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1.0  INTRODUCTION 

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

Addendum for the Lower Subase at Naval Submarine Base – New London (NSB-NLON), Groton, 

Connecticut.  The assessment is an update to the HHRA that was prepared as part of the final Lower 

Subase FS (Tetra Tech, 2010a).  Since that HHRA was prepared, additional surface soil, subsurface soil, 

and groundwater samples were collected as part of Pre-Design Investigations for the purpose of 

addressing data gaps in the existing databases .  This HHRA recalculates the risk estimates for the Lower 

Subase using the additional samples collected during the Pre-Designed Investigations and the historical 

data, as appropriate.  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 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 July 2010 HHRA included in the final Lower Subase FS.  

Section 10 presents the preliminary remediation 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.  Overall the same methodology used to prepare the 

July 2010 HHRA included in the final Lower Subase FS (Tetra Tech, 2010a) was used to prepare this 

HHRA.  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, 2002a). 

 

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

(USEPA, 2009a). 

 

• ProUCL Version 4.00.05 User Guide (Draft).  Office of Research and Development, Washington, D.C. 

EPA/600/R-07/038, (USEPA, 2010a). 

 

• Regional Screening Levels for Chemical Contaminants at Superfund Sites (USEPA, 2010b). 

 

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

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 
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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 

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. 

 

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 July 2010 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 July 2010 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.   

 

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, the Lower Subase RI 

sampling efforts, and the Pre-Design investigation 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.  

 

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.  

Both federal and CTDEP criteria were used for COPC selection.  Federal criteria include Maximum 

Contaminant Levels (MCLs) and USEPA Regional Screening Levels (RSLs).  The USEPA RSLs were 

developed and are maintained through a cooperative agreement between Oak Ridge National Laboratory 

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. 

 

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. 
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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: 

 

USEPA 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 USEPA 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 USEPA 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 USEPA RSLs.  However, RME 

default assumptions used by the state are slightly different than those used by USEPA (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). 

 

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, 2002a).  The soil to air SSLs are calculated 

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.    
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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: 

 

USEPA 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 USEPA 

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 USEPA 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. 
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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 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 USEPA 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 State MCLs.  Federal primary MCLs are standards promulgated under the Safe Drinking 

Water Act (SDWA) (USEPA, 2009b) 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 RSLs 

(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 

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).  

 

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, 2007).  
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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, 2002b).  The groundwater GSLsVapor were 

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

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

the indoor air GSLsVapor).  GSLsVapor values presented in the 2002 guidance for some chemicals 

(e.g., benzene, chloroform, ethylbenzene, tetrachloroethene, trichloroethene, and vinyl chloride) are 

based on MCLs.  USEPA Region I requires screening values to be risk-based, therefore risk-based 

values calculated by USEPA Region I were used for these chemicals.  In addition, the toxicity criteria for 

some of the chemicals have changed since the 2002 guidance was published, therefore values calculated 

by USEPA Region I were used for these chemicals 

 

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, 2010c).  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. 

 

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. 
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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. 

 

Chromium.  Soil and groundwater samples collected before 2010 were analyzed for total chromium.  

Hexavalent chromium was not analyzed for in the previous investigations because there were no 

historical records of it being used at the site.  As discussed in the Appendix A-9 of the final Soil PDI 

Sampling and Analysis Plan (SAP) (Tetra Tech, 2010b) soil samples collected at Zones 4 and 7 during 

the Pre-Design investigation were analyzed for total, trivalent, and hexavalent chromium.  Chromium 

speciation was performed in Zones 4 and 7 because the highest concentrations of total chromium were 

detected in soil samples from these zones in the previous investigations.  Hexavalent chromium was not 

detected in the soil samples collected at Zone 4.  At Zone 7 hexavalent chromium was detected at low 

concentrations in 1 of 2 surface soil samples and 2 of 5 subsurface soil samples.  The available data 

indicates that hexavalent chromium is not present at high concentrations in soil at the Lower Subase.  

Consequently, total chromium was evaluated as trivalent chromium in this HHRA. 

 

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: 
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• 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. 

 

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).  This section 

summarizes information that is pertinent to the HHRA.  A detailed description of site history, site geology, 

etc. is presented in Section 1 of the Lower Subase FS (Tetra Tech, 2011). 

 

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. 
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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 has approximately 7,500 active duty and 2,500 civilian employees 

and contractors.  Communities adjacent to the base include Groton which is commercial and industrial 

with a population of approximately 40,000 and Ledyard which is primarily a residential community of 

approximately 15,000.  Located across the Thames River is the City of New London with a population of 

approximately 25,000 and the town of Waterford.  A detailed assessment of the types of activities that 

currently occur and those that are planned was presented in the Community Involvement Plan (TtNUS, 

2010b). 

 

2.3.2 Conceptual Site Model 

This section discusses the general conceptual site model for the Lower Subase.  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 that could come into contact with the COPCs.  Figures 2-1 through 2-7 of the Lower Subase 

(Operable Unit 4) Soil and Groundwater Pre-Design Investigation Completion Report and Feasibility 

Study Addendum (Tetra Tech, 2011) show the locations of Zones 1 through 7, respectively. 

 

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 
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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 

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. 
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• 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. 

 

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 
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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) and air (inhalation).  Depth to groundwater across the Lower 

Subase ranges for 1 to 20 feet bgs, consequently construction workers could be exposed to 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 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 is not considered 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 
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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, 1992) indicates the 

need to address an average case or central tendency exposure (CTE). 

 

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.  The 

EPCs in this HHRA were calculated using USEPA’s ProUCL Version 4.00.05 (2010a).  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 
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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). 

 

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, 1997a 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 and 2-7.  The following paragraphs briefly discuss the non-default, 

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

 

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, 2004): 

 

 

(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 

assumptions are summarized in Tables 2-6 and 2-7. 

 

A summary of the receptor-specific input values used to estimate chemical intakes from dermal contact 

with soil are presented in Tables 2-6 and 2-7 for RME and CTE exposure scenarios, respectively.  The 

same exposure frequencies and durations recommended for the evaluation of incidental ingestion of soil 

were used to estimate chemical intakes for dermal contact with soil.  The soil adherence factors 

presented are those in Exhibits 3.3 and 3.5 of RAGS Part E.  To the extent possible, chemical-specific 

dermal absorption factors provided in RAGS Part E were used to evaluate the COPCs for soil.  However, 
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dermal absorption factors are only available for the short list of chemicals in Exhibit 3-4 of RAGS Part E.  

RAGS Part E recommends a dermal absorption faction of zero for volatiles because volatile organic 

compounds tend to volatilize from soil on skin and should be accounted for via the inhalation route.  Also 

as indicated in RAGS Part E, absorption factors for metals other than arsenic and cadmium have not 

been developed due to insufficient data to support default values.  Therefore, dermal absorption of metals 

other than arsenic and cadmium from soil were not quantified in this risk assessment.  The uncertainty 

associated with the omission of these constituents is discussed in the uncertainty analysis.  Table 2-8 

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, 2009a): 

 

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

procedures presented in USEPA Soil Screening Guidance (USEPA, 2002a).  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, 2002a).  

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 

H' x +  + K x 
])/nD x   H' x D x [(

 = D
aw db

2
w

10/3
wi

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) 
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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 current USEPA RSL table and are presented in Table 2-9.  

Input assumptions for the calculation of VF are presented in Table 2-10. 

 

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) 

  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 2-6 and 2-7.   
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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
t6 (CF) )C()FA( )K )((2 = DA  :then ,t < t If  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
τ 2

2
event

wpevent
*

event )B + 1(
B3B 3 + 1  2 + 

B + 1
t(CF))C()FA()K( = DA  :then ,t > t If  

 

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 2-8.  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. 
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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, 2009a): 

 

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 

 

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.  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. 

 

No well-established models are available for estimating migration of volatiles from groundwater into a 

construction or utility trench.  To estimate the EPC for air in a construction trench, the HHRA used 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 contaminant dispersion from the air inside the 

trench to 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 
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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 

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. 
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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) 

 

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 current RSL table and are presented in Table 2-9. 

 

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: 

 

121017/P F-2-24 CTO WE57 



  REVISION 0 
  FEBRUARY 2011 
 
• USEPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead, Version 1.1 Build 11 

(USEPA, 1994b, 2010d).  This model is typically used to evaluate lead exposure assuming a 

residential land use scenario. 

 

• The USEPA’s TRW Model for Lead (USEPA, 2003a, 2009).  This model is typically used to evaluate 

lead exposure assuming a non-residential land use scenario.  

 

The IEUBK Model for lead (USEPA, 1994b, 2010d) 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 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, 2003a, 2009).  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, 2010c). 

 

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 
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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. 

  

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 2-11.  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, 2005b) 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. 
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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) 

 

The above approach was used only for those chemicals which are identified as mutagenic in the USEPA 

RSL screening table (e.g., carcinogenic PAHs and hexavalent chromium).  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 this HHRA were obtained from the following 

primary USEPA literature sources (USEPA, 2003c): 
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• 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 

(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 2-12 through 2-15. 

 

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: 
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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 were 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 2-12 and 2-14. 

 

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). 
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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 

manganese in water. 

 

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. 

 

2.5.1 Quantitative Analysis of Chemicals Other Than Lead 

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. 

 

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)] 
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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. 

 

2.5.2 Interpretation of Risk Assessment Results 

To interpret the quantitative risk estimates and to aid risk managers in determining the need for 

remediation, quantitative risk estimates were compared to typical USEPA risk benchmarks.  Calculated 

ILCRs were interpreted using USEPA's target cancer risk range (1 x 10-4 to 1 x 10-6).  HIs were evaluated 

against a benchmark value of 1.0. Current USEPA policy regarding lead exposures is to limit the 

childhood risk of exceeding a 10 µg/dL blood-lead level to 5 percent. 

 

USEPA defines the range of 1 x 10-4 to 1 x 10-6 as the ILCR target range for hazardous waste facilities 

addressed under the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) and RCRA.  Individual or cumulative ILCRs greater than 1 x 10-4 are generally considered 

“unacceptable” by USEPA.  Risk management decisions are necessary when the ILCR is within 1 x 10-4 

to 1 x 10-6.  USEPA typically does not require remediation when the cumulative ILCR is less than 1 x 10-6.  

The CTDEP target cumulative cancer risk benchmark is 1 x 10-5, although the project team has agreed 

not to use the CTDEP cumulative cancer risk benchmark at the Lower Subase.    
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An HI exceeding unity (1.0) indicates that there may be non-carcinogenic health risks associated with 

exposure.  If an HI exceeds unity, target organ effects associated with exposure to COPCs are 

considered.  Only those HQs for chemicals that affect the same target organ(s) or exhibit similar critical 

effect(s) are regarded as truly additive.  Consequently, it may be possible for the cumulative HI to exceed 

1.0, but no adverse health effects are anticipated if the COPCs do not affect the same target organ or 

exhibit the same critical effect (i.e., target-organ/critical effect-specific HIs do not exceed 1). 

 

As a general guideline, a “no further action” recommendation will made whenever the cancer-risk 

estimates and total HIs (estimated on a target-organ/target-effect basis) for receptors of concern are less 

than 1×10-4 and 1, respectively, and when risks associated with lead exposure are below the USEPA 

risk-benchmark.  Otherwise, the need for remedial action will be evaluated in the FS.  Chemicals detected 

at concentrations exceeding CTDEP RSRs will also be identified and evaluated in the FS. 

 

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. 

 

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 USEPA 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 
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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, there were not an adequate 

number of soil samples collected to calculate an UCL.  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. 

 

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.  
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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 

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. 
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• 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. 

 

• 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 exposures to lead in the July 2010 HHRA were evaluated using USEPA’s IEUBK model 

Version 1.0 Build 264 and industrial exposures were evaluated using the May 2005 version of USEPA’s 

Adult Lead Methodology (ALM).  After the draft HHRA was submitted to USEPA, USEPA released 
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Version 1.1 Build 11 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 that were present in the draft HHRA.  Since the results of the lead evaluation that 

were presented in the draft  risk assessment were more conservative than the results would have been 

using the updated lead models USEPA agreed the lead evaluation presented in the draft HHRA was 

adequate and did not need to be revised to incorporate the updated guidance (USEPA, 2009d). 

 

The risks from exposures to lead in soil estimated in the July 2010 HHRA and this HHRA are based on an 

acceptable blood lead level of 10 µg/dL.  Recent scientific evidence indicates that adverse health effects 

occur below 10 µg/dL, although a lower “safe” acceptable blood lead level has not been identified.  If the 

acceptable blood lead level is revised to a level lower than 10 µg/dL then the risks from exposures to lead 

in soil would be higher than those presented in this HHRA. 

 

The PRG of 1,090 mg/kg for industrial exposures to lead was derived with the May 2005 version of 

USEPA’s Adult Lead Methodology and is based on an acceptable blood lead level of 10 µg/dL.  The 

industrial PRG calculated using the current ALM and an acceptable blood lead level of 10 µg/dL would be 

2,240 mg/kg.  If the blood lead level is lowered then the PRG would also be lower.  The PRG of 

1,090 mg/kg corresponds to a blood lead level of approximately 6 µg/dL.  Consequently, the PRG of 

1,090 provides some level of protection if the acceptable blood lead level is lowered. 

 

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.  

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

USEPA 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

USEPA RSLs 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
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

USEPA CTDEP RSR(1) USEPA USEPA CTDEP RSR(1)

CAS Chemical RSL(2) 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 870 N 500 1,200 sat 1.9 MCL 40
78-93-3 2-Butanone 2,800 N 500 24,000 sat 89 N 80
67-64-1 Acetone 6,100 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 82 N 500 720 sat 29 N 140
67-66-3 Chloroform 0.29 C 100 0.28 C 0.59 MCL 0.12
100-41-4 Ethylbenzene 5.4 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 0.55 C 12 10 C 0.058 MCL 1
108-88-3 Toluene 500 N 500 650 sat 12 MCL 67
79-01-6 Trichloroethene 2 8 C 56 0 071 C 0 057 MCL 179-01-6 Trichloroethene 2.8 C 56 0.071 C 0.057 MCL 1

1330-20-7 Total Xylenes 63 N 500 700 N 140 N 19.5
Semivolatile Organic Compounds

105-67-9 2,4-Dimethylphenol 120 N 1,000 NA 9 N 28
91-57-6 2-Methylnaphthalene 31 N 474 NA NA 9.8
59-50-7 4-Chloro-3-methylphenol 610 N NA NA NA NA
83-32-9 Acenaphthene 340 N 1,000 NA 630 N 84
208-96-8 Acenaphthylene 340 N(4) 1,000 NA NA 84
120-12-7 Anthracene 1,700 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 170 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
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TABLE 2-2

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
SURFACE AND SUBSURFACE SOIL

NSB-NLON, GROTON, CONNECTICUT

USEPA CTDEP RSR(1) USEPA USEPA CTDEP RSR(1)

CAS Chemical RSL(2) 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)

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 7.8 N 270 NA 48 N 5.6
84-66-2 Diethyl phthalate 4,900 N 1,000 NA 450 N 1,100
206-44-0 Fluoranthene 230 N 1,000 NA 6,300 N 56
86-73-7 Fluorene 230 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 3.6 C 1,000 170 N 61 N 56
85-01-8 Phenanthrene 170 N(5) 1,000 NA NA 40
108-95-2 Phenol 1 800 N 1 000 NA 56 N 800108-95-2 Phenol 1,800 N 1,000 NA 56 N 800
129-00-0 Pyrene 170 N 1,000 NA 4,600 N 40

Pesticides/PCBs
72-54-8 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 1.8 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 7,700 N NA 7,090,000 N 170 N NA
7440-36-0 Antimony 3.1 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)
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TABLE 2-2

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
SURFACE AND SUBSURFACE SOIL

NSB-NLON, GROTON, CONNECTICUT

USEPA CTDEP RSR(1) USEPA USEPA CTDEP RSR(1)

CAS Chemical RSL(2) 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)

7440-39-3 Barium 1,500 N 4,700 709,000 N 1,600 MCL 10 (7)

7440-41-7 Beryllium 16 N 2 1,380 C 63 MCL 0.04 (7)

7440-42-8 Boron 1,600 N NA 28,400,000 N 470 N NA
7440-43-9 Cadmium 7 N 34 1,840 C 7.5 MCL 0.05 (7)

7440-70-2 Calcium NA NA NA NA NA
7440-47-3 Total Chromium NA NA 276 C 42 N 0.5 (7)

16065-83-1 Trivalent Chromium 12,000 N 3,900 NA 2,000,000,000 N NA
15723-28-1 Hexavalent Chromium 0.29 C 100 276 C 42 N NA
7440-48-4 Cobalt 2.3 N 70 1,180 C 3.3 N 0.1 (7)

7440-50-8 Copper 310 N 2,500 NA 11,000 MCL 13 (7)

57-12-5 Cyanide 160 N 1 400 NA 40 MCL 2 (7)57-12-5 Cyanide 160 N 1,400 NA 40 MCL 2
7439-89-6 Iron 5,500 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 180 N NA 70,900 N 2,200 N NA
7439-97-6 Mercury 2.3 N(8) 20 NA 2.1 MCL 0.02 (7)

7440-02-0 Nickel 150 N 1,400 NA 950 N 1 (7)

7440-09-7 Potassium NA NA NA NA NA
7782-49-2 Selenium 39 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 NA 5.4 NA 1.1 N 0.05 (7)

7440-62-2 Vanadium 39 N(9) 470 NA 5,100 N 0.5 (7)

7440-66-6 Zinc 2,300 N 20,000 NA 14,000 N 50 (7)

Total Petroleum Hydrocarbons
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TABLE 2-2

SCREENING CRITERIA USED IN THE SELECTION OF COPCS
SURFACE AND SUBSURFACE SOIL

NSB-NLON, GROTON, CONNECTICUT

USEPA CTDEP RSR(1) USEPA USEPA CTDEP RSR(1)

CAS Chemical RSL(2) 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)

-- Total Petroleum Hydrocarbons NA 500 NA NA 2,500

Notes: Definitions:
1 - CTDEP Remediation Standard Regulations, 2007. C - carcinogen
2 - USEPA Regional Screening Level (RSL) , May 2010.  Carcinogenic  values represent a incremental cancer N - noncarcinogen
     risk of 1.0E-06. The noncarcinogenic values are the RSL divided by 10 to correspond to a target hazard sat - soil saturation level
    quotient of 0.1. 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. MCL = Maximum Contaminant Level
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-chlordane6 - 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 - Value is for mercury chloride (and other mercury salts).
9 - Value is for vanadium and compounds.
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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
USEPA CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS RSL(1) GA/GAA MCLs(2) MCLs(3) Groundwater Surface Water Groundwater
Number Chemical Tap Water Criteria(4) Volatilization Protection Volatilization

Criteria(5) Criteria(4) 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 910 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 34 N 7 7 7 190 N 96 190
71-43-2 Benzene 0.41 C 1 5 5 1.36 C(7) 710 130
75-15-0 Carbon disulfide 100 N 700 NA NA 560 N NA NA
67-66-3 Chloroform 0.19 C 6 80 80 0.71 C(7) 14,100 26
100-41-4 Ethylbenzene 1.5 C 700 700 700 3.04 C(7) 580,000 2,700
75-09-2 Methylene chloride 4.8 C 5 5 5 58 C 48,000 160
100-42-5 Styrene 160 N 100 100 100 8,900 N NA 3,100
127-18-4 Tetrachloroethene 0.11 C 5 5 5 0.55 C(7) 88 340
108-88-3 Toluene 230 N 1,000 1,000 1,000 1,500 N 4,000,000 7,100
79-01-6 Trichloroethene 2 C 5 5 5 2.89 C(7) 2,340 2779 01 6 Trichloroethene 2 C 5 5 5 2.89 C 2,340 27
75-01-4 Vinyl chloride 0.016 C 2 2 2 0.145 C(7) 15,750 1.6

1330-20-7 Total Xylenes 20 N 530 10,000 10,000 22,000 N NA 8,700
Semivolatile Organic Compounds

120-82-1 1,2,4-Trichlorobenzene 0.41 N(8) 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 73 N 140 NA NA NA NA NA
91-57-6 2-Methylnaphthalene 15 N 49 NA NA 3,300 N NA NA
106-44-5 4-Methylphenol 18 N 35 NA NA NA NA NA
83-32-9 Acenaphthene 220 N 420 NA NA NA NA NA
208-96-8 Acenaphthylene 220 N(9) 420 NA NA NA 0.3 NA
120-12-7 Anthracene 1,100 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 110 N(10) 210 NA NA NA 110,000 (10) 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
USEPA CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS RSL(1) GA/GAA MCLs(2) MCLs(3) Groundwater Surface Water Groundwater
Number Chemical Tap Water Criteria(4) Volatilization Protection Volatilization

Criteria(5) Criteria(4) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
65-85-0 Benzoic acid 15,000 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 NA 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 370 N 700 NA NA NA 120,000 NA
132-64-9 Dibenzofuran 3.7 N 28 NA NA NA NA NA
84-66-2 Diethyl phthalate 2,900 N 5,600 NA NA NA NA NA
206-44-0 Fluoranthene 150 N 280 NA NA NA 3,700 NA
86-73-7 Fluorene 150 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 110 N(10) 200 NA NA NA 23 NA

108 95 2 Phenol 1 100 N 4 000 NA NA NA 92 000 000 NA108-95-2 Phenol 1,100 N 4,000 NA NA NA 92,000,000 NA
129-00-0 Pyrene 110 N 200 NA NA NA 110,000 NA

Metals
7429-90-5 Aluminum 3,700 N NA 50 (11) NA NA NA NA
7440-36-0 Antimony 1.5 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 730 N 1,000 2,000 2,000 NA NA NA
7440-41-7 Beryllium 7.3 N 4 4 4 NA 4 NA
7440-42-8 Boron 730 N NA NA NA NA NA NA
7440-43-9 Cadmium 1.8 N 5 5 5 NA 6 NA
7440-70-2 Calcium NA NA NA NA NA NA NA
7440-47-3 Total Chromium NA 100 100 100 NA NA NA

16065-83-1 Trivalent Chromium 5,500 N NA NA NA NA 1,200 NA
15723-28-1 Hexavalent Chromium 0.043 C NA NA NA NA 110 NA
7440-48-4 Cobalt 1.1 N 10 NA NA NA NA NA
7440-50-8 Copper 150 N 1,300 1,300 1,300 NA 48 NA
7439-89-6 Iron 2,600 N NA 300 (11) NA NA NA 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
USEPA CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS RSL(1) GA/GAA MCLs(2) MCLs(3) Groundwater Surface Water Groundwater
Number Chemical Tap Water Criteria(4) Volatilization Protection Volatilization

Criteria(5) Criteria(4) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
7439-92-1 Lead NA 15 15 15 NA 13 NA
7439-95-4 Magnesium NA NA NA NA NA NA NA
7439-96-5 Manganese 88 N NA 50 (11) NA NA NA NA
7439-97-6 Mercury 1.1 N(12) 2 2 2 NA 0.4 NA
7440-02-0 Nickel 73 N 100 NA 100 NA 880 NA
7440-09-7 Potassium NA NA NA NA NA NA NA
7782-49-2 Selenium 18 N 50 50 50 NA 50 NA
7440-22-4 Silver 18 N 36 100 (11) 50 NA 12 NA
7440-23-5 Sodium NA NA NA NA NA NA NA
7440-28-0 Thallium NA 5 2 2 NA 63 NA
7440-62-2 Vanadium 18 N(13) 50 NA NA NA NA NA
7440-66-6 Zinc 1,100 N 5,000 5,000 (11) NA NA 123 NA

Total Petroleum HydrocarbonsTotal 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
USEPA CTDEP USEPA Connecticut USEPA CTDEP RSR CTDEP RSR

CAS RSL(1) GA/GAA MCLs(2) MCLs(3) Groundwater Surface Water Groundwater
Number Chemical Tap Water Criteria(4) Volatilization Protection Volatilization

Criteria(5) Criteria(4) Criteria(6)

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Notes:
1 - USEPA Regional Screening Level, May 2010.  Carcinogenic values represent an incremental cancer risk of 1E-06.  The new carcinogenic values are the RSL divided by 10 
     to correspond to a Target Hazard Quotient of 0.1.
2 - USEPA Drinking Water Standards and Health Advisories, October 2009.
3 - Title 19-13-B102, Health and Safety, the Public Code of the State of Connecticut.
4 - CTDEP Remediation Standard Regulations, Residential, 2007.
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 hazard index = 1 and an attenuation factor of 0.001.
6 - Connecticut's Proposed Revisions Remediation Standard Regulations, Volatilization Criteria, March 2003.
7 - USEPA Region I target level.
8 - Ten percent of noncarcinogenic screening level is less then the carcinogenic screening level, therefore the noncarcinogenic value is presented.
9 - Acenaphthene is used as a surrogate for acenaphthylene.
10 Pyrene is used as a surrogate for benzo(g h i)perylene and phenanthrene10 - Pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene.
11 - Secondary MCL
12 - Value is for mercury, inorganic salts.
13 - Value is for vanadium and compounds.
Definitions:
C - carcinogen
N - noncarcinogen
NA - not available
MCL - Maximum Contaminant Level
RSR - Remedial Standard Regulations



TABLE 2-4 
 

BACKGROUND SOIL CONCENTRATIONS(1) 
NSB-NLON, GROTON, CONNECTICUT 

 

Parameter 
Naval Submarine Base Site-Specific Background(2) (mg/kg) 

(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
CopperCopper 39.439.4
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

SUMMARY OF EXPOSURE INPUT PARAMETERS
REASONABLE MAXIMUM EXPOSURES
NSB-NLON, GROTON, CONNECTICUT

Parameter 
Code Exposure Parameter Construction 

Worker
Full-Time 
Employee Child Resident Adult Resident

All Exposures
ED Exposure Duration (years) 1(1) 25(2) 6(3) 24(3)

BW Body Weight (kg) 70(4) 70(4) 15(4) 70(4)

AT-N Averaging Time (Non-Cancer) (days) 365(4) 9,125(4) 2,190(4) 8,760(4)

AT-C Averaging Time (Cancer) (days) 25,550(4) 25,550(4) 25,550(4) 25,550(4)

Incidental Ingestion/Dermal Contact with Soil

Csoil Chemical concentration in soil (mg/kg)
Maximum or
95% UCL(5)

Maximum or
95% UCL(5)

Maximum or
95% UCL(5)

Maximum or
95% UCL(5)

IR-S Ingestion Rate (mg/day) 330(2) 100(2) 200(3) 100(3)

EF Exposure Frequency (days/year) 120(1) 250(2) 350(3) 350(3)

FI Fraction Ingested (unitless) 1 1 1 1
SA Skin Surface Available for Contact (cm2) 3,300(6) 3,300(6) 2,800(6) 5,700(6)

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 0.3(6) 0.2(6) 0.2(6) 0.07(6)

DABS Absorption Factor (unitless)
chemical-
specific(6)

chemical-
specific(6)

chemical-
specific(6)

chemical-
specific(6)

CF Conversion Factor (kg/mg) 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil

Cair Chemical concentration in air (mg/m3) calculated(2) NA NA NA
ET Exposure Time (hours/day) 8(1) NA NA NA
EF Exposure Frequency (days/year) 120(1) NA NA NA

PEF Particulate Emission Factor (m3/kg) 1.37E+06(2) NA NA NA
Dermal Contact with Groundwater 

Cgw Chemical concentration in groundwater (µg/L) Maximun NA NA NA
EF Exposure Frequency (days/year) 30(1) NA NA NA

ET Exposure Time (hours/day) 4(1) NA NA NA

EV Event Frequency (events/day) 1(6) NA NA NA
SA Skin Surface Available for Contact (cm2) 3,300(6) NA NA NA

Kp (cm/hour), t* (hour/event), τ (hour), and B (unitless)
chemical-
specific(6) NA NA NA

Inhalation of Volatile Emissions from Groundwater
Cair Chemical concentration in air (mg/m3) calculated(7) NA NA NA
ET Exposure Time (hours/day) 4(1) NA NA NA
EF E F (d / ) (1) NA NA NAEF Exposure Frequency (days/year) 30(1) NA NA NA

Notes:
1 - Professional judgment.
2 - USEPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
3 - USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03.
4 - USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
5 - USEPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
6 - USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
7 - VDEQ September 2004. Virginia Department of Environmental Quality (VDEQ, online -http://www.deq.state.va.us/brownfieldweb/vrp.html).



