2 LEAD, TCLP TCLPM 4870 ug/L
CELL_NO_3 2 2 LEAD M 4480 mg/kg
CELL_NO_3 2 2 LEAD M 1950 mg/kg
CELL_NO_3 2 2 LEAD M 1630 mg/kg

Lead RSR GB PMC = 0.15 mg/L
  
M - Metals PMC - Pollutant Mobility Criteria μg/L - micrograms per liter
mg/kg - milligrams per kilogram TCLPM - Toxicity Characteristic Leaching Procedure, Metalsg g g g
mg/L - milligrams per liter

 
All depths presented in feet below ground surface.

- More than half of sample below mean high water
 - Cement-Stabilized Soil (leachate reduced)

Only for samples above the water table and outside of former Building 31 footprint:
 - Result ≤ Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (150 ug/L) or  Mass Lead > 400 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)

y g



TABLE PMC-4
ZONE 3 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 4 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (feet)

Analyzed 
Parameter

Analyzed 
Fraction

13MW12 8 10 LEAD M 2.6 J mg/kg
13MW12 8 10 LEAD, TCLP TCLPM 100 U μg/L
13MW12 8 10 9.55 3.59 6.0 TPH PET 3400 J mg/kg
13TB12 2 4 7.68 3.59 4.1 LEAD M 567 J mg/kg
13TB12 4 6 7.68 3.59 4.1 LEAD M 282 J mg/kg
13TB12 6 8 7.68 3.59 4.1 LEAD M 107 J mg/kg
13TB12 4 6 7.68 3.59 4.1 LEAD, TCLP TCLPM 651 J μg/L
13TB12 4 6 7.68 3.59 4.1 TPH PET 138 mg/kg
13TB18 1 3 7.84 3.59 4.3 LEAD M 1320 J mg/kg
13TB18 1 3 7.84 3.59 4.3 LEAD, TCLP TCLPM 50 U μg/L
13TB18 1 3 TPH PET 450 J mg/kg
13TB5A 1.5 3.5 LEAD M 151 J mg/kg
13TB5A 1.5 3.5 LEAD M 113 J mg/kg
13TB5A 1.5 3.5 LEAD, TCLP TCLPM 429 J μg/L
13TB5A 1.5 3.5 TPH PET 552 mg/kg
13TB7 1 3 8.81 3.59 5.2 LEAD M 36.8 J mg/kg
13TB7 1 3 LEAD, TCLP TCLPM 266 J μg/L
13TB7 1 3 TPH PET 65.2 mg/kg
EXBE-ALBACORE-03 6 6 8 3.59 4.4 LEAD M 3330 mg/kg
EXNW-ALBACORE-06 3 3 8 3.59 4.4 LEAD M 724 mg/kg
EXSW-ALBACORE-06 3 3 8 3.59 4.4 LEAD M 4173 mg/kg

Analyzed Result

g g
EXWW-ALBACORE-06 3 3 8 3.59 4.4 LEAD M 1880 mg/kg
GS-12L 8 8 TPH PET 11.1 U mg/kg
GS-13L 7 7 TPH PET 20.7 mg/kg
GS-13L 7 7 TPH PET 18.6 mg/kg
MW1-3RI 2 4 8.08 3.59 4.5 LEAD M 1390 mg/kg
MW1-3RI 2 4 8.08 3.59 4.5 TPH PET 930 J mg/kg
MW1-3RI 2 4 8.08 3.59 4.5 LEAD, SPLP SPLPM 478 J μg/L
MW1-3RI 5 6 8.08 3.59 4.5 LEAD M 207 mg/kg
MW2-3RI 2 3.5 LEAD M 512 mg/kg
MW2-3RI 2 3.5 8.27 3.59 4.7 LEAD M 513 mg/kg
MW2-3RI 2 3.5 LEAD, SPLP SPLPM 120 J μg/L
MW2-3RI 2 3.5 LEAD, SPLP SPLPM 40.2 J μg/L
MW2-3RI 2 3.5 TPH PET 1600 J mg/kg
MW2-3RI 2 3.5 TPH PET 1000 J mg/kg
MW2-3RI 5 6 8.27 3.59 4.7 LEAD M 207 mg/kg



TABLE PMC-4
ZONE 3 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 4 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (feet)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

MW2-3RI 5 6 LEAD, SPLP SPLPM 45.8 J μg/L
TB4-3RI 2 3 TPH PET 610 mg/kg
TB5-3RI 2 3.5 11.25 3.59 7.7 LEAD M 11.9 J mg/kg
TB5-3RI 5 5.5 11.25 3.59 7.7 LEAD M 64.4 J mg/kg
2-EXBE78-06 3 3 9 3.59 5.4 LEAD M 330 mg/kg
2-EXWW06-06 6 6 9 3.59 5.4 LEAD M 429 mg/kg
2-EXWW09-06 3 3  LEAD M 8.4 mg/kg
3-EXSW09-06 3 3 9 3.59 5.4 LEAD M 351 mg/kg
CELL NO 7 4 4 9 3.59 5.4 LEAD M 27.6 mg/kg
EXBE01-04 5 5 9 3.59 5.4 LEAD M 49.6 mg/kg
EXBE02-04 5 5 9 3.59 5.4 LEAD M 322 mg/kg
EXBE03-04 5 5 9 3.59 5.4 LEAD M 134 mg/kg
EXBE06-07 7 7 9 3.59 5.4 LEAD M 162 mg/kg
EXBE07-03 6 6 9 3.59 5.4 LEAD M 15.2 mg/kg
EXEW02-06 3 3 9 3.59 5.4 LEAD M 92.4 mg/kg
EXEW07-05 4 4 9 3.59 5.4 LEAD M 33.3 mg/kg
EXNW02-06 3 3 9 3.59 5.4 LEAD M 19.9 mg/kg
EXNW04-06 3 3 9 3.59 5.4 LEAD M 67.4 mg/kg
EXNW07-05 4 4  LEAD M 4.3 mg/kg
EXSW02-06 3 3 9 3.59 5.4 LEAD M 364 mg/kg
EXSW04-06 3 3 9 3.59 5.4 LEAD M 10.9 mg/kgEXSW04 06 3 3 9 3.59 5.4 LEAD M 10.9 mg/kg
EXSW07-04 5 5 9 3.59 5.4 LEAD M 213 mg/kg
EXSW08-07 7 7 9 3.59 5.4 LEAD M 234 mg/kg
EXWW02-06 3 3  LEAD M 7.4 mg/kg
EXWW06-07 7 7 9 3.59 5.4 LEAD M 142 mg/kg
EXWW07-05 4 4  LEAD M 2.6 mg/kg
EXWW08-07 7 7 9 3.59 5.4 LEAD M 14.4 mg/kg
SB06 2 4 LEAD M 19.3 U mg/kg
SB06 2 4 LEAD M 4.8 U mg/kg
SB06 4 6 9 3.59 5.4 LEAD M 134 mg/kg
SB06 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 1700 μg/L
SB07 2 4 LEAD M 3.1 mg/kg
SB07 4 6 9 3.59 5.4 LEAD M 39.5 mg/kg
SB07 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 54.6 μg/L
SB08 4 6 9 3.59 5.4 LEAD M 30 mg/kg
SB09 2 4 9 3.59 5.4 LEAD M 9.8 mg/kg
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (feet)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

SB09 4 6 9 3.59 5.4 LEAD M 14.6 mg/kg
SB10 2 4 9 3.59 5.4 LEAD M 13.7 mg/kg
SB10 2 4 LEAD, TCLP TCLPM 26 U μg/L
SB10 4 6 LEAD M 9.1 mg/kg
SB10 4 6 LEAD M 8.76 mg/kg
SB12 2 4 LEAD M 2.9 mg/kg
SB12 4 6 LEAD M 8.8 mg/kg
SB12 4 6 LEAD, TCLP TCLPM 69.8 μg/L
SB13 2 4 9 3.59 5.4 LEAD M 32.6 mg/kg
SB13 4 6 9 3.59 5.4 LEAD M 42.9 mg/kg
SB14 2 4 LEAD M 6.3 mg/kg
SB14 2 4 LEAD, TCLP TCLPM 26 U μg/L
SB14 4 6 LEAD M 5.1 mg/kg
SB15 2 4 9 3.59 5.4 LEAD M 44.5 mg/kg
SB15 4 6 9 3.59 5.4 LEAD M 40 mg/kg
SB16 4 6 9 3.59 5.4 LEAD M 339 mg/kg
SB17 4 6 9 3.59 5.4 LEAD M 302 mg/kg
SB17 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 5880 μg/L
SB19 2 4 9 3.59 5.4 LEAD M 15.7 mg/kg
SB19 4 6 9 3.59 5.4 LEAD M 144 mg/kg
SB19 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 815 μg/L, μg
SB20 2 4 9 3.59 5.4 LEAD M 26.4 mg/kg
SB20 2 4 9 3.59 5.4 LEAD M 25.8 mg/kg
SB20 4 6 9 3.59 5.4 LEAD M 49.8 mg/kg
SB21 2 4 LEAD M 9.3 mg/kg
SB21 4 6 LEAD M 6.8 mg/kg
SB22 2 4 LEAD M 8.1 mg/kg
SB22 4 6 9 3.59 5.4 LEAD M 32.6 mg/kg
SB22 4 6 LEAD, TCLP TCLPM 70.9 μg/L
SB23 2 4 LEAD M 6.7 mg/kg
SB23 4 6 LEAD M 7.7 mg/kg
SB23 4 6 LEAD, TCLP TCLPM 26 U μg/L
SB24 4 6 LEAD M 4.9 mg/kg
SB25 2 4 9 3.59 5.4 LEAD M 26.8 mg/kg
SB25 2 4 9 3.59 5.4 LEAD M 351 mg/kg
SB25 4 6 LEAD M 7 mg/kg
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (feet)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

SB26 2 4 LEAD M 3 mg/kg
SB26 4 6 9 3.59 5.4 LEAD M 25.4 mg/kg
SB27 2 4 LEAD M 4 mg/kg
SB27 4 6 LEAD M 3.5 mg/kg
SB29 2 4 9 3.59 5.4 LEAD M 238 mg/kg
SB29 4 6 9 3.59 5.4 LEAD M 127 mg/kg
SB30 2 4 9 3.59 5.4 LEAD M 163 mg/kg
SB30 4 6 9 3.59 5.4 LEAD M 57.2 mg/kg

Lead Alt GB PMC for I/C Scenario = 0.38 mg/L

J - Estimated concentration mg/kg - milligrams per kilogram TCLPM - Toxicity Characteristic Leaching Procedure, Metals
M - Metals mg/L - milligrams per liter TPH - Total Petroleum Hydrocarbons

PET - Petroleum U - Undetected
PMC - Pollutant Mobility Criteria μg/L - micrograms per liter
SPLPM - Synthetic Precipitate Leaching Procedure, Metals

- More than half of sample below mean high water
 - Covered with concrete floor and asphalt pavemen   

Only for samples above the water table and outside of former Building 31 footprint:
 - Result ≤ Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (380 ug/L) or  Mass Lead > 1090 mg/kg
 - TPH > 2,500 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L) 

All depths presented in feet below ground surface.
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