TABLE 2-7

SUMMARY OF EXPOSURE INPUT PARAMETERS
CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Parameter 
Code Exposure Parameter Construction 

Worker
Full-Time 
Employee Child Resident Adult Resident

All Exposures
ED Exposure Duration (years) 1(1) 9(2) 2(2) 7(3)

BW Body Weight (kg) 70(4) 70(4) 15(4) 70(4)

AT-C Averaging Time (Cancer) (days) 365(4) 3,285(4) 730(4) 2,555(4)

AT-N Averaging Time (Non-Cancer) (days) 25,550(4) 25,550(4) 25,550(4) 25,550(4)

Incidental Ingestion/Dermal Contact with Soil

Csoil Chemical concentration in soil (mg/kg)
Maximum or
95% UCL(5)

Maximum or
95% UCL(5)

Maximum or
95% UCL(5)

Maximum or
95% UCL(5)

IR-S Ingestion Rate (mg/day) 165(1) 50(2) 100(2) 50(2)

EF Exposure Frequency (days/year) 80(1) 219(2) 234(2) 234(2)

FI Fraction Ingested (unitless) 1 1 1 1
SA Skin Surface Available for Contact (cm2) 3,300(6) 3,300(7) 2,800(7) 5,700(7)

SSAF Soil to Skin Adherence Factor (mg/cm2/event) 0.1(7) 0.02(7) 0.04(7) 0.01(7)

DABS Absorption Factor (unitless)
chemical-
specific(7)

chemical-
specific(7)

chemical-
specific(7)

chemical-
specific(7)

CF Conversion Factor (kg/mg) 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil

Cair Chemical concentration in air (mg/m3) calculated(6) NA NA NA
ET Exposure Time (hours/day) 8(1) NA NA NA
EF Exposure Frequency (days/year) 80(1) NA NA NA

PEF Particulate Emission Factor (m3/kg) 1.37E+06(6) NA NA NA
Dermal Contact with Groundwater 

Cgw Chemical concentration in groundwater (µg/L) Maximun NA NA NA
EF Exposure Frequency (days/year) 15(1) NA NA NA

ET Exposure Time (hours/day) 2(1) NA NA NA

EV Event Frequency (events/day) 1(7) NA NA NA
SA Skin Surface Available for Contact (cm2) 3,300(6) NA NA NA

Kp (cm/hour), t* (hour/event), τ (hour), and B (unitless)
chemical-
specific(7) NA NA NA

Inhalation of Volatile Emissions from Groundwater
Cair Chemical concentration in air (mg/m3) calculated(8) NA NA NA
ET Exposure Time (hours/day) 2(1) NA NA NA
EF E F (d / ) (1) NA NA NAEF Exposure Frequency (days/year) 15(1) NA NA NA

Notes:
1 - Professional judgment.
2 - USEPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
3 - USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03.
4 - USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
5 - USEPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
6 - USEPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
7 - USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
8 - VDEQ September 2004. Virginia Department of Environmental Quality (VDEQ, online -http://www.deq.state.va.us/brownfieldweb/vrp.html).



TABLE 2-8

INTERMEDIATE VARIABLES FOR CALCULATING DA(EVENT)
NSB-NLON, GROTON, CONNECTICUT

PAGE 1 OF 2

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) 1 6.7E-03 cm/hr (2) hr 3.8E-08 hr 9.2E+91 hr 2.6E-02
1,1-Dichloroethene Groundwater NA(1) 1 1.2E-02 cm/hr (2) hr 3.7E-01 hr 8.9E-01 hr 4.4E-02
Benzene Groundwater NA(1) 1 1.5E-02 cm/hr (2) hr 2.9E-01 hr 7.0E-01 hr 5.1E-02
Chloroform Groundwater NA(1) 1 6.8E-03 cm/hr (2) hr 5.0E-01 hr 1.2E+00 hr 2.9E-02
Ethylbenzene Groundwater NA(1) 1 4.9E-02 cm/hr (2) hr 4.2E-01 hr 1.0E+00 hr 2.0E-01
Methylene Chloride Groundwater NA(1) 1 3.5E-03 cm/hr (2) hr 3.2E-01 hr 7.6E-01 hr 1.3E-02
Tetrachloroethene Groundwater NA(1) 1 3.3E-02 cm/hr (2) hr 9.1E-01 hr 2.2E+00 hr 1.7E-01
Trichloroethene Groundwater NA(1) 1 1.2E-02 cm/hr (2) hr 5.8E-01 hr 1.4E+00 hr 5.1E-02
Vinyl Chloride Groundwater NA(1) 1 5.6E-03 cm/hr (2) hr 2.4E-01 hr 5.7E-01 hr 1.7E-02
Total Xylenes Groundwater NA(1) 1 4.6E-02 cm/hr (2) hr 4.1E-01 hr 9.9E-01 hr 1.8E-01
Semivolatile Organic Compounds
1,2,4-Trichlorobenzene Groundwater NA(1) 1 6.6E-02 cm/hr (2) hr 1.1E+00 hr 2.7E+00 hr 3.4E-01
2-Methylnaphthalene Soil, Groundwater 0.1 1 8.9E-02 cm/hr (2) hr 6.6E-01 hr 1.6E+00 hr 4.1E-01
Benzo(a)anthracene Soil, Groundwater 0.13 NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3)

Benzo(a)pyrene Soil, Groundwater 0.13 NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3)

Benzo(b)fluoranthene Soil, Groundwater 0.13 NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3)

Benzo(k)fluoranthene Soil, Groundwater 0.13 NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3)

Bis(2-ethylhexyl)phthalate Groundwater NA(1) 0.8 2.5E-02 cm/hr (2) hr 1.7E+01 hr 4.0E+01 hr 1.9E-01
Dibenzo(a,h)anthracene Soil 0.13 NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4)

Dibenzofuran Groundwater NA(1) 1 9.5E-02 cm/hr (2) hr 9.2E-01 hr 2.2E+00 hr 4.7E-01
Indeno(1,2,3-cd)pyrene Soil, Groundwater 0.13 NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3) NA(3)

Naphthalene Groundwater NA(1) 1 4.7E-02 cm/hr (2) hr 5.6E-01 hr 1.3E+00 hr 2.0E-01
Inorganics
Antimony Soil, Groundwater NA(5) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Arsenic Soil, Groundwater 0.03 NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Barium Soil Groundwater NA(5) NA 1 0E 03 cm/hr (2) hr NA NA NA NA NABarium Soil, Groundwater NA(5) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Beryllium Groundwater NA(1) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Boron Groundwater NA(1) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Cadmium Groundwater NA(1) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Chromium Groundwater NA(1) NA 2.0E-03 cm/hr (2) hr NA NA NA NA NA
Manganese Soil, Groundwater NA(5) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Mercury Soil, Groundwater NA(5) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Nickel Groundwater NA(1) NA 2.0E-04 cm/hr (2) hr NA NA NA NA NA
Selenium Groundwater NA(1) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Thallium Soil, Groundwater NA(5) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Vanadium Soil, Groundwater NA(5) NA 1.0E-03 cm/hr (2) hr NA NA NA NA NA
Zinc Soil NA(5)

NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4) NA(4)

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 - This chemical was only identified as a COPC in groundwater, therefore dermal exposures to soil were not evaluated.
2 - T(event) for the construction worker is 4 hours for RME and 2 hours for CTE.



TABLE 2-8

INTERMEDIATE VARIABLES FOR CALCULATING DA(EVENT)
NSB-NLON, GROTON, CONNECTICUT
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3 - RAGS Part E recommends not attempting to quantify risk because contaminants are outside the effective predictive domain of the model.
4 - This chemical was only identified as a COPC in soil, therefore dermal exposures to groundwater were not evaluated.
5 - Absorption factors are not available for this chemical.
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.
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TABLE 2-9

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 3.18E+01 8.60E-02 1.10E-05 2.42E+03 1.10E+00 2.61E-02
Benzene 7.81E+01 1.46E+02 9.00E-02 1.00E-05 1.79E+03 2.30E-01 5.55E-03
Chloroform 1.19E+02 3.18E+01 7.70E-02 1.10E-05 7.95E+03 1.50E-01 3.67E-03
Methylene Chloride 8.49E+01 2.17E+01 1.00E-01 1.30E-05 1.30E+04 1.30E-01 3.25E-03
Tetrachloroethene 1.66E+02 9.49E+01 5.00E-02 9.50E-06 2.06E+02 7.20E-01 1.77E-02
Trichloroethene 1.31E+02 6.07E+01 6.90E-02 1.00E-05 1.28E+03 4.00E-01 9.85E-03
Vinyl Chloride 6.25E+01 2.17E+01 1.10E-01 1.20E-05 8.80E+03 1.10E+00 2.78E-02
Total Xylenes 1.06E+02 3.83E+02 8.50E-02 9.90E-06 1.06E+02 2.10E-01 5.18E-03
2-Methylnaphthalene 1.42E+02 2.48E+03 5.20E-02 7.80E-06 2.46E+01 2.10E-02 5.18E-04
Benzo(a)anthracene 2.28E+02 1.77E+05 5.10E-02 9.00E-06 9.40E-03 4.90E-04 1.20E-05
Benzo(a)pyrene 2.52E+02 5.87E+05 4.30E-02 9.00E-06 1.62E-03 1.90E-05 4.57E-07
Benzo(b)fluoranthene 2.52E+02 8.03E+05 2.26E-02 5.56E-06 8.03E+05 2.70E-05 6.57E-07
Benzo(k)fluoranthene 2.52E+02 5.87E+05 2.26E-02 5.56E-06 8.00E-04 2.40E-05 5.84E-07
Bis(2-ethylhexyl)phthalate 3.91E+02 1.20E+05 3.51E-02 3.66E-06 2.70E-01 1.10E-05 2.70E-07
Dibenzo(a,h)anthracene 2.78E+02 1.91E+06 2.02E-02 5.18E-06 2.49E-03 5.80E-06 1.41E-07
DibenzofuranDibenzofuran 1.68E+02 868E+02 .13E+0313E+03 6 01E 02.01E-02 1 00E 05.00E-05 4 22E+.22E+00 8 73E 03 2 13E 0400 .73E-03 .13E-04
Indeno(1,2,3-cd)pyrene 2.76E+02 1.95E+06 1.90E-02 5.66E-06 1.90E-04 1.40E-05 3.48E-07
Naphthalene 1.28E+02 1.54E+03 6.00E-02 8.40E-06 3.10E+01 1.80E-02 4.40E-04

Source: USEPA Regional Screening Level Table, November 2010.



TABLE 2-10

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 2-9
USEPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.



TABLE 2-11

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 - Monitoring well 19MW4 no longer exists, depth to groundwater measure is from August 23, 1994.
NAVD - North America Vertical Datum.
No COPCs were identified for vapor intrusion at Zone 3, therefore exposures from vapor intrusion were not evaluated for Zone 3.



TABLE 2-12

NON-CANCER TOXICITY DATA -- ORAL/DERMAL
NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal(2) Primary Combined RfD:Target Organ(s)
of  Potential Subc chroni 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 2/1/2011
Benzene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Blood 300/1 IRIS 2/1/2011
Chloroform Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Liver 100/1 IRIS 2/1/2011
Ethylbenzene Chronic 1.0E-01 mg/kg/day 1 1.0E-01 mg/kg/day Liver, Kidney 1000/1 IRIS 2/1/2011
Methylene Chloride Chronic 6.0E-02 mg/kg/day 1 6.0E-02 mg/kg/day Liver 100/1 IRIS 2/1/2011
Tetrachloroethene Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Liver 1000/1 IRIS 2/1/2011
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 2/1/2011
Total Xylenes Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Body Weight 1000/1 IRIS 2/1/2011
Semivolatile Organic Compounds
1,2,4-Trichlorobenzene Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Adrenals 1000/1 IRIS 2/1/2011
2-Methylnaphthalene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Lungs 1000/1 IRIS 2/1/2011
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 2/1/2011
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 Chronic 1.0E-03 mg/kg/day 1 1.0E-03 mg/kg/day None Reported NA PPRTV 6/11/2007
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 2/1/2011
InorganicsInorganics
Antimony Chronic 4.0E-04 mg/kg/day 0.15 6.0E-05 mg/kg/day Blood 1000/1 IRIS 2/1/2011
Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/1/2011
Barium Chronic 2.0E-01 mg/kg/day 0.07 1.4E-02 mg/kg/day Kidney 300/1 IRIS 2/1/2011
Beryllium Chronic 2.0E-03 mg/kg/day 0.007 1.4E-05 mg/kg/day GS 300/1 IRIS 2/1/2011
Boron Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Developmental, Lungs 66 IRIS 2/1/2011
Cadmium (soil) Chronic 1.0E-03 mg/kg/day 0.025 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011
Cadmium (water) Chronic 5.0E-04 mg/kg/day 0.05 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011
Trivalent Chromium Chronic 1.5E+00 mg/kg/day 0.013 2.0E-02 mg/kg/day None Reported 100/10 IRIS 2/1/2011
Hexavalent Chromium Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day None Reported 300/3 IRIS 2/1/2011
Lead NA NA NA 1 NA NA NA NA NA NA
Manganese (soil) Chronic 1.4E-01 mg/kg/day 1 1.4E-01 mg/kg/day CNS 1/1 IRIS 2/1/2011
Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 2/1/2011
Mercury(3) Chronic 3.0E-04 mg/kg/day 0.07 2.1E-05 mg/kg/day Autoimmune 1000/1 IRIS 2/1/2011
Nickel Chronic 2.0E-02 mg/kg/day 0.04 8.0E-04 mg/kg/day Body Weight 300/1 IRIS 2/1/2011
Selenium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Hair Loss, CNS, Skin 3/1 IRIS 2/1/2011
Thallium NA NA NA 1 NA NA NA NA NA NA
Vanadium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Kidney 300 IRIS(4) 2/1/2011
Zinc Chronic 3.0E-01 mg/kg/day 1 3.0E-01 mg/kg/day Blood 3/1 IRIS 2/1/2011

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 mercuric chloride. IRIS = Integrated Risk Information System
4 - Value from IRIS adjusted as presented in the U.S. EPA Regional Screening Level Table (November 2010). NA = Not Available

PPRTV = Provisional Peer Reviewed Toxicity Value
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TABLE 2-13

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 2/1/2011
Benzene Chronic 3.0E-02 mg/m3 8.6E-03 (mg/kg/day) Blood 300/1 IRIS 2/1/2011
Chloroform Chronic 9.8E-02 mg/m3 2.8E-02 (mg/kg/day) Liver NA ATSDR 9/1997
Ethylbenzene Chronic 1.0E+00 mg/m3 2.9E-01 (mg/kg/day) Developmental 300/1 IRIS 2/1/2011
Methylene Chloride Chronic 1.0E+00 mg/m3 2.9E-01 (mg/kg/day) Liver NA ATSDR 9/2000
Tetrachloroethene Chronic 2.7E-01 mg/m3 7.7E-02 (mg/kg/day) Liver NA ATSDR 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 2/1/2011
Total Xylenes Chronic 1.0E-01 mg/m3 2.9E-02 (mg/kg/day) CNS 300/1 IRIS 2/1/2011
Semivolatile Organic Compounds
1,2,4-Trichlorobenzene Chronic 2.0E-03 mg/m3 5.7E-04 (mg/kg/day) NA NA PPRTV 6/17/2009
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 NABenzo(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 2/1/2011
Inorganics
Antimony NA NA NA NA NA NA NA NA NA
Arsenic Chronic 1.5E-05 mg/m3 4.3E-06 (mg/kg/day) NA NA Cal EPA 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 2/1/2011
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) Kidney NA ATSDR 9/2008
Trivalent Chromium Chronic NA NA NA NA NA NA NA NA
Hexavalent Chromium Chronic 1.0E-04 mg/m3 2.9E-05 (mg/kg/day) Lungs 300/1 IRIS 2/1/2011
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 2/1/2011
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TABLE 2-13

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)

Mercury Chronic 3.0E-05 mg/m3 8.6E-06 (mg/kg/day) CNS NA Cal EPA 12/2008
Nickel Chronic 9.0E-05 mg/m3 2.6E-05 (mg/kg/day) Lungs NA ATSDR 9/2005
Selenium Chronic 2.0E-02 mg/m3 5.7E-03 (mg/kg/day) NA NA Cal EPA 9/2009
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 ATSDR = Agency for Toxic Substances and Disease Registry

Cal EPA = California Environmental Protection Agency
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
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TABLE 2-14

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 Cal EPA 9/2009
1,1-Dichloroethene NA NA 1 NA NA C IRIS 2/1/2011
Benzene 5.5E-02 (mg/kg/day)-1 1 5.5E-02 (mg/kg/day)-1 A IRIS 2/1/2011
Chloroform 3.1E-02 (mg/kg/day)-1 1 3.1E-02 (mg/kg/day)-1 B2 Cal EPA 9/2009
Ethylbenzene 1.1E-02 (mg/kg/day)-1 1 1.1E-02 (mg/kg/day)-1 D Cal EPA 11/2007
Methylene Chloride 7.5E-03 (mg/kg/day)-1 1 7.5E-03 (mg/kg/day)-1 B2 IRIS 2/1/2011
Tetrachloroethene 5.4E-01 (mg/kg/day)-1 1 5.4E-01 (mg/kg/day)-1 NA Cal EPA 9/2009
Trichloroethene 5.9E-03 (mg/kg/day)-1 1 5.9E-03 (mg/kg/day)-1 NA Cal EPA 9/2009
Vinyl Chloride (early life) 1.5E+00 (mg/kg/day)-1 1 1.5E+00 (mg/kg/day)-1 A IRIS 2/1/2011
Vinyl Chloride (adult) 7.2E-01 (mg/kg/day)-1 1 7.2E-01 (mg/kg/day)-1 A IRIS 2/1/2011
Total Xylenes NA NA 1 NA NA NA NA NA
Semivolatile Organic Compounds
1,2,4-Trichlorobenzene 2.9E-02 (mg/kg/day)-1 1 2.9E-02 (mg/kg/day)-1 D PPRTV 6/17/2009
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 2/1/2011Benzo(a)pyrene(3) 7.3E+00 (mg/kg/day) 1 1 7.3E+00 (mg/kg/day) 1 B2 IRIS 2/1/2011
Benzo(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 2/1/2011
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 2/1/2011
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 2/1/2011
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 2/1/2011
Barium NA NA 0.07 NA NA D IRIS 2/1/2011
Beryllium NA NA 0.007 NA NA D IRIS 2/1/2011
Boron NA NA 1 NA NA NA NA NA
Cadmium NA NA 0.05 NA NA B1 IRIS 2/1/2011
Trivalent Chromium NA NA 0.013 NA NA D IRIS 2/1/2011
Hexavalent Chromium 5.0E-01 (mg/kg/day)-1 0.025 2.0E+01 (mg/kg/day)-1 D NJDEP 4/2009
Lead NA NA 1 NA NA B2 IRIS 2/1/2011
Manganese NA NA 0.04 NA NA D IRIS 2/1/2011
Mercury NA NA 0.07 NA NA D IRIS 2/1/2011
Nickel NA NA 0.04 NA NA NA NA NA
Selenium NA NA 1 NA NA D NA NA
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TABLE 2-14

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)

Thallium NA NA 1 NA NA NA IRIS 2/1/2011
Vanadium NA NA 1 NA NA NA NA NA
Zinc NA NA 1 NA NA D IRIS 2/1/2011

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:
USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.
Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.
NJDEP = New Jersey Department of Environmental Protection.

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 2-15

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 Cal EPA 9/2009
1,1-Dichloroethene NA NA NA NA C IRIS 2/1/2011
Benzene 7.8E-06 (ug/m3)-1 2.7E-02 (mg/kg/day)-1 A IRIS 2/1/2011
Chloroform 2.3E-05 (ug/m3)-1 8.1E-02 (mg/kg/day)-1 B2 IRIS 2/1/2011
Ethylbenzene 2.5E-06 (ug/m3)-1 8.8E-03 (mg/kg/day)-1 D Cal EPA 11/2007
Methylene Chloride 4.7E-07 (ug/m3)-1 1.6E-03 (mg/kg/day)-1 B2 IRIS 2/1/2011
Tetrachloroethene 5.9E-06 (ug/m3)-1 2.1E-02 (mg/kg/day)-1 NA Cal EPA 9/2009
Trichloroethene 2.0E-06 (ug/m3)-1 7.0E-03 (mg/kg/day)-1 NA Cal EPA 9/2009
Vinyl Chloride (early life) 8.8E-06 (ug/m3)-1 3.1E-02 (mg/kg/day)-1 A IRIS 2/1/2011
Vinyl Chloride (adult) 4.4E-06 (ug/m3)-1 1.5E-02 (mg/kg/day)-1 A IRIS 2/1/2011
Total Xylenes NA NA NA NA NA NA NA
Semivolatile Organic Compounds
1,2,4-Trichlorobenzene NA NA NA NA NA NA NA
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 Cal EPA 9/2009
Benzo(a)pyrene(2) 1.1E-03 (ug/m3)-1 3.9E+00 (mg/kg/day)-1 NA Cal EPA 9/2009
Benzo(b)fluoranthene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA Cal EPA 9/2009
Benzo(k)fluoranthene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA Cal EPA 9/2009
Bis(2-ethylhexyl)phthalate 2.4E-06 (ug/m3)-1 8.4E-03 (mg/kg/day)-1 NA Cal EPA 9/2009
Chrysene(2) 1.1E-05 (ug/m3)-1 3.9E-02 (mg/kg/day)-1 NA Cal EPA 9/2009
Dibenzo(a,h)anthracene(2) 1.2E-03 (ug/m3)-1 4.2E+00 (mg/kg/day)-1 NA Cal EPA 9/2009
Dibenzofuran NA NA NA NA D IRIS 2/1/2011
Indeno(1,2,3-cd)pyrene(2) 1.1E-04 (ug/m3)-1 3.9E-01 (mg/kg/day)-1 NA Cal EPA 9/2009
Naphthalene 3.4E-05 (ug/m3)-1 1.2E-01 (mg/kg/day)-1 C Cal EPA 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 2/1/2011
Barium NA NA NA NA NA IRIS 2/1/2011
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TABLE 2-15

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)

Beryllium 2.4E-03 (ug/m3)-1 8.4E+00 (mg/kg/day)-1 B1 IRIS 2/1/2011
Boron NA NA NA NA NA NA NA
Cadmium 1.8E-03 (ug/m3)-1 6.3E+00 (mg/kg/day)-1 B1 IRIS 2/1/2011
Trivalent Chromium NA NA NA NA D IRIS 2/1/2011
Hexavalent Chromium 8.4E-02 (ug/m3)-1 2.9E+02 (mg/kg/day)-1 A IRIS 2/1/2011
Lead NA NA NA NA B2 IRIS 2/1/2011
Manganese NA NA NA NA D IRIS 2/1/2011
Mercury NA NA NA NA D IRIS 2/1/2011
Nickel 2.6E-04 (ug/m3)-1 9.1E-01 (mg/kg/day)-1 NA Cal EPA 9/2009
Selenium NA NA NA NA D IRIS 2/1/2011
Thallium NA NA NA NA NA IRIS 2/1/2011
Vanadium NA NA NA NA NA NA NA
Zinc NA NA NA NA D IRIS 2/1/2011

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:
Cal EPA = California Environmental Protection Agency.
IRIS = Integrated Risk Information System.
NA = Not Available.

EPA Group:
     A - Human carcinogen.      C - Possible human carcinogen.
     B1 - Probable human carcinogen - indicates that limited human data are available.      D - Not classifiable as a human carcinogen.
     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 
              inadequate or no evidence in humans .
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CONCEPTUAL SITE MODEL
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3.0  ZONE 1 

This section presents the updated 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 3.1 

contains a discussion of the selection of COPCs, Section 3.2 contains information on the potential 

receptors and potential exposure pathways, Section 3.3 contains the numerical results of the risk 

assessment, and Section 3.4 presents site-specific uncertainties associated with the risk assessment.  

RAGS Part D Tables are presented in Attachment A.  Figure 2-1 of the Lower Subase (Operable Unit 4) 

Soil and Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum 

(Tetra Tech, 2011) shows the location of Zone 1. 

 

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 the Soil Pre-Design Investigation were used to identify COPCs for soil.  Groundwater samples 

were collected during the Pre-Design investigation and analyzed for arsenic, copper, and lead.  The 

groundwater samples collected during the Groundwater Pre-Design Investigation were used to select 

COPCs for arsenic, copper, and lead since these samples are representative of current groundwater 

conditions at Zone 1.  Groundwater samples collected during the Phase I and Phase II RIs and Lower 

Subase RI were used to select COPCs for the other chemicals detected in groundwater.  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. 

 

The new data collected during the Pre-Design Investigation that is being evaluated in this report includes 

7 surface soil samples analyzed for PAHs, 9 surface soil samples analyzed for TPH, nine subsurface soil 

samples analyzed for PAHs, 22 subsurface soil samples analyzed for TPH, one subsurface soil SPLP 

extract analyzed for lead, and 10 groundwater samples analyzed for arsenic, copper, and lead. 

 

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. 
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3.1.1 Surface/Shallow Soil 

Three VOCs, 14 PAHs, 18 inorganics, and TPH were detected in the surface/shallow soil samples 

collected at Zone 1.  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/shallow soil at Zone 1: 

 

• PAHs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene exceeded the screening levels based on the RSLs.  

Concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, 

and TPH exceeded 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.  Benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and TPH were identified as COPCs in the Pre-Design 

samples but were not identified as COPCs in the July 2010 HHRA. 

  

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.  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 1: 

 

• SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

chrysene, and indeno(1,2,3-cd)pyrene] 

 

Concentrations of benzo(a)anthracene and chrysene exceeded the USEPA SSLs for the migration of 

chemicals from soil to groundwater.  Concentrations of benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene exceeded the 

CTDEP pollutant mobility RSRs.  However, none of these carcinogenic PAHs were detected in 
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groundwater samples collected at Zone 1.  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.  The detected concentrations of 

aluminum were also less than the background concentrations.  Consequently, no chemicals were 

retained as COPCs for migration from surface soil to groundwater in the July 2010 HHRA 

 

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 all the chemicals retained as COPCs in subsurface soil exceeded the screening levels 

based on the RSLs with the exception of TPH for which there is no RSL.  Concentrations of all chemicals 

retained as COPCs in subsurface surface with the exception of chrysene and manganese exceeded the 

CTDEP RSRs.  Concentrations of cobalt and iron also exceeded the screening criteria but cobalt 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.  The detected concentrations of cobalt and iron were 

also less than the background concentrations.   

 

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 and mercury) 

• TPH 

 

Concentrations of dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene exceeded 

the CTDEP 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.  The detected concentrations of aluminum and 

cobalt were also less than the background concentrations.   

 

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 [1,2,4-trichlorobenzene, 2-methylnaphthalene, bis(2-ethylhexyl)phthalate, and naphthalene] 

• Inorganics (antimony, arsenic, boron, cadmium, chromium, manganese, selenium, thallium, and 

vanadium) 

• TPH 

 

Concentrations of 1,1-dichloroethane, ethylbenzene, total xylenes, 1,2,4-trichlorobenzene, 

2-methylnaphthalene, naphthalene, arsenic, chromium, and selenium exceeded the RSLs but were less 

than the CTDEP RSRs. 1,2,4-Trichlorobenzene was not identified as a COPC for groundwater in the July 

2010 HHRA. 
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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.  The following chemicals were detected in groundwater at 

maximum concentrations exceeding the CTDEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 1: 

 

• SVOCs (acenaphthylene) 

• Inorganics (cadmium 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 and 2-7. 

 

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 
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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 1 are presented in Table 3-2.  As discussed in Section 2.3.5, 

EPCs were calculated using USEPA’s ProUCL Version 4.00.05.  Copies of the ProUCL printouts are 

included in Attachment A.2.  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. 
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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 = 4) exposed to surface/subsurface soil exceeded the 

acceptable level of 1.  Mercury (HQ = 4) was the major contributor to the elevated HI for the hypothetical 

child resident. 

 

3.3.2 Carcinogenic Risks – RME 

ILCRs for construction workers, current full-time employees, and future full-time employees were less 

than USEPA’s target risk range of 10-4 to 10-6.  The ILCR for hypothetical adult residents (ILCR= 1 x 10-4) 

was equal to the upper bound of USEPA’s target range.  The ILCRs for hypothetical child residents 

(ILCR= 7 x 10-4) and hypothetical lifelong residents (ILCR= 8 x 10-4) 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 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.3.  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.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 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 benzo(a)pyrene exceeded the CTDEP industrial RSRs.  

Concentrations of carcinogenic PAHs in surface/shallow soil exceeded 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, cadmium, 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 July 2010 HHRA 

Table 3-7 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in 

this HHRA.  ILCRs are higher in this HHRA for full-time employees exposed to surface/shallow soil as 

compared to those estimated in the July 2010 HHRA.  The difference is attributable to changes in the 

EPCs and the number of chemicals retained as COPCs.  Only one surface soil sample was available for 

use in the July 2010 HHRA.  An additional seven surface soil samples were collected during the Pre-

Design investigation, consequently UCLs were able to be calculated for the COPCs identified in surface 

soil.  The EPCs calculated with USEPA’s ProUCL software were greater than the concentrations of 

COPCs detected in the one sample used in the July 2010 HHRA.  In addition, only benzo(a)pyrene was 

retained as a COPC for surface soil in the July 2010 HHRA.  All the carcinogenic PAHs with the exception 

of chrysene were retained as COPCs for surface soil in this HHRA. 

 

The ILCRs for construction workers, full-time employees, and hypothetical residents exposed to 

surface/subsurface are slightly lower in this HHRA as compared to those estimated in the July 2010 

HHRA.  The slight difference is attributable to the EPCs being slightly lower due to the influence of the 

additional samples collected during the Pre-Design Investigation and changes in the methodology used to 

calculate the EPCs.  The EPCs in the July 2010 HHRA were calculated using one half the detection limits 

for non-detected values.  The EPCs in this HHRA were calculated using the modules for non-detected 

data contained in the ProUCL software. 

 

The ILCR for construction workers exposed to groundwater is lower in this HHRA as compared to the July 

2010 HHRA mainly due to changes in the toxicity criteria for naphthalene.    

 

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.  Light Nonaqueous Phase Liquids (LNAPL) were also detected in 
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subsurface soil at the groundwater table.  Exposures to TPH and LNAPL in subsurface soil and 

groundwater were not evaluated in the HHRA because there are no toxicity criteria available for TPH or 

LNAPL. 

 

Concentrations of acenaphthylene, cadmium, mercury, and TPH exceeded the Connecticut surface water 

protection criteria and were retained as COCs in groundwater.  Acenaphthylene was only detected in 1 of 

33 groundwater samples.  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. 

 



TABLE 3-1

CHEMICALS RETAINED AS COPCs
ZONE 1

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical D

Co
irect 
ntact

Soil to Air
G

Soil to 
roundwater

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
1,2,4-Trichlorobenzene X
2-Methylnaphthalene X
Acenaphthylene X
Benzo(a)anthracene X X X X
Benzo(a)pyrene X X X X
Benzo(b)fluoranthene X X X X
Benzo(k)fluoranthene X X X X
Bis(2-ethylhexyl)phthalate X
Carbazole X
Chrysene X X X
Dibenzo(a,h)anthracene( , ) X X X
Indeno(1,2,3-cd)pyrene X X X X
Naphthalene X
Phenanthrene X
Pyrene X
Inorganics
Antimony X
Arsenic X X X
Boron X
Cadmium X X
Chromium X
Lead X
Manganese X X
Mercury X X X
Selenium X
Thallium X
Vanadium X
Petroleum Hydrocarbons
Total Petroleum Hydrocarbons X 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 4.00(2) 2.83(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
1,2,4-Trichlorobenzene NA NA 0.7(2) 5.15(3)

2-Methylnaphthalene NA NA 25.0(2) 4.38(3)

Benzo(a)anthracene 5.12(4) 9.03(5) NA NA
Benzo(a)pyrene 8.06(6) 7.81(5) NA NA
Benzo(b)fluoranthene 10.5(6) 7.93(5) NA NA
Benzo(k)fluoranthene 4.63(6) 4.18(5) NA NA
Chrysene NA 8.15(5) NA NA
Bis(2-ethylhexyl)phthalate NA NA 3.00(2) 3.00(3)

Dibenzo(a,h)anthracene 0.86(4) 2.06(5) NA NA
Indeno(1,2,3-cd)pyrene 4.92(6) 5.67(5) NA NA
Naphthalene NA NA 23.1(2) 4.21(3)

Inorganics
Antimony NA NA 6.60(2) 3.26(3)y 6 60 3 6
Arsenic NA 6.56(7) 1.21(2) 1.21(2)

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 2.83(2) 2.83(2)

Manganese NA 151(8) 1574(2) 279(3)

Mercury NA 88(5) 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% Adjusted Gamma UCL
5 - 99% KM (Chebyshev) UCL
6 - 99% Chebyshev (Mean, Sd) UCL
7 - 95% KM (Chebyshev) UCL
8 - 95% Student's-t 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 Workers Surface/Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.5 --
Dermal Contact 8E-07 -- -- -- 0.003 --
Inhalation 5E-08 -- -- -- 0.5 --
Total 3E-06 -- -- Benzo(a)pyrene 1 --

Groundwater Dermal Contact 4E-09 -- -- -- 0.04 --
Inhalation 4E-09 -- -- -- 0.003 --
Total 8E-09 -- -- -- 0.04 --
Total All Media 3E-06 1

Current Full-Time Employee Surface Soil Incidental Ingestion 3E-05 -- Benzo(a)pyrene Benzo(b)fluoranthene, 
Dibenzo(a,h)anthracene NC - -

Dermal Contact 2E-05 -- Benzo(a)pyrene Benzo(b)fluoranthene, 
Dibenzo(a,h)anthracene NC - -

Total 5E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

NC - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 3E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.3 - -

Benzo(a)anthracene, 
Dermal Contact 3E-05 -- Benzo(a)pyrene

( ) ,
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene
0.004 - -

Total 6E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.3 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 5E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

Benzo(k)fluoranthene, Arsenic 4 Mercury

Dermal Contact 2E-04 -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

0.02 --

Total 7E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

Benzo(k)fluoranthene, Arsenic 4 Mercury
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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

Adult Residents 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

0.4 - -

Dermal Contact 4E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene

0.004 - -

Total 1E-04 -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

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

0.4 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 6E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

Benzo(k)fluoranthene NA - -

Dermal Contact 2E-04 --
Benzo(a)anthracene, 

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene NA - -

Benzo(a)anthracene, 

Total 8E-04 Benzo(a)pyrene

( ) ,
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

Benzo(k)fluoranthene NA - -

Notes:
NA - Not applicable.
NC - No noncarcinogenic COPCs were identified in surface soil.
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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 Workers Surface/Subsurface Soil Incidental Ingestion 7E-07 -- -- -- 0.2 --
Dermal Contact 2E-07 -- -- -- 0.0007 --
Inhalation 3E-08 -- -- -- 0.3 --
Total 9E-07 -- -- -- 0.5 --

Groundwater Dermal Contact 2E-09 -- -- -- 0.002 --
Inhalation 2E-10 -- -- -- 0.0004 --
Total 2E-09 -- -- -- 0.003 --
Total All Media 9E-07 0.5

Current Full-Time Employee Surface Soil Incidental Ingestion 4E-06 -- -- Benzo(a)pyrene NC - -
Dermal Contact 8E-07 -- -- -- NC - -
Total 5E-06 -- -- Benzo(a)pyrene NC - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 5E-06 -- -- Benzo(a)pyrene 0.1 - -
Dermal Contact 9E-07 -- -- -- 0.0004 - -
Total 6E-06 -- -- Benzo(a)pyrene 0.1 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 1E-05 -- -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 1 --

Dermal Contact 2E-06 -- -- -- 0.003 --

Total 1E-05 -- -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 1 --

Adult Residents Surface/Subsurface Soil Incidental Ingestion 5E-06 -- -- Benzo(a)pyrene 0.1 --
Dermal Contact 6E-07 -- -- -- 0.0003 --
Total 5E-06 -- -- Benzo(a)pyrene 0.1 --
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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

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-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 - -

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 = 5E-05

Hypothetical Lifelong Resident ILCR = 6E-05
Benzo(a)pyrene Hypothetical Child Resident ILCR = 5E-04

Hypothetical Lifelong Resident ILCR = 5E-04
Benzo(b)fluoranthene Hypothetical Child Resident ILCR = 5E-05

Hypothetical Lifelong Resident ILCR = 5E-05
Benzo(k)fluoranthene Hypothetical Child Resident ILCR = 2E-06

Hypothetical Lifelong Resident ILCR = 3E-06
Dibenzo(a,h)anthracene Hypothetical Child Resident ILCR = 1E-04

Hypothetical Lifelong Resident ILCR = 1E-04
Indeno(1,2,3-cd)pyrene Hypothetical Child Resident ILCR = 3E-05

Hypothetical Lifelong Resident ILCR = 4E-05
Arsenic Hypothetical Child Resident ILCR = 1E-05

Hypothetical Lifelong Resident ILCR = 2E-05
Mercury Hypothetical Child Resident HI = 4
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    greater than 1 x 10  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 Benzo(a)pyrene Benzo(a)anthracene Benzo(a)anthracene None Acenaphthylene

Benzo(a)pyrene Benzo(a)pyrene Benzo(a)pyrene Cadmium
Benzo(b)fluoranthene Benzo(b)fluoranthene Benzo(b)fluoranthene Mercury
Benzo(k)fluoranthene Benzo(k)fluoranthene Benzo(k)fluoranthene Total Petroleum Hydrocarbons

Dibenzo(a,h)anthracene Chrysene Carbazole
Indeno(1,2,3-cd)pyrene Indeno(1,2,3-cd)pyrene Chrysene

Arsenic Dibenzo(a,h)anthracene
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 6E-07 5E-05 No COPCs No COPCs

Surface/Subsurface Soil
Construction Workers 5E-06 3E-06 0.7 1
Full-Time Employee 1E-04 6E-05 0.3 0.3
Child Resident 1E-03 7E-04 3 4
Adult Resident 2E-04 1E-04 0.4 0.4
Lifelong Resident 1E-03 8E-04 NA NA

Groundwater
Construction Workers 1E-08 8E-09 0.3 0.04

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.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase (Tetra Tech, July 2010).
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. Figure 2-2 of the Lower Subase (Operable Unit 4) Soil and

Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum (Tetra Tech,

2011) shows the location of Zone 2.

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 the Pre-Design investigation 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.

The new data collected during the Pre-Design investigation that is being evaluated in this HHRA includes

one surface soil sample analyzed for PAHs, TPH, antimony, and lead, one surface soil SPLP extract

analyzed for lead, two subsurface soil samples analyzed for TPH, and one subsurface soil SPLP extract

analyzed for lead.

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

Ten PAHs, antimony, lead, and TPH were detected in the one surface soil sample collected at Zone 2.

The following chemicals were detected in surface soils at concentrations exceeding the direct contact

risk-based COPC screening levels for residential land use and were retained as COPCs for surface soil at

Zone 2:
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 PAHs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and

indeno(1,2,3-cd)pyrene]

Concentrations of the above chemicals exceeded the screening levels based on the RSLs but were less

than the CTDEP RSRs.

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 2 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 were less than the COPC screening

levels for migration from soil to groundwater.

4.1.2 Subsurface Soil

Two VOCs, 22 SVOCs, 18 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, and manganese]

 TPH

The detected concentrations of arsenic were less than the background concentrations. Concentrations of

aluminum and iron 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. The detected concentrations of aluminum and iron were also less than background

concentrations.

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.
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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 concentration in the TCLP extract from one subsurface soil sample

exceeded the state criteria.

4.1.3 Groundwater

Four VOCs, four SVOCs, 19 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 (arsenic, cadmium, lead, and manganese)

 TPH

Concentrations of chloroform, tetrachloroethene, arsenic, and cadmium exceeded the screening levels

based on the RSLs but were less than the CTDEP RSRs. Concentrations of dissolved antimony also

exceeded the screening criteria although total antimony was not detected in any sample. Antinomy was

not retained as a COPC because USEPA Region I guidance specifies that only total groundwater results

are to be used in an HHRA.

Concentrations of chemicals in groundwater were also compared to CTDEP criteria for the migration of

chemicals from groundwater to surface water. Lead was the only chemical detected in groundwater at

maximum concentrations exceeding the CTDEP 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.
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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 and 2-7.

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 2 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 2 (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 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.

Hypothetical child and adult residents were also assumed to be exposed to surface/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.
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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/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. 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 calculated with

USEPA’s ProUCL Version 4.00.05 was used as the EPC for exposures to subsurface soil. Copies of the

ProUCL printouts are included in Attachment B.2. 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.

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.
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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 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 of 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.4. The risks from vapor intrusion are:

Chemical ILCR HI
Chloroform 1x10-6 0.001
Tetrachloroethene 1x10-6 0.002
Total 2x10-6 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

are typically larger than residential housing units with larger air exchange rates which would result in

lower indoor air concentrations.

4.3.6 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
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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 surface/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 lead exceeded the Connecticut surface water protection criteria and lead was

retained as COCs in groundwater.

4.3.7 Comparison to Results from July 2010 HHRA

Table 4-6 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in

this HHRA. No ILCRs or HIs were calculated in July 2010 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. One

surface soil sample was collected during the Pre-Design Investigation; therefore, ILCRs and HIs could be

estimated.

ILCRs and HIs for all receptors exposed to surface/subsurface soil are essentially the same in this HHRA

as compared to the July 2010 HHRA. The slight difference is attributable to the EPCs being slightly lower

due to the influence of the one additional surface soil sample collected during the Pre-Design

investigation and changes in the methodology used to calculate the EPCs. The EPCs in the July 2010

HHRA were calculated using one half the detection limits for non-detected values. The EPCs in this

HHRA were calculated using the modules for non-detected data contained in the ProUCL software.

The IEUBK and adult lead model results are lower in this HHRA as compared to those presented in the

July 2010 HHRA, although the results from both HHRAs are within acceptable levels. The major reason

for the differences is due to changes in input parameters used in the model. In June 2009 USEPA

revised the baseline blood lead level and geometric standard deviation values used by the models. The

estimated risks from exposures to lead are now lower as a result of these changes.
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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 lead was

retained as a COC 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

Surface Soil Subsurface Soil Groundwater
Chemical Volatilization Migration to

to Indoor Air Surface Water
Volatile Organic Compounds
Chloroform X X
Tetrachloroethene X X
Semivolatile Organic Compounds
Benzo(a)anthracene X X
Benzo(a)pyrene X X
Benzo(b)fluoranthene X X
Dibenzo(a,h)anthracene X X
Indeno(1,2,3-cd)pyrene X X
Inorganics
Arsenic X X
Cadmium X
Lead 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.

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact

Direct 
Contact Soil to Air Soil to 

Groundwater



TABLE 4-2

EXPOSURE POINT CONCENTRATIONS
ZONE 2

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 1(2) 1(2)

Tetrachloroethene NA NA 2(2) 2(2)

Semivolatile Organic Compounds
Benzo(a)anthracene 0.26(2) 0.28(3) NA NA
Benzo(a)pyrene 0.27(2) 0.26(3) NA NA
Benzo(b)fluoranthene 0.51(2) 0.30(3) NA NA
Dibenzo(a,h)anthracene 0.06(2) 0.10(4) NA NA
Indeno(1,2,3-cd)pyrene 0.20(2) 0.20(3) NA NA
Inorganics
Arsenic NA 2.2(3) 1.3(2) 0.89(5)

Cadmium NA NA 1.5(2) 0.65(5)

Lead NA NA 5.1(5) 5.1(5)

Manganese NA 172(6) 20.2(2) 8.7(5)

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - Maximum Detected Concentration
3 - 95% KM (t) UCL
4 - 95% KM (Percentile Bootstrap) UCL
5 - Arithmetic Mean
6 - 95% Student's-t UCL
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 1E-07 -- -- -- 0.01 - -
Dermal Contact 3E-08 -- -- -- 0.001 - -
Inhalation 1E-08 -- -- -- 0.3 - -
Total 2E-07 -- -- -- 0.3 - -

Groundwater Dermal Contact 1E-08 -- -- -- 0.001 - -
Inhalation 2E-10 -- -- -- 0.000008 - -
Total 1E-08 -- -- -- 0.001 - -
Total All Media 2E-07 0.3

Current Full-Time Employee Surface Soil Incidental Ingestion 1E-06 -- -- -- NC - -
Dermal Contact 9E-07 -- -- -- NC - -
Total 2E-06 -- -- -- NC - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.008 - -
Dermal Contact 1E-06 -- -- -- 0.001 - -
Total 3E-06 -- -- -- 0.009 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-05 -- --
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.1 - -

Dermal Contact 7E-06 -- -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.008 - -

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 4E-06 -- -- Benzo(a)pyrene 0.01 - -
Dermal Contact 2E-06 -- -- -- 0.001 - -
Total 6E-06 -- -- Benzo(a)pyrene, Arsenic 0.01 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 3E-05 -- --

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene, 

Arsenic
NA - -

Dermal Contact 9E-06 -- -- 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 - -

Notes:
NC - No noncarcinogenic COPCs were identified for surface soil.



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 -- -- -- 0.004 - -
Dermal Contact 8E-09 -- -- -- 0.0002 - -
Inhalation 7E-09 -- -- -- 0.2 - -
Total 6E-08 -- -- -- 0.2 - -

Groundwater Dermal Contact 4E-09 -- -- -- 0.0002 - -
Inhalation 5E-11 -- -- -- 0.000002 - -
Total 4E-09 -- -- -- 0.0002 - -
Total All Media 7E-08 0.2

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-07 -- -- -- 0 - -
Dermal Contact 3E-08 -- -- -- 0 - -
Total 2E-07 -- -- -- 0 - -

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 7E-08 -- -- -- 0.001 - -
Total 8E-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 None Lead None 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 4-6

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 NS 2E-06 NS No COPCs

Surface/Subsurface Soil
Construction Workers 2E-07 2E-07 0.3 0.3
Full-Time Employee 4E-06 3E-06 0.01 0.009
Child Resident 3E-05 3E-05 0.1 0.1
Adult Resident 7E-06 6E-06 0.01 0.01
Lifelong Resident 4E-05 4E-05 NA NA

Groundwater
Construction Workers 1E-08 1E-08 0.007 0.006

Notes:
NS = No samples were collected in the 0 to 2 feet bgs interval.
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.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase, (TtNUS, July 2010).
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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 5.6.1 contains

a discussion of the selection of COPCs, Section 5.6.2 contains information on the potential receptors and

potential exposure pathways, Section 5.6.3 contains the numerical results of the risk assessment, and

Section 5.6.4 presents site-specific uncertainties associated with the risk assessment. RAGS Part D

Tables are presented in Attachment C.1. Figure 2-3 of the Lower Subase (Operable Unit 4) Soil and

Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum (Tetra Tech,

2011) shows the location of Zone 3.

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 the Pre-Design Investigation 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.

The new data collected during the Pre-Design Investigation that is being evaluated in this report includes

four surface soil samples analyzed for lead, two surface soil SPLP extracts analyzed for lead, and three

subsurface soil SPLP extracts analyzed for lead.

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, bis(2-ethylhexyl)phthalate, and 18 inorganics were detected in the 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]
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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, cobalt, 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. In addition, the detected concentrations of

aluminum, cobalt, and iron were less than the background concentrations.

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. In addition, the detected

concentrations of aluminum and cobalt were less than the background concentrations.

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 eight surface soil samples

and SPLP extracts from one surface soil sample 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
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Concentrations of benzo(a)pyrene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and arsenic

exceeded the screening levels based on the USEPA 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 COPCs because as discussed in Section 2.2.1 USEPA Region I does not advocate

evaluating exposures to these chemicals. In addition, the detected concentrations of aluminum, cobalt,

and iron were less than the background concentrations.

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 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 CTDEP 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.

In addition, the detected concentrations of aluminum and cobalt were less than the background

concentrations.

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

Three SVOCs 16 inorganics, and petroleum hydrocarbons were detected in groundwater samples

collected at Zone 3. The following chemicals were detected in groundwater at maximum concentrations



REVISION 1
JANUARY 2012

121017/P F-5-4 CTOs WE57 and WE67

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, lead, and manganese)

 TPH

Concentrations of antimony and arsenic 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 CTDEP criteria for migration from groundwater to surface water

and were retained as COPCs for groundwater at Zone 3:

 Inorganics (arsenic and lead)

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
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(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

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.
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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.

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 and 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 RSRs of 400 mg/kg for residential land use and 1,000 mg/kg for

industrial land use.

Hypothetical residential exposures to lead in surface/subsurface soil were evaluated using the IEUBK

lead model Version 1.1 Build 11. As recommended by the IEUBK model, the average lead concentration

of 269 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 269 mg/kg in surface/subsurface soil results in 1.0 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 3.3 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, 2009). As recommended by the model, the
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average lead concentration of 301 mg/kg was used as the EPC for full-time employees exposed to

surface soil and the average lead concentration of 269 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 soil 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. Default parameters were used for

the remaining model input parameters. Results of the model runs are included in Attachment C.3. 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 301 mg/kg results in

0.03 percent of the receptors (fetuses) having a blood lead level greater than 10.0 µg/dL and a geometric

mean blood lead level of 1.4 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 269 mg/kg results

in 0.04 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a geometric

mean blood lead level of 1.6 µg/dL. For full-time employees exposed to surface/subsurface soil, the lead

concentration of 267 mg/kg results in 0.02 percent of the receptors (fetuses) having a blood lead level

greater than 10.0 µg/dL and a geometric mean blood lead level of 1.4 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 six surface soil samples and ten subsurface soil

samples exceeded the CTDEP RSR of 400 mg/kg. In addition concentration of lead in two surface soil

samples and five subsurface soil samples exceeded the CTDEP RSR of 1,000 mg/kg. Therefore, lead

was retained as a chemical of concern at Zone 3.

In 1995 a soil removal action occurred at Zone 3. Soil beneath the floor of former Building 31 that

exceeded 500 mg/kg total lead was excavated, stabilized with Portland cement, and placed back into the

excavation. After stabilization, the TCLP extracts from the soil passed the residential CTDEP pollutant

mobility criteria. However, while the mobility of lead has been reduced, stabilization did not change the

total lead concentration. The lead evaluation performed in this HHRA did not use lead data from the area

that was stabilized. The IEUBK and adult lead models evaluate exposures to soil and the stabilized
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material no longer has the physical properties of soil. Also, while the total lead concentration has not

changed, the stabilization process has most likely reduced the bioavailability of the lead in the soil.

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.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 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 5-6 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-

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 and lead exceeded the

Connecticut surface water protection criteria and were retained as COCs in groundwater.

5.3.7 Comparison to Results from July 2010 HHRA

Table 5-7 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in

this HHRA. ILCRs and HIs for exposures to soil by all receptors are the same in this HHRA as those

presented in the July 2010 HHRA.

The ILCR and HI for construction workers exposed to groundwater are lower in this HHRA as compared

to the HI presented in the July 2010 HHRA. The difference is attributable to the EPCs being slightly lower

due to the influence of the additional samples collected during the Pre-Design Investigation and to

changes in the toxicity criteria for chromium and vanadium.

The IEUBK and adult lead model results are lower in this HHRA as compared to those presented in the

July 2010 HHRA, although the results from both HHRAs are within acceptable levels. The major reason

for the differences is due to changes in input parameters used in the model. In June 2009 USEPA

revised the baseline blood lead level and geometric standard deviation values used by the models. The
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estimated risks from exposures to lead are now lower as a result of these changes, although lead is still

retained as a COC.

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.

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 arsenic and zinc exceeded the Connecticut surface water protection criteria and

were retained as COCs in groundwater. Concentrations of dissolved arsenic and lead 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.

While 35 surface soil samples were analyzed for lead, only one surface soil sample was analyzed for

VOCs, SVOCs, and inorganics 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.



TABLE 5-1

CHEMICALS RETAINED AS COPCs
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Surface Soil Subsurface Soil Groundwater
Chemical Volatilization Migration to

to Indoor Air Surface Water
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
Cadmium
Chromium
Copper
Lead X X X X X X
Manganese X X
Mercury
Nickel
Vanadium
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 C.

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact Soil to Air Soil to 

Groundwater
Direct 

Contact



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 1.15(2) NA NA
Benzo(a)pyrene NA 0.50(3) NA NA
Benzo(b)fluoranthene NA 0.89(2) NA NA
Dibenzo(a,h)anthracene NA 0.23(3) NA NA
Indeno(1,2,3-cd)pyrene NA 0.44(2) NA NA
Inorganics
Antimony NA NA 6.4(4) 2.80(4)

Arsenic 2.2(4) 2.87(5) 3.0(4) 1.5(6)

Lead 301(6) 269(6) NA NA
Manganese NA 183(5) 261(4) 156(6)

Notes
1 - The same exposure point concentration is used for the RME and CTE scenarios for soil.
2 - 95% KM (Chebyshev) UCL
3 - 95% KM (t) UCL
4 - Maximum Detected Concentration
5 - 95% Approximate Gamma UCL
6 - 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 1E-09 -- -- -- 0.006 --
Total 1E-09 -- -- -- 0.006 --
Total All Media 3E-07 0.3

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 -- -- Arsenic 0.01 - -
Dermal Contact 2E-06 -- -- -- 0.002 - -
Total 6E-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, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.1 - -

Dermal Contact 2E-05 -- --
Benzo(a)anthracene, 

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

0.1 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 8E-06 -- -- Benzo(a)pyrene, Arsenic 0.01 - -
Dermal Contact 3E-06 -- -- Benzo(a)pyrene 0.002 - -

Total 1E-05 -- --
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.01 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 5E-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, 

Benzo(b)fluoranthene, 
Dibenzo(a,h)anthracene

NA - -

Total 7E-05 -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

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 8E-08 -- -- -- 0.006 - -
Dermal Contact 2E-08 -- -- -- 0.0003 - -
Inhalation 1E-08 -- -- -- 0.2 - -
Total 1E-07 -- -- -- 0.2 - -

Groundwater Dermal Contact 1E-10 -- -- -- 0.0008 - -
Total 1E-10 -- -- -- 0.0008 - -
Total All Media 1E-07 0.2

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-07 -- -- -- 0.003 - -
Dermal Contact 7E-09 -- -- -- 0.0001 - -
Total 2E-07 -- -- -- 0.003 - -

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 -- -- -- 0.005 - -
Dermal Contact 6E-08 -- -- -- 0.0001 - -
Total 6E-07 -- -- -- 0.005 - -

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)

SOIL GROUNDWATER
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 Lead

Lead Chrysene
Total Petroleum Hydrocarbons 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 5-7

COMPARISON OF CANCER RISKS AND HAZARD INDICES
ZONE 3

NSB-NLON, GROTON, CONNECTICUT

Cancer Risk Hazard Index
Old Value(1) New Value Old Value(1) New Value

Surface Soil
Full-Time Employee 1E-06 1E-06 0.009 0.009

Surface/Subsurface Soil
Construction Workers 3E-07 3E-07 0.3 0.3
Full-Time Employee 7E-06 6E-06 0.01 0.01
Child Resident 6E-05 6E-05 0.2 0.1
Adult Resident 1E-05 1E-05 0.02 0.01
Lifelong Resident 7E-05 7E-05 NA NA

Groundwater
Construction Workers 2E-09 9E-10 0.1 0.006

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.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase, TtNUS, (July 2010).

Receptor
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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.  Figure 2-4 of the Lower Subase (Operable Unit 4) Soil and 

Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum (Tetra Tech, 

2011) shows the location of Zone 4. 

 

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 the Pre-Design Investigation were used to identify COPCs for soil.  Groundwater samples were 

collected during the Pre-Design Investigation and analyzed for arsenic, copper, and lead.  The 

groundwater samples collected during the Pre-Design Investigation were used to select COPCs for 

arsenic, copper, and lead since these samples are representative of current groundwater conditions at 

Zone 4.  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. 

 

The new data collected during the Pre-Design Investigation that is being evaluated in this report includes 

1 surface soil sample analyzed for total chromium, trivalent chromium, hexavalent chromium, and lead; 3 

surface soil samples analyzed for PAHs; 2 surface soil samples analyzed for TPH; 4 surface soil SPLP 

extracts analyzed for lead; 2 subsurface soil samples analyzed for total chromium, trivalent chromium, 

and hexavalent chromium; 1 subsurface soil sample analyzed for lead; 3 subsurface soil samples 

analyzed for TPH; 4 subsurface soil SPLP extracts analyzed for lead; and 10 groundwater samples 

analyzed for arsenic, copper, and lead. 