13MW12 8 10 LEAD M 2.6 J mg/kg
13MW12 8 10 9.55 3.59 6.0 LEAD, TCLP TCLPM 100 U μg/L
13MW12 8 10 TPH PET 3400 J mg/kg
13TB12 2 4 LEAD M 567 J mg/kg
13TB12 4 6 LEAD M 282 J mg/kg
13TB12 4 6 7.68 3.59 4.1 LEAD, TCLP TCLPM 651 J μg/L
13TB12 4 6 TPH PET 138 mg/kg
13TB12 6 8 LEAD M 107 J mg/kg
13TB18 1 3 LEAD M 1320 J mg/kg
13TB18 1 3 7.84 3.59 4.3 LEAD, TCLP TCLPM 50 U μg/L
13TB18 1 3 TPH PET 450 J mg/kg
13TB5A 1.5 3.5 LEAD M 151 J mg/kg
13TB5A 1.5 3.5 LEAD M 113 J mg/kg
13TB5A 1.5 3.5 8.09 3.59 4.5 LEAD, TCLP TCLPM 429 J μg/L
13TB5A 1.5 3.5 TPH PET 552 mg/kg
13TB7 1 3 LEAD M 36.8 J mg/kg
13TB7 1 3 8.81 3.59 5.2 LEAD, TCLP TCLPM 266 J μg/L
13TB7 1 3 TPH PET 65.2 mg/kg
EXBE-ALBACORE-03 6 6 LEAD M 3330 mg/kg
EXNW-ALBACORE-06 3 3 LEAD M 724 mg/kg
EXSW-ALBACORE-06 3 3 LEAD M 4173 mg/kg
EXWW ALBACORE 06 3 3 LEAD M 1880 /k

Analyzed Result

EXWW-ALBACORE-06 3 3 LEAD M 1880 mg/kg
GS-12L 8 8 TPH PET 11.1 U mg/kg
GS-13L 7 7 TPH PET 20.7 mg/kg
GS-13L 7 7 TPH PET 18.6 mg/kg
MW1-3RI 2 4 LEAD M 1390 mg/kg
MW1-3RI 2 4 TPH PET 930 J mg/kg
MW1-3RI 2 4 8.08 3.59 4.5 LEAD, SPLP SPLPM 478 J μg/L
MW1-3RI 5 6 LEAD M 207 mg/kg
MW2-3RI 2 3.5 LEAD M 512 mg/kg
MW2-3RI 2 3.5 LEAD M 513 mg/kg
MW2-3RI 2 3.5 8.27 3.59 4.7 LEAD, SPLP SPLPM 120 J μg/L
MW2-3RI 2 3.5 8.27 3.59 4.7 LEAD, SPLP SPLPM 40.2 J μg/L
MW2-3RI 2 3.5 TPH PET 1600 J mg/kg
MW2-3RI 2 3.5 TPH PET 1000 J mg/kg
MW2-3RI 5 6 LEAD M 207 mg/kg
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

MW2-3RI 5 6 8.27 3.59 4.7 LEAD, SPLP SPLPM 45.8 J μg/L
TB4-3RI 2 3 TPH PET 610 mg/kg
TB5-3RI 2 3.5 LEAD M 11.9 J mg/kg
TB5-3RI 5 5.5 LEAD M 64.4 J mg/kg
BLDG_31 / 78_N 3 3 LEAD M 413 mg/kg
2-EXBE78-06 3 3 LEAD M 330 mg/kg
2-EXWW06-06 6 6 LEAD M 429 mg/kg
2-EXWW09-06 3 3 LEAD M 8.4 mg/kg
3-EXSW09-06 3 3 LEAD M 351 mg/kg
CELL NO 7 4 4 LEAD M 27.6 mg/kg
EXEW02-06 3 3 LEAD M 92.4 mg/kg
EXEW07-05 4 4 LEAD M 33.3 mg/kg
EXNW02-06 3 3 LEAD M 19.9 mg/kg
EXNW04-06 3 3 LEAD M 67.4 mg/kg
EXNW07-05 4 4 LEAD M 4.3 mg/kg
EXSW02-06 3 3 LEAD M 364 mg/kg
EXSW04-06 3 3 LEAD M 10.9 mg/kg
EXSW07-04 5 5 LEAD M 213 mg/kg
EXSW08-07 7 7 LEAD M 234 mg/kg
EXWW02-06 3 3 LEAD M 7.4 mg/kg
EXWW06-07 7 7 LEAD M 142 mg/kg
EXWW07 05 4 4 LEAD M 2 6 /kEXWW07-05 4 4 LEAD M 2.6 mg/kg
EXWW08-07 7 7 LEAD M 14.4 mg/kg
SB06 2 4 LEAD M 19.3 U mg/kg
SB06 2 4 LEAD M 4.8 U mg/kg
SB06 4 6 LEAD M 134 mg/kg
SB06 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 1700 μg/L
SB07 2 4 LEAD M 3.1 mg/kg
SB07 4 6 LEAD M 39.5 mg/kg
SB07 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 54.6 μg/L
SB08 4 6 LEAD M 30 mg/kg
SB09 2 4 LEAD M 9.8 mg/kg
SB09 4 6 LEAD M 14.6 mg/kg
SB10 2 4 LEAD M 13.7 mg/kg
SB10 2 4 9 3.59 5.4 LEAD, TCLP TCLPM 26 U μg/L
SB10 4 6 LEAD M 9.1 mg/kg
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

SB10 4 6 LEAD M 8.76 mg/kg
SB12 2 4 LEAD M 2.9 mg/kg
SB12 4 6 LEAD M 8.8 mg/kg
SB12 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 69.8 μg/L
SB13 2 4 LEAD M 32.6 mg/kg
SB13 4 6 LEAD M 42.9 mg/kg
SB14 2 4 LEAD M 6.3 mg/kg
SB14 2 4 LEAD, TCLP TCLPM 26 U μg/L
SB14 4 6 LEAD M 5.1 mg/kg
SB15 2 4 LEAD M 44.5 mg/kg
SB15 4 6 LEAD M 40 mg/kg
SB19 2 4 LEAD M 15.7 mg/kg
SB19 4 6 LEAD M 144 mg/kg
SB19 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 815 μg/L
SB20 2 4 LEAD M 26.4 mg/kg
SB20 2 4 LEAD M 25.8 mg/kg
SB20 4 6 LEAD M 49.8 mg/kg
SB21 2 4 LEAD M 9.3 mg/kg
SB21 4 6 LEAD M 6.8 mg/kg
SB22 2 4 LEAD M 8.1 mg/kg
SB22 4 6 LEAD M 32.6 mg/kg
SB22 4 6 9 3 59 5 4 LEAD TCLP TCLPM 70 9 /LSB22 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 70.9 μg/L
SB23 2 4 LEAD M 6.7 mg/kg
SB23 4 6 LEAD M 7.7 mg/kg
SB23 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 26 U μg/L
SB24 4 6 LEAD M 4.9 mg/kg
SB25 2 4 LEAD M 26.8 mg/kg
SB25 2 4 LEAD M 351 mg/kg
SB25 4 6 LEAD M 7 mg/kg
SB26 2 4 LEAD M 3 mg/kg
SB26 4 6 LEAD M 25.4 mg/kg
SB27 2 4 LEAD M 4 mg/kg
SB27 4 6 LEAD M 3.5 mg/kg
SB29 2 4 LEAD M 238 mg/kg
SB29 4 6 LEAD M 127 mg/kg
SB30 2 4 LEAD M 163 mg/kg
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

SB30 4 6 LEAD M 57.2 mg/kg
EXBE01-04 5 5 LEAD M 49.6 mg/kg
EXBE02-04 5 5 LEAD M 322 mg/kg
EXBE03-04 5 5 LEAD M 134 mg/kg
EXBE06-07 7 7 LEAD M 162 mg/kg
EXBE07-03 6 6 LEAD M 15.2 mg/kg
SB01 2 4 LEAD M 4330 J mg/kg
SB01 2 4 LEAD, TCLP TCLPM 10500 ug/L
SB01 2 4 LEAD M 1590 J mg/kg
SB02 2 4 LEAD M 3160 mg/kg
SB02 2 4 LEAD M 2720 mg/kg
SB03 2 4 LEAD M 5370 J mg/kg
SB03 2 4 LEAD, TCLP TCLPM 12600 ug/L
SB04 2 4 LEAD M 177 J mg/kg
SB08 2 4 LEAD M 8.6 mg/kg
SB11 2 4 LEAD M 8.4 mg/kg
SB16 2 4 LEAD M 713 mg/kg
SB17 2 4 LEAD M 77.3 mg/kg
SB18 2 4 LEAD M 53.9 mg/kg
SB24 2 4 LEAD M 4550 mg/kg
CELL_NO_1 3 3 LEAD M 1980 mg/kg
CELL NO 6N 5 5 LEAD M 1210 /kCELL_NO_6N 5 5 LEAD M 1210 mg/kg
CELL_NO_9 3 3 LEAD M 1940 mg/kg
CELL_NO_9 3 3 LEAD M 7420 mg/kg
CELL_NO_9 3 3 LEAD M 1690 mg/kg
CELL_NO_9 3 3 LEAD M 1990 mg/kg
CELL_NO_9 3 3 LEAD M 167 mg/kg
SB01 4 6 LEAD M 1180 J mg/kg
SB02 4 6 LEAD M 383 J mg/kg
SB03 4 6 LEAD M 106 J mg/kg
SB04 4 6 LEAD M 301 J mg/kg
SB05 4 ? LEAD M 2990  mg/kg
SB11 4 6 LEAD M 799 mg/kg
SB11 4 6 LEAD, TCLP TCLPM 6000 ug/L
SB16 4 6 LEAD M 339 mg/kg
SB17 4 6 LEAD M 302 mg/kg
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Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction Analyzed Result

SB17 4 6 LEAD, TCLP TCLPM 5880 ug/L
SB18 4 6 LEAD M 9470 J mg/kg
SB18 4 6 LEAD, TCLP TCLPM 13600 ug/L
SB18 4 6 LEAD M 689 mg/kg
SB24 4 6 LEAD M 4.9 mg/kg
SB05 6 6 LEAD M 670 mg/kg

Lead RSR GB PMC = 0.15 mg/L

J - Estimated concentration mg/kg - milligrams per kilogram TCLPM - Toxicity Characteristic Leaching Procedure, Metals
M - Metals mg/L - milligrams per liter TPH - Total Petroleum Hydrocarbons

PET - Petroleum U - Undetected
PMC - Pollutant Mobility Criteria μg/L - micrograms per liter
SPLPM - Synthetic Precipitate Leaching Procedure, Metals

 

 - More than half of PMC sample below mean high water  
 - Cement-Stabilized Soil (leachate reduced)
 - Soil beneath Cement-Stabilized Soil

O l f PMC l b th hi h t DEC l b 15 f t b d ll l t id f f B ildi 31 f t i tOnly for PMC samples above the mean high water, DEC samples above 15 feet bgs, and all samples outside of former Building 31 footprint:
 - Result ≤ Residential Alt PMC and DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Exceeds Residential Criteria (Leachate Lead > Alt PMC (150 ug/L),  Mass Lead > 400 mg/kg or TPH > 500 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L) 

All depths presented in feet below ground surface.