 

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. 
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6.1.1 Surface Soil 

Nineteen SVOCs, 21 inorganics, and total petroleum hydrocarbons were detected in the 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 cobalt and iron also exceeded the screening criteria 

but were not retained as COPCs because as discussed in Section 2.2.1 USEPA Region I does not 

advocate evaluating exposures to these chemicals.  In addition, the detected concentrations of cobalt and 

iron were less than the background concentrations. 

 

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 exceed the CTDEP 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.  In addition, the detected concentrations of aluminum were less than the background 

concentrations. 
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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 and 

SPLP 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,  lead, and manganese) 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, 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, cobalt, and iron also exceeded the 

screening criteria but 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.  In addition, the detected 

concentrations of aluminum, cobalt, and iron were less than background concentrations. 

 

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.  In addition, 

the detected concentrations of aluminum and cobalt were less than background concentrations. 
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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 and SPLP extracts from 

one subsurface soil sample 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] 

 

• 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 CTDEP 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 (cadmium, copper, lead, mercury, and zinc) 

• TPH 
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Copper was not selected as a COPC for migration from groundwater to surface water in the July 2010 

HHRA. 

 

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 

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 
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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 for all COPCs with the exception of lead 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.  USEPA’s ProUCL Version 4.00.05 was used to calculate the EPCs for exposures to 

surface/subsurface soil.  Copies of the ProUCL printouts are included in Attachment D.2.  The maximum 

detected concentration and average 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. 
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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. 

 

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 RSRs of 400 mg/kg for residential land use and 1,000 mg/kg for 

industrial land use. 

  

Hypothetical residential exposures to lead in surface/subsurface soil were evaluated using the IEUBK 

lead model Version 1.1 Build 11.  As recommended by the IEUBK model, the average lead concentration 

of 1,256 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 1,265 mg/kg in surface/subsurface soil results in 55 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 10.6 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 
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Technical Review Workgroup for Lead (USEPA, 2003a, 2009).  As recommended by the model, the 

average lead concentration of 1,840 mg/kg was used as the EPC for full-time employees exposed to 

surface soil and the average lead concentration of 1,256 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 soil 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.  Default parameters were used for 

the remaining model input parameters.  Results of the model runs are included in Attachment D.3.  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 1,840 mg/kg results in 

2.9 percent of the receptors (fetuses) having a blood lead level greater than 10.0 µg/dL and a geometric 

mean blood lead level of 3.6 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 1,256 mg/kg 

results in 3.0 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a 

geometric mean blood lead level of 3.7 µg/dL.  For full-time employees exposed to surface/subsurface 

soil, the lead concentration of 1,256 mg/kg results in 1.0 percent of the receptors (fetuses) having a blood 

lead level greater than 10.0 µg/dL and a geometric mean blood lead level of 2.8 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 six surface soil samples and five subsurface soil samples exceeded the CTDEP 

RSR of 400 mg/kg.  In addition concentration of lead in three surface soil samples and five subsurface 

soil samples exceeded the CTDEP RSR of 1,000 mg/kg.  Therefore, lead was retained as a chemical of 

concern at Zone 4. 

 

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 

121017/P F-6-8 CTO WE57 



  REVISION 0 
  FEBRUARY 2011 
 
(USEPA, 2003c).  Spreadsheet calculations/printouts for the Johnson and Ettinger volatilization model are 

presented in Attachment D.4.  The risks from vapor intrusion are: 

 

Chemical ILCR HI 
Ethylbenzene 1 x 10-6 0.001 
Vinyl Chloride 4 x 10-5 0.1 
Total 4 x 10-5 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. 

 

6.3.7 Comparison to CTDEP RSRs 

Tables 2.1 and 2.3 in Attachment D.1 and Table D.4.1 in Attachment D.5 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, 

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 benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

total cadmium, total chromium, total copper, total lead, total mercury, total zinc, and TPH exceeded the 
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Connecticut surface water protection criteria and were retained as COCs in groundwater.  Concentrations 

of vinyl chloride in groundwater exceeded Connecticut groundwater volatilization criteria.  As discussed in 

Section 6.3.6, potential risks associated with vinyl chloride via vapor intrusion were evaluated with 

USEPA’s Johnson and Ettinger volatilization model and were within USEPA and CTDEP acceptable 

levels.  Therefore, vinyl chloride was not retained as a COC in groundwater. 

 

6.3.8 Comparison to Results from July 2010 HHRA 

Table 6-7 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in 

this HHRA.  ILCRs and HIs for all receptors exposed to soil are essentially the same in this HHRA as 

compared to those presented in the July 2010 HHRA.  The slight differences are due to the influence of 

the additional samples that were collected during the Pre-Design investigation. 

 

ILCRs and HIs for construction workers exposed to groundwater are slightly lower in this HHRA as 

compared to those presented in the July 2010 HHRA.  The difference is due to the arsenic concentrations 

that were slightly lower in the groundwater samples collected during the Pre-Design Investigation as 

compared to the arsenic concentrations in groundwater samples collected during the Phase I and II 

investigations. 

 

The IEUBK and adult lead model results are lower in this HHRA as compared to those presented in the 

July 2010 HHRA.  Risks from exposures to lead in soil exceeded acceptable levels for all receptors in the 

July 2010 HHRA.  In this HHRA risks from exposures to lead in soil are within acceptable levels for full-

time employees and construction workers while risks for residents exceed acceptable levels.  The major 

reason for the differences is due to changes in input parameters used in the model.  In June 2009 USEPA 

revised the baseline blood lead level and geometric standard deviation values used by the models.  The 

estimated risks from exposures to lead are now lower as a result of these changes, although lead is still 

retained as a COC at Zone 4. 

 

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 
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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. 

 

Concentrations of 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 cadmium, 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, and mercury were less than the surface water protection criteria.  This indicates the total 

cadmium, 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
Barium
Boron X
Cadmium X X
Copper X
Total Chromium 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-Dichloroethane NA NA 8.3(2) 3.12(3)

1,1-Dichloroethene NA NA 27.3(2) 5.08(3)

Ethylbenzene NA NA 5.2(2) 2.6(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) 4.23(4) 1.00(2) 1.00(2)

Benzo(a)pyrene 4.3(2) 2.33(5) 0.800(2) 0.800(2)

Benzo(b)fluoranthene 4.3(2) 2.33(5) 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) 1.22(4) NA NA
Indeno(1,2,3-cd)pyrene 3.4(2) 1.85(5) 0.700(2) 0.700(2)

Naphthalene NA NA 3.77(2) 2.85(3)

Inorganics
Antimony 3.3(2) 1.51(6) 9.00(2) 4.81(3)

Arsenic 4.2(2) 3.33(6) 3.49(2) 3.49(2)3 33 3 9 3 9
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 1840(3) 1256(3) 72.6(2) 72.6(2)

Manganese NA 139(7) 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 NA NA 29.5(2) 4.67(3)

Miscellaneous Parameters
Nitrate NA NA 7900(2) 1490(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 - 99% KM (Chebyshev) UCL
5 - 97.5% KM (Chebyshev) UCL
6 - 95% KM (t) UCL
7 - 95% Student's-t 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.



PAGE 1 OF 2

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 -- -- -- 0.02 - -
Dermal Contact 3E-07 -- -- -- 0.002 - -
Inhalation 2E-08 -- -- -- 0.2 - -
Total 1E-06 -- -- -- 0.3 - -

Groundwater Dermal Contact 2E-07 -- -- -- 0.04 - -
Inhalation 1E-09 -- -- -- 0.0007 - -
Total 2E-07 -- -- -- 0.04 - -
Total All Media 1E-06 0.3

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, 
Dibenzo(a,h)anthracene 0.002 - -

Total 2E-05 -- --

Benzo(a)anthracene, 
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.02 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-04 --
Benzo(a)anthracene, 

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic
0.2 - -

Dermal Contact 7E-05 -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

0.01 - -

Total 3E-04 --
Benzo(a)anthracene, 

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic
0.2 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-05 -- --

Benzo(a)anthracene, 
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.02 - -

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

0.02 - -
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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)anthracene, 
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene

Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic
NA - -

Dermal Contact 8E-05 -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Indeno(1,2,3-cd)pyrene

NA - -

Total 3E-04 Benzo(a)pyrene
Benzo(a)anthracene, 

Benzo(b)fluoranthene, 
Dibenzo(a,h)anthracene

Indeno(1,2,3-cd)pyrene, 
Arsenic NA - -
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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 -- -- -- 0.008 - -
Dermal Contact 6E-08 -- -- -- 0.0003 - -
Inhalation 1E-08 -- -- -- 0.2 - -
Total 4E-07 -- -- -- 0.2 - -

Groundwater Dermal Contact 8E-08 -- -- -- 0.009 - -
Inhalation 2E-10 -- -- -- 0.0001 - -
Total 8E-08 -- -- -- 0.009 - -
Total All Media 4E-07 0.2

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 -- -- -- 0.007 - -
Dermal Contact 3E-07 -- -- -- 0.0002 - -
Total 2E-06 -- -- -- 0.007 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 5E-06 -- -- Benzo(a)pyrene 0.07 - -
Dermal Contact 6E-07 -- -- -- 0.002 - -
Total 5E-06 -- -- Benzo(a)pyrene 0.07 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.007 --
Dermal Contact 2E-07 -- -- -- 0.0002 --
Total 2E-06 -- -- -- 0.007 --
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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

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, 
Dibenzo(a,h)anthracene 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 = 2E-05

Hypothetical Lifelong Resident ILCR = 3E-05
Benzo(a)pyrene Hypothetical Child Resident ILCR = 1E-04

Hypothetical Lifelong Resident ILCR = 2E-04
Benzo(b)fluoranthene Hypothetical Child Resident ILCR = 1E-05

Hypothetical Lifelong Resident ILCR = 2E-05
Dibenzo(a,h)anthracene Hypothetical Child Resident ILCR = 7E-05

Hypothetical Lifelong Resident ILCR = 8E-05
Indeno(1,2,3-cd)pyrene Hypothetical Child Resident ILCR = 1E-05

Hypothetical Lifelong Resident ILCR = 1E-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)

SOIL GROUNDWATER
Industrial Protective of Groundwater

Grassy Areas Paved Areas Surface Soil Subsurface Soil
Benzo(a)anthracene None Benzo(a)pyrene Benzo(a)anthracene Arsenic None Benzo(a)anthracene

Benzo(a)pyrene Dibenzo(a,h)anthracene Benzo(a)pyrene Lead Benzo(a)pyrene
Benzo(b)fluoranthene Lead Benzo(b)fluoranthene Total Petroleum Hydrocarbons Benzo(b)fluoranthene

Dibenzo(a,h)anthracene Total Petroleum Hydrocarbons Benzo(k)fluoranthene Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene Carbazole Cadmium

Lead Chrysene Copper
Total Petroleum Hydrocarbons Dibenzo(a,h)anthracene Lead

Indeno(1,2,3-cd)pyrene 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 4E-05 4E-05 0.02 0.02

Surface/Subsurface Soil
Construction Workers 1E-06 1E-06 0.3 0.3
Full-Time Employee 2E-05 2E-05 0.02 0.02
Child Resident 2E-04 3E-04 0.3 0.2
Adult Resident 4E-05 4E-05 0.03 0.02
Lifelong Resident 3E-04 3E-04 NA NA

Groundwater
Construction Workers 3E-06 2E-07 0.1 0.04

Notes:
NA - Not applicable for this receptor.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase, TtNUS, (July 2010).
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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.  Figure 2-5 of the Lower Subase (Operable Unit 4) Soil and 

Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum (Tetra Tech, 

2011) shows the location of Zone 5. 

 

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 the Pre-Design Investigation were used to identify COPCs for soil.  Groundwater samples were 

collected during the Pre-Design Investigation and analyzed for arsenic, copper, and lead.  The 

groundwater samples collected during the Pre-Design Investigation were used to select COPCs for 

arsenic, copper, and lead since these samples are representative of current groundwater conditions at 

Zone 5.  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. 

 

The new data collected during the Pre-Design Investigation that is being evaluated in this report includes 

five surface soil samples analyzed for TPH; five subsurface soil samples analyzed for TPH; and four 

groundwater samples analyzed for arsenic, copper, and lead. 

 

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 
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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 cobalt and 

iron also exceeded the screening criteria 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.  In addition, 

the detected concentrations of cobalt and iron were less than background concentrations. 

 

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 and cobalt exceeded the screening criteria but 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.  In addition, the detected concentrations of aluminum and 

cobalt were less than background concentrations. 

 

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: 
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• 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 

 

Benzo(a)pyrene, benzo(b)fluoranthene, and TPH were the only chemicals detected at concentrations 

exceeding the CTDEP RSRs.  The detected concentrations of arsenic were less than the background 

concentration.  Concentrations of aluminum, cobalt, and iron also exceeded the screening criteria but 

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.  In addition, the detected concentrations of aluminum, 

cobalt, and iron were less than background concentrations. 

 

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 CTDEP 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.  

In addition, the detected concentrations of aluminum and cobalt were less than background 

concentrations. 

 

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 
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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) 

 

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 CTDEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 5: 

 

• SVOCs (acenaphthylene) 

• Inorganics (arsenic, 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 
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paragraphs briefly discuss relevant exposure pathways for each receptor evaluated in this HHRA.  

Exposure assumptions for the receptors were presented in Tables 2-6 and 2-7. 

 

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. 

 

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.  USEPA’s ProUCL Version 4.00.05 

was used to calculate the EPCs for exposures to surface/subsurface soil.  Copies of the ProUCL printouts 

are included in Attachment E.2.  The maximum detected concentration and average concentration was 

used as the EPC for exposures to groundwater for the RME and CTE cases, respectively. 
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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. 

 

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 under the RME scenario were less than or within USEPA’s target risk range of 10-4 

to 10-6.   

 

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.3.   
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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 

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.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 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 2010 July HHRA 

Table 7-6 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in 

this HHRA.  The HI for full-time employees exposed to surface soil is slightly higher in this HHRA as 

compared to the one estimated in the July 2010 HHRA.  The difference in the HIs is due to changes in the 

toxicity criteria for vanadium.  
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The HI for construction workers exposed to surface/subsurface soil is slightly higher in this HHRA as 

compared to the one estimated in the July 2010 HHRA.  The difference in the HIs is due to the EPC for 

naphthalene being higher in this HHRA as compare to the EPC estimated in the July 2010 HHRA.  The 

ILCRs for all receptors exposed to surface/subsurface soil are slightly lower in this HHRA as compared to 

those estimated in the July 2010 HHRA.  The difference in the ILCRs is due to the EPCs for carcinogenic 

PAHs being lower in this HHRA as compared to those estimated in the July 2010 HHRA.  The difference 

in EPCs is due to changes in the methodology used to calculate the EPCs.  The EPCs in the July 2010 

HHRA were calculated using one half the detection limits for non-detected values.  The EPCs in this 

HHRA were calculated using the modules for non-detected data contained in the ProUCL software. 

 

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. 

 

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 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 X
Lead X X
Manganese X X
Mercury X

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact

Soil to Air Soil to 
Groundwater

Direct 
Contact

Mercury 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 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(2) 1.7(3)

Semivolatile Organic Compounds
2-Methylnaphthalene 0.23(2) 4.12(4) 75(2) 33(3)

Benzo(a)anthracene NA 0.23(4) NA NA
Benzo(a)pyrene NA 0.27(4) NA NA
Benzo(b)fluoranthene 0.2(2) 0.29(4) NA NA
Dibenzo(a,h)anthracene NA 0.092(4) NA NA
Indeno(1,2,3-cd)pyrene NA 0.16(4) NA NA
Naphthalene NA 2.44(5) 73(2) 27.9(3)

Inorganics
Arsenic 1.5(2) 1.58(6) 5.76(2) 5.76(2)

Manganese NA 139(7) 4140(2) 1657(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% KM (t) UCL
5 - 99% KM (Chebyshev) UCL5 - 99% KM (Chebyshev) UCL
6 - Student-UCL
7 - 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 1E-07 -- -- -- 0.02 - -
Dermal Contact 3E-08 -- -- -- 0.001 - -
Inhalation 2E-07 -- -- -- 0.4 - -
Total 4E-07 -- -- -- 0.4 - -

Groundwater Dermal Contact 2E-09 -- -- -- 0.1 - -
Inhalation 1E-08 -- -- -- 0.01
Total 2E-08 -- -- -- 0.1 - -
Total All Media 4E-07 1

Current Full-Time Employee Surface Soil Incidental Ingestion 9E-07 -- -- -- 0.008 - -
Dermal Contact 2E-07 -- -- -- 0.001 - -
Total 1E-06 -- -- -- 0.009 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.01 - -
Dermal Contact 1E-06 -- -- -- 0.002 - -
Total 3E-06 -- -- -- 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-05 -- --
Benzo(a)pyrene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.1 --

Dermal Contact 7E-06 -- -- Benzo(a)pyrene 0.01 --

Total 3E-05 -- Benzo(a)pyrene
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

0.1 --

Adult Residents Surface/Subsurface Soil Incidental Ingestion 4E-06 -- -- Benzo(a)pyrene 0.01 - -
Dermal Contact 2E-06 -- -- -- 0.002 - -
Total 5E-06 -- -- Benzo(a)pyrene 0.02 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-05 -- --

Benzo(a)pyrene, 
Dibenzo(a,h)anthracene, 

Arsenic
NA - -

Dermal Contact 8E-06 -- -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene NA - -

Total 3E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
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 4E-08 -- -- -- 0.005 - -
Dermal Contact 7E-09 -- -- -- 0.0003 - -
Inhalation 9E-07 -- -- -- 0.7 - -
Total 9E-07 -- -- -- 0.8 - -

Groundwater Dermal Contact 5E-10 -- -- -- 0.01 - -
Inhalation 1E-09 -- -- -- 0.0009 - -
Total 2E-09 -- -- -- 0.01 - -
Total All Media 9E-07 0.8

Current Full-Time Employee Surface Soil Incidental Ingestion 1E-07 -- -- -- 0.003 - -
Dermal Contact 8E-09 -- -- -- 0.00008 - -
Total 1E-07 -- -- -- 0.004 - -

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 3E-07 -- -- -- 0.004 - -
Dermal Contact 3E-08 -- -- -- 0.0002 - -
Total 3E-07 -- -- -- 0.004 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 7E-07 -- -- -- 0.04 - -
Dermal Contact 7E-08 -- -- -- 0.001 - -
Total 7E-07 -- -- -- 0.04 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-07 -- -- -- 0.005 - -
Dermal Contact 3E-08 -- -- -- 0.0001 - -
Total 3E-07 -- -- -- 0.005 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 9E-07 -- -- -- NA - -

Dermal Contact 9E-08 -- -- -- NA - -
Total 1E-06 -- -- -- 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 Arsenic
Total Petroleum Hydrocarbons Benzo(a)pyrene Mercury

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 1E-06 1E-06 0.006 0.009

Surface/Subsurface Soil
Construction Workers 4E-07 4E-07 0.2 0.4
Full-Time Employee 8E-06 3E-06 0.01 0.01
Child Resident 9E-05 3E-05 0.2 0.1
Adult Resident 2E-05 5E-06 0.02 0.02
Lifelong Resident 1E-04 3E-05 NA NA

Groundwater
Construction Workers 2E-08 2E-08 0.8 0.1

Notes:
NA - Not applicable for this receptor.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase, TtNUS, (July 2010).
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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.  Figure 2-6 of the Lower Subase (Operable Unit 4) Soil and 

Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum (Tetra Tech, 

2011) shows the location of Zone 6. 

 

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 the Pre-Design Investigation 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. 

 

The new data collected during the Pre-Design Investigation that is being evaluated in this report includes 

4 surface soil samples analyzed for TPH and 4 subsurface soil samples analyzed for TPH. 

 

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 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: 
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• 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(b)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 cobalt and iron also 

exceeded the screening criteria but 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.  In addition, the detected 

concentrations of cobalt and iron were less than the background concentrations. 

 

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.  In addition, the detected concentrations of aluminum 

and cobalt were less than the background concentrations. 

 

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) 

• TPH 

 

Concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and arsenic exceeded the 

screening levels based on the RSLs but were less than the CTDEP RSRs.  The detected concentrations 
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of arsenic were also less than the background concentration.  Concentrations of aluminum, cobalt, and 

iron also exceeded the screening criteria but 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.  In addition, 

the detected concentrations of aluminum, cobalt and iron were less than the background concentrations.  

Vanadium was retained as a COPC for subsurface soil in the July 2010 HHRA but not in this HHRA due 

to changes in the RSL. 

 

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. 

 

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.  In addition, the detected concentrations of aluminum and 

cobalt were less than the background concentrations. 

 

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 
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concentrations exceeding the CTDEP 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 

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. 
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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.  USEPA’s ProUCL Version 4.00.05 

was used to calculate the EPCs for exposures to surface/subsurface soil.  Copies of the ProUCL printouts 

are included in Attachment F.2.  The maximum detected concentration and average 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. 
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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.3.   

 

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.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 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 TPH retained as 

COCs.  TPH was also the only chemical with concentrations exceeding the CTDEP industrial RSRs.  

Concentrations of TPH in surface soil exceeded the CTDEP pollutant mobility criteria.  Concentrations of 
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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 July 2010 HHRA 

Table 8-6 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in 

this HHRA.  ILCRs and HIs are the same in this HHRA as those presented in the July 2010 HHRA.   

 

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 

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.  The detected concentrations of arsenic 

in surface and subsurface soil were within background levels.  Consequently, arsenic in surface and 

subsurface soil may be naturally occurring at Zone 6 and not present as a result of site operations. 

 

Concentrations of 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 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

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
Manganese X X
Thallium 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.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)anthracene 0.33(2) 0.203(4) NA NA
Benzo(a)pyrene 0.46(2) 0.203(4) NA NA
Benzo(b)fluoranthene 0.24(2) 0.180(4) NA NA
Inorganics
Antimony NA NA 2.03(2) 0.905(3)

Arsenic 2.1(2) 1.93(5) NA NA
Manganese 182(2) 155(5) 448(2) 254(3)

Thallium NA NA 4.45(2) 1.85(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% KM (t) UCL
5 - 95% Student's-t 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 2E-08 -- -- -- 0.0009 - -
Inhalation 1E-08 -- -- -- 0.3 - -
Total 1E-07 -- -- -- 0.3 - -

Groundwater Dermal Contact 1E-09 -- -- -- 0.008 - -
Inhalation 3E-09 -- -- -- 0.0001
Total 5E-09 -- -- -- 0.008 - -
Total All Media 1E-07 0.3

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-06 -- -- -- 0.008 - -
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 -- -- -- 0.007 - -
Dermal Contact 7E-07 -- -- -- 0.001 - -
Total 2E-06 -- -- -- 0.01 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 1E-05 -- -- Benzo(a)pyrene, Arsenic 0.1 - -
Dermal Contact 4E-06 -- -- Benzo(a)pyrene 0.007 - -
Total 2E-05 -- -- Benzo(a)pyrene, Arsenic 0.1 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-06 -- -- -- 0.01 - -
Dermal Contact 9E-07 -- -- -- 0.001 - -
Total 4E-06 -- -- Benzo(a)pyrene, Arsenic 0.01 - -( )py ,

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 2E-05 -- -- Benzo(a)pyrene, Arsenic NA - -

Dermal Contact 5E-06 -- -- Benzo(a)pyrene NA - -
Total 2E-05 -- -- Benzo(a)pyrene, 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 3E-08 -- -- -- 0.004 - -
Dermal Contact 5E-09 -- -- -- 0.0002 - -
Inhalation 7E-09 -- -- -- 0.2 - -
Total 5E-08 -- -- -- 0.2 - -

Groundwater Dermal Contact 1E-10 -- -- -- 0.001 - -
Inhalation 2E-10 -- -- -- 0.000007
Total 4E-10 -- -- -- 0.001 - -
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 -- -- -- 0.003 - -
Dermal Contact 2E-08 -- -- -- 0.0001 - -
Total 3E-07 -- -- -- 0.003 - -

Child Residents Surface/Subsurface Soil Incidental Ingestion 6E-07 -- -- -- 0.03 - -
Dermal Contact 4E-08 -- -- -- 0.0009 - -
Total 6E-07 -- -- -- 0.03 - -

Adult Residents Surface/Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.003 - -
Dermal Contact 2E-08 -- -- -- 0.0001 - -
Total 2E-07 -- -- -- 0.004 - -

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 8E-07 -- -- -- NA - -

Dermal Contact 6E-08 -- -- -- NA - -
Total 8E-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 None Total Petroleum Hydrocarbons Total Petroleum Hydrocarbons None None Acenaphthylene

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 4E-06 4E-06 0.01 0.01

Surface/Subsurface Soil
Construction Workers 1E-07 1E-07 0.3 0.3
Full-Time Employee 3E-06 2E-06 0.01 0.01
Child Resident 2E-05 2E-05 0.1 0.1
Adult Resident 4E-06 4E-06 0.01 0.01
Lifelong Resident 3E-05 2E-05 NA NA

Groundwater
Construction Workers 5E-09 5E-09 0.02 0.02

Notes:
NA - Not applicable for this receptor.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase, TtNUS, (July 2010).



  REVISION 0 
  FEBRUARY 2011 
 

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.  Figure 2-7 of the Lower Subase (Operable Unit 4) Soil and 

Groundwater Pre-Design Investigation Completion Report and Feasibility Study Addendum (Tetra Tech, 

2011) shows the location of Zone 7. 

 

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 the Pre-Design Investigation were used to identify COPCs for soil.  Groundwater samples were 

collected during the Pre-Design Investigation and analyzed for arsenic, copper, and lead.  The 

groundwater samples collected during the Pre-Design Investigation were used to select COPCs for 

arsenic, copper, and lead since these samples are representative of current groundwater conditions at 

Zone 7.  A discussion of direct contact exposure COPCs (i.e., those chemicals detected at concentrations 

in excess of USEPA and CTDEP direct contact exposure criteria) and 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. 

 

The new data collected during the Pre-Design Investigation that is being evaluated in this report includes 

18 surface soil samples analyzed for PAHs; 7 surface soil samples analyzed for antimony; 11 surface soil 

samples analyzed for lead; 2 surface soil samples analyzed for total chromium, trivalent chromium, and 

hexavalent chromium; 7 surface soil sample SPLP extracts analyzed for antimony, 5 surface soil SPLP 

extracts analyzed for lead; 9 subsurface soil samples analyzed for PAHs, 9 subsurface soil samples 

analyzed for antimony; 8 subsurface soil samples analyzed for lead; 5 subsurface soil samples analyzed 

for total chromium, trivalent chromium, and hexavalent chromium; 11 subsurface soil sample SPLP 

extracts analyzed for antimony, 12 subsurface soil SPLP extracts analyzed for lead; and 6 groundwater 

samples analyzed for arsenic, copper, and lead. 

 

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. 
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9.1.1 Surface Soil 

Two VOCs, 16 SVOCs, two pesticides, 22 inorganics, and total petroleum hydrocarbons were detected in 

surface soil samples 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, benzo(k)fluoranthene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• Inorganics (antimony, arsenic, hexavalent chromium, and lead) 

• TPH 

 

Concentrations of benzo(k)fluoranthene, arsenic, and hexavalent chromium exceeded the screening 

levels based on the RSLs but were less than the CTDEP RSRs.  The detected concentrations of arsenic 

were also less than background concentrations.  Concentrations of cobalt and iron also exceeded the 

screening criteria but 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.  In addition, the detected 

concentrations of cobalt and iron were less than background levels.  Benzo(k)fluoranthene, 

indeno(1,2,3-cd)pyrene, hexavalent chromium were not identified as COPCs in the July 2010 HHRA.  

Vanadium was identified as a COPC in the July 2010 HHRA but not in this HHRA. 

 

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(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,   benzo(k)fluoranthene, 

chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene] 

• Inorganics (antimony) 

 

Concentrations of benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene exceeded 

the CTDEP RSRs but were less than the USEPA SSLs.  Benzo(a)anthracene, benzo(a)pyrene, 
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benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 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 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.  In addition, the detected concentrations of aluminum and cobalt were less than background 

levels.  Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, dibenzo(a,h)anthracene, 

indeno(1,2,3-cd)pyrene, and lead were not identified as COPCs in the July 2010 HHRA. 

 

Under the CTDEP RSRs (CTDEP, 1996), concerns regarding the mobility of inorganics in soil are 

addressed using TCLP and SPLP data.  Site-specific SPLP data were compared to CTDEP RSRS for 

pollutant mobility.  Antimony and lead concentrations in SPLP extracts from two samples exceeded the 

state criteria. 

 

9.1.2 Subsurface Soil 

Five VOCs, 23 SVOCs, six pesticides, 26 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, hexavalent chromium, lead, manganese, nickel, vanadium, and zinc) 

• TPH 

 

Concentrations of hexavalent chromium, nickel, vanadium, and zinc exceeded the screening levels based 

on the RSLs but were less than the CTDEP RSRs.  Concentrations of cobalt, copper, and iron also 

exceeded the screening criteria but 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.  In addition, the detected 

concentrations of cobalt, copper, and iron were less than background concentrations. 

 

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 
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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 total chromium) 

• TPH 

 

Concentrations of benzo(k)fluoranthene , dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene exceeded 

the CTDEP 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.  

In addition, the detected concentrations of aluminum and cobalt were less than background levels.   

 

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.  Antimony concentrations in SPLP extracts from one sample, arsenic 

concentrations in TCLP extracts from one sample, and lead concentrations in the TCLP extracts from four 

samples and SPLP extracts from four 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: 

 

• VOCs (chloroform) 

• SVOCs (naphthalene) 

• Inorganics (antimony, arsenic, barium, boron, cadmium, lead, manganese, and selenium) 

• TPH 

 

Concentrations of boron only exceeded the screening criteria in the filtered groundwater samples.  

Concentrations of chloroform, naphthalene, barium (total), cadmium (filtered), and thallium (filtered) 
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exceeded the RSLs but were less than the CTDEP RSRs.  Concentrations of lead on exceeded the 

screening levels in one sample. 

 

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 CTDEP criteria for migration from groundwater to surface water 

and were retained as COPCs for groundwater at Zone 7: 

 

• SVOCs (acenaphthylene) 

• Inorganics (arsenic, selenium, and zinc) 

 

Lead was identified as a COPC in the July 2010 HHRA but not in this HHRA. 

 

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 

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 7 are presented in Table 9-2.  As discussed in Section 2.3.5, 

EPCs were calculated using USEPA’s ProUCL Version 4.00.05.  Copies of the ProUCL printouts are 

included in Attachment G.2.  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 

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. 
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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 the exposures to surface/subsurface soil by full time employees (HI = 2) and hypothetical adult 

residents (HI = 2) are greater than the acceptable level of 1, although as shown below, the HIs for the 

individual target organs were all less than or equal to 1. 

 

Target Organ 
Hazard Quotient 

Full-Time 
Employees 

Hypothetical 
Adult Residents 

Blood 1 1 
Body Weight 0.003 0.004 
Central Nervous System 0.002 0.003 
Cardiovascular System 0.05 0.06 
Kidney   0.0 0.02 
None Reported   0.0002 0.0002 
Skin   0.05 0.06 

 

HIs for exposure to surface/subsurface soil by construction workers (HI = 2) and hypothetical child 

residents (HI = 14) exceed the acceptable level of 1.  Antimony was the major contributor to the HI for all 

receptors.  The unacceptable HI for antimony is due to one sample.  Antimony was detected at a 

concentration of 1,820 mg/kg in a sample collected from a depth of 14 to 16 feet bgs at location 20TB4.  

HIs for the construction worker and hypothetical child resident would be within acceptable levels if this 

sample is excluded from the calculation. 

 

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 = 2 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. 

 

9.3.3 Noncarcinogenic Risks – CTE 

HIs for all receptors with the exception of hypothetical child residents 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.  
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HIs for exposure to surface/subsurface soil by hypothetical child residents (HI = 5) exceed the acceptable 

level of 1.  Antimony was the major contributor to the HI for the hypothetical child resident. 

 

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 (31,400 mg/kg) and subsurface soil (189,000 mg/kg) exceeded the 

OSWER soil screening level and CTDEP RSR of 400 mg/kg for residential land use and CTDEP RSR of 

1,000 mg/kg for industrial land use. 

  

Hypothetical residential exposures to lead in surface/subsurface soil were evaluated using the IEUBK 

lead model Version 1.1 Build 11.  As recommended by the IEUBK model, the average lead concentration 

of 5,370 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.3.  The lead 

concentration of 5,370 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 

27.8 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, 2009).  As recommended by the model, the 

average lead concentration of 2,444 mg/kg was used as the EPC for current full-time employees exposed 

to surface soil and the average lead concentration of 5,370 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 soil 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.  Default parameters were used for 

the remaining model input parameters.  Results of the model runs are included in Attachment G.3.  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 2,444 mg/kg results in 

6.3 percent of the receptors (fetuses) having a blood lead level greater than 10.0 µg/dL and a geometric 

mean blood lead level of 4.5 µg/dL.  These results do 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 5,370 mg/kg 

results in 58 percent of the receptors (fetuses) having a blood lead level greater than 10 µg/dL and a 

geometric mean blood lead level of 12.5 µg/dL.  For full-time employees exposed to surface/subsurface 

soil, the lead concentration of 5,370 mg/kg results in 34 percent of the receptors (fetuses) having a blood 

lead level greater than 10.0 µg/dL and a geometric mean blood lead level of 8.7 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.4.  The risks from vapor intrusion are: 

 

Chemical ILCR HI 
Chloroform 1 x 10-6 0.001 
Trichloroethene 1 x 10-7 0.01 
Total 1 x 10-6 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.5 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 carcinogenic 

PAHs and lead in surface soil exceeded the CTDEP industrial RSRs for direct contact with soil and were 

retained as COCs.  Concentrations of carcinogenic PAHs, antimony, and lead in surface soil and 

carcinogenic PAHs, carbazole, antimony, 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 July 2010 HHRA 

Table 9-7 presents a comparison of the ILCRs and HIs from the July 2010 HHRA and those calculated in 

this HHRA.  ILCRs and HIs for full-time employees exposed to surface soil are slightly higher in this 

HHRA as compared to those presented in the July 2010 HHRA, while ILCRs and HIs for all receptors 

exposed to surface/subsurface soil are slightly lower in this HHRA as compared to those presented in the 

July 2010 HHRA.  The difference is attributable to changes in the EPCs.  An additional 18 surface soil 

samples and 9 subsurface soil samples were collected during the Pre-Design Investigation.  As a result 

the EPCs for surface soil are higher in this HHRA as compared to those presented in the July 2010 

HHRA, and the EPCs for surface/subsurface soil are lower in this HHRA as compared to those presented 

in the July 2010 HHRA.    

 

ILCRs for construction workers exposed to groundwater are slightly higher in this HHRA as compared to 

those presented in the July 2010 HHRA.  The difference is due to the arsenic concentrations were slightly 
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higher in the groundwater samples collected during the Pre-Design Investigation as compared to the 

arsenic concentrations in groundwater samples collected during the Phase I and II investigations. 

 

The IEUBK and adult lead model results are lower in this HHRA as compared to those presented in the 

July 2010 HHRA, although the results from both HHRAs exceeded acceptable levels.  The major reason 

for the differences is the changes in input parameters used in the model.  In June 2009 USEPA revised 

the baseline blood lead level and geometric standard deviation values used by the models.  The 

estimated risks from exposures to lead are now lower as a result of these changes.  

 

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 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 7 and not present as a result of site operations. 

 

Concentrations of 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 
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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 from 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 USEPA 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).  In addition, this concentration is 

less than OSWER’s proposed residential PRG of 72 ng/kg (USEPA, 2009).  Therefore, the data indicates 

that dioxins are not a concern for 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 X
Benzo(a)pyrene X X X X
Benzo(b)fluoranthene X X X X
Benzo(k)fluoranthene X X X X
Carbazole X
Chrysene X X
Dibenzo(a,h)anthracene X X X X
Indeno(1,2,3-cd)pyrene X X X X
Naphthalene X
Phenanthrene
Inorganics

Soil to Air Soil to 
Groundwater

Direct 
Contact

Direct 
Contact

Soil to Air Soil to 
Groundwater

Direct 
Contact

Inorganics
Antimony X X X X X
Arsenic X X X X X
Barium X
Boron X
Cadmium X
Total Chromium X
Hexavalent Chromium X X
Lead X X X X X X
Manganese X X
Nickel X
Selenium X X
Vanadium 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.



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(3)

Trichloroethene NA NA 0.6(2) 0.308(3)

Semivolatile Organic Compounds
Benzo(a)anthracene 3.27(4) 2.52(5) NA NA
Benzo(a)pyrene 3.35(4) 2.34(6) NA NA
Benzo(b)fluoranthene 5.32(4) 3.9(5) NA NA
Benzo(k)fluoranthene 2.18(4) 0.91(7) NA NA
Dibenzo(a,h)anthracene 1.02(4) 0.43(7) NA NA
Indeno(1,2,3-cd)pyrene 2.69(4) 1.09(7) NA NA
Naphthalene NA NA 0.7(2) 0.7(2)

Inorganics
Antimony 15.2(7) 414(8) 13.8(2) 5.1(3)

Arsenic 1.64(9) 12.7(5) 18.8(2) 5.0(3)

Barium NA NA 682(2) 106(3)

Boron NA NA 939(2) 384(3)

Cadmium NA NA 1.61(2) 0.304(3)

Hexavalent Chromium 0.78(2) 0.5(10) NA NA
Lead 2444(3) 5370(3) 11.2(3) 11.2(3)53 0
Manganese 144(11) 261(4) 2188(2) 535(3)

Nickel 13.8(9) 53.6(4) NA NA
Selenium NA NA 28.3(2) 3.93(3)

Thallium NA NA 2.20(2) 1.40(3)

Vanadium 16.3(9) 65.2(4) NA NA
Zinc 173(9) 719(4) 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 - 95% Chebyshev(Mean, Std) UCL
5 - 97.5% KM (Chebyshev) UCL
6 - 95% KM (Chebyshev) UCL
7 - 95% KM (BCA) UCL
8 - 99% KM (Chebyshev) UCL
9 - 95% Student's-t UCL
10 - 95% KM (t) UCL
11 - 95% Modified-t UCL
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 1E-06 -- -- -- 2 Antimony
Dermal Contact 3E-07 -- -- -- 0.006 --
Inhalation 1E-07 -- -- -- 0.5 --
Total 1E-06 -- -- -- 2 Antimony

Groundwater Dermal Contact 5E-09 -- -- -- 0.04 --
Inhalation 4E-10 -- -- -- 0.0001 --
Total 7E-09 -- -- -- 0.04 --
Total All Media 1E-06 2

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-05 -- -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.05 --

Dermal Contact 1E-05 -- -- Benzo(a)pyrene, 
Dibenzo(a,h)anthracene 0.001 --

Total 3E-05 -- Benzo(a)pyrene
Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene
0.05 --

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-05 -- -- Benzo(a)pyrene, Arsenic 2 Target Organs HI ≤ 1
Dermal Contact 9E-06 -- -- Benzo(a)pyrene 0.008 - -

Total 2E-05 -- --

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

2 Target Organs HI ≤ 1

Child Residents Surface/Subsurface Soil Incidental Ingestion 2E-04 --

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

Benzo(a)anthracene, 
Indeno(1,2,3-cd)pyrene 14 Antimony

Dermal Contact 6E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

0.05 --

Total 2E-04 --

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

Benzo(a)anthracene, 
Indeno(1,2,3-cd)pyrene 14 Antimony

Adult Residents Surface/Subsurface Soil Incidental Ingestion 3E-05 -- --

Benzo(a)anthracene, 
Benzo(a)pyrene, 

Benzo(b)fluoranthene, 
Dibenzo(a,h)anthracene, 

Arsenic

2 Target Organs HI ≤ 1

Dermal Contact 1E-05 -- -- Benzo(a)pyrene 0.007 - -

Total 4E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

2 Target Organs HI ≤ 1
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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 2E-04 --

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

Benzo(a)anthracene, 
Indeno(1,2,3-cd)pyrene, 
Hexavalent Chromium

NA - -

Dermal Contact 7E-05 -- Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene, 

Arsenic

NA - -

Total 3E-04 Benzo(a)pyrene

Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

Dibenzo(a,h)anthracene, 
Arsenic

Indeno(1,2,3-cd)pyrene, 
Hexavalent Chromium NA - -
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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 3E-07 -- -- -- 0.6 --
Dermal Contact 6E-08 -- -- -- 0.001 --
Inhalation 9E-08 -- -- -- 0.4 --
Total 5E-07 -- -- -- 0.9 --

Groundwater Dermal Contact 1E-09 -- -- -- 0.003 --
Inhalation 5E-11 -- -- -- 0.00002 --
Total 5E-10 -- -- -- 0.003 --
Total All Media 5E-07 0.9

Current Full-Time Employee Surface Soil Incidental Ingestion 2E-06 -- -- -- 0.02 --
Dermal Contact 4E-07 -- -- -- 0.00009 --
Total 3E-06 -- -- Benzo(a)pyrene 0.02 --

Future Full-Time Employee Surface/Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.9 --
Dermal Contact 3E-07 -- -- -- 0.0007 --
Total 3E-06 -- -- -- 0.9 --

Child Residents Surface/Subsurface Soil Incidental Ingestion 6E-06 -- -- Benzo(a)pyrene, Arsenic 5 Antimony
Dermal Contact 5E-07 -- -- -- 0.006 --
Total 6E-06 -- -- Benzo(a)pyrene, Arsenic 5 Antimony

Adult Residents Surface/Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.5 --
Dermal Contact 2E-07 -- -- -- 0.0007 --
Total 2E-06 -- -- -- 0.5 --
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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

Lifelong Residents   
(Child and Adult) Surface/Subsurface Soil Incidental Ingestion 8E-06 -- -- Benzo(a)pyrene, Arsenic NA - -

Dermal Contact 7E-07 -- -- -- NA - -
Total 8E-06 -- -- Benzo(a)pyrene, 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 = 1E-05

Hypothetical Lifelong Resident ILCR = 2E-05
Benzo(a)pyrene Hypothetical Child Resident ILCR = 1E-04

Hypothetical Lifelong Resident ILCR = 2E-04
Benzo(b)fluoranthene Hypothetical Child Resident ILCR = 2E-05

Hypothetical Lifelong Resident ILCR = 3E-05
Dibenzo(a,h)anthracene Hypothetical Child Resident ILCR = 3E-05

Hypothetical Lifelong Resident ILCR = 3E-05
Indeno(1,2,3-cd)pyrene Hypothetical Child Resident ILCR = 6E-06

Hypothetical Lifelong Resident ILCR = 7E-06
Antimony Construction Worker HI = 2

Hypothetical Child Resident HI = 14
Arsenic Hypothetical Child Resident ILCR = 2E-05

Hypothetical Lifelong Resident ILCR = 3E-05
Hexavalent Chromium Hypothetical Lifelong Resident ILCR = 2E-06

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    greater than 1 x 10  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 Benzo(a)pyrene Benzo(a)pyrene Benzo(a)anthracene Benzo(a)anthracene None Acenaphthylene

Benzo(a)pyrene Benzo(b)fluoranthene Benzo(a)pyrene Benzo(a)pyrene Arsenic
Benzo(b)fluoranthene Dibenzo(a,h)anthracene Benzo(b)fluoranthene Benzo(b)fluoranthene Lead
Benzo(k)fluoranthene Indeno(1,2,3-cd)pyrene Benzo(k)fluoranthene Benzo(k)fluoranthene Selenium

Dibenzo(a,h)anthracene Lead Chrysene Carbazole Zinc
Indeno(1,2,3-cd)pyrene Dibenzo(a,h)anthracene Chrysene

Antimony Indeno(1,2,3-cd)pyrene Dibenzo(a,h)anthracene
Arsenic Antimony Indeno(1,2,3-cd)pyrene
Copper Lead Antimony
Lead Arsenic

Total Petroleum Hydrocarbons 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 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 9E-06 3E-05 0.03 0.05

Surface/Subsurface Soil
Construction Workers 3E-06 1E-06 6 2
Full-Time Employee 5E-05 2E-05 3 2
Child Resident 5E-04 2E-04 45 14
Adult Resident 9E-05 4E-05 5 2
Lifelong Resident 6E-04 3E-04 NA NA

Groundwater
Construction Workers 4E-09 7E-09 0.05 0.04

Notes:
NA - Not applicable for this receptor.
1 - Old values are from the HHRA presented in the Feasibility Study for Operable Unit 4,
     Lower Subase, TtNUS, (July 2010).
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10.0  PRELIMINARY REMEDIATION GOALS 

10.1 RISK-BASED PRELIMINARY REMEDIATION GOALS 

This section presents preliminary remediation 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 remediation goals were developed for those media with cumulative ILCRs 

greater than 1 x 10-4 and total HIs greater than 1.0.  Preliminary remediation 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 remediation goals were calculated using the following equation: 

 

Preliminary Remediation 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 that were used were 1 x 10-6, 1 x 10-5, and 1 x 10-4 and the target HI was 1.  

ILCRs and HIs were within USEPA acceptable levels for exposures to groundwater; therefore, preliminary 

remediation goals were only developed for exposures to soil.  The preliminary remediation 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 remediation goals for soil are presented in Table 10-2.  As 

a result of the additional samples collected during the Pre-Design Investigation hexavalent chromium in 

soil at Zone 7 is identified as a COC in this HHRA, but was not identified as a COC in the July 2010 

HHRA.  Also as a result of the additional samples collected during the Pre-Design Investigation 

benzo(k)fluoranthene was identified as a COC in soil at Zone 7 in the July 2010 HHRA, but is not 

identified as a COC in soil at Zone 7 in this HHRA. 
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10.2 REMEDIATION GOALS BASED ON CTDEP GUIDANCE 

This section presents the preliminary remediation 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 remediation for the COCs indentified in Table 10-3.  

At Zone 1, lead in soil and arsenic, copper, and lead in groundwater were identified as COCs in this 

HHRA, but were not identified as COCs in the July 2010 HHRA.  At Zone 4, copper in groundwater was 

identified as a COC in groundwater, but was not identified as a COC in groundwater in the July 2010 

HHRA.  As a result of the additional samples collected during the Pre-Design Investigation, arsenic in 

groundwater at Zone 5 was identified as a COC in groundwater, but was not identified as a COC in 

groundwater in the July 2010 HHRA.  Also as a result of the additional samples collected during the Pre-

Design Investigation, lead in groundwater Zone 7was identified as a COC in groundwater, but was not 

identified as a COC in groundwater in the July 2010 HHRA. 

 



x   

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
Dibenzo(a,h)anthracene R R R
Indeno(1,2,3-cd)pyrene R R R
Antimony I,R
Arsenic R R R
Hexavalent Chromium 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.    1  10  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.

   



PAGE 1 OF 2

TABLE 10-2

PRELIMINARY REMEDIATION 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 8,200 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
Arsenic 10 1.3 13 130 196
Lead 400 400(4)
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TABLE 10-2

PRELIMINARY REMEDIATION 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
Hexavalent Chromium NA 0.30 3 30 NA
Lead 400 400(4)

Notes:
NA = Not applicable\Not Available.
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
Benzo(a)pyrene X 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 X
Copper X
Lead X X X X X X
Mercury X
Total Petroleum Hydrocarbons X X X X X X X

Groundwater
Acenaphthylene X X X X
Benzo(a)anthracene X
Benzo(a)pyrene X
Benzo(b)fluoranthene X
Benzo(k)fluoranthene X
Arsenic X X X
Beryllium
CadmiumCad u X X
Chromium X
Copper X
Lead X X X
Mercury X X X
Selenium X
Zinc X X
Total Petroleum Hydrocarbons X X

X - Indicates chemical was retained as a chemical of concern (COC).
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Rationale for
Contaminant
Deletion or

'"
NA No BSL

13.000 C No BSL
70.000 N No BSL.

NA BSL
NA BSL
NA ASL
NA ASL
NA ASL

NA BSL
NA ASL
NA BSL
NA BSL
NA BSL
NA ASL
NA ASL
NA BSL
NA BSL

709.000 N No BSL
NA No BSL

70.900 N No BSL
1.380 C No BSL
I.840C No BSL

NA No NUT

276 C No BSL
NA No BSL
NA No EPA 1
NA No BSL
NA No NUT

7.090 N No BSL
NA No BSL
NA No NUT
NA No BSL
NA No NUT
NA No BSL
NA No BSL

NA ASL

2

NA

470

400

NA

NA

4,700

340
NA

34

2.SOO
NA

NA

27

1,000

NA
1.400

3.900

44.000

20.000

84.000
31.000

SOO.OOO
82.000

1000000

1.000.000
8.400

1,000.000

1.000.000

1.000.000

39 N

39N

7N
16 N

NA

3.1 N

NA

NA

NA

NA
400

ISO N

150 C 1 000
15 C 1 000

IS0C 1000

180 N

310 N

1.SOON

2.300 N

63.000 N
1,.oooC

12.000 N

170.000 N

340.000 N
1700000 N

TABLE 2.1
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

DIRECT CONTACT EXPOSURES
NSB-NLON, GROTON, CONNECTICUT

PAGE 1 OF2
SCenarIo Timelr8me: urrentIFuture
Medium: SurfacelShellow Soil
Ex oure Medium: SurfacelShellow Soil

Exposure CAS
Chemi",,1

Sample of Maximum
Point NumbBr Concentration

Zone 1 VoIIItlle Or anicCom undo
67-64-1 Acetone 54B 54B Pi Chase (94 1/1 54· NA
75-09-2 Me Ct-joride 15 B 15 B Pipe Chase 94) '" 15 NA

1330-20-7 Total X 129 1.29 Pi 'Chase (94 1/1 129 NA
P lie Aromatic H drocarbono

83-32-9 IV:. 24 J 24 J Pipe hase (94 1/1 24 NA
120-12-7 Anthracene 30J 30J Pi Chase (94 1/1 30 NA
56-55-3 28 J 4,100 ZIPDI- -OQ4-OOO2 818 4.100 NA
50-32-8 40J 5.SOO ZI POI-SO·OO4-0002 818 5.SOO NA

205-99-2 55J 7,000 Z 1POI-S -OQ4-OOO2 818 7.000 NA
191·24-2 88J 88J Pi Chase 94 1/1 88 NA
207·08-9 20J 3.200 ZI POI-SO'OO4-OOO2 818 3.200 NA
117-81-7 97 J 97 J P' Chase (94 1/1 97 NA
86-74-8 2.9 J 140 ZI 01- -llO2-0002 7/8 II-II 140 NA

218-01-9 33J 3.300 J lPOI· -OQ4.OOO2 818 3.300 NA
53-70-3 13 J 1.000 J ZI I- O-0Q4-OOO2 8/8 1,000 NA
193-39-5 38J 3.100 I I-S -004-0002 8/8 3.100 NA
85-01-8 11 J 1,100 ZI POI-SO-l108-OOO2 818 1,100 NA
129-00-0 SOJ 4.SOO IP 1- 004-0002 818 4,SOO NA

Inor ics
7429-90-5 AJuminum 5.710 5.710 I hase (94 1/1 5,710
7440-38-0 Antimon 0.64 0.64 m p' e hase 94 1/1 0.64
7440-39-3 Barium 20.5 20.5 hase 94 1/1 20.5
7440-41-7 liLm 02 0.2 m p' Chase (94) 1/1 02
7440-43-9 Cadmium 0.34 0.34 p' Chase 94 1/1 0.34
7440-70-2 Calcium 838 838 m Pipe Chase 94) 1/1 838
7440-47-3 Total Chromium 4.9 4.9 m Pi e Chase (94 '" 4.9
7440-50-8 C 8 8 Pipe Chase 94 1/1 8
7439-89-6 Iron 6.810 6.810 m p' Chase (94 '" 6.810
7439-92-1 Lead 7.7 7.7 Chase 94 1/1 7.7
7439-95-4 M nesiUm 1.420 1,420 Pipe Chase 94 1/1 1.420
7439·96-5 Ma anasa 122 122 mil< Pi e Chase (94 1/1 122
7440-02-0 Nickel 3.4 3.4 m ipe Chase (94 '" 3.4
7440-09-7 Potassium 1.280 1.280 Pipe Chase 94 1/1 1280
7440-22-4 Silver 0.54 0.54 m p' Chase (94 1/1 0.54
7440-23-5 Sodium 422 422 Pipe Chase (94 1/1 422

7440-62"2 Vanadium 8.9 8.9 PI Chase 94 1/1 8.9
7440-86-6 Zinc 18.3 18.3 m eChase (94 1/1 18.3

Petroleum H drocarbonl
37 J 2.200 J ZIPOI- -006-0002 919 2.200 NA

2/412011















TABLE 2.4
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

MIGRATION PATHWAYS
NSB·NLON, GROTON, CONNECTICUT

PAGE 2 OF2
Scenario Tirne'rame: CurrentlFuture
Medium: Subsurf8ce Soli

re Medium: Subsurface Soil

Frequency Concentration RangeD' USEPASSL Connecticut RSR Rationale for
Expoaure CAS

ChemlceI
Minimum Maximum

Units
sample 0' Maxlmum

0'
Range 01

Used 'or B_ground Soil to Pollutant Mobility COPC Contaminant
Point Number Concentratlon(') Concentration!" Concentnlllon

Detection
NoncIetaeta(21

5o.....1n9(» Concentrations'') Groundwater''' Criteria!') Aag Deletion or
....'_tinnal

Zone 1 TelD lnoraanics
7440-38-2 Arsenic 36.2 36.2 u 13MW19/13TB16 1/17 26 - 500 36.2 NA NA 100 NO BSL
7440-39-3 Barium 45.3 330 ug, 13MW5 17/17 330 NA NA 10,000 No BSL
7440-43·9 Cadmium 2.5 J 2.9 00 13MW8 2117 2-2 2.9 NA NA 50 No BSL
15723-28-1 Chromium 3.7 J 16 J 00 13MW1 13/17 3-5 16 NA NA 500 No BSL
7439-92-1 20 1,700 00 13MW4 7/17 20-100 1,700 NA NA • ASL
7782-49-2 l8elenium 25 J 64,4 ug, 13MW19113TB16 5117 24-200 64.4 NA NA 500 I No BSL
7440-22·4 Silver 45 J 45 J 00 13MW2 1/17 2-7 45 NA NA 360 I No BSL

Footnotes:
1.· Sample and duplicate are considered as two separate samples when detennining the minimum and maximum concentrations.
2- Values presented aresample-speciflC quanlilation Iimil&.
3- The maximum detected concentration is used lor screening purposes.
4 • Atlantic Environmental Services, April 1995. Background Concentrations 0' inorganics in Soil· Naval Submarine Base· New London,
5- EPA Soil Screening Levels. EPA Intemet Site at hltp:l/riSk.lsd.oml.gov/cak:~start.htm.

","'!Iralien to groundwater values are based on a dilution attenuation factor (OAF) of 20.
6 • CTOEP Remediation Standard Regulations, 2007.
7 • The chemical is selected as a COPC if the maximum detected concentration exceeds the riSk-based COPC screeninglevel.
Shaded criterion Indicates that the maximum detected concentration exceeds one or more screening criteria. Shaded chemical name indicates that the
chemical was retained as a COPC.

A8a0cialed Samples
Z1 POI-SO-OOHI204
Z1POI-SO-OO1-oB10
Z1POI-SO-OO2.o204
Z1PO~SO-OO3-0406

Z1PO~SO-Q03-0809

Z1PO~SO-OO3-0910

Z1PO~SO-OO3-1012

Z1POI-S0-Q03-1012·0
Z1PDI-SO-OO3-1214
Z1 POI-SO·004.o406
Z1 POI-SO-Q04-0809
Z1 POI-S0-004-Q91 0
Z1 PO~SO-004-Q91 0-0
Z1POI·SO-Q05-D305
Z1 POI-SO·005-0507
Z1 POI-SO·006-0204
Z1PDI·SO·006-0810
Z1 POI-SO-Q07-0405
Z1 POI-So-oos.o405
Z1POI·SO-Q08-0910
Z1 POI·SO·0Q9·0406
Z1 POI·SO·0Q9-oB09
Z1PO~1D-0405

Z1PO~SO.o11-Q405

Z1 POl-SO-01 2.0204
Z1 PO~SO.o13-o204

Z1 POI-SO.o13-Q204'0
Z1 PD~SO-014-0204
Z1 PDI-SO·014-0608
Z1 PDI-SO.o14-Q810
13MW1
13MW18
13MW19/13TB16
13MW19113TB16
13MW2
13MW20/13TB17
13MW2OI13TB17
13MW21/13TB15
13MW21/13TB15
13MW3
13MW4
13MW5
13MW7
13MW8
13MW9
13TB13
13TB13
GS-25L
GS-26L
G8-28L
G8-29L
GS,29L

G8-29L
G8-3OL
GS·31L
GS-32L
TB1-1RI
TB1·1RI
TB2-1RI
TB2-1RI
TB3-1RI
TB3-1RI
TB4-1RI
TB4-1RI
TB5-1RI
TB5-1RI
TB6-1RI
TB6-1RI
TB7-1RI
TB7-1RI
TB7-1RI
TB7-1RI
TB8-1RI
TB8-1RI
TB9-1RI
TB9-1RI
Tank Grave-N
Tank Grave-S

OelInlllona:
ARARlTBC = Applicable or Relevant and Appropriate Requirements·To Be Considered
C = Carcinogen
COPC = Chemical 0' Potential Concern
J = Estimated value
N = Noncarclnogen
NA =Not AppliC8blelNot Available
sat = soH saturation concentration

Rationale Codes:
For selection as a COPC:
ASL =Above Screening Level and s~e background.