TABLE PMC-5
ZONE 4 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT

Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean 
High Water (feet)

Analyzed 
Parameter

Analyzed 
Fraction

13TB4A 0 2 greater than 2 LEAD M 280 J mg/kg
13TB4A 0 2 greater than 2 LEAD TCLPM 909 J μg/L
13TB4A 0 2 greater than 2 TPH PET 3440 mg/kg
13TB4A 0 2 greater than 2 TPH PET 3440 mg/kg
MW1-4RI 0.5 2 greater than 2 LEAD M 444 mg/kg
MW1-4RI 0.5 2 greater than 2 LEAD SPLPM 76.6 μg/L
MW1-4RI 0.5 2 greater than 2 TPH PET 500 J mg/kg
WE4A 0 2 greater than 2 LEAD M 10600 J mg/kg
WE4A 0 2 greater than 2 LEAD TCLPM 143000 J μg/L
WE4A 0 2 greater than 2 LEAD TCLPM 143000 J μg/L
WE4A 0 2 greater than 2 TPH PET 925 mg/kg

Lead Alt GB PMC for I/C Scenario = 0.19 mg/L
J - Estimated concentration PMC - Pollutant Mobility Criteria
M - Metals TCLPM - Toxicity Characteristic Leaching Procedure, Metals
mg/kg - milligrams per kilogram SPLPM - Synthetic Precipitate Leaching Procedure, Metals
mg/L - milligrams per liter TPH - Total Petroleum Hydrocarbons
PET - Petroleum μg/L - micrograms per liter

All depths presented in feet below ground surface.

Analyzed Result

p p g

- More than half of sample below mean high water

For samples above the water table:
 - Results ≤ Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (190 ug/L) or  Mass Lead > 1090 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)
 - TPH > 2,500 mg/kg
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Sample 
Location

Top of Sample 
Depth

Bottom of 
Sample Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

13MW13 8.00 10 8.94 3.59 5.35 LEAD M 50.2 J mg/kg
13MW13 8.00 10 8.94 3.59 5.35 TPH PET 310 mg/kg
13MW13 8.00 10 8.94 3.59 5.35 LEAD M 25.2 J mg/kg
13MW13 8.00 10 8.94 3.59 5.35 TPH PET 440 mg/kg
13MW13 8.00 10 8.94 3.59 5.35 LEAD, TCLP TCLPM 300 UJ μg/L
13MW13 8.00 10 8.94 3.59 5.35 LEAD, TCLP TCLPM 430 J μg/L
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC M 1.9 mg/kg
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC, TCLP TCLPM 300 U μg/L
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC M 2.2 mg/kg
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC, TCLP TCLPM 300 U μg/L
13MW14 12.00 14 8.48 3.59 4.89 LEAD M 68.7 mg/kg
13MW14 12.00 14 8.48 3.59 4.89 TPH PET 110 mg/kg
13MW14 12.00 14 8.48 3.59 4.89 LEAD M 76.2 mg/kg
13MW14 12.00 14 8.48 3.59 4.89 TPH PET 80 mg/kg
13MW14 12.00 14 8.48 3.59 4.89 LEAD, TCLP TCLPM 560 J μg/L
13MW14 12.00 14 8.48 3.59 4.89 LEAD, TCLP TCLPM 920 J μg/L
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC M 0.71 U mg/kg
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC, TCLP TCLPM 300 UJ μg/L
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC M 0.72 U mg/kg
13MW14 12 00 14 8 48 3 59 4 89 ARSENIC TCLP TCLPM 320 J μg/L

Analyzed Result

13MW14 12.00 14 8.48 3.59 4.89 ARSENIC, TCLP TCLPM 320 J μg/L
13MW15 12.00 14 7.7 3.59 4.11 LEAD M 34.4 mg/kg
13MW15 12.00 14 7.7 3.59 4.11 TPH PET 170 mg/kg
13MW15 12.00 14 7.7 3.59 4.11 LEAD, TCLP TCLPM 300 U μg/L
13MW15 12.00 14 7.7 3.59 4.11 ARSENIC M 0.77 mg/kg
13MW15 12.00 14 7.7 3.59 4.11 ARSENIC, TCLP TCLPM 300 U μg/L
13MW16 10.00 12 7.64 3.59 4.05 LEAD M 41.3 mg/kg
13MW16 10.00 12 7.64 3.59 4.05 TPH PET 960 mg/kg
13MW16 10.00 12 7.64 3.59 4.05 LEAD, TCLP TCLPM 7400 μg/L
13MW16 10.00 12 7.64 3.59 4.05 ARSENIC M 4 mg/kg
13MW16 10.00 12 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 360 μg/L
13TB2A 4.00 6 7.75 3.59 4.16 LEAD M 1880 J mg/kg
13TB2A 4.00 6 7.75 3.59 4.16 LEAD M 2080 J mg/kg
13TB2A 4.00 6 7.75 3.59 4.16 LEAD, TCLP TCLPM 14 UJ μg/L
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Sample 
Location

Top of Sample 
Depth

Bottom of 
Sample Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft) Analyzed 

Parameter
Analyzed 
Fraction

13TB2A 4.00 6 7.75 3.59 4.16 TPH PET 383 mg/kg
13TB2A 4.00 6 7.75 3.59 4.16 ARSENIC, TCLP TCLPM 26 U μg/L
13TB2A 6.00 8 7.75 3.59 4.16 TPH PET 11800 mg/kg
13TB3A 2.50 4.5 7.64 3.59 4.05 LEAD M 8240 J mg/kg
13TB3A 2.50 4.5 7.64 3.59 4.05 LEAD, TCLP TCLPM 150000 J μg/L
13TB3A 2.50 4.5 7.64 3.59 4.05 LEAD M 4770 J mg/kg
13TB3A 2.50 4.5 7.64 3.59 4.05 LEAD, TCLP TCLPM 109000 J μg/L
13TB3A 2.50 4.5 7.64 3.59 4.05 TPH PET 321 J mg/kg
13TB3A 2.50 4.5 7.64 3.59 4.05 TPH PET 69.2 J mg/kg
13TB3A 2.50 4.5 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 37.5 J μg/L
13TB3A 2.50 4.5 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 35.4 J μg/L
13TB3A 6.00 8 7.64 3.59 4.05 LEAD, TCLP TCLPM 21300 μg/L
13TB3A 6.00 8 7.64 3.59 4.05 LEAD M 1990 J mg/kg
13TB3A 6.00 8 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 26 U μg/L
13TB4A 0.00 2 ARSENIC, TCLP TCLPM 26 U μg/L
13TB6 5.00 7 7.75 3.59 4.16 LEAD M 98.9 J mg/kg
13TB6 5.00 7 7.75 3.59 4.16 TPH PET 970 mg/kg
13TB6 5.00 7 7.75 3.59 4.16 LEAD, TCLP TCLPM 57.8 U μg/L
13TB6 5.00 7 7.75 3.59 4.16 ARSENIC, TCLP TCLPM 26 U μg/L
GS-10L 3 00 3 10 3 59 6 41 TPH PET 31 8 mg/kg

Analyzed Result

GS-10L 3.00 3 10 3.59 6.41 TPH PET 31.8 mg/kg
GS-11L 7.00 7 10.23 3.59 6.64 TPH PET 15.3 mg/kg
GS-6L 7.00 8 9.35 3.59 5.76 TPH PET 41.3 mg/kg
GS-7L 8.00 8 13.86 3.59 10.27 TPH PET 10.4 U mg/kg
GS-8L 7.00 7 12.88 3.59 9.29 TPH PET 13.1 U mg/kg
GS-9L 8.00 8 10.5 3.59 6.91 TPH PET 3720 mg/kg
GS-9L 8.00 8 10.5 3.59 6.91 TPH PET 9360 mg/kg
MW1-4RI 0.50 2 8.27 3.59 4.68 ARSENIC M 4.2 mg/kg
MW1-4RI 5.00 6 8.27 3.59 4.68 ARSENIC M 1.2 mg/kg
MW1-4RI 5.00 6 8.27 3.59 4.68 LEAD M 2.7 U mg/kg
MW1-4RI 5.00 6 8.27 3.59 4.68 LEAD, SPLP SPLPM 2 U μg/L
MW2-4RI 1.00 3 9.35 3.59 5.76 LEAD M 57.1 mg/kg
MW2-4RI 1.00 3 9.35 3.59 5.76 LEAD, SPLP SPLPM 13.2 U μg/L
MW2-4RI 1.00 3 9.35 3.59 5.76 TPH PET 210 J mg/kg



TABLE PMC-6
ZONE 4 SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
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Sample 
Location

Top of Sample 
Depth

Bottom of 
Sample Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft) Analyzed 

Parameter
Analyzed 
Fraction

MW2-4RI 1.00 3 9.35 3.59 5.76 ARSENIC M 1.9 mg/kg
MW2-4RI 5.00 7 9.35 3.59 5.76 LEAD M 2.2 U mg/kg
MW2-4RI 5.00 7 9.35 3.59 5.76 LEAD, SPLP SPLPM 1.3 U μg/L
MW2-4RI 5.00 7 9.35 3.59 5.76 ARSENIC M 3.8 mg/kg
QW-1 5.00 6 7.86 3.59 4.27 LEAD M 1470 mg/kg
QW-1 5.00 6 7.86 3.59 4.27 LEAD, TCLP TCLPM 51900 μg/L
QW-1 5.00 6 7.86 3.59 4.27 ARSENIC M 2.1 mg/kg
QW-1 5.00 6 7.86 3.59 4.27 TPH PET 2450 J mg/kg
QW-1 5.00 6 7.86 3.59 4.27 ARSENIC, TCLP TCLPM 3 U μg/L
QW-2 5.00 6 7.94 3.59 4.35 TPH PET 1730 mg/kg
QW-3 5.00 6 7.86 3.59 4.27 TPH PET 642 mg/kg
QW-4 7.00 7.3 7.8 3.59 4.21 TPH PET 1360 mg/kg
QW-5 6.00 7 7.84 3.59 4.25 TPH PET 25.7 mg/kg
TB3-4RI 2.00 4 8.7 3.59 5.11 ARSENIC M 4.5 J mg/kg
TB3-4RI 2.00 4 8.7 3.59 5.11 LEAD M 237 mg/kg
TB3-4RI 2.00 4 8.7 3.59 5.11 LEAD, SPLP SPLPM 104 μg/L
TB3-4RI 2.00 4 8.7 3.59 5.11 TPH PET 150 mg/kg
TB3-4RI 7.00 8 8.7 3.59 5.11 LEAD M 214 mg/kg
TB3-4RI 7.00 8 8.7 3.59 5.11 LEAD, SPLP SPLPM 87.2 μg/L

TB3 4RI 7 00 8 8 7 3 59 5 11 ARSENIC M 2 9 J mg/kg

Analyzed Result

TB3-4RI 7.00 8 8.7 3.59 5.11 ARSENIC M 2.9 J mg/kg
WE4A 0.00 2 ARSENIC, TCLP TCLPM 30.9 J μg/L

Lead Alt GB PMC for I/C Scenario = 0.19 mg/L
Arsenic Alt GB PMC for I/C Scenario = 0.11 mg/L

J - Estimated concentration PET - Petroleum SPLPM - Synthetic Precipitate Leaching Procedure, Metals
M - Metals PMC - Pollutant Mobility Criteria TCLPM - Toxicity Characteristic Leaching Procedure, Metals
mg/kg - milligrams per kilogram U - Undetected TPH - Total Petroleum Hydrocarbons
mg/L - milligrams per liter μg/L - micrograms per liter

- More than half of sample below mean high water
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Only for samples above mean high water:
 - Sample below Alt PMC and I/C DEC criteria
 - Mass lead, arsenic result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (190 ug/L) or  Mass Lead > 1090 mg/kg or Leachate Arsenic > Alt PMC (110 ug/L) or  Mass Arsenic > 10 mg/kg
 - TPH > 2,500 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)

All depths presented in feet below ground surface.