For elimination as a COPC:
BSL = Below COPC Screening Leval
NUT =Essential nutrient
NTX = No toxlc~y criteria
EPA1 =USEPA Region 1 does not advocate evaluation 01 this chemical

214/2011



TABLE 2.5
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

DIRECT CONTACT EXPOSURE SCENARIOS
NSB-NlON, GROTON, CONNECTICUT

PAGE 1 OF 5
Scenario Timeframe:
Medium: Groundwater
ExDoaur. Medium: Groundwater

Frequency Concentration Potential Rationale for
Elq)08IJn> CAS Minimum Maximum sample of Meximum Range 01 Background Screening To><icily Potenttal COPC Contaminant

Point Number
Chemical

Concentration"' Concentr.tion(1) .Units
Concentration

01
Nondect.'"

Used lor
Concentrations(41 Value(5) ARARfTBC

ARARITBC
Flag

Detection $creening(3) Source Celetion or
"""''';nn'o)

Zone 1 Volatile Or oniea
75-34-3 • 3J 3J ugIL 13MW19 1/29 5-10 3 NA 70 CTDEP RSR .. ASL

NA NA
NA NA

71-43-2 ,. 3J 3J ugIL 13GW2.13GW2-2 2133 1·10 3 NA 0' ... ASL
5 FED-MCL
5 CTDEP-MCl

75-15-0 Carbon Disulfide 1 J 3J ugIL 13MW9-2 3129 5-10 3 NA 100 N NA NA No BSl
NA NA
NA NA

100-41-4 2J 1.1 ugIL 13MW19 3133 1-10 11 NA 700 CTDEP RSR~ ASl
700 FED·MCl
700 CTDEP-MCl

lQ0-42-5 St}<ene. 2J 2J ugIL 021191-13MW8 1/29 5-10 2 NA 160 N 100 CTDEP RSR No BSl
100 FED-MCl
100 CTDEP-MCl

106-88-3 Toluene 11 11 ugIL MW-13 (89) 1/33 1-10 11 NA 230 N 1.000 CTDEP RSR No BSl
1.000 FED-MCl
1.000 CTDEP-MCl

1330-20-7 8J 44 ugIL 13MW19 3133 1-10 44 NA 0 530 CTDEP RSR- ASl
10.000 FED·MCl
10.000 CTDEP-MCl

5emiYoiatila Oraariiea
120-82-1 0.7 J 0.7 J uglL NES04-2 1/33 10-12 0.7 NA 0' 70 CTDEP RSR awl ASL

70 FED-MCl
70 CTDEP-MCl

541-73-1 l,3-DichlorobenZene 0.5 J 0.5 J ugIL 13GW3-2. NES04-2 2137 1·12 0.5 NA NA N 600 CTDEP RSR No NT)(
NA NA
NA NA

91-57-6 1 J 47 ugIL 13GW2 6133 10-12 47 NA 49 CTDEP RSR .. ASl
NA NA
NA NA

106-44-5 4-Methylphenol 1 J 6J ugIL 13GW3-2 5133 10- 12 6 NA 18 N 35 CTDEP RSR No BSL
NA NA
NA NA

83-32-9 Acenaphthene 0.6 J 10 J ugIL 13GW2 13133 10-12 10 NA 220N NA NA No BSL
NA NA
NA NA

208-96-8 Acenaphthylene 1 J 1 J ugIL 13GW2 1/33 10·12 I NA 220 N' " 420 CTDEP RSR No BSL
NA NA
NA NA

120-12-7 Anthracene 1 J 2J ugIL 13GW2. LS1GWI3MW201 3133 10·12 2 NA 1.100N 2.000 CTDEP RSR No BSL
NA NA
NA NA

65-65-0 Benzoic Acid 0.6 J 0.6 J ugIL 13GWI 1120 50-50 0.6 NA 15.000 N 50.000 CTDEP RSR No BSl
NA NA
NA NA

117-81-7 , 0.8 J 3J ugIL 13GWI-2 3/33 10- 12 3 NA 4.8 C • .. ASL
6 FED-MCl
6 CTDEP-MCl

65-66-7 Butyl Benzyl Phthalate 2J 2J ugIL lSIGWI3MW201 1/33 10- 12 2 NA 35C 1.000 CTDEP RSR No BSL
NA NA
NA NA

88-74-8 Carbazole 0.6 J 1 J uglL
13GW2. 13MW20. 13MW2Q-

4133 10·12 1 NA NA 10 CTDEP RSR No NTX
D.13GW20-2

NA NA
NA NA

84-74-2 di-n-BUlyi Phthalate 0.6 J 1 J ugIL 13MW21 2133 10- 12 1 NA 370 N 700 CTDEP RSR No BSL
NA NA
NA NA

2/412011
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APPENDIX G.1.1
DILUTION FACTORS FOR ALTERNATIVE POLLUTANT MOBILITY CRITERIA

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON - GROTON, CONNECTICUT

Dilution factors (DFs) were computed 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. Compared to the dilution factor
calculations in the Final FS, this calculation distinguishes CERCLA and non-CERCLA zones and uses
infiltration rates developed using the Hydrologic Evaluation of Landfill Performance (HELP) infiltration
analyses.

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 of the Final Lower Subase FS (Tetra Tech,
2010). However, TPH concentrations at TB2-1RI, TB3-1RI, TB4-1RI, Z1-PDI-001, Z1-PDI-002, Z1-PDI-
004 through -008, Z1-PDI-013, and Z1-PDI-014. within Zone 1 were less than the NAPL-presence
threshold (7,500 mg/kg) calculated in Appendix C.1 (Final Lower Subase FS); 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 downward groundwater flow velocity is not greater than the groundwater horizontal flow

velocity.
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 The water table in the release area is at least 15 feet above the surface of the bedrock,

The following paragraphs address each of these factors for Zones 1 through 5 and Zone 7 at the Lower
Subase. The only COC at Zone 6 was total petroleum hydrocarbons (TPH). TPH is not a CERCLA COC,
but will be addressed under the CT RSRs. CT RSRs do not allow an alternative PMC for TPH, therefore
no alternative PMC calculations are included for Zone 6.

Background Concentrations
Background concentrations for groundwater were determined for inorganics during the Basewide
Groundwater Operable Unit RI. Background groundwater concentrations for antimony (2.01 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).

Horizontal/Vertical Groundwater Flow
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.

Depth to Water Table in CERCLA Zones
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 6 feet bgs at 13MW12 further inland in Zone 3, and 4 to 6 feet bgs in Zone 4. Borings in
Zones 1, 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, 3, and 4 is more than 15 feet above the surface of bedrock

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 table in Zone 7 is
more than 15 feet above the surface of bedrock.

Depth to Water Table in Non-CERCLA Zones
The depth to the unconfined water table is approximately 4 to 5 feet bgs along the river to 18 feet bgs at
13MW6 in Zone 2. Borings in Zone 2 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 Zone 2 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,
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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).

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:

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 (Tetra Tech, 1999).

1.1.3 Infiltration Rate (l)

Infiltration rates were calculated at 5 inches/year or 0.4 ft/year under the current industrial/commercial
(I/C) site use scenario and at 20 inches/year or 1.7 ft/year under a hypothetical future residential site use
scenario in accordance with the HELP infiltration analyses provided in Attachments 2A and 2B.

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 1.

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) (Tetra Tech, 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,
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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 (Tetra Tech, 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:

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 5
and Zone 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, methylene chloride, phenanthrene, and
pyrene in the hypothetical residential use of Lower Subase Zones 2 through 5 and Zone 7 are lower
than or equal to 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 5 and
Zone 7 are greater than the standard PMCs provided in the Connecticut RSRs. Therefore, these
Alternative PMCs will be used.
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ATTACHMENTS

1. Computation of Zone-Specific Non-Adjusted DFs
2. Estimate of Infiltration Rates for Various Site Use Scenarios (A and B)
3. Computation of Chemical-Specific Adjusted DFs and Alternative PMCs
4. Summary of Alternative PMCs
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APPENDIX G.1.2
SELECTION OF SOIL PRELIMINARY REMEDIATION GOALS

AND CHEMICALS OF CONCERN
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

March 7, 2011 revised January 16, 2012

1.0 PURPOSE

The purpose of this memorandum is to select soil chemicals of concern (COCs) and Preliminary
Remediation Goals (PRGs) based on United States Environmental Protection Agency (USEPA) direct
exposure COCs and Connecticut Department of Energy and Environmental Protection (CTDEEP)
chemicals of potential concern (COPCs) identified in the human health risk assessment (HHRA) and
through application of CTDEEP Remediation Standard Regulations (RSRs).

The screening-level assessment of the HHRA determined that there were no soil to air COCs (USEPA
evaluation). The soil-to-groundwater migration CTDEEP COPCs that have been detected in soil above
the groundwater table at concentrations greater than the selected PRGs, and direct exposure CTDEEP
COPCs that have been detected in soil from 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 this Feasibility Study (FS) Addendum.

Only PRGs and COCs for the Industrial/Commercial (I/C) scenario for zones with CERCLA risks (Zones
1, 3, 4, and 7) were evaluated in the FS Addendum.

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.

Although both residential and I/C scenarios were evaluated in the February 2011 HHRA, the COC and
PRG selection process is only carried forward for the I/C scenario in the FS Addendum.

 Under the I/C scenario, Land Use Controls (LUCs) would be used to limit direct contact with
contaminated soil and restrict excavation depths, depending on surface conditions. When a LUC
is in effect , CTDEEP regulations consider 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 contaminated soil from 0 to 2 feet bgs needs
to be remediated to comply with I/C CT Direct Exposure Criteria (DEC). Where the Lower
Subase is unpaved, only contaminated soil within 0 to 4 feet bgs needs to be remediated to
comply with I/C DEC. A significant number of samples were collected and analyzed from the top
2 feet in paved areas and top 4 feet in unpaved areas during the Soil PDI; therefore, only soil
sample results from the top 2 feet in paved areas and top 4 feet in unpaved areas will be used for
comparison to I/C CT DEC. Engineered controls (e.g., pavement) can also be used to address
direct exposure issues associated with contaminated soil (CTDEEP, 2010).
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 For the I/C scenario, COPCs in soil located above mean high water (MHW) were evaluated with
respect to CT Pollutant Mobility Criteria (PMC) and Alternative PMC. This approach was taken
because the groundwater at the Lower Subase is classified as GB and Section 22a-133k-2
(c)(1)(A) of the RSRs require only soil above the seasonal high water table to be in compliance
with the PMC in an area with GB-classified groundwater. During development of the PDI Soil
SAP (Tetra Tech, 2010a), CTDEEP suggested that the mean high water (MHW) table would be
an appropriate bench mark in areas where the water table is subject to tidal variation. In
response, MHW was established, and determined to be El. 1.2 NAVD88 throughout the Lower
Subase (PDI Soil SAP, Appendix A.5). 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_summary
_table.xls).

 Revised Site-Specific Alternative PMC developed per Section 22a-133k-2(d) of the Connecticut
RSRs. The results are summarized in the memorandum entitled Dilution Factors for Alternative
PMC, REV 5 (Appendix G.1.1).

 Site-Specific Alternative DEC developed per Section 22a-133k-2(d)(2) of the Connecticut RSRs.
The HHRA provided in Appendix F was used to support development of the Alternative DEC.

3.1 PRG SELECTION PROCESS

The FS Addendum HHRA was completed using a data base that included both historical and 2010 Soil
PDI data with current USEPA methodology and screening levels, and included a comparison to CTDEEP
RSR DEC and PMC. 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. In the HHRA, only
samples from applicable depths were screened against CTDEEP RSR DEC, whereas samples from all
depths were screened against CTDEEP RSR PMC.

Potential PRGs were based on HHRA (an incremental lifetime cancer risk (ILCR) level of 1 x 10-6 and a
non-carcinogenic Hazard Index of 1) and CTDEEP RSRs for direct exposure. For COPCs with
Alternative soil DEC, the risk associated with the Alternative DEC was added to the risk determined in the
HHRA for the remaining COPCs to confirm that total risk was below the upper bound for cumulative
carcinogenic risks (1 x 10-4) and cumulative noncarcinogenic risks (HIs less than or equal to 1) per target
organ.

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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DEC

To determine the applicable criteria under a direct exposure scenario, CTDEEP RSR DECs for each
COPC were compared to risk-based PRGs (ILCR = 10-6 or HI = 1 ) calculated in the HHRA provided in
Appendix F, and alternative risk-based DEC developed to meet USEPA’s upper bound for cumulative
carcinogenic risks (1 x 10-4). The contaminant 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 for reasonable maximum exposure were included in the PRG
selection process for the I/C scenario. For each contaminant, the selected DEC PRG is the greater of the
RSR, HHRA PRG based on an ILCR of 1 x 10-6 or HI of 1, or the Alternative DEC. For Zones 1, 3, 4, and
7, selected PRGs satisfy USEPA 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 for the I/C Scenario.

For lead, the target action levels were compared to the CTDEEP 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 F), 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 based on the most recent HHRA and 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,
CTDEEP RSR PMCs and calculated Alternative PMCs were compared for each COPC and zone.
Alternative PMCs were calculated in accordance with the methodology presented in Section 22a-133k-
2(c)(2)(E)(ii) of the CTDEEP RSRs (CTDEEP, 1996). The Alternative PMC calculation is provided in
Appendix G.1.1. Dilution Factors (DFs) and Alternative PMCs were calculated separately in each zone
for each COPC under both an I/C and Residential scenario. According to Section 22a-133k-2(c)(2)(D)(ii)
of the CTDEEP RSRs (CTDEEP, 1996), no Alternative PMCs were calculated in those areas of Zone 1
where non-aqueous phase liquid (NAPL) may be present as determined by FS Appendix C.1 calculations
(Tetra Tech, 2010b), which indicate that NAPL may occur at TPH concentrations exceeding 7,500 mg/kg.
However, it was determined that LNAPL was not present where the concentrations of pollutant mobility
COPCs were elevated; therefore, it was acceptable to use Alternative PMC for evaluation of Zone 1
COPCs. The higher of the CTDEEP RSR PMC or calculated Alternative PMC were selected as the
PRGs to address soil pollutant mobility issues.

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 the Soil PDI and the Lower Subase RI (Tetra Tech, 1999) were
used in the COC selection process.

In the HHRA, noncarcinogenic and carcinogenic risks were estimated from exposures to soil following
USEPA risk assessment guidance. A summary of chemicals retained as COCs based on the USEPA risk
assessment method is presented in attached Appendix F, Table 10-1. For the I/C scenario, only lead in
Zones 3, 4 and 7 and antimony in Zone 7 exceeded USEPA target risk levels.
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Appendix F, Tables 3-6, 5-6, 6-6, and 9-6 present COPCs for Zones 1, 3, 4, and 7, respectively, based on
a comparison of soil data in the top 2 feet to CTDEEP RSR I/C DECs for paved areas, a comparison of
soil data in the top 4 feet to CTDEEP RSR I/C DECs for unpaved areas, and a comparison of all data to
CTDEEP RSR PMC.

In the SOIL tables provided in this appendix (Appendix G.1.2), existing data is screened against CTDEEP
criteria, risk-derived PRGs, alternative DECs, and alternative PMCs. Two SOIL tables are presented for
each zone: one for comparison of analytical results to DEC/Alternative DEC and one for comparison of
analytical results to PMC/Alternative PMC. The SOIL table numbering is not in sequence, as they were
revised from the FS, which also included SOIL tables to determine residential COCs and PRGs. The
SOIL tables from the FS to determine residential COCs and PRGs were not re-evaluated in this FS
Addendum.

In the SOIL tables, COPCs were screened against existing data in accordance with CTDEEP 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,

and

Section 22a-133k-2 (e)(2)(B)(iv): no single sample result exceeds two times the applicable PMC.

CTDEEP RSRs allow for comparison of either Synthetic Precipitation Leaching Procedure (SPLP) or
Toxicity Characteristic Leaching Procedure (TCLP) results to PMC. The PDI provided numerous SPLP
results for lead and antimony. In addition, there were historic soil samples that were analyzed for TCLP
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lead in areas that were not re-sampled during the Soil PDI for SPLP lead. To determine whether lead
and antimony were PMC COCs, the selected PRGs were compared to the maximum detected SPLP
and/or TCLP results. SPLP results were not available for arsenic in Zone 7; therefore, to determine
whether arsenic was a PMC COC, the maximum detected TCLP concentration was compared to the
selected PRG. In addition, because there were a limited amount of TCLP arsenic samples in Zone 7, the
mass results were also compared to the I/C DEC PRGs as an estimate of leachate samples that would
pass the PMC. This conservative approach was taken for the initial screening of arsenic pollutant mobility
concerns and then further refined as discussed on p. 7 of 7.

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 (HHRA tables and SOIL tables),
PMCs/Alternative PMCs were compared to the analytical results at all depths. Sample depths were then
compared to the MHW to further screen COCs because a chemical is a PMC COC only for soil that is
above the groundwater table.

4.0 COMPARISON OF SAMPLE DEPTHS TO GROUNDWATER TO DETERMINE PMC
EXCEEDANCE LOCATIONS

To determine specific PMC exceedance locations, the analytical data set was restricted to only those
results above the seasonal high water table. As presented in the Soil PDI SAP (Tetra Tech, 2010a),
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). Historical sample results (prior to the Soil PDI) above the water table that are
PMC exceedances are determined for Zones 1, 3, 4, and 7 on Tables PMC-1, -3, -4, -5, -6, -11, and -12
(Appendix G.1.3). Data on these tables are color-coded to indicate that more than half of the sample is
below groundwater (grey); or above groundwater but less than selected PMC criteria (light green); greater
than leachate PMC or mass arsenic DEC, or greater than leachate lead or antimony PMC (pink/purple),
or greater than RCRA-hazardous characteristics criteria for lead (red). Mass arsenic data above
groundwater is coded light blue to indicate where leachate arsenic was also tested. In Zone 3, data is
coded yellow where it is below the former Building 31 floor.

The intent of the Soil PDI was to sample down to, but not below, MHW in all zones, with the exception of
soil samples for ETPH analysis in Zone 1. Sample depths were compared to MHW after sampling on
Table PMC-PDI (Appendix G.1.3). The majority of the Soil PDI results are above MHW; however, the few
samples below MHW were excluded from comparison the PMC. The samples below MHW that were
excluded from comparison to PMC are indicated on Table PMC-PDI, and the associated results are
presented in Appendix D.1.

Based on comparison of soil data above MHW to PMC/Alt PMC, and the evaluation of Zone 7 arsenic
discussed in Subsection 5.4 of this memorandum, a summary of I/C PMC COCs and PRGs is presented
on Table SOIL-32.

5.0 SELECTION OF PRGs AND IDENTIFICATION OF COCs

The PRG and COC selection processes are summarized in Tables SOIL-1, -4, -10, -12, -14, -16, -26, and
-28. The summary of I/C DEC COCs and PRGs is presented in Table SOIL-30 and for I/C PMC COCs
and PRGs is presented on Table SOIL-32.

5.1 Zone 1

The PRG and COC selection process for Zone 1 is summarized in Tables SOIL-1 and SOIL-4.

For I/C direct exposure, one COPC [benzo(a)pyrene] was identified in Zone 1. Based on a comparison
of soil concentrations in the top 2 feet in paved areas to PRGs, the COPC was not retained as a direct
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exposure I/C COC. The alternative DEC for benzo(a)pyrene (10 mg/kg) was used to screen out the
COPC.

For pollutant mobility, 11 COPCs were identified in Zone 1. Based on a comparison of soil concentrations
at all depths to PRGs, where NAPL is not present and alternative PMCs are allowed, no COPCs were
retained as COCs.

5.2 Zone 3

The PRG and COC selection process for Zone 3 is summarized in Tables SOIL-10 and SOIL-12.

For direct exposure, one COPC (lead) was identified in Zone 3. Based on a comparison of soil
concentrations in the top 2 feet to PRGs, lead was retained as a direct exposure I/C COC with a PRG of
1,090 mg/kg.

For pollutant mobility, four COPCs were identified in Zone 3. Based on a comparison of soil
concentrations at all depths to PRGs, the selected pollutant mobility I/C COC (PRG) was lead (0.47
mg/L). Note that the TCLP result for 13MW11at 2 to 4 feet bgs on Table PMC-4 was superseded by the
SPLP result at Z2PDI-002 at 2 to 4 feet bgs of 0.184 mg/L. Therefore, the area in the northwestern
extension area of Zone 3 (formerly Zone 2) is not considered to exceed the Zone 3 PMC of 0.47 mg/L.

5.3 Zone 4

The PRG and COC selection process for Zone 4 is summarized in Tables SOIL-14 and SOIL-16.

For direct exposure, three I/C COPCs were identified in Zone 4. Based on a comparison of soil
concentrations in the top 2 feet in paved areas to PRGs, lead was the only selected direct exposure I/C
COC and its PRG is 1,090 mg/kg. Benzo(a)pyrene and dibenzo(a,h)anthracene were not retained as
COCs because their maximum detected concentrations were not greater than the alternative DEC (10
mg/kg and 8 mg/kg, respectively).
For pollutant mobility, 10 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 arsenic (0.14 mg/L) and lead
(0.24 mg/L); however, further screening on Tables PMC-5 and PMC-6 determined that no arsenic
samples exceeding the I/C PMC PRG were above MHW; therefore, arsenic is not an I/C PMC COC.

The only grass-covered area is along the south eastern side of Zone 4, near the southern end of former
Building 105 and north of Building 316. Due to the steep slope of this area, no soil samples were able to
be collected from it during the PDI with the available drill rig, but the paved area just to the west of the
grass covered slope was sampled from 0 to 2 and 2 to 4 ft bgs. Considering available information,
evaluation of soil pollutant mobility issues in this unpaved area are not warranted because of the following
reasons: (1) No contaminant source(s) were known to be present in this area, (2) the PDI sample
collected adjacent to the area did not show significant contaminant concentrations (i.e., exceedances of
CTDEEP RSRs), and (3) the area makes up a very small fraction of Zone 4 and would have minimal
impact on pollutant mobility issues.

5.4 Zone 7

The PRG and COC selection process for Zone 7 is summarized in Tables SOIL-26 and SOIL-28.

For direct exposure, five COPCs were identified in Zone 7. Based on a comparison of soil concentrations
in the top 2 feet in paved areas and the top 4 feet in the sampled unpaved area to PRGs, lead was the
only selected direct exposure I/C COC and its PRG is 1,090 mg/kg. Benzo(a)pyrene and
dibenzo(a,h)anthracene were not retained as COCs because their maximum detected concentrations
were not greater than the alternative DEC (10 mg/kg and 8 mg/kg, respectively). Benzo(b)fluoranthene
and indeno(1,2,3-cd)pyrene were screened out based on a comparison of the 95 percent UCL of surface
soil samples to the RSR DEC.
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For pollutant mobility, 12 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 antimony (0.1 mg/L) and lead
(0.32 mg/L). Comparison of antimony and lead results to MHW on Tables PMC-11 and PMC-12
determined that antimony and lead should be retained as I/C PMC COCs.

Arsenic was also tentatively identified as a COC in Table SOIL-28. The identification was made using a
mass concentration versus SPLP or TCLP concentrations. Based on a comparison of mass results that
were not superseded by leachate testing on PMC-12, only one arsenic mass result above mean high
water (MW5-7RI at 5 to 6 feet bgs) exceeded the I/C DEC. The concentration of arsenic in this sample
was 19 mg/kg. The sample was analyzed for SPLP lead and the result did not indicate a leachability
concern. Of the 14 Zone 7 soil samples that were analyzed for TCLP arsenic, only one sample, the
sample from 20TB4 (14 to 16 feet bgs), had a TCLP arsenic concentration above detection limit. The
sample from 20TB4 had a mass arsenic concentration of 50 mg/kg and a TCLP arsenic concentration of
0.146 mg/L, which passed the alternative PMC of 0.19 mg/L. With the mass arsenic concentration in
MW5-7RI (19 mg/kg) being less than one-half of the concentration in 20TB4 (50 mg/kg), it is unlikely that
the leachate concentration from MW5-7RI would be greater than the leachate from 20TB4. Therefore,
based on the available data, arsenic in Zone 7 soil does not present a significant pollutant mobility
concern and it was not retained as an I/CPMC COC.

6.0 PRESENTATION OF COCs AND PRGs

The I/C COCs and PRGs for Zones 1, 3, 4, and 7, following all determination steps, are presented on
Table 6-6 in the FS Addendum. Table 6-6 also presents the residential COCs for those zones. The
residential COCs were not re-evaluated; therefore, were unchanged from those presented in the 2010
FS, except that mass values for lead and antimony are no longer presented as PMC COCs because
sufficient leachate results are now available.
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TABLE SOIL-1

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 1
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples Number of Samples

CT RSR  
Industrial/ 

Commercial

Value Based on 
Risk of 10-6  

(Full-time 
Employee)(6)

Value Based 
on HI = 1.0 
(Full-time 

Employee)(6)

Alt DEC 
Based on 

HHRA

Benzo(a)anthracene - Risk from 
HHRA(7) 4.3E-06 NA

Benzo(a)pyrene 5.5 7 0.52 J 3 4.9 0.02 NA 1 0.21 NA 10 10 HHRA 0/10 4.76E-05 NA

Benzo(b)fluoranthene - Risk from 
HHRA(7) 3.7E-06 NA

Benzo(k)fluoranthene - Risk from 
HHRA(7) 2.0E-07 NA

Chrysene - Risk from HHRA(6) 3.9E-08 NA

Dibenzo(a,h)anthracene - Risk 
from HHRA(7) 9.8E-06 NA

Indeno(1,2,3-cd)pyrene - Risk from 
HHRA(7) 2.6E-06 NA

Arsenic - Risk From HHRA(7) 4.1E-06 0.024

Manganese - Risk from HHRA(7) NA 0.001

Mercury - Risk from HHRA(7) NA 0.3

Zone 1 Cumulative Risk 7.2E-05 0.3

All concentrations are expressed in milligrams per kilogram (mg/kg).
1 COPCs from Appendix F, Human Health Risk Assessment (HHRA).
2 Sample locations: PIPECHASE, Z1PDI-004, Z1PDI-008, Z1PDI-009, Z1PDI-010, Z1PDI-011, Z1PDI-012
3 Sample locations: Z1PDI-002 (0-2 ft and 2-4 ft), TB6-1RI (2-4 ft)
4
5 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
6 Risk values based on HHRA for current or future full-time employees or construction workers. 
7 Risk values based on HHRA for future full-time employees, surface/subsurface soil (worst case for Industrial Scenario), Appendix F, Attachment A.1, Table 7.3 RME. 

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

PRG Preliminary Remedial Goal

Selected PRGs

ILCR to Future Full-
time Employee from 

Selected PRG or 
HHRA

Hazard Index 
from HHRA

Detection 
Limits (5) Background Concentration

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

Maximum 
Concentration

Basis Frequency of 
Exceedance 

Selected 
PRGs

Surface Soil in Paved Areas (2) Surface Soil in Unpaved Areas (3)

(0 to 2 ft.) (0 to 4 ft.)

95% UCL (4)COPCs(1)



TABLE SOIL-4

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 1 AREAS WITHOUT NAPL
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Direct Exposure

Number of 
Samples CT RSR Industrial

Alternative GB PMC 
for Industrial/ 
Commercial 

Scenario

Value Basis

Benzo(a)anthracene (mg/kg) 21 9.0 35 0.02 7.8 1 13 13 Alternative PMC

Benzo(a)pyrene (mg/kg) 17 7.8 35 0.02 1 1 20 20 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 17 7.9 35 0.02 7.8 1 8.6 8.6 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 11 J 4.2 35 0.02 78 1 22 22 Alternative PMC

Carbazole (mg/kg) 5.2 J 2.2 35 0.33 290 1 21 21 Alternative PMC

Chrysene (mg/kg) 19 8.5 35 0.02 780 1 23 23 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 5.2 2.1 35 0.02 1 1 17 17 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 12 5.7 35 0.02 7.8 1 20 20 Alternative PMC

Phenanthrene (mg/kg) 42 19 35 0.02 2500 40 92 92 Alternative PMC

Pyrene (mg/kg) 45 20 35 0.02 2500 40 92 92 Alternative PMC

Lead(5) (mg/L) 0.194  17 0.005 1000 0.15 0.29 0.29 Alternative PMC

Lead(6) (mg/L) 0.0027 J 0.0027 1 0.005 1000 0.15 0.29 0.29 Alternative PMC

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix F, Human Health Risk Assessment (HHRA). 
2
3

4 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
5 Results of Synthetic Leaching Procedure (SPLP) 
6 Results of Toxicity Characteristic Leaching Procedure (TCLP) 

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
CERCLA

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
PRG Preliminary Remedial Goal

Surface and Subsurface Soil

Not Determined 

Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) shown in milligrams per liter (mg/L).

COPCs(1)  (units)(2)

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Selected PRGs
 

Maximum 
Concentration 95% UCL (3)

Comprehensive Environmental Response, Compensation, and Liability Act

Detection 
Limits (4)

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. 

Potential PRGs



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT
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   95% t UCL 627.3

   95% Percentile Bootstrap UCL 669.6

Mean in Original Scale 308.3

SD in Original Scale 1116

MLE method failed to converge properly Mean in Log Scale 3.036

SD in Log Scale 2.009

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

SD 1103 SD 1.882

   95% DL/2 (t) UCL 682.7    95%  H-Stat (DL/2) UCL 1186

DL/2 Substitution Method DL/2 Substitution Method

Mean 367.4 Mean 4.111

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Shapiro Wilk Test Statistic 0.455 Shapiro Wilk Test Statistic 0.909

5% Shapiro Wilk Critical Value 0.881 5% Shapiro Wilk Critical Value 0.881

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 94.29%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 33

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 2

Maximum Non-Detect 460 Maximum Non-Detect 6.131

SD of Detected 1660 SD of Detected 2.186

Minimum Non-Detect 10 Minimum Non-Detect 2.303

Maximum Detected 5200 Maximum Detected 8.556

Mean of Detected 684.3 Mean of Detected 4.077

Raw Statistics Log-transformed Statistics

Minimum Detected 2.9 Minimum Detected 1.065

Number of Distinct Detected Data 14 Number of Non-Detect Data 20

Number of Missing Values 48 Percent Non-Detects 57.14%

General Statistics

Number of Valid Data 35 Number of Detected Data 15

CARBAZOLE

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   C:\Work Folders\Projects\New London - PDI HHRA\Zone 1\FS Tables\ProUCL FS PMC Data.xls.wst



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT

Page 2 of 8

SD of Detected 4437 SD of Detected 2.048

Minimum Non-Detect 10 Minimum Non-Detect 2.303

Maximum Detected 19000 Maximum Detected 9.852

Mean of Detected 1772 Mean of Detected 5.487

Raw Statistics Log-transformed Statistics

Minimum Detected 1.7 Minimum Detected 0.531

Number of Distinct Detected Data 26 Number of Non-Detect Data 5

Number of Missing Values 48 Percent Non-Detects 14.29%

General Statistics

Number of Valid Data 35 Number of Detected Data 30

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

CHRYSENE

   95% Adjusted Gamma UCL 3317

Note: DL/2 is not a recommended method.

AppChi2 1.76    99% KM (Chebyshev) UCL 2226

   95% Gamma Approximate UCL 3110

Theta star 9863

Nu star 6.233 Potential UCLs to Use

SD 1764 97.5% KM (Chebyshev) UCL 1513

k star 0.089 99% KM (Chebyshev) UCL 2226

Mean 878.2    95% KM (Percentile Bootstrap) UCL 672.6

Median 34 95% KM (Chebyshev) UCL 1150

Minimum 1E-12    95% KM (bootstrap t) UCL 4644

Maximum 6730    95% KM (BCA) UCL 703.3

Assuming Gamma Distribution    95% KM (z) UCL 627.4

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 629.9

Data not Gamma Distributed at 5% Significance Level SE of Mean 192.5

   95% KM (t) UCL 636.3

K-S Test Statistic 0.842 Mean 310.7

5% K-S Critical Value 0.241 SD 1099

A-D Test Statistic 1.838 Nonparametric Statistics

5% A-D Critical Value 0.842 Kaplan-Meier (KM) Method

nu star 8.144

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.271 Data appear Lognormal at 5% Significance Level

Theta Star 2521

   95% BCA Bootstrap UCL 793.8



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT
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SD 4142 97.5% KM (Chebyshev) UCL 5912

k star 0.146 99% KM (Chebyshev) UCL 8513

Mean 1531    95% KM (Percentile Bootstrap) UCL 2782

Median 140 95% KM (Chebyshev) UCL 4588

Minimum 1E-12    95% KM (bootstrap t) UCL 5747

Maximum 19000    95% KM (BCA) UCL 2900

Assuming Gamma Distribution    95% KM (z) UCL 2682

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 2711

Data not Gamma Distributed at 5% Significance Level SE of Mean 702.1

   95% KM (t) UCL 2714

K-S Test Statistic 0.845 Mean 1527

5% K-S Critical Value 0.173 SD 4084

A-D Test Statistic 2.228 Nonparametric Statistics

5% A-D Critical Value 0.845 Kaplan-Meier (KM) Method

nu star 19.65

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.327 Data appear Lognormal at 5% Significance Level

Theta Star 5413

   95% BCA Bootstrap UCL 3333

   95% t UCL 2710

   95% Percentile Bootstrap UCL 2799

Mean in Original Scale 1525

SD in Original Scale 4144

MLE yields a negative mean Mean in Log Scale 5.125

SD in Log Scale 2.17

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

SD 4141 SD 2.1

   95% DL/2 (t) UCL 2718    95%  H-Stat (DL/2) UCL 7306

DL/2 Substitution Method DL/2 Substitution Method

Mean 1534 Mean 5.235

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Shapiro Wilk Test Statistic 0.44 Shapiro Wilk Test Statistic 0.966

5% Shapiro Wilk Critical Value 0.927 5% Shapiro Wilk Critical Value 0.927

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 68.57%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 24

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 11

Maximum Non-Detect 360 Maximum Non-Detect 5.886



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT
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MLE yields a negative mean Mean in Log Scale 4.778

SD in Log Scale 2.249

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

SD 9719 SD 2.088

   95% DL/2 (t) UCL 5389    95%  H-Stat (DL/2) UCL 5469

DL/2 Substitution Method DL/2 Substitution Method

Mean 2612 Mean 4.983

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Shapiro Wilk Test Statistic 0.313 Shapiro Wilk Test Statistic 0.899

5% Shapiro Wilk Critical Value 0.924 5% Shapiro Wilk Critical Value 0.924

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 74.29%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 26

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 9

Maximum Non-Detect 360 Maximum Non-Detect 5.886

SD of Detected 10812 SD of Detected 2.026

Minimum Non-Detect 10 Minimum Non-Detect 2.303

Maximum Detected 42000 Maximum Detected 10.65

Mean of Detected 3239 Mean of Detected 5.321

Raw Statistics Log-transformed Statistics

Minimum Detected 11 Minimum Detected 2.398

Number of Distinct Detected Data 27 Number of Non-Detect Data 7

Number of Missing Values 48 Percent Non-Detects 20.00%

General Statistics

Number of Valid Data 35 Number of Detected Data 28

PHENANTHRENE

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

   95% Adjusted Gamma UCL 4023

Note: DL/2 is not a recommended method.

AppChi2 4.063    99% KM (Chebyshev) UCL 8513

   95% Gamma Approximate UCL 3842

Theta star 10516

Nu star 10.19 Potential UCLs to Use



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT
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Raw Statistics Log-transformed Statistics

Minimum Detected 2.8 Minimum Detected 1.03

Number of Distinct Detected Data 28 Number of Non-Detect Data 5

Number of Missing Values 48 Percent Non-Detects 14.29%

General Statistics

Number of Valid Data 35 Number of Detected Data 30

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

PYRENE

   95% Adjusted Gamma UCL 8013

Note: DL/2 is not a recommended method.

AppChi2 3.022    99% KM (Chebyshev) UCL 19013

   95% Gamma Approximate UCL 7606

Theta star 22323

Nu star 8.49 Potential UCLs to Use

SD 9704 97.5% KM (Chebyshev) UCL 12903

k star 0.121 99% KM (Chebyshev) UCL 19013

Mean 2707    95% KM (Percentile Bootstrap) UCL 5034

Median 180 95% KM (Chebyshev) UCL 9793

Minimum 1E-12    95% KM (bootstrap t) UCL 79449

Maximum 42000    95% KM (BCA) UCL 6161

Assuming Gamma Distribution    95% KM (z) UCL 5317

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 5382

Data not Gamma Distributed at 5% Significance Level SE of Mean 1649

   95% KM (t) UCL 5393

K-S Test Statistic 0.873 Mean 2604

5% K-S Critical Value 0.181 SD 9581

A-D Test Statistic 4.158 Nonparametric Statistics

5% A-D Critical Value 0.873 Kaplan-Meier (KM) Method

nu star 14.14

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.252 Data do not follow a Discernable Distribution (0.05)

Theta Star 12829

   95% BCA Bootstrap UCL 6265

   95% t UCL 5378

   95% Percentile Bootstrap UCL 5042

Mean in Original Scale 2600

SD in Original Scale 9722



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT
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Minimum 1E-12    95% KM (bootstrap t) UCL 21148

Maximum 45000    95% KM (BCA) UCL 6886

Assuming Gamma Distribution    95% KM (z) UCL 6068

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 6138

Data not Gamma Distributed at 5% Significance Level SE of Mean 1704

   95% KM (t) UCL 6147

K-S Test Statistic 0.852 Mean 3265

5% K-S Critical Value 0.173 SD 9911

A-D Test Statistic 2.285 Nonparametric Statistics

5% A-D Critical Value 0.852 Kaplan-Meier (KM) Method

nu star 17.88

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.298 Data appear Lognormal at 5% Significance Level

Theta Star 12749

   95% BCA Bootstrap UCL 7488

   95% t UCL 6137

   95% Percentile Bootstrap UCL 6637

Mean in Original Scale 3262

SD in Original Scale 10057

MLE yields a negative mean Mean in Log Scale 5.58

SD in Log Scale 2.313

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

SD 10054 SD 2.251

   95% DL/2 (t) UCL 6144    95%  H-Stat (DL/2) UCL 19168

DL/2 Substitution Method DL/2 Substitution Method

Mean 3270 Mean 5.674

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Shapiro Wilk Test Statistic 0.378 Shapiro Wilk Test Statistic 0.981

5% Shapiro Wilk Critical Value 0.927 5% Shapiro Wilk Critical Value 0.927

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 57.14%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 20

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 15

Maximum Non-Detect 360 Maximum Non-Detect 5.886

SD of Detected 10794 SD of Detected 2.159

Minimum Non-Detect 10 Minimum Non-Detect 2.303

Maximum Detected 45000 Maximum Detected 10.71

Mean of Detected 3798 Mean of Detected 5.999



TABLE UCL-2
PROUCL PRINTOUT FOR CALCULATING EXPOSURE POINT CONCENTRATIONS AFTER REMEDIALTION AT ZONE 1

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT
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Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

   95% Adjusted Gamma UCL 9449

Note: DL/2 is not a recommended method.

AppChi2 3.166    99% KM (Chebyshev) UCL 20220

   95% Gamma Approximate UCL 8979

Theta star 26096

Nu star 8.733 Potential UCLs to Use

SD 10059 97.5% KM (Chebyshev) UCL 13907

k star 0.125 99% KM (Chebyshev) UCL 20220

Mean 3256    95% KM (Percentile Bootstrap) UCL 6057

Median 240 95% KM (Chebyshev) UCL 10693



TABLE SOIL-10

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 3
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Maximum 
Concentration

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)

Lead 4,390 501 35 0.5 17.5 1,000 1,090 Target Action 
Level 2/35 NA NA

Cumulative Value NA NA

All concentrations are expressed in milligrams per kilogram (mg/kg).
1 COPCs from Appendix F, 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 Site-specific PRG for an industrial worker derived using USEPA's adult lead methodology.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.

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

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% upper confidence levels (UCLs) of the arithmetic means of all surface sample results of laboratory analyses of soil were calculated 
in accordance with the methodology used in the HHRA. 

95% UCL (2) ValueCOPCs(1)

Surface Soil
(0 to 2 ft.)

1,090(5)



TABLE SOIL-12

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 3
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

 

95% UCL (2) Number of 
Samples

Alternative GB 
PMC for 

Industrial/Commerc
ial Scenario

Value Basis

Benzo(a)anthracene (mg/kg) 2.1 1.2 11 0.02 1 22 22 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 1.5 0.9 11 0.02 1 14 14 Alternative PMC

Chrysene (mg/kg) 1.5 J 1.1 11 0.02 1 37 37 Alternative PMC

Lead(4) (mg/L) 8.6  Not 
Determined 7 0.005 0.15 0.47 0.47 Alternative PMC

Lead(5) (mg/L) 0.6 Not 
Determined 8 0.005 0.15 0.47 0.47 Alternative PMC

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated
1 COPCs from Appendix F, Human Health Risk Assessment (HHRA). 
2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Results of Toxicity Characteristic Leaching Procedure (TCLP). Results from excavated soil and soil under Building 31 not included.
5 Results of Synthetic Leaching Procedure (SPLP).

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
CERCLA

COC Chemical of Concern
COPC Chemical of Potential Concern

CT RSR Connecticut Remediation Standard Regulations
NA Not applicable 

Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

Comprehensive Environmental Response, Compensation, and Liability Act

Detection 
Limits (3)

Potential PRGs

Maximum 
Concentration

Surface and Subsurface Soil

COPCs(1)  (units)

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. 

Selected PRGs



TABLE SOIL-14

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 4
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

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)

Alt DEC Based 
on HHRA

Benzo(a)anthracene - Risk 
from HHRA(5) 2.6E-06 NA

Benzo(a)pyrene 4.3 4.3 4 0.02 NA 1 0.21 NA 10 10 HHRA 0/4 4.76E-05 NA

Benzo(b)fluoranthene - Risk 
from HHRA(5) 2.04E-06 NA

Dibenzo(a,h)anthracene 1.5 1.5 4 0.02 NA 1 0.21 NA 8 8 HHRA 0/4 3.81E-05 NA

Indeno(1,2,3-cd)pyrene - Risk 
from HHRA(5) 1.6E-06 NA

Antimony - Risk from HHRA(5) NA 0.008

Arsenic - Risk From HHRA(5) 2.6E-06 0.013

Lead 10,600 J 4,740 9 0.5 17.5 1,000 NA 1,090 Target Action 
Level 1/9 NA NA

Zone 4 Cumulative Risk 9.5E-05 0.02

All concentrations are expressed in milligrams per kilogram (mg/kg).
1 COPCs from Appendix F, 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 Risk values based on HHRA for current full-time employees, surface soil (worst case for Industrial Scenario), Appendix F, Attachment D.1, Table 7.2 RME. 
6

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
CERCLA

COC Chemical of Concern
COPC Chemical of Potential Concern ILCR Incremental Lifetime Cancer Risk

CT RSR Connecticut Remediation Standard Regulations NA Not applicable 
DEC Direct Exposure Criteria PRG Preliminary Remedial Goal
HI Hazard Index

(0 to 2 ft.)

1,090(6)

Selected PRGs

ILCR to Current Full-
time Employee from 

Selected PRG or 
HHRA

Hazard Index 
from HHRA

Detection 
Limits (3)

Background 
Concentration

Direct Exposure
Potential PRGs

Comprehensive Environmental Response, Compensation, and Liability Act

COPCs (1)

95% upper confidence levels (UCLs) of the arithmetic means of all surface sample results of laboratory analyses of soil were calculated in accordance with the methodology used in the HHRA. 

Selected 
PRGs Basis Frequency of 

Exceedance 95% UCL (2)Maximum 
Concentration

Site-specific PRG for an industrial worker derived using USEPA's adult lead methodology.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.

Surface Soil



TABLE SOIL-16

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 4 
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

Alternative GB PMC 
for I/C Scenario Value Basis

Benzo(a)anthracene (mg/kg) 5.3 4.2 14 0.02 1 11 11.0 Alternative PMC

Benzo(a)pyrene (mg/kg) 4.3 2.3 14 0.02 1 17 17 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 4.3 2.3 14 0.02 1 7.1 7.1 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 1.4 0.67 14 0.02 1 18 18 Alternative PMC

Carbazole (mg/kg) 1.1 0.25 14 0.33 1  17 17 Alternative PMC

Chrysene (mg/kg) 5.5 4.4 14 0.02 1  19 19 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 1.5 1.2 14 0.02 1  14 14 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 3.4 1.9 14 0.02 1  17 17 Alternative PMC

Arsenic(4, 5) (mg/L) 0.36 0.16 11 0.03 0.1 0.14 0.14 Alternative PMC

Lead(5) (mg/L) 150 11 0.07 0.15 0.24 0.24 Alternative PMC

Lead(6) (mg/L) 2.18 0.92 14 0.005 0.15 0.24 0.24 Alternative PMC

1 COPCs from Appendix F, Human Health Risk Assessment (HHRA). 
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 Results of Toxicity Characteristic Leaching Procedure (TCLP). 
6 Results of Synthetic Leaching Procedure (SPLP). 

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
CERCLA

COC Chemical of Concern NA Not applicable 
COPC Chemical of Potential Concern PMC Pollutant Mobility Criteria

CT RSR Connecticut Remediation Standard Regulations PRG Preliminary Remedial Goal
mg/L milligram per liter SPLP Synthetic Precipitation Leaching Procedure
mg/kg milligram per kilogram TCLP Toxicity Characteristic Leaching Procedure 

Comprehensive Environmental Response, Compensation, and Liability 

Detection 
Limits (3)

COPCs(1)  (units)
95% UCL (2)Maximum 

Concentration

CT RSR PMC 
(GB 

Groundwater)

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. 

Selected PRGs
Surface and Subsurface Soil

 
Potential PRGs

Pollutant Mobility

Not Determined



TABLE SOIL-26

DEVELOPMENT OF DEC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 7
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples Number of Samples

CT RSR 
Industrial/

Commercial

Value Based 
on Risk of 10-6  

(Full-time 
Employee)(6)

Value Based on 
HI = 1.0 (Full-

time 
Employee)(6)

Alt DEC 
Based on 

HHRA

Benzo(a)anthracene - Risk from 
HHRA(7) 1.55E-06 NA

Benzo(a)pyrene 8.4 23 2.9 2 3.3 0.02 NA 1 0.21 NA 10 10 HHRA  0/25 4.76E-05 NA

Benzo(b)fluoranthene 15 23 4.6 2 5.1 0.02 NA 7.8 2.11 NA NA 7.8 CT DEC RSR 0/25 3.7E-06 NA

Benzo(k)fluoranthene - Risk 
from HHRA(7) 1.04E-07 NA

Dibenzo(a,h)anthracene 3.1 22 0.67 J 2 0.97 0.02 NA 1 0.21 NA 8 8 HHRA 0/24 3.81E-05 NA

Indeno(1,2,3-cd)pyrene 8.1 23 1.8 2 2.6 0.02 NA 7.8 2.11 NA NA 7.8 CT DEC RSR 0/25 3.7E-06 NA

Antimony - Risk from HHRA(7) NA 0.041

Arsenic - Risk from HHRA(7) 1.03E-06 0.01

Hexavalent Chromium - Risk 
from HHRA(7) 1.4E-07 0.0003

Lead 31,400 15 204 2 19,340 0.5 17.5 1,000 NA 1,090 Target Action 
Level 4/17 NA NA

Manganese - Risk from HHRA(7) NA 0.001

Nickel - Risk from HHRA(7) NA 0.0007

Vanadium - Risk from HHRA(7) NA 0.003

Zinc - Risk from HHRA(7) NA 0.0006

Zone 7 Cumulative Value 9.6E-05 0.05

All concentrations are expressed in milligrams per kilogram (mg/kg).
1 COPCs from Appendix F, Human Health Risk Assessment (HHRA).
2 Sample locations: Z7PDI-001, Z7PDI-002, Z7PDI-003, Z7PDI-004, Z7PDI-007, Z7PDI-008, Z7PDI-009, Z7PDI-010, Z7PDI-011, Z7PDI-012, Z7PDI-013, Z7PDI-014, Z7PDI-015, Z7PDI-016, Z7PDI-018, Z7PDI-019, Z7PDI-020,

                           20MW2, 20MW5, 20TB4, 20TB5, 20TB6, MW4-7RI, 20MW1
3 Sample locations: Z7PDI-005 (two depth intervals)
4
5 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
6 Risk values based on HHRA for current or future full-time employees or construction workers. 
7 Risk values based on HHRA for current full-time employees, surface soil (worst case for Industrial Scenario), Appendix F, Attachment G.1, Table 7.2 RME. 
8 Site-specific PRG for an industrial worker derived using USEPA's adult lead methodology.  Lead is evaluated separately from the other chemicals.  It is not included in risk totals.

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
COC Chemical of Concern ILCR Incremental Lifetime Cancer Risk

COPC Chemical of Potential Concern J Estimated value
CT RSR Connecticut Remediation Standard Regulations NA Not analyzed 

DEC Direct Exposure Criteria ND Not detected
HI Hazard Index PRG Preliminary Remedial Goal

COPCs(1) Detection 
Limits (5) Background Concentration

Surface Soil in Paved Areas (2)

(0 to 2 ft.)
Surface Soil in Unpaved Areas (3)

(0 to 4 ft.)

95% upper confidence levels (UCLs) of the arithmetic means of all surface sample results of laboratory analyses of soil were calculated in accordance with the 

Maximum 
Concentration

Maximum 
Concentration

Selected 
PRGs

ILCR to Current 
Full-time Employee 
from Selected PRG 

or HHRA

Basis

Selected PRGs

Frequency of 
Exceedance 

95% UCL (4)

Direct Exposure
Potential PRGs

1,090(8)

Hazard 
Index from 

HHRA



TABLE SOIL-28

DEVELOPMENT OF PMC INDUSTRIAL/COMMERCIAL PRGs AND COCs FOR ZONE 7
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Number of 
Samples

CT RSR 
Industrial 

Direct 
Exposure

Alternative GB 
PMC for 

Industrial/ 
Commercial 

Scenario

Value Basis

Benzo(a)anthracene (mg/kg) 9.5 J 2.5 76 0.02 7.8 1 15 15 Alternative PMC

Benzo(a)pyrene (mg/kg) 14 J 2.3 75 0.02 1 1 22 22 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 16 J 3.9 75 0.02 7.8 1 9.5 9.5 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 9.7 J 0.91 75 0.02 78 1 24 24 Alternative PMC

Carbazole (mg/kg) 0.95 0.28 76 0.33 290 1 23 23 Alternative PMC

Chrysene (mg/kg) 11 J 2.56 76 0.02 780 1 25 25 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 3.1 0.43 74 0.02 1 1 19 19 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 8.1 1.1 75 0.02 7.8 1 22 22 Alternative PMC

Antimony(4) (mg/L) 0.627 J 0.389 18 0.008 8200 0.06 0.1 0.1 Alternative PMC

Arsenic  mg/kg 50 12.7 35 0.55 10 NA NA 10 I/C DEC

Arsenic(5) (mg/L) 0.146 0.146 14 0.008 10 0.1 0.19 0.19 Alternative PMC

Lead(4) (mg/L) 1.615 1.26 21 0.005 1000 0.15 0.32 0.32 Alternative PMC

Lead(5) (mg/L) 45.9 14 0.014 1000 0.15 0.32 0.32 Alternative PMC

1 COPCs from Appendix F, Human Health Risk Assessment (HHRA). 
2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 
4 Results of Synthetic Leaching Procedure (SPLP) 
5 Results of Toxicity Characteristic Leaching Procedure (TCLP) 

White text on black background indicate those compounds and concentrations that exceed Selected Preliminary Remediation Goals (PRGs).
CERCLA

COC Chemical of Concern mg/L milligrams per liter
COPC Chemical of Potential Concern NA Not applicable 

Comprehensive Environmental Response, Compensation, and Liability Act

Potential PRGs
Pollutant Mobility

CT RSR PMC 
(GB 

Groundwater)

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. 

Maximum 
Concentration 95% UCL (2)

COPC(1)  (units) Detection 
Limits (3)

Surface and Subsurface Soil
 

Not Determined



TABLE SOIL-30
COCs AND PRGs FOR SOIL - DEC INDUSTRIAL/COMMERCIAL

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT

3 Lead 1,090
4 Lead 1,090
7 Lead 1,090

COC Chemical of concern
DEC Direct Exposure Criterion

Zone COC PRG

All Preliminary Remediation Goals (PRGs) 
shown as milligrams per kilogram (mg/kg).



TABLE SOIL-32
COCs AND PRGs FOR SOIL - INDUSTRIAL/COMMERCIAL PMC

(AFTER COMPARISON TO MEAN HIGH WATER)
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Lead 0.47 mg/L
   
Lead 0.24 mg/L
Antimony 0.1 mg/L
Lead  0.32 mg/L

(1)

COC Chemical of Concern
PMC Pollutant Mobility Criteria
PRG Preliminary remediation Goal

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).

7

PRG(1)NoteZone COC

3

4



APPENDIX G.1.3  
 

DETERMINATION OF PMC EXCEEDANCES 



TABLE PMC-1
ZONE 1 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 1 

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 LEAD TCLPM 100 U μg/L
13MW18 9 11 LEAD TCLPM 20 U μg/L
13MW19/13TB16 2 4 LEAD TCLPM 20 μg/L
13MW19/13TB16 8 10 LEAD TCLPM 380 μg/L
13MW2 10 12  LEAD TCLPM 150 μg/L
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 TCLPM 20 U μg/L
13MW21/13TB15 3 5  LEAD TCLPM 20 U μg/L
13MW21/13TB15 7 9  LEAD TCLPM 20 U μg/L
13MW3 12 14  LEAD TCLPM 100 U μg/L
13MW4 6 8 10.29 3.59 6.7 LEAD TCLPM 1700 μg/L
13MW5 10 12  LEAD TCLPM 100 U μg/L
13MW7 8 10  LEAD TCLPM 100 U μg/L
13MW8 8 10  LEAD TCLPM 200 μg/L
13MW9 6 8  LEAD TCLPM 100 U μg/L
13TB13 3 5  LEAD TCLPM 51.2 μg/L
13TB13 9 11  LEAD TCLPM 20 U μg/L
TB1-1RI 1.5 3.5  LEAD SPLPM 7 U μg/L
TB2-1RI 2 3.5  LEAD SPLPM 5.3 U μg/L

Lead Alt GB PMC for I/C Scenario = 0.29 mg/L

J - Estimated concentration mg/L - milligrams per liter PMC - Pollutant Mobility Criteria
M - Metals PET - Petroleum U - Undetected
mg/kg - milligrams per kilogram 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 

All depths presented in feet below ground surface.
1982 Base Traverse system 

Analyzed Result



TABLE PMC-3
ZONE 3 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NAVAL SUBMARINE BASE - NEW LONDON
GROTON, CONNECTICUT

PAGE 1 OF 1 

Sample Location
Top of 
Sample 
Depth

Bottom of 
Sample 
Depth

Depth to Mean High Water (ft) Analyzed 
Parameter

Analyzed 
Fraction

SB09 0 2 greater than 2 LEAD, TCLP TCLPM 29.3 μg/L
SB15 0 2 greater than 2 LEAD, TCLP TCLPM 154 μg/L
SB20 0 2 greater than 2 LEAD, TCLP TCLPM 1020 μg/L
SB21 0 2 greater than 2 LEAD, TCLP TCLPM 93.2 μg/L
SB25 0 2 greater than 2 LEAD, TCLP TCLPM 2890 μg/L
SB26 0 2 greater than 2 LEAD, TCLP TCLPM 125 μg/L
SB27 0 2 greater than 2 LEAD, TCLP TCLPM 196 μg/L

Lead Alt GB PMC for I/C Scenario = 0.47 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.