TABLE PMC-6A
ZONE 4 SOIL SAMPLES - DETERMINATION OF RESIDENTIAL PMC ARSENIC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
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Sample 
Location

Top of Sample 
Depth

Bottom of 
Sample Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High 
Water 

Elevation 
(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

13MW13 8.00 10 8.94 3.59 5.35 ARSENIC M 1.9 mg/kg
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC, TCLP TCLPM 300 U μg/L
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC M 2.2 mg/kg
13MW13 8.00 10 8.94 3.59 5.35 ARSENIC, TCLP TCLPM 300 U μg/L
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC M 0.71 U mg/kg
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC, TCLP TCLPM 300 UJ μg/L
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC M 0.72 U mg/kg
13MW14 12.00 14 8.48 3.59 4.89 ARSENIC, TCLP TCLPM 320 J μg/L
13MW15 12.00 14 7.7 3.59 4.11 ARSENIC M 0.77 mg/kg
13MW15 12.00 14 7.7 3.59 4.11 ARSENIC, TCLP TCLPM 300 U μg/L
13MW16 10.00 12 7.64 3.59 4.05 ARSENIC M 4 mg/kg
13MW16 10.00 12 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 360 μg/L
13TB2A 4.00 6 7.75 3.59 4.16 ARSENIC, TCLP TCLPM 26 U μg/L
13TB3A 2.50 4.5 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 37.5 J μg/L
13TB3A 2.50 4.5 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 35.4 J μg/L
13TB3A 6.00 8 7.64 3.59 4.05 ARSENIC, TCLP TCLPM 26 U μg/L
13TB4A 0.00 2 ARSENIC, TCLP TCLPM 26 U μg/L
13TB6 5.00 7 7.75 3.59 4.16 ARSENIC, TCLP TCLPM 26 U μg/L
MW1-4RI 0.50 2 8.27 3.59 4.68 ARSENIC M 4.2 mg/kg
MW1-4RI 5 00 6 8 27 3 59 4 68 ARSENIC M 1 2 mg/kg

Analyzed Result

MW1-4RI 5.00 6 8.27 3.59 4.68 ARSENIC M 1.2 mg/kg
MW2-4RI 1.00 3 9.35 3.59 5.76 ARSENIC M 1.9 mg/kg
MW2-4RI 5.00 7 9.35 3.59 5.76 ARSENIC M 3.8 mg/kg
QW-1 5.00 6 7.86 3.59 4.27 ARSENIC M 2.1 mg/kg
QW-1 5.00 6 7.86 3.59 4.27 ARSENIC, TCLP TCLPM 3 U μg/L
TB3-4RI 2.00 4 8.7 3.59 5.11 ARSENIC M 4.5 J mg/kg
TB3-4RI 7.00 8 8.7 3.59 5.11 ARSENIC M 2.9 J mg/kg
WE4A 0.00 2 ARSENIC, TCLP TCLPM 30.9 J μg/L

Arsenic RSR GB PMC = 0.10 mg/L
J - Estimated concentration PET - Petroleum SPLPM - Synthetic Precipitate Leaching Procedure, Metals
M - Metals PMC - Pollutant Mobility Criteria TCLPM - Toxicity Characteristic Leaching Procedure, Metals
mg/kg - milligrams per kilogram U - Undetected TPH - Total Petroleum Hydrocarbons
mg/L - milligrams per liter μg/L - micrograms per liter
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- More than half of PMC sample below mean high water

Only for samples above mean high water:

 - Mass arsenic result not applicable for comparison the PMC (superseded by leachate test)

 - Leachate Lead > 5,000 ug/L (5 mg/L)
 - Detection Limit Exceeds DEC Criteria

All depths presented in feet below ground surface.
For residential scenario, DEC is relevant from 0 to 15 ft bgs and Alt. Residential PMC is relevant from 0 ft bgs to mean high water (with LUCs).

 - Result ≤ Residential Alt PMC and DEC criteria 

 - Exceeds Residential Criteria (Leachate Arsenic > Alt PMC (100 ug/L),  Mass Arsenic > 10 mg/kg)



TABLE PMC-7
ZONE 5 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT

Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample Depth

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

19MW3 0 2 greater than 2 LEAD M 13.3 mg/kg
19SS1 0 0.5 greater than 2 LEAD M 48.4 mg/kg
19SS1 0 0.5 greater than 2 LEAD, TCLP TCLPM 173 μg/L
19SS1 0 0.5 greater than 2 TPH PET 6800 mg/kg
19SS1 0 0.5 greater than 2 TPH PET 6800 mg/kg
19TB2 0 2 greater than 2 LEAD M 6.1 mg/kg
19TB4 0 2 greater than 2 LEAD M 10.4 U mg/kg

Lead Alt GB PMC for I/C Scenario = 0.44 mg/L
M - Metals TCLPM - Toxicity Characteristic Leaching Procedure, Metals
mg/kg - milligrams per kilogram TPH - Total Petroleum Hydrocarbons
mg/L - milligrams per liter U - Undetected
PET - Petroleum μg/L - micrograms per liter
PMC - Pollutant Mobility Criteria

- More than half of sample below mean high water

Only for samples above mean high water:

Analyzed Result

Only for samples above mean high water:
 - Sample below Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (440 ug/L) or  Mass Lead > 1,090 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)
 - TPH > 2,500 mg/kg



TABLE PMC-8
ZONE 5 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground 
Surface 

Elevation 
(1982 datum)

Mean High 
Water Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

19MW1 0.3 2.3 26.23 3.59 22.64 LEAD M 15.6 mg/kg
19MW1 0.3 2.3 26.23 3.59 22.64 TPH PET 75 U mg/kg
19MW1 0.3 2.3 26.23 3.59 22.64 LEAD, TCLP TCLPM 28 U μg/L
19MW1 0.3 2.3 26.23 3.59 22.64 LEAD M 15.5 mg/kg
19MW1 0.3 2.3 26.23 3.59 22.64 TPH PET 78 U mg/kg
19MW1 0.3 2.3 26.23 3.59 22.64 LEAD, TCLP TCLPM 26 U μg/L
19MW2 2 4 7.28 3.59 3.69 LEAD M 6.6 mg/kg
19MW2 4 6 7.28 3.59 3.69 LEAD M 6.4 mg/kg
19MW2 4 6 7.28 3.59 3.69 TPH PET 67 U mg/kg
19MW2 4 6 7.28 3.59 3.69 LEAD, TCLP TCLPM 419 μg/L
19MW2 4 6 7.28 3.59 3.69 LEAD M 5.6 mg/kg
19MW2 4 6 7.28 3.59 3.69 TPH PET 82 mg/kg
19MW2 4 6 7.28 3.59 3.69 LEAD, TCLP TCLPM 60 μg/L
19MW3 4 6 7.18 3.59 3.59 LEAD M 14.6 mg/kg
19MW3 4 6 7.18 3.59 3.59 TPH PET 5300 mg/kg
19MW3 4 6 7.18 3.59 3.59 LEAD, TCLP TCLPM 56.2 μg/L
19MW4 0 4 7.33 3.59 3.74 LEAD M 12.5 mg/kg
19MW4 6 8 7.33 3.59 3.74 LEAD M 4.4 mg/kg
19MW4 6 8 7.33 3.59 3.74 TPH PET 3300 mg/kg

Analyzed Result

19MW4 6 8 7.33 3.59 3.74 TPH PET 3300 mg/kg
19MW4 6 8 7.33 3.59 3.74 LEAD, TCLP TCLPM 114 μg/L
19TB1 0 4 7.69 3.59 4.1 LEAD M 13.7 mg/kg
19TB1 6 8 7.69 3.59 4.1 LEAD M 1.3 mg/kg
19TB1 6 8 7.69 3.59 4.1 TPH PET 82 mg/kg
19TB1 6 8 7.69 3.59 4.1 LEAD, TCLP TCLPM 12.4 μg/L
19TB2 6 8 7.79 3.59 4.2 LEAD M 2.7 mg/kg
19TB2 6 8 7.79 3.59 4.2 TPH PET 6200 mg/kg
19TB2 6 8 7.79 3.59 4.2 LEAD, TCLP TCLPM 12.7 μg/L
19TB3 2 4 7.54 3.59 3.95 LEAD M 1.7 J mg/kg
19TB3 10 12 7.54 3.59 3.95 LEAD M 1.9 mg/kg
19TB3 10 12 7.54 3.59 3.95 TPH PET 66 U mg/kg
19TB3 10 12 7.54 3.59 3.95 LEAD, TCLP TCLPM 39.7 μg/L
19TB4 2 4 7.25 3.59 3.66 LEAD M 31.5 U mg/kg



TABLE PMC-8
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground 
Surface 

Elevation 
(1982 datum)

Groundwater 
Elevation 

(1982 datum) 
Depth to 

Groundwater
Analyzed 
Parameter

Analyzed 
Fraction

19TB4 4 6 7.25 3.59 3.66 LEAD M 12.3 mg/kg
19TB4 4 6 7.25 3.59 3.66 TPH PET 78 mg/kg
19TB4 4 6 7.25 3.59 3.66 LEAD, TCLP TCLPM 43.4 μg/L
TB1-5RI 2 4 8.09 3.59 4.5 LEAD M 91.2 mg/kg
TB1-5RI 2 4 8.09 3.59 4.5 TPH PET 53 mg/kg
TB1-5RI 2 4 8.09 3.59 4.5 LEAD, SPLP SPLPM 10.1 μg/L
TB1-5RI 2 4 8.09 3.59 4.5 LEAD M 73.5 mg/kg
TB1-5RI 2 4 8.09 3.59 4.5 TPH PET 59 mg/kg
TB1-5RI 2 4 8.09 3.59 4.5 LEAD, SPLP SPLPM 6 J μg/L
TB1-5RI 5 7 8.09 3.59 4.5 LEAD M 3.6 mg/kg
TB1-5RI 5 7 8.09 3.59 4.5 LEAD, SPLP SPLPM 1.4 J μg/L
TB2-5RI 2 4 7.32 3.59 3.73 TPH PET 530 mg/kg
TB3-5RI 2 4 7.82 3.59 4.23 TPH PET 1800 mg/kg
TB3-5RI 2 4 7.82 3.59 4.23 TPH PET 1900 mg/kg
TB4-5RI 1 3 7.86 3.59 4.27 TPH PET 260 J mg/kg
TB4-5RI 1 3 7.86 3.59 4.27 TPH PET 500 J mg/kg
TB5-5RI 1 3 7.91 3.59 4.32 TPH PET 810 J mg/kg
TB6-5RI 2 4 7.75 3.59 4.16 LEAD M 9.6 mg/kg
TB6-5RI 2 4 7.75 3.59 4.16 TPH PET 1400 mg/kg

Analyzed Result

TB6 5RI 2 4 7.75 3.59 4.16 TPH PET 1400 mg/kg
TB6-5RI 2 4 7.75 3.59 4.16 LEAD, SPLP SPLPM 2 J μg/L
TB6-5RI 5.5 6.5 7.75 3.59 4.16 LEAD M 7.6 mg/kg
TB6-5RI 5.5 6.5 7.75 3.59 4.16 LEAD, SPLP SPLPM 1.6 J μg/L

J - Estimated concentration Lead Alt GB PMC for I/C Scenario = 0.44 mg/L
M - Metals mg/kg - milligrams per kilogram

mg/L - milligrams per liter TCLPM - Toxicity Characteristic Leaching Pro
PET - Petroleum TPH - Total Petroleum Hydrocarbons
PMC - Pollutant Mobility Criteria U - Undetected
SPLPM - Synthetic Precipitate Leaching Procedure, Metals μg/L - micrograms per liter

- More than half of sample below mean high water
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Only for samples above mean high water:
 - Sample below Alt PMC and I/C DEC criteria
 - Mass lead result not applicable for comparison the PMC (superseded by leachate test)
 - Leachate Lead > Alt PMC (440 ug/L) or  Mass Lead > 1090 mg/kg
 - Leachate Lead > 5,000 ug/L (5 mg/L)
 - TPH > 2,500 mg/kg

All depths presented in feet below ground surface.



TABLE PMC-9
ZONE 6 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT

Sample 
Location

Top of 
Sample Depth

Bottom of 
Sample Depth

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

MW3-6RI 0.5 2 greater than 2 TPH PET 120 J mg/kg
MW4-6RI 0.5 1.5 greater than 2 TPH PET 830 mg/kg
MW5-6RI 0.5 2 greater than 2 TPH PET 4000 mg/kg

 
mg/kg - milligrams per kilogram PET - Petroleum
PMC - Pollutant Mobility Criteria TPH - Total Petroleum Hydrocarbons

 
All depths presented in feet below ground surface.

- More than half of sample below mean high water

Only for samples above mean high water:
 - Sample below PMC and DEC criteria
 - TPH > 2,500 mg/kg

Analyzed Result

 



TABLE PMC-10
ZONE 6 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT

Sample 
Location

Top of 
Sample Depth

Bottom of 
Sample Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water (ft)

Analyzed 
Parameter

Analyzed 
Fraction

MW1-6RI 2 4 30.75 3.59 27.16 TPH PET 25 U mg/kg
MW1-6RI 6 8 30.75 3.59 27.16 TPH PET 78 J mg/kg
MW2-6RI 2 4 6.46 3.59 2.87 TPH PET 360  mg/kg
MW2-6RI 5 6 6.46 3.59 2.87 TPH PET 1200  mg/kg
MW3-6RI 5 6 6.77 3.59 3.18 TPH PET 690 J mg/kg
MW4-6RI 5 6 7.34 3.59 3.75 TPH PET 140  mg/kg
MW5-6RI 5 6 7.63 3.59 4.04 TPH PET 330 mg/kg

mg/kg - milligrams per kilogram PET - Petroleum
PMC - Pollutant Mobility Criteria TPH - Total Petroleum Hydrocarbons

 
All depths presented in feet below ground surface.

- More than half of sample below mean high water

Only for samples above mean high water:
 - Sample below PMC and DEC criteria
 - TPH > 2,500 mg/kg

Analyzed Result
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High 
Water (ft) Analyzed Parameter Analyzed 

Fraction

20MW2 0 2 greater than 2 ANTIMONY M 1.8 U mg/kg
20MW2 0 2 greater than 2 LEAD M 65.1 J mg/kg
20MW2 0 2 greater than 2 ARSENIC M 1 J mg/kg
20MW5 0 2 greater than 2 ANTIMONY M 5.3 U mg/kg
20MW5 0 2 greater than 2 LEAD M 128 J mg/kg
20MW5 0 2 greater than 2 ARSENIC M 0.89 J mg/kg
20TB4 0 2 greater than 2 ANTIMONY M 7.8 B mg/kg
20TB4 0 2 greater than 2 LEAD M 726 mg/kg
20TB4 0 2 greater than 2 ARSENIC M 1.4 B mg/kg
20TB5 0 2 greater than 2 ANTIMONY M 3.8 U mg/kg
20TB5 0 2 greater than 2 LEAD M 220 J mg/kg
20TB5 0 2 greater than 2 ARSENIC M 1.4 J mg/kg
20TB6 0 2 greater than 2 ANTIMONY M 2.7 U mg/kg
20TB6 0 2 greater than 2 LEAD M 476 mg/kg
20TB6 0 2 greater than 2 ARSENIC M 1.8 mg/kg

Lead Alt GB PMC for I/C Scenario = 0.26 mg/L
Arsenic Alt GB PMC for I/C Scenario = 0.15 mg/L

J - Estimated concentration PMC - Pollutant Mobility Criteria

Analyzed 
Result

y
mg/kg - milligrams per kilogram U - Undetected
mg/L - milligrams per liter

All depths presented in feet below ground surface.

- More than half of sample below mean high water

Only for samples above mean high water:
 - Sample below Alt PMC and I/C DEC criteria (Arsenic - 10 mg/kg)
 - Mass lead, arsenic result not applicable for comparison the PMC (superseded by leachate test)



TABLE PMC-11
ZONE 7 SURFACE SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 2

 - Leachate Lead > 5,000 ug/L (5 mg/L)

 - Leachate Lead > Alt PMC (260 ug/L) or  Mass Lead > 1090 mg/kg or Antimony > 410 mg/kg or Leachate 
Arsenic > Alt PMC (260 ug/L) or  Mass Arsenic > 10 mg/kg



TABLE PMC-11A
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High 
Water (ft) Analyzed Parameter Analyzed 

Fraction

20MW2 0 2 greater than 2 ANTIMONY M 1.8 U mg/kg
20MW2 0 2 greater than 2 LEAD M 65.1 J mg/kg
20MW2 0 2 greater than 2 ARSENIC M 1 J mg/kg
20MW5 0 2 greater than 2 ANTIMONY M 5.3 U mg/kg
20MW5 0 2 greater than 2 LEAD M 128 J mg/kg
20MW5 0 2 greater than 2 ARSENIC M 0.89 J mg/kg
20TB4 0 2 greater than 2 ANTIMONY M 7.8 B mg/kg
20TB4 0 2 greater than 2 LEAD M 726 mg/kg
20TB4 0 2 greater than 2 ARSENIC M 1.4 B mg/kg
20TB5 0 2 greater than 2 ANTIMONY M 3.8 U mg/kg
20TB5 0 2 greater than 2 LEAD M 220 J mg/kg
20TB5 0 2 greater than 2 ARSENIC M 1.4 J mg/kg
20TB6 0 2 greater than 2 ANTIMONY M 2.7 U mg/kg
20TB6 0 2 greater than 2 LEAD M 476 mg/kg
20TB6 0 2 greater than 2 ARSENIC M 1.8 mg/kg

Lead RSR GB PMC = 0.15 mg/L
Arsenic RSR GB PMC = 0.10 mg/L

J - Estimated concentration PMC - Pollutant Mobility Criteria

Analyzed 
Result

y
mg/kg - milligrams per kilogram U - Undetected
mg/L - milligrams per liter

All depths presented in feet below ground surface.

- More than half of sample below mean high water

Only for samples above mean high water:

 - Mass lead, arsenic result not applicable for comparison the PMC (superseded by leachate test)
 - Result ≤ Residential Alt PMC and DEC criteria 
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 - Leachate Lead > 5,000 ug/L (5 mg/L)
 

 - Exceeds Residential Criteria (Leachate Lead > Alt PMC (150 ug/L) or  Mass Lead > 1090 mg/kg or Antimony 
> 410 mg/kg or Leachate Arsenic > Alt PMC (100 ug/L) or  Mass Arsenic > 10 mg/kg
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water Analyzed Parameter Analyzed 

Fraction

20MW1 1 3 31.87 3.59 28.28 ANTIMONY M 5.5 U mg/kg
20MW1 1 3 31.87 3.59 28.28 ANTIMONY M 6.7 U mg/kg
20MW2 14 16 7.96 3.59 4.37 ANTIMONY M 2.5 UJ mg/kg
20MW3 2 4 6.83 3.59 3.24 ANTIMONY M 2.2 UJ mg/kg
20MW3 8 10 6.83 3.59 3.24 ANTIMONY M 2.3 UJ mg/kg
20MW4 2 4 8.29 3.59 4.7 ANTIMONY M 2.3 UJ mg/kg
20MW4 4 6 8.29 3.59 4.7 ANTIMONY M 2.1 UJ mg/kg
20MW5 6 8 6.79 3.59 3.2 ANTIMONY M 14.3 J mg/kg
20MW6 2 4 10.19 3.59 6.6 ANTIMONY M 7580 UJ mg/kg
20MW6 12 14 10.19 3.59 6.6 ANTIMONY M 17.4 mg/kg
20MW7 2 4 6.18 3.59 2.59 ANTIMONY M 2.3 UJ mg/kg
20MW7 4 6 6.18 3.59 2.59 ANTIMONY M 2.5 UJ mg/kg
20TB1 2 4 7.78 3.59 4.19 ANTIMONY M 2.3 U mg/kg
20TB1 6 8 7.78 3.59 4.19 ANTIMONY M 2.1 U mg/kg
20TB1 6 8 7.78 3.59 4.19 ANTIMONY M 2.7 U mg/kg
20TB2 2 4 8.07 3.59 4.48 ANTIMONY M 2.1 UJ mg/kg
20TB2 14 16 8.07 3.59 4.48 ANTIMONY M 2.4 B mg/kg
20TB3 2 4 7.69 3.59 4.1 ANTIMONY M 2.2 U mg/kg
20TB3 10 12 7.69 3.59 4.1 ANTIMONY M 2.5 U mg/kg
20TB4 14 16 9.5 3.59 5.91 ANTIMONY M 1820 mg/kg
20TB5 4 6 9.99 3.59 6.4 ANTIMONY M 2.6 UJ mg/kg
20TB6 8 10 10.31 3.59 6.72 ANTIMONY M 3.6 U mg/kg
20TB7 3 4 10 3 59 6 41 ANTIMONY M 1 9 U mg/kg

Analyzed Result

20TB7 3 4 10 3.59 6.41 ANTIMONY M 1.9 U mg/kg
20TB7 4 5 10 3.59 6.41 ANTIMONY M 3.4 mg/kg
20TB7 4 5 10 3.59 6.41 ANTIMONY M 1.9 U mg/kg
MW3-7RI 2 4 7.06 3.59 3.47 ANTIMONY M 0.41 UJ mg/kg
MW3-7RI 2 4 7.06 3.59 3.47 ANTIMONY M 0.45 UJ mg/kg
MW3-7RI 5 6 7.06 3.59 3.47 ANTIMONY M 0.53 UJ mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 ANTIMONY M 2.5 mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 ANTIMONY M 3 mg/kg
MW5-7RI 5 6 9.33 3.59 5.74 ANTIMONY M 160 mg/kg
TB11-7RI 2 4 9.58 3.59 5.99 ANTIMONY M 0.92 J mg/kg
TB11-7RI 6 7 9.58 3.59 5.99 ANTIMONY M 0.35 UJ mg/kg
TB9-7RI 2 4 8.94 3.59 5.35 ANTIMONY M 1.7 J mg/kg
TB9-7RI 5 6 8.94 3.59 5.35 ANTIMONY M 0.49 UJ mg/kg
20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC M 3 mg/kg
20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC, TCLP TCLPM 20 U μg/L
20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC M 3.1 mg/kg



TABLE PMC-12
ZONE 7 SUBSURFACE SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE FEASIBILITY STUDY
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 2 OF 5

Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 
Depth to Mean 

High Water Analyzed Parameter
Analyzed 
Fraction

20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC, TCLP TCLPM 20 U μg/L
20MW2 14 16 7.96 3.59 4.37 ARSENIC M 0.79 J mg/kg
20MW2 14 16 7.96 3.59 4.37 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW3 2 4 6.83 3.59 3.24 ARSENIC M 1.2 J mg/kg
20MW3 8 10 6.83 3.59 3.24 ARSENIC M 1.1 J mg/kg
20MW3 8 10 6.83 3.59 3.24 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW4 2 4 8.29 3.59 4.7 ARSENIC M 0.4 J mg/kg
20MW4 4 6 8.29 3.59 4.7 ARSENIC M 0.32 J mg/kg
20MW4 4 6 8.29 3.59 4.7 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW5 6 8 6.79 3.59 3.2 ARSENIC M 2.2 J mg/kg
20MW5 6 8 6.79 3.59 3.2 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW6 2 4 10.19 3.59 6.6 ARSENIC M 1.9 J mg/kg
20MW6 12 14 10.19 3.59 6.6 ARSENIC M 2.8 mg/kg
20MW6 12 14 10.19 3.59 6.6 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW7 2 4 6.18 3.59 2.59 ARSENIC M 0.32 J mg/kg
20MW7 4 6 6.18 3.59 2.59 ARSENIC M 0.49 J mg/kg
20MW7 4 6 6.18 3.59 2.59 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB1 2 4 7.78 3.59 4.19 ARSENIC M 1 mg/kg
20TB1 6 8 7.78 3.59 4.19 ARSENIC M 1.4 mg/kg
20TB1 6 8 7.78 3.59 4.19 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB1 6 8 7.78 3.59 4.19 ARSENIC M 0.96 mg/kg
20TB1 6 8 7.78 3.59 4.19 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB2 2 4 8 07 3 59 4 48 ARSENIC M 2 J mg/kg

Analyzed Result

20TB2 2 4 8.07 3.59 4.48 ARSENIC M 2 J mg/kg
20TB2 14 16 8.07 3.59 4.48 ARSENIC M 0.73 B mg/kg
20TB2 14 16 8.07 3.59 4.48 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB3 2 4 7.69 3.59 4.1 ARSENIC M 0.75 B mg/kg
20TB3 10 12 7.69 3.59 4.1 ARSENIC M 0.52 B mg/kg
20TB3 10 12 7.69 3.59 4.1 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB4 14 16 9.5 3.59 5.91 ARSENIC M 50 μg/L
20TB4 14 16 9.5 3.59 5.91 ARSENIC, TCLP TCLPM 146 μg/L
20TB5 4 6 9.99 3.59 6.4 ARSENIC M 3 J mg/kg
20TB5 4 6 9.99 3.59 6.4 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB6 6 10 10.31 3.59 6.72 ARSENIC, TCLP TCLPM 23.4 U μg/L
20TB6 8 10 10.31 3.59 6.72 ARSENIC M 2.2 mg/kg
20TB7 2.7 3.5 10 3.59 6.41 ARSENIC M 0.91 mg/kg
20TB7 4 4.7 10 3.59 6.41 ARSENIC M 1 mg/kg
20TB7 4 4.7 10 3.59 6.41 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB7 4 4.7 10 3.59 6.41 ARSENIC M 0.81 mg/kg
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 
Depth to Mean 

High Water Analyzed Parameter
Analyzed 
Fraction

20TB7 4 4.7 10 3.59 6.41 ARSENIC, TCLP TCLPM 32.1 U μg/L
MW3-7RI 2 4 7.06 3.59 3.47 ARSENIC M 0.65 J mg/kg
MW3-7RI 2 4 7.06 3.59 3.47 ARSENIC M 0.6 J mg/kg
MW3-7RI 5 6 7.06 3.59 3.47 ARSENIC M 0.55 U mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 ARSENIC M 5.5 mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 ARSENIC M 6 mg/kg
MW5-7RI 5 6 9.33 3.59 5.74 ARSENIC M 19 mg/kg
TB11-7RI 2 4 9.58 3.59 5.99 ARSENIC M 1.9 mg/kg
TB11-7RI 6 7 9.58 3.59 5.99 ARSENIC M 2.1 mg/kg
TB9-7RI 2 4 8.94 3.59 5.35 ARSENIC M 1.7 mg/kg
TB9-7RI 5 6 8.94 3.59 5.35 ARSENIC M 5.5 mg/kg
20MW1 1 3 31.87 3.59 28.28 LEAD M 14 mg/kg
20MW1 1 3 31.87 3.59 28.28 LEAD TCLPM 28 U μg/L
20MW1 1 3 31.87 3.59 28.28 LEAD M 12.6 mg/kg
20MW1 1 3 31.87 3.59 28.28 LEAD TCLPM 28 U μg/L
20MW2 14 16 7.96 3.59 4.37 LEAD M 2.3 J mg/kg
20MW2 14 16 7.96 3.59 4.37 LEAD TCLPM 94 μg/L
20MW3 2 4 6.83 3.59 3.24 LEAD M 60.7 J mg/kg
20MW3 8 10 6.83 3.59 3.24 LEAD M 38.3 J mg/kg
20MW3 8 10 6.83 3.59 3.24 LEAD TCLPM 1810 μg/L
20MW4 2 4 8.29 3.59 4.7 LEAD M 20.4 J mg/kg
20MW4 4 6 8.29 3.59 4.7 LEAD M 12 J mg/kg
20MW4 4 6 8 29 3 59 4 7 LEAD TCLPM 20 8 μg/L

Analyzed Result

20MW4 4 6 8.29 3.59 4.7 LEAD TCLPM 20.8 μg/L
20MW5 6 8 6.79 3.59 3.2 LEAD M 1040 J mg/kg
20MW5 6 8 6.79 3.59 3.2 LEAD TCLPM 45900 μg/L
20MW6 2 4 10.19 3.59 6.6 LEAD M 189000 J mg/kg
20MW6 12 14 10.19 3.59 6.6 LEAD M 1540 mg/kg
20MW6 12 14 10.19 3.59 6.6 LEAD TCLPM 17400 μg/L
20MW7 2 4 6.18 3.59 2.59 LEAD M 6.3 J mg/kg
20MW7 4 6 6.18 3.59 2.59 LEAD M 6.2 J mg/kg
20MW7 4 6 6.18 3.59 2.59 LEAD TCLPM 6.4 µg/L
20TB1 2 4 7.78 3.59 4.19 LEAD M 35.5 mg/kg
20TB1 6 8 7.78 3.59 4.19 LEAD M 2.2 mg/kg
20TB1 6 8 7.78 3.59 4.19 LEAD M 6.1 mg/kg
20TB1 6 8 7.78 3.59 4.19 LEAD TCLPM 4 µg/L
20TB1 6 8 7.78 3.59 4.19 LEAD TCLPM 7.4 µg/L
20TB2 2 4 8.07 3.59 4.48 LEAD M 33.6 J mg/kg
20TB2 14 16 8.07 3.59 4.48 LEAD M 20.7 mg/kg
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 
Depth to Mean 

High Water Analyzed Parameter
Analyzed 
Fraction

20TB2 14 16 8.07 3.59 4.48 LEAD TCLPM 73.6 µg/L
20TB3 2 4 7.69 3.59 4.1 LEAD M 66.1 mg/kg
20TB3 10 12 7.69 3.59 4.1 LEAD M 16.6 mg/kg
20TB3 10 12 7.69 3.59 4.1 LEAD TCLPM 67.6 µg/L
20TB4 14 16 9.5 3.59 5.91 LEAD M 9770 mg/kg
20TB4 14 16 9.5 3.59 5.91 LEAD TCLPM 65.5 µg/L
20TB5 4 6 9.99 3.59 6.4 LEAD M 31.8 J mg/kg
20TB5 4 6 9.99 3.59 6.4 LEAD TCLPM 88 µg/L
20TB6 8 10 10.31 3.59 6.72 LEAD M 24.4 mg/kg
20TB6 8 10 10.31 3.59 6.72 LEAD TCLPM 112 µg/L
20TB7 3 4 10 3.59 6.41 LEAD M 47.7 mg/kg
20TB7 4 5 10 3.59 6.41 LEAD M 59.4 mg/kg
20TB7 4 5 10 3.59 6.41 LEAD M 129 mg/kg
20TB7 4 5 10 3.59 6.41 LEAD TCLPM 1310 µg/L
20TB7 4 5 10 3.59 6.41 LEAD TCLPM 784 µg/L
MW3-7RI 2 4 7.06 3.59 3.47 LEAD M 1.6 mg/kg
MW3-7RI 2 4 7.06 3.59 3.47 LEAD M 1.8 mg/kg
MW3-7RI 2 4 7.06 3.59 3.47 LEAD SPLPM 1.28 U µg/L
MW3-7RI 2 4 7.06 3.59 3.47 LEAD SPLPM 1.28 U µg/L
MW3-7RI 5 6 7.06 3.59 3.47 LEAD M 2 mg/kg
MW3-7RI 5 6 7.06 3.59 3.47 LEAD SPLPM 1.28 U µg/L
MW5-7RI 2 4 9.33 3.59 5.74 LEAD M 1570 mg/kg
MW5-7RI 2 4 9 33 3 59 5 74 LEAD M 1750 mg/kg

Analyzed Result

MW5-7RI 2 4 9.33 3.59 5.74 LEAD M 1750 mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 LEAD SPLPM 7.5 µg/L
MW5-7RI 2 4 9.33 3.59 5.74 LEAD SPLPM 12.1 µg/L
MW5-7RI 5 6 9.33 3.59 5.74 LEAD M 13300 mg/kg
MW5-7RI 5 6 9.33 3.59 5.74 LEAD SPLPM 30.1 µg/L
TB11-7RI 2 4 9.58 3.59 5.99 LEAD M 197 J mg/kg
TB11-7RI 6 7 9.58 3.59 5.99 LEAD M 44.9 J mg/kg
TB9-7RI 2 4 8.94 3.59 5.35 LEAD M 434 J mg/kg
TB9-7RI 5 6 8.94 3.59 5.35 LEAD M 2580 J mg/kg

Lead Alt GB PMC for I/C Scenario = 0.26 mg/L
Arsenic Alt GB PMC for I/C Scenario = 0.15 mg/L

J - Estimated concentration mg/kg - milligrams per kilogram TCLPM - Toxicity Characteristic Leaching Procedure, Metals
M - Metals mg/L - milligrams per liter U - Undetected

PMC - Pollutant Mobility Criteria μg/L - micrograms per liter
SPLPM - Synthetic Precipitate Leaching Procedure, Metals
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All depths presented in feet below ground surface.

 

- More than half of sample below mean high water

Only for samples above mean high water:

 - Mass lead or arsenic result not applicable for comparison the PMC (superseded by leachate test)

 - Leachate Lead > 5,000 ug/L (5 mg/L)
 - Detection Limit Exceeds DEC Criteria

Antimony concentrations were divided by 20 for evaluation based on CTDEP method.  These results were used to determine if the sample exceeded PMC if no TCLP or SPLP 
analysis was performed for the sample.  

 - Leachate Lead > Alt PMC (260 ug/L) or  Mass Lead > 1090 mg/kg or Antimony > 410 mg/kg or Leachate Arsenic > Alt PMC (260 ug/L) or  Mass Arsenic > 10 
mg/kg

 - Sample less than Alt PMC  (260 ug/L for lead; 260 ug/L for arsenic) and I/C DEC criteria (1090 mg/kg for lead or 410 mg/kg for antimony or 10 mg/kg for 
arsenic)
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water Analyzed Parameter Analyzed 

Fraction

20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC M 3 mg/kg
20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC, TCLP TCLPM 20 U μg/L
20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC M 3.1 mg/kg
20MW1 0.5 2.5 31.87 3.59 28.28 ARSENIC, TCLP TCLPM 20 U μg/L
20MW2 14 16 7.96 3.59 4.37 ARSENIC M 0.79 J mg/kg
20MW2 14 16 7.96 3.59 4.37 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW3 2 4 6.83 3.59 3.24 ARSENIC M 1.2 J mg/kg
20MW3 8 10 6.83 3.59 3.24 ARSENIC M 1.1 J mg/kg
20MW3 8 10 6.83 3.59 3.24 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW4 2 4 8.29 3.59 4.7 ARSENIC M 0.4 J mg/kg
20MW4 4 6 8.29 3.59 4.7 ARSENIC M 0.32 J mg/kg
20MW4 4 6 8.29 3.59 4.7 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW5 6 8 6.79 3.59 3.2 ARSENIC M 2.2 J mg/kg
20MW5 6 8 6.79 3.59 3.2 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW6 2 4 10.19 3.59 6.6 ARSENIC M 1.9 J mg/kg
20MW6 12 14 10.19 3.59 6.6 ARSENIC M 2.8 mg/kg
20MW6 12 14 10.19 3.59 6.6 ARSENIC, TCLP TCLPM 32.1 U μg/L
20MW7 2 4 6.18 3.59 2.59 ARSENIC M 0.32 J mg/kg
20MW7 4 6 6.18 3.59 2.59 ARSENIC M 0.49 J mg/kg
20MW7 4 6 6.18 3.59 2.59 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB1 2 4 7.78 3.59 4.19 ARSENIC M 1 mg/kg
20TB1 6 8 7.78 3.59 4.19 ARSENIC M 1.4 mg/kg
20TB1 6 8 7 78 3 59 4 19 ARSENIC TCLP TCLPM 32 1 U μg/L

Analyzed Result

20TB1 6 8 7.78 3.59 4.19 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB1 6 8 7.78 3.59 4.19 ARSENIC M 0.96 mg/kg
20TB1 6 8 7.78 3.59 4.19 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB2 2 4 8.07 3.59 4.48 ARSENIC M 2 J mg/kg
20TB2 14 16 8.07 3.59 4.48 ARSENIC M 0.73 B mg/kg
20TB2 14 16 8.07 3.59 4.48 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB3 2 4 7.69 3.59 4.1 ARSENIC M 0.75 B mg/kg
20TB3 10 12 7.69 3.59 4.1 ARSENIC M 0.52 B mg/kg
20TB3 10 12 7.69 3.59 4.1 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB4 14 16 9.5 3.59 5.91 ARSENIC M 50 μg/L
20TB4 14 16 9.5 3.59 5.91 ARSENIC, TCLP TCLPM 146 μg/L
20TB5 4 6 9.99 3.59 6.4 ARSENIC M 3 J mg/kg
20TB5 4 6 9.99 3.59 6.4 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB6 6 10 10.31 3.59 6.72 ARSENIC, TCLP TCLPM 23.4 U μg/L
20TB6 8 10 10.31 3.59 6.72 ARSENIC M 2.2 mg/kg
20TB7 2.7 3.5 10 3.59 6.41 ARSENIC M 0.91 mg/kg
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Sample 
Location

Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Ground Surface 
Elevation 

(1982 datum)

Mean High Water 
Elevation 

(1982 datum) 

Depth to Mean 
High Water Analyzed Parameter Analyzed 

Fraction Analyzed Result

20TB7 4 4.7 10 3.59 6.41 ARSENIC M 1 mg/kg
20TB7 4 4.7 10 3.59 6.41 ARSENIC, TCLP TCLPM 32.1 U μg/L
20TB7 4 4.7 10 3.59 6.41 ARSENIC M 0.81 mg/kg
20TB7 4 4.7 10 3.59 6.41 ARSENIC, TCLP TCLPM 32.1 U μg/L
MW3-7RI 2 4 7.06 3.59 3.47 ARSENIC M 0.65 J mg/kg
MW3-7RI 2 4 7.06 3.59 3.47 ARSENIC M 0.6 J mg/kg
MW3-7RI 5 6 7.06 3.59 3.47 ARSENIC M 0.55 U mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 ARSENIC M 5.5 mg/kg
MW5-7RI 2 4 9.33 3.59 5.74 ARSENIC M 6 mg/kg
MW5-7RI 5 6 9.33 3.59 5.74 ARSENIC M 19 mg/kg
TB11-7RI 2 4 9.58 3.59 5.99 ARSENIC M 1.9 mg/kg
TB11-7RI 6 7 9.58 3.59 5.99 ARSENIC M 2.1 mg/kg
TB9-7RI 2 4 8.94 3.59 5.35 ARSENIC M 1.7 mg/kg
TB9-7RI 5 6 8.94 3.59 5.35 ARSENIC M 5.5 mg/kg

Arsenic RSR GB PMC = 0.10 mg/L
J - Estimated concentration mg/kg - milligrams per kilogram TCLPM - Toxicity Characteristic Leaching Procedure, Metals
M - Metals mg/L - milligrams per liter U - Undetected

PMC - Pollutant Mobility Criteria μg/L - micrograms per liter
SPLPM - Synthetic Precipitate Leaching Procedure, Metals

All depths presented in feet below ground surface.

- More than half of sample below mean high water

Only for PMC samples above the mean high water and DEC samples above 15 feet bgs.

 - Mass arsenic result not applicable for comparison the PMC (superseded by leachate test)

 - Leachate Lead > 5,000 ug/L (5 mg/L)
 - Detection Limit Exceeds DEC Criteria

 - Exceeds Residential Criteria (Leachate Arsenic > Alt PMC (100 ug/L),  Mass Arsenic > 10 mg/kg

 - Result ≤ Residential Alt PMC and DEC criteria

For residential scenario, DEC is relevant from 0 to 15 ft bgs and Alt. Residential PMC is relevant from 0 ft bgs to mean high water (with LUCs).
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DILUTION FACTORS 
FOR ALTERNATIVE SURFACE WATER PROTECTION CRITERIA 

LOWER SUBASE FS 
NSB-NLON, GROTON, CONNECTICUT 

 
 
 
Dilution factors (DFs) are required for the development of alternative Surface Water Protection Criteria 
(SWPC) for groundwater as part of its Lower Subase Feasibility Study (FS) for Naval Submarine Base - 
New London (NSB-NLON).  The following outlines the approach to the computations. 
 
Section 22a-133k-3(b) of the Connecticut Remediation Standard Regulations (RSRs) [Connecticut 
Department of Environmental Protection (CTDEP), 1996] states that contaminants in groundwater plumes 
that discharge to surface water bodies must be remediated to concentrations equal to or less than the 
SWPCs. 
 
A comparison of the most recent groundwater analytical data for the seven investigation zones within the 
Lower Subase at NSB-NLON with the SWPC identified fourteen chemicals of potential concern (COPCs) 
including nine metals (arsenic, beryllium, cadmium, chromium, copper, lead, mercury, selenium, and zinc) 
and five polycyclic aromatic hydrocarbons (PAHs) [acenaphthylene, benzo(a)anthracene, 
benzo(b)fluoranthene,  benzo(k)fluoranthene, and benzo(a)pyrene].  These groundwater migration 
COCPs were identified in the Human Health Risk Assessment COPC screening tables provided in 
Appendix A of the Lower Subase FS.  
 
Connecticut regulations also allow for alternative SWPC to be calculated according to the following 
equation: 
         
Alternative SWPC = DF x Lesser of Connecticut Aquatic Life or Human Health Water Quality Standard 
(WQS).  
 
1.0 Thames River Dilution 

Section 22a-133k-3(b)(3)(A) of the Connecticut RSRs (CTDEP, 1996) provides that the DF for the 
development of alternative SWPCs may be computed in accordance to the following equation: 
 
DFriver = (0.25 x Qriver) ÷ Qgwplume 
 
With 
Qriver: 7Q10 Flow, Lowest 7 consecutive day mean flow rate for a surface water body with a10-

year recurrence interval. 
Qgwplume:  Groundwater discharge rate to adjacent surface water body.    
 
2.0 Dilution Factors   

The Navy proposes to compute the DFs for the development of alternative groundwater SWPCs based 
on the following equation: 
 
DFtotal = DFriver =  (0.25 x Qriver) ÷ Qgwplume 
 
2.1 Qriver 

The estimated 7Q10 flow rate for the fresh water portion of the Thames River (Qriver) is 1.264x107 ft3/day.  
This flow rate is the sum of the 7Q10 flow rates for the Yantic, Shetucket, Little, and Quinebaug Rivers.  
Flow from these four tributaries provides a significant portion of the freshwater flow in the Thames River 
at Norwich, Connecticut, approximately 10 miles upstream from NSB-NLON.  The USGS estimated the 
7Q10 flow rates for the four rivers using historical flow data collected from gauges on each of the rivers.  
The historical flow data are available on USGS’s website (http://waterdata.usgs.gov/nwis/rt).  The river-
specific flow rate information is summarized in the following table. 
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SUMMARY OF 7-DAY, 10-YEAR LOW FLOW RATES  
FOR MAJOR TRIBUTARIES TO THE THAMES RIVER 

LOWER SUBASE FS 
NSB-NLON, GROTON, CONNECTICUT 

 
 

Major Gauged 
Tributaries 
to Thames 

River(1) 

USGS 
Station(2) 

Drainage 
Area(2,3) 

(square miles) 

7-Day, 10-Year 
Low Flow 

Rate(4) 
ft3/s 

(ft3/d) 

Yantic River 
at Yantic, CT 

 
01127500 

 
89.3 4.91 

(424,224) 

Shetucket 
River Near 

Willimantic, CT 
01122500 404 44.68 

(3,860,352) 

Little River 
Near Hanover, 

CT 
01123000 30 4.49 

(387,936) 

Quinebaug 
River at Jewett 

City, CT 
01127000 713 92.18 

(7,964,352) 

Total 1236.3 146.26 
(12,636,864) 

 
ft3/s cubic feet per second 
ft3/d cubic feet per day 
USGS United States Geological Survey 

 
1 The Yantic River, Shetucket River, Little River, and Quinebaug River are the 

major tributaries to the Thames River that are gauged by the U.S. Geological 
Survey.  The U.S. Army Corps of Engineers controls the flow in these tributaries 
by releases from six reservoirs (Hodges Village Reservoir, Buffumville Lake, East 
Brimfield Lake, Westville Lake, West Thompson Lake, and Mansfield Hollow 
Lake).  These reservoirs are used for storage of water for recreation and flood 
control.  One other reservoir, Staffordville Reservoir, also controls flow to the 
Shetucket River.  This reservoir is used for storage of water for power and 
industrial supply. 

2 J. Morrison, T.C. Sargent, J.W. Martin, and J.R. Norris, Water Resources Data 
Connecticut Water Year 2005, Water-Data Report CT-05-01, U.S. Department of 
the Interior, USGS, East Hartford, Connecticut. 

3 The Thames River drainage basin includes 1,471 square miles.  The drainage 
basins of the four major tributaries include 1,236.3 square miles or 84% of the 
Thames River drainage basin. 

4 Developed by USGS, 101 Pitkin St., East Hartford, Connecticut.  Provided to 
C.A. Rich, Tetra Tech, by J.R. Bohr, USGS, 09/05/07 email and 09/06/07 phone 
call (attached). 

 
This Qriver is a conservative estimate of the 7Q10 flow rate for the Thames River for the following reasons: 
 

• The additional flow contribution from the drainage basin below Norwich, Connecticut is not 
included in the 7Q10 flow rate. 
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• The tidal flow of the Thames River, which is a significant component of the river’s flow rate near 
NSB-NLON, is not included in the 7Q10 flow rate.   

 
The methodology for calculating 7Q10 flow rates, as provided in Appendix A of the Guidance for 
Groundwater Monitoring for Demonstrating Compliance with the Connecticut Remediation Standard 
Regulations (March 17, 2006), was evaluated but determined not to apply to the Thames River because 
the river is tidally influenced and the drainage basin has an appreciable degree of urbanization.  
 

2.2 Qgwplume 

The proposed value for Qgwplume is calculated on a zone-by-zone basis in accordance with the following 
equation: 
 
Zone-Specific Qgwplume = 0.75 x K x i x L x d 
 
With 
0.75: 18/24 adjustment because no groundwater discharge occurs during the 6 hours of high tide  
K:   Hydraulic conductivity (ft/day) 
i:  Horizontal hydraulic gradient (ft/ft) 
L:  Length (feet) of the river frontage 
d:  Groundwater thickness (12 ft) 
 
The Zone-Specific Qgwplume may thus be calculated as per the following table: 
 

Zone K 
(ft/day) i L 

(ft) 
D 
(ft) 

Qg plume w
(ft3/day) 

1 58.9 0.00476 485 12 1,224 
2 58.9 0.00318 440 12 742 
3 58.9 0.00792 200 12 840 
4 58.9 0.0039 300 12 620 
5 58.9 0.0092 412 12 2,009 
6 58.9 0.0092 362 12 1.765 
7 58.9 0.00527 864 12 2,414 

Total   3,063 12 9,614 
 
It should be noted that the hydraulic conductivity used in the calculation is the geometric mean of the 
hydraulic conductivities measured in Lower Subase soil.  The New London Team determined that the 
mean hydraulic conductivity was appropriate for this calculation. 
  
2.3 DFtotal 

For each groundwater COPC, a DFtotal for the development of alternative SWPC was computed as 
follows: 
 
DFtotal = (0.25 x 1.264x107) ÷ Σ Qgwplume for all zones where the COPC was detected  
 

COPC Zones Q plume gw
(ft3/day) 

Qriver 
(ft3/day) DF 

Acenaphthylene 1,5,6,7 7,412 12,636,864 426 
Benzo(a)anthracene 4 620 12,636,864 5,095 
Benzo(a)pyrene 4 620 12,636,864 5,095 
Benzo(b)fluoranthene 4 620 12,636,864 5,095 
Benzo(k)fluoranthene 4 620 12,636,864 5,095 
Arsenic 1,3,4,7 5,098 12,636,864 620 
Beryllium 3 840 12,636,864 3,761 
Cadmium 1,4 1,844 12,636,864 1,713 
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COPC Zones Qgwplume 
(ft3/day) 

Qriver 
(ft3/day) DF 

Chromium 4 620 12,636,864 5,095 
Copper 1,3 2,064 12,636,864 1,531 
Lead 1,2,3,4,7 5,840 12,636,864 541 
Mercury 1,3,4,5 4,693 12,636,864 673 
Selenium 7 2,414 12,636,864 1,309 
Zinc 3,4,7 3,874 12,636,864 815 
 
Even though the Qriver used for the Thames River in the DF calculation was conservative, all of the 
calculated DFs exceeded 100.  This result was expected based on the size of the Thames River.  
However, based on previous discussions, the CTDEP indicated that, with only a few exceptions, they 
typically do not approve DFs that exceed 100.  Because of CTDEP’s input, further development of 
Alternative SWPC will include both the calculated DFs and the default DF of 100.  
 
3.0 Conclusions 
 
The calculated and default DFs were used to calculate alternative SWPC and evaluate groundwater 
migration COPCs for the Lower Subase at NSB-NLON.  The results are summarized in Tables 1 and 2 
(attached).  The calculated DFs are used in the Alternative SWPC calculations included in Table 1 and 
the default DF of 100 is used in the Alternative SWPC calculations included in Table 2.  To comply with 
CTDEP’s suggestions, the Alternative SWPCs using the default DF of 100 were selected for the Lower 
Subase FS, with the exception of copper in Zone 1 and arsenic in all zones.   
 
Regarding copper in the groundwater of Zone 1, CTDEP ruled that use of an Alternative SWPC is not 
allowable because of past exceedances of that metal in the surface water discharge from Building 29, the 
power plant located in that zone.  Instead, the Standard SWPC for copper of 48 micrograms per liter 
(µg/L) listed in the Connecticut RSR will be used for Zone 1 groundwater. 
 
Regarding arsenic, CTDEP promulgated a site-specific Alternative SWPC of 10 µg/L for arsenic for all 
Lower Subase zones as documented in the attached e-mail dated February 3, 2009 and as confirmed in 
the attached minutes of a phone conference held on April 2, 2009.  
  
The calculated and selected Alternative SPWC are summarized below. 
   

COPC CT RSR 
Standard SWPC 

Alternative 
SWPC Using 

Calculated DF 
(µg/L) 

Alternative 
SWPC Using 

Default DF of 100 
(µg/L) 

Selected SPWC 
(µg/L) 

Acenaphthylene 0.3 20,959 4,920 4,920 
Benzo(a)anthracene 0.3 2,497 49.0 49.0 
Benzo(a)pyrene 0.3 250 4.9 4.9 
Benzo(b)fluoranthene 0.3 2,497 49.0 49.0 
Benzo(k)fluoranthene 0.3 2,497 49.0 49.0 
Arsenic 4 13 2.1 10(1) 
Beryllium 4 489 13 13 
Cadmium 6 15,931 930 930 
Chromium 1,200 254,750 5,000 5,000 
Copper 48 4,736 310 48 and 310(2) 
Lead 13 4,382 810 810 
Mercury 0.4 34 5 5 
Selenium 50 92,939 7,100 7,100 
Zinc 123 66,016 8,100 8,100 
 
1 CTDEP promulgated Alternative SWPC. 
2 Selected SWPC for copper is the CT RSR Standard SWPC in Zone 1 and the DF 100 Alternative 

SWPC in all other zones. 
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It should also be noted that there are other known sources of contaminant loading (non-point and point) 
that are occurring from NSB-NLON to the Thames River.  To quantify and consider all of the loadings to 
the river in one calculation is too complex for the Lower Subase FS.  Based on available groundwater 
contaminant data for NSB-NLON, there are no highly contaminated groundwater plumes in other portions 
of the facility that would act as significant non-point sources, contributing significant mass loading to the 
Thames River.  Point sources of contamination from NSB-NLON to the Thames River are regulated under 
permit with the CTDEP.  Based on this qualitative evaluation of other contaminant sources and the 
knowledge that the actual dilution factor for the Thames River, considering actual 7Q10 flow rates and 
tidal flux, is significantly higher than the default DF of 100 used in the calculation of the selected 
Alternative SWPC, it is appropriate to evaluate the groundwater contaminant loading from Lower Subase 
portion of NSB-NLON independent of other contaminant sources and the selected Alternative SWPC are 
reasonable to use for the Lower Subase FS. 
 
Attachments 
 
February 3, 2009, CTDEP arsenic Alternative SWPC e-mail 
April 2, 2009, TtNUS phone conference minutes email 



TABLE 1

DETERMINATION OF ALTERNATIVE GROUNDWATER SWPCs USING CALCULATED DILUTION FACTORS 

LOWER SUBASE FEASIBILITY STUDY

NSB-NLON, GROTON, CONNECTICUT 

CTDEP CTDEP Lesser of Calculated Alt SWPC

COPCs Aquatic Life Criteria Human Health Criteria CTDEP ALC Dilution Lesser Criteria

Saltwater - Chronic Organisms Only And HHC Factor x DF

µg/L µg/L µg/L µg/L

Acenaphthylene NA 49.2 49.2 426 20,959

Benzo (a) anthracene NA 0.49 0.49 5,095 2,497

Benzo (a) pyrene NA 0.05 0.049 5,095 250

Benzo (b) fluoranthene NA 0.49 0.49 5,095 2,497

Benzo (k) fluoranthene NA 0.49 0.49 5,095 2,497

Arsenic 36 0.02 0.021 620 13

Beryllium NA 0.13 0.13 3,761 489

Cadmium 9.3 10,769 9.3 1,713 15,931

Chromium 50 2,019 50 5,095 254,750

Copper 3.1 NA 3.1 1,531 4,746

Lead 8.1 NA 8.1 541 4,382

Mercury 0.94 0.05 0.051 673 34

Selenium 71 11,000 71 1,309 92,939

Zinc 81 68,740 81 815 66,015

NA   Not available













APPENDIX B.4 
 

SELECTION OF GROUNDWATER PRELIMINARY REMEDIATION GOALS AND 
CHEMICALS OF CONCERN 





• State of Connecticut RSRs, January 1996. 
 

• State of Connecticut Water Quality Standards (WQSs), December 17, 2002. 
 

• State of Connecticut Comprehensive List of Approved Additional Polluting Substances 
Criteria and Alternative Criteria, October 24, 2005. 

 
• State of Connecticut Regulated Criteria Summary Table, October 11, 2007. 

 
• State of Connecticut General Permit for the Discharge of Stormwater Associated with 

Industrial Activity, Bureau of Water Management, GSI000679; Issuance Date: July 8, 
2009; Expiration Date: October 1, 2010. 

 
• Site-Specific Alternative Surface Water Protection Criteria (SWPC) developed per 

Section 22a-133k-3(b)(3) of the Connecticut RSRs.  The results are summarized in the 
memorandum entitled Dilution Factors for Alternative SWPC (November 2009).  The 
memo is included in Appendix B.3 of the FS. 

 
• State of Connecticut promulgation of a site-specific Alternative SWPC of 10 micrograms 

per liter (µg/L) for arsenic for all Lower Subase zones as documented in an e-mail dated 
February 3, 2009 and as confirmed in the minutes of a phone conference held on April 2, 
2009. 

 
• State of Connecticut ruling that use of an Alternative SWPC for copper in Zone 1 is not 

allowable because of past exceedances of that metal in the surface water discharge from 
the power plant located in that zone.  Instead, the Standard SWPC of 48 µg/L listed in the 
Connecticut RSR will be used for copper in the Zone 1 groundwater.  

 
The highest applicable standard or criterion for a contaminant was selected as the PRG for that 
contaminant. 
 
4.0 SELECTION OF PRGs AND IDENTIFICATION OF COCs 
 
4.1 Zone 1 
 
Seven groundwater COPCs were identified for Zone 1.  The PRG selection process for Zone 1 is 
summarized in Table GW-1.   
 
Calculated Alternative SWPCs of 4,920, 930,  810, and 5.1 µg/L were selected as the PRGs for 
acenaphthylene, cadmium, lead, and mercury, respectively.   
 
The Connecticut promulgated site-specific Alternative SWPC of 10 µg/L was selected as the PRG 
for arsenic. 
 
The Standard Connecticut RSR SWPC of 48 µg/L was selected as the PRG for copper as 
mandated by CTDEP.   
 
The discharge limit for oil and grease (a surrogate for TPH) of 2,500 µg/L specified in the NSB-
NLON General Permit for the Discharge of Stormwater with Industrial Activity, Bureau of 
Materials Management and Compliance Assurance, Permit GSI000679 issued on July 8, 2009, 
was selected as the PRG for TPH.  Direct exposure to TPH in groundwater by human receptors 
at the Lower Subase is unlikely because groundwater is not used as a drinking water source and 
the industrial nature of the site.   
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