 - Covered with concrete floor and asphalt pavement (within former Building 31 footprint)

Analyzed 
Result

TCLPM - Toxicity Characteristic Leaching Procedure, Metals



TABLE PMC-4
ZONE 3 SUBSURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
NAVAL SUBMARINE BASE - NEW LONDON

GROTON, CONNECTICUT
PAGE 1 OF 1 

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

13MW11 2 4 8.23 3.59 4.64 LEAD, TCLP TCLPM 8600 μg/L
13MW12 8 10 LEAD, TCLP TCLPM 100 U μg/L
13TB11 4 6 8.29 3.59 4.7 LEAD, TCLP TCLPM 3430 μg/L
13TB12 4 6 7.68 3.59 4.1 LEAD, TCLP TCLPM 651 J μg/L
13TB18 1 3 7.84 3.59 4.3 LEAD, TCLP TCLPM 50 U μg/L
13TB5A 1.5 3.5 LEAD, TCLP TCLPM 429 J μg/L
13TB7 1 3 LEAD, TCLP TCLPM 266 J μg/L
MW1-3RI 2 4 8.08 3.59 4.5 LEAD, SPLP SPLPM 478 J μg/L
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 5 6 LEAD, SPLP SPLPM 45.8 J μg/L
SB06 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 1700 μg/L
SB07 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 54.6 μg/L
SB10 2 4 LEAD, TCLP TCLPM 26 U μg/L
SB12 4 6 LEAD, TCLP TCLPM 69.8 μg/L
SB14 2 4 LEAD, TCLP TCLPM 26 U μg/L
SB17 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 5880 μg/L
SB19 4 6 9 3.59 5.4 LEAD, TCLP TCLPM 815 μg/L
SB22 4 6 LEAD, TCLP TCLPM 70.9 μg/L
SB23 4 6 LEAD, TCLP TCLPM 26 U μg/L

Lead Alt GB PMC for I/C Scenario = 0.47 mg/L

J - Estimated concentration SPLPM - Synthetic Precipitate Leaching Procedure, Metals
M - Metals TCLPM - Toxicity Characteristic Leaching Procedure, Metals
mg/kg - milligrams per kilogram U - Undetected
mg/L - milligrams per liter μg/L - micrograms per liter
PET - Petroleum
PMC - Pollutant Mobility Criteria

- More than half of sample below mean high water
 - Covered with concrete floor and asphalt pavement (within former Building 31 footprint)  
 - Leachate Lead > 5,000 ug/L (5 mg/L)

Only for samples above the water table and outside of former Building 31 footprint:
 - Result ≤  PMC 
 - Leachate Lead > Alt PMC (470 ug/L) and < 5,000 ug/L

All depths presented in feet below ground surface.

Analyzed Result



TABLE PMC-5
ZONE 4 SURFACE SOIL SAMPLES - DETERMINATION OF PMC EXCEEDANCES
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

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 TCLPM 909 J μg/L
MW1-4RI 0.5 2 greater than 2 LEAD SPLPM 76.6 μg/L
WE4A 0 2 greater than 2 LEAD TCLPM 143000 J μg/L

Lead Alt GB PMC for I/C Scenario = 0.24 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 μg/L - micrograms per liter
PET - Petroleum

All depths presented in feet below ground surface.

For samples above the water table:
 - Results ≤ Alt PMC and I/C DEC criteria
 - Leachate Lead > Alt PMC (240 ug/L) 
 - Leachate Lead > 5,000 ug/L (5 mg/L)

Analyzed Result



TABLE PMC-6
ZONE 4 SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
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

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, 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
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, 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, TCLP TCLPM 14 UJ 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 LEAD, TCLP TCLPM 150000 J μg/L
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 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 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, TCLP TCLPM 57.8 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
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, SPLP SPLPM 13.2 U μg/L

Analyzed Result



TABLE PMC-6
ZONE 4 SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
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

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, 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 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 2.00 4 8.7 3.59 5.11 LEAD, SPLP SPLPM 104 μg/L
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
WE4A 0.00 2 ARSENIC, TCLP TCLPM 30.9 J μg/L

Lead Alt GB PMC for I/C Scenario = 0.24 mg/L
Arsenic Alt GB PMC for I/C Scenario = 0.14 mg/L

J - Estimated concentration 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
mg/L - milligrams per liter μg/L - micrograms per liter

- More than half of sample below mean high water

Only for samples above mean high water:
 - Sample below Alt PMC or I/C DEC criteria (10 mg/kg for arsenic)

All depths presented in feet below ground surface.

Analyzed Result



TABLE PMC-11
ZONE 7 SURFACE SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
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

20MW2 0 2 greater than 2 ARSENIC M 1 J mg/kg
20MW5 0 2 greater than 2 ARSENIC M 0.89 J mg/kg
20TB4 0 2 greater than 2 ARSENIC M 1.4 B mg/kg
20TB5 0 2 greater than 2 ARSENIC M 1.4 J mg/kg
20TB6 0 2 greater than 2 ARSENIC M 1.8 mg/kg

Arsenic Alt GB PMC for I/C Scenario = 0.19 mg/L
J - Estimated concentration PMC - Pollutant Mobility Criteria
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 less than I/C DEC criteria where leachate results are not available (Arsenic - 10 mg/kg)

Analyzed 
Result



TABLE PMC-12
ZONE 7 SUBSURFACE SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
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 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
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

Analyzed Result



TABLE PMC-12
ZONE 7 SUBSURFACE SOIL SAMPLES - DETERMINATION OF I/C PMC EXCEEDANCES

LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM
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 Analyzed Parameter
Analyzed 
Fraction

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
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 TCLPM 28 U μg/L
20MW2 14 16 7.96 3.59 4.37 LEAD TCLPM 94 μg/L
20MW3 8 10 6.83 3.59 3.24 LEAD TCLPM 1810 μg/L
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 TCLPM 45900 μg/L
20MW6 12 14 10.19 3.59 6.6 LEAD TCLPM 17400 μg/L
20MW7 4 6 6.18 3.59 2.59 LEAD TCLPM 6.4 µg/L
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 14 16 8.07 3.59 4.48 LEAD TCLPM 73.6 µg/L
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 TCLPM 65.5 µg/L
20TB5 4 6 9.99 3.59 6.4 LEAD TCLPM 88 µg/L
20TB6 8 10 10.31 3.59 6.72 LEAD TCLPM 112 µg/L
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 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 SPLPM 1.28 U µg/L
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 SPLPM 30.1 µg/L

Analyzed Result
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Lead Alt GB PMC for I/C Scenario = 0.32 mg/L
Arsenic Alt GB PMC for I/C Scenario = 0.19 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 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)
 - Leachate Lead > Alt PMC (320 ug/L) Leachate Arsenic > Alt PMC (190 ug/L) or  Mass Arsenic > 10 mg/kg

 - Sample less than Alt PMC  (320 ug/L for lead; 190 ug/L for arsenic) or I/C DEC criteria (10 mg/kg for arsenic)
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 Location Ground Surface Mean High Water Table Depth to Mean High 
Water Table

Sample Top 
Depth

Sample Bottom 
Depth

More than Half of Sample 
above MHW?

Elevation (NAVD88) Elevation (NAVD88) bgs bgs bgs bgs
(feet) (feet) (feet) (feet) (feet) (feet)

Z1PDI-001 11.87 1.2 10.67 0 2 Y
Z1PDI-001 11.87 1.2 10.67 2 4 Y
Z1PDI-001 11.87 1.2 10.67 8 9 Y
Z1PDI-002 10.87 1.2 9.67 0 2 Y
Z1PDI-002 10.87 1.2 9.67 2 4 Y
Z1PDI-003 10.57 1.2 9.37 0.5 2 Y
Z1PDI-003 10.57 1.2 9.37 4 6 Y
Z1PDI-003 10.57 1.2 9.37 8 9.5 Y
Z1PDI-003 10.57 1.2 9.37 9.5 10 N*
Z1PDI-003 10.57 1.2 9.37 10 12 N*
Z1PDI-003 10.57 1.2 9.37 12 14 N*
Z1PDI-004 9.99 1.2 8.79 0 2 Y
Z1PDI-004 9.99 1.2 8.79 4 6 Y
Z1PDI-004 9.99 1.2 8.79 8 9 Y
Z1PDI-004 9.99 1.2 8.79 9 10 N*
Z1PDI-005 5.72 1.2 4.52 1 2 Y
Z1PDI-005 5.72 1.2 4.52 3 5 Y
Z1PDI-005 5.72 1.2 4.52 5 6.5 N*
Z1PDI-006 11.62 1.2 10.42 0 2 Y
Z1PDI-006 11.62 1.2 10.42 2 4 Y
Z1PDI-006 11.62 1.2 10.42 8 9.5 Y
Z1PDI-007 6.04 1.2 4.84 4 5 Y
Z1PDI-008 8.54 1.2 7.34 0 2 Y
Z1PDI-008 8.54 1.2 7.34 4 5 Y
Z1PDI-008 8.54 1.2 7.34 9 10 N*
Z1PDI-009 8.39 1.2 7.19 0 2 Y
Z1PDI-009 8.39 1.2 7.19 4 6 Y
Z1PDI-009 8.39 1.2 7.19 8 9 N*
Z1PDI-010 5.41 1.2 4.21 0.25 2 Y
Z1PDI-010 5.41 1.2 4.21 4 4.75 Y
Z1PDI-011 5.31 1.2 4.11 1 2 Y
Z1PDI-011 5.31 1.2 4.11 4 5 N*
Z1PDI-012 5.4 1.2 4.2 1.5 2 Y
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 Location Ground Surface Mean High Water Table Depth to Mean High 
Water Table

Sample Top 
Depth

Sample Bottom 
Depth

More than Half of Sample 
above MHW?

Elevation (NAVD88) Elevation (NAVD88) bgs bgs bgs bgs
(feet) (feet) (feet) (feet) (feet) (feet)

Z1PDI-012 5.4 1.2 4.2 2 4 Y
Z1PDI-013 10.9 1.2 9.7 0 2 Y
Z1PDI-013 10.9 1.2 9.7 2 4 Y
Z1PDI-014 10.39 1.2 9.19 0 2 Y
Z1PDI-014 10.39 1.2 9.19 2 4 Y
Z1PDI-014 10.39 1.2 9.19 6 8 Y
Z1PDI-014 10.39 1.2 9.19 8 9.5 Y
Z3PDI-001 5.4 1.2 4.2 1 2 Y
Z3PDI-001 5.4 1.2 4.2 2 4 Y
Z3PDI-002 5.27 1.2 4.07 0.75 2 Y
Z3PDI-002 5.27 1.2 4.07 4 5.5 N
Z3PDI-003 5.35 1.2 4.15 1 2 Y
Z3PDI-003 5.35 1.2 4.15 2 4 Y
Z3PDI-005 5.45 1.2 4.25 0 2 Y
Z4PDI-001 6.09 1.2 4.89 0.25 2 Y
Z4PDI-001 6.09 1.2 4.89 4 5.5 Y
Z4PDI-002 7.31 1.2 6.11 0.25 2 Y
Z4PDI-002 7.31 1.2 6.11 2 4 Y
Z4PDI-002 7.31 1.2 6.11 4 5 Y
Z4PDI-003 5.99 1.2 4.79 0.25 2 Y
Z4PDI-004 9.58 1.2 8.38 1 2 Y
Z4PDI-005 5.37 1.2 4.17 0.5 2 Y
Z4PDI-006 6.27 1.2 5.07 0.25 2 Y
Z4PDI-006 6.27 1.2 5.07 4 6 Y
Z4PDI-007 7.06 1.2 5.86 0.5 2 Y
Z4PDI-007 7.06 1.2 5.86 2 4 Y
Z4PDI-008 5.52 1.2 4.32 1 2 Y
Z4PDI-008 5.52 1.2 4.32 2 4 Y
Z4PDI-009 5.89 1.2 4.69 0.5 2 Y
Z7PDI-001 7.68 1.2 6.48 0.25 2 Y
Z7PDI-001 7.68 1.2 6.48 2 4 Y
Z7PDI-001 7.68 1.2 6.48 6 7 N*
Z7PDI-002 7.68 1.2 6.48 0.5 2 Y
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 Location Ground Surface Mean High Water Table Depth to Mean High 
Water Table

Sample Top 
Depth

Sample Bottom 
Depth

More than Half of Sample 
above MHW?

Elevation (NAVD88) Elevation (NAVD88) bgs bgs bgs bgs
(feet) (feet) (feet) (feet) (feet) (feet)

Z7PDI-002 7.68 1.2 6.48 6 6.5 Y
Z7PDI-003 6.89 1.2 5.69 0.5 2 Y
Z7PDI-003 6.89 1.2 5.69 2 4 Y
Z7PDI-003 6.89 1.2 5.69 5 6 Y
Z7PDI-004 6.77 1.2 5.57 0.25 2 Y
Z7PDI-004 6.77 1.2 5.57 3 4 Y
Z7PDI-004 6.77 1.2 5.57 4 6 Y
Z7PDI-005 8.83 1.2 7.63 0 2 Y
Z7PDI-005 8.83 1.2 7.63 2 3.5 Y
Z7PDI-006 7.37 1.2 6.17 0.25 2 Y
Z7PDI-007 7.39 1.2 6.19 0.5 2 Y
Z7PDI-007 7.39 1.2 6.19 5 6 Y
Z7PDI-008 8.13 1.2 6.93 0 2 Y
Z7PDI-008 8.13 1.2 6.93 5 7 Y
Z7PDI-009 5.91 1.2 4.71 1 2 Y
Z7PDI-009 5.91 1.2 4.71 6 6.5 N*
Z7PDI-010 6.42 1.2 5.22 0.25 2 Y
Z7PDI-010 6.42 1.2 5.22 2 4 Y
Z7PDI-011 7.41 1.2 6.21 0.75 2 Y
Z7PDI-011 7.41 1.2 6.21 2 4 Y
Z7PDI-012 6.63 1.2 5.43 0.25 2 Y
Z7PDI-013 6.9 1.2 5.7 0.5 2 Y
Z7PDI-013 6.9 1.2 5.7 4 6.5 Y
Z7PDI-014 5.11 1.2 3.91 1 2 Y
Z7PDI-014 5.11 1.2 3.91 2 4 Y
Z7PDI-015 4.86 1.2 3.66 0.75 2 Y
Z7PDI-015 4.86 1.2 3.66 2 4.75 Y
Z7PDI-016 5.07 1.2 3.87 0.75 2 Y
Z7PDI-016 5.07 1.2 3.87 2 4.25 Y
Z7PDI-017 6.51 1.2 5.31 0.5 2 Y
Z7PDI-017 6.51 1.2 5.31 4 6.5 Y
Z7PDI-018 4.9 1.2 3.7 1 2 Y
Z7PDI-019 4.69 1.2 3.49 0.5 2 Y
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 Location Ground Surface Mean High Water Table Depth to Mean High 
Water Table

Sample Top 
Depth

Sample Bottom 
Depth

More than Half of Sample 
above MHW?

Elevation (NAVD88) Elevation (NAVD88) bgs bgs bgs bgs
(feet) (feet) (feet) (feet) (feet) (feet)

Z7PDI-020 7.18 1.2 5.98 0.25 2 Y
Z7PDI-020 7.18 1.2 5.98 4 6.5 Y

* Sample excluded from comparison to PMC.
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APPENDIX G.2
SELECTION OF GROUNDWATER PRELIMINARY REMEDIATION GOALS

AND CHEMICALS OF CONCERN
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND

FEASIBILITY STUDY ADDENDUM
NSB - NLON, GROTON, CONNECTICUT

1.0 PURPOSE

The purpose of this memorandum is to update the groundwater Preliminary Remediation Goals
(PRGs) and Contaminants of Concern (COCs) selected in the Lower Subase Feasibility Study
(FS) considering the data collected during the Groundwater Pre-Design Investigation (PDI) and
the most recent Human Health Risk Assessment (HHRA). Groundwater contaminants identified
as chemicals of potential concern (COPCs) through the screening-level and quantitative
assessments performed for the human health risk assessment (see Appendix F of the FS
Addendum) were considered. The screening-level assessment considered direct contact and
migration concerns (groundwater to surface water and volatilization) associated with the
groundwater. The quantitative assessment further evaluated the direct contact concerns with the
groundwater. Those COPCs that have been detected at concentrations greater than the selected
PRGs will be retained as COCs. The PRGs will be used to calculate the volume of contaminated
groundwater that requires evaluation in the FS Addendum.

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 can not be used for human consumption without treatment.
Potable water is supplied to the Lower Subase by a local municipality.

 Lower Subase groundwater discharges to the Thames River. The surface water in the
Thames River is classified as SC/SB by the State of Connecticut. This classification
indicates that due to point or non-point sources of pollution, certain criteria or one or more
designated uses assigned to Class SB surface water may not be currently met.
Designated uses for SB surface water include habitat for marine fish, other aquatic life
and wildlife, commercial shellfish harvesting, recreation, industrial water supply, and
navigation.

 The State of Connecticut, Department of Agriculture, prohibits shellfish collection in the
Thames River near Naval Submarine Base – New London (NSB-NLON). Therefore,
human consumption of shellfish from the Thames River adjacent to NSB-NLON is not a
likely exposure scenario. This shellfish restriction was noted in the Lower Subase
Remedial Investigation (1999) and it was stated that saltwater aquatic life would be the
main receptors under a realistic exposure scenario.

 The Navy uses the Lower Subase as an industrial area and it intends to maintain the
current land use into the future.

 The quantitative human health risk assessment did not identify any direct contact
groundwater COCs, with the exception of total petroleum hydrocarbon (TPH). TPH was
identified as a COPC through the screening level evaluation, but there are no procedures
available to further evaluate TPH in the quantitative risk assessment. Therefore, TPH
was carried forward as a direct exposure COPC. TPH is not addressed by CERCLA, but
it is addressed by the Connecticut Remediation Standard Regulations (RSRs).
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3.0 APPROACH

The following promulgated standards and to be considered criteria were reviewed and used to
select groundwater PRGs:

 State of Connecticut RSRs, January 1996.

 State of Connecticut Water Quality Standards (WQSs), February 25, 2011.

 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: October 1,
2010; Expiration Date: September 30, 2011.

 Site-Specific Alternative Surface Water Protection Criteria (SWPC) developed per
Section 22a-133k-3(b)(3) of the Connecticut RSRs. The results were summarized in the
memorandum entitled Dilution Factors for Alternative SWPC that is included in Appendix
B.3 of the Lower Subase FS (December 2010). Revisions were made to the Alternative
SWPC to account for the new WQSs promulgated on February 25, 2011.

 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.

3.1 Alternative SWPC

The Alternative SWPC presented in the Lower Subase FS were recalculated to account for the
new WQSs promulgated by the Connecticut Department of Energy and Environmental Protection
(CTDEEP) on February 25, 2011. The revised Alternative SWPC are provided in the following
table.



January 16, 2012

3 of 5

Alt SWPC Based on 2011 CTDEEP WQSs

2011 CTDEP 2011 CTDEP
Lesser of

2011 Alt SWPC

COPCs
Aquatic Life

Criteria Human Health Criteria CTDEP ALC
Lesser
Criteria

Saltwater -
Chronic

Consumption of Fish
Only And HHC x 100 DF

µg/L µg/L µg/L µg/L
Acenaphthylene NA 49.2 49.2 4,920
Benzo (a)
anthracene NA 0.018 0.018 1.8
Benzo (a)
pyrene NA 0.018 0.018 1.8
Benzo (b)
fluoranthene NA 0.018 0.018 1.8
Benzo (k)
fluoranthene NA 0.018 0.018 1.8
Arsenic 36 0.021 0.021 2.1
Beryllium NA 0.13 0.13 13
Cadmium 8.8 10,769 8.8 880
Chromium 50 2,019 50 5,000
Copper 3.1 NA 3.1 310
Lead 8.1 NA 8.1 810
Mercury 0.94 0.051 0.051 5.1
Selenium 71 4,200 71 7,100
Zinc 81 26,000 81 8,100

4.0 SELECTION OF PRGs AND IDENTIFICATION OF COCs

4.1 Zone 1

Four 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, 880, and 5.1 µg/L were selected as the PRGs for
acenaphthylene, cadmium, and mercury, respectively.

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 October 1,
2010, 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.

Based on the selection process, TPH was identified as a CTDEP groundwater COC for Zone 1.
TPH is not a CERCLA COC. TPH was detected at a maximum concentration (FOMW14 at
16,000 µg/L) and an average concentration (2,778 µg/L) that were greater than the PRG. TPH
will need to be addressed under a separate regulatory program.
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4.2 Zone 2

To address comments received from EPA on the draft final FS Addendum, the boundaries for
Zones 2 and 3 were changed. Because of the boundary change, one monitoring well (13MW11)
moved from Zone 2 to Zone 3. The following discussion is based on the updated Zone 2
information.

One groundwater COPCs was identified for Zone 2. The PRG selection process for Zone 2 is
summarized in Table GW-2. The calculated Alternative SWPC of 810 µg/L was selected as the
PRG for lead.

Based on the selection process, no groundwater COCs were identified for Zone 2.

4.3 Zone 3

To address comments received from EPA on the draft final FS Addendum, the boundaries for
Zones 2 and 3 were changed. Because of the boundary change, one monitoring well (13MW11)
moved into Zone 3 from Zone 2. The following discussion is based on the updated Zone 3
information.

Two groundwater COPCs was identified for Zone 2. The PRG selection process for Zone 3 is
summarized in Table GW-3.

The Connecticut promulgated site-specific Alternative SWPC of 10 µg/L was selected as the PRG
for arsenic and the calculated Alternative SWPC of 810 µg/L was selected as the PRG for lead.

Based on the selection process, no groundwater COCs were identified for Zone 3.

4.4 Zone 4

Eleven groundwater COPCs were identified for Zone 4. The PRG selection process for Zone 4 is
summarized in Table GW-4.

Calculated Alternative SWPCs of 1.8, 1.8, 1.8, 1.8, 880, 5,000, 310, 810, 5.1, and 8,100 µg/L
were selected as the PRGs for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, cadmium, chromium, copper, lead, mercury, and zinc, respectively. It
should be noted that the Alternative SWPC for benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, and benzo(k)fluoranthene are less than the typical laboratory reported
detection limits. For future sampling activities, the project laboratory will need to make their best
attempt to reach detection limits below the criteria. In addition, Connecticut indicated during a
meeting on June 16, 2011 that they may approve dilution factors greater than 100 for the Thames
River. Therefore, it is possible that the Alternative SWPC could increase in the future and the
potential detection limit issue could be minimized.

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 Water
Management, GSI000679, Issued October 1, 2010 and expires September 30, 2011, 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.

Based on the selection process, TPH was identified as a CTDEP groundwater COC for Zone 4.
TPH is not a CERCLA COC. TPH was detected in one well (13MW16S) at a concentration
(5,400 µg/L) that was greater than the PRG, but the average concentration (1,850 µg/L) was less
than the PRG. TPH will need to be addressed under a separate regulatory program.
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4.5 Zone 5

Three groundwater COPCs were identified for Zone 5. The PRG selection process for Zone 5 is
summarized in Table GW-5.

Calculated Alternative SWPCs of 4,920 and 5.1 µg/L were selected as the PRGs for
acenaphthylene and mercury, respectively.

The Connecticut promulgated site-specific Alternative SWPC of 10 µg/L was selected as the PRG
for arsenic.

Based on the selection process, no groundwater COCs were identified for Zone 5.

4.6 Zone 6

One groundwater COPC was identified for Zone 6. The PRG selection process for Zone 6 is
summarized in Table GW-6.

The calculated Alternative SWPC of 4,920 µg/L was selected as the PRG for acenaphthylene.

Based on the selection process, no groundwater COCs were identified for Zone 6.

4.7 Zone 7

Five groundwater COPCs were identified for Zone 7. The PRG selection process for Zone 7 is
summarized in Table GW-7.

Calculated Alternative SWPCs of 4,920, 810, 7,100, and 8,100 µg/L were selected as the PRGs
for acenaphthylene, lead, selenium, and zinc, respectively.

The Connecticut promulgated site-specific Alternative SWPC of 10 µg/L was selected as the PRG
for arsenic.

Based on the selection process, arsenic was initially identified as a groundwater COC for Zone 7.
Arsenic was detected at a total concentration greater than the PRG in one well (15 µg/L in MW4-
7RI) during Round 2 of the PDI. The concentration of arsenic in this well during Round 1 was
much lower (1.12 µg/L). In addition, the average concentration of arsenic detected during
Rounds 1 and 2 (3.1 µg/L) was less than the PRG. Because of the low frequency of exceedance
(1 of 6 samples) and the maximum total concentration being marginally greater than the criteria,
arsenic was not retained as a groundwater COC.



TABLE GW-1

DEVELOPMENT OF PRGs FOR ZONE 1 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency
of Detection

Average
Concentration(2)

Detection
Limits (3)

Background
Concentration(4)

Potential PRGs Selected PRGs

Direct Contact Migration

Value Basis Frequency of
Exceedance

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface
Water

Protection

Alternative
Surface Water

Protection(5)

Acenaphthylene 1 J 1/33 1 10.6 NA 420 0.3 4,920 4,920 Alternative
SWPC 0/33

Cadmium (total) 20.9 4/42 9.2 1.7 NA 5 6 880 880 Alternative
SWPC 0/42

Mercury (total) 1 3/33 0.5 0.1 NA 2 0.4 5.1 5.1 Alternative
SWPC 0/33

TPH 16,000 J 9/42 2,778 NA NA 500 NE 2,500(6) 2,500 CT Permit 1/33

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 COPCs from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix F). Most of the groundwater COPCs are a concern due to migration to surface water. All direct contact
COPCs, with the exception of total petroleum hydrocarbon (TPH), were eliminated as concerns based on the quantitative HHRA. TPH is not a CERCLA contaminant of concern.

2 Arithmetic average of positive detections.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration (total) as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001).
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.
6 Based on discharge limit identified for oil and grease in the General Permit for the Discharge of Stormwater Associated with Industrial Activity, Bureau of Water Management, GSI000679, Issued October 1,

2010 and expires September 30, 2011. 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.

CT RSR Connecticut Remediation Standard Regulations
J Estimated value
NA Not applicable or not available
NE Not established



TABLE GW-2

DEVELOPMENT OF PRGs FOR ZONE 2 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency of
Detection

Average
Concentration(2)

Detection
Limits(3)

Background
Concentration(4)

Potential PRGs Selected PRGs
Direct Migration

Value Basis Frequency of
Exceedence

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface
Water

Protection

Alternative
Surface Water

Protection(5)

Lead (total) 27.7 9/15 8.0 2.9 6.6 15 13 810 810 Alternative
SWPC 0/15

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 Chemicals of potential concern (COPCs) from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix F). Groundwater COPCs are a concern due to migration to surface water. All direct contact COPCs were
eliminated as concerns based on the quantitative HHRA.

2 Arithmetic average of positive detections.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration (total) as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001)
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.
6 Connecticut Department of Energy and Environmental Protection (CTDEEP) approved site-specific Alternative Surface Water Protection Criterion (SWPC).

CT RSR Connecticut Remediation Standard Regulations
PRG Preliminary Remediation Goal



TABLE GW-3

DEVELOPMENT OF PRGs FOR ZONE 3 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency of
Detection

Average
Concentration(2)

Detection
Limits(3)

Background
Concentration(4)

Potential PRGs Selected PRGs
Direct Migration

Value Basis Frequency of
Exceedence

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface
Water

Protection

Alternative
Surface Water

Protection(5)

Arsenic (total) 4.7 3/10 4.0 2.6 1.9 10 4 10 (6) 10 Alternative
SWPC 0/10

Lead (total) 23.2 6/10 7.2 2.4 6.6 15 13 810 810 Alternative
SWPC 0/10

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 Chemicals of potential concern (COPCs) from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix F). Groundwater COPCs are a concern due to migration to surface water. All direct contact COPCs were
eliminated as concerns based on the quantitative HHRA.

2 Arithmetic average of positive detections.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration (total) as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001)
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.
6 Connecticut Department of Energy and Environmental Protection (CTDEEP) approved site-specific Alternative Surface Water Protection Criterion (SWPC).

CT RSR Connecticut Remediation Standard Regulations
PRG Preliminary Remediation Goal



TABLE GW-4

DEVELOPMENT OF PRGs FOR ZONE 4 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency of
Detection

Average
Concentration(2)

Detection
Limits(3)

Background
Concentration(4)

Potential PRGs Selected PRGs
Direct Migration

Value Basis Frequency of
Exceedance

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface
Water

Protection

Alternative
Surface Water

Protection(5)

Benzo(a)anthracene 1 J 1/26 1 10.6(6) NA 0.06 0.3 1.8 1.8 Alternative
SWPC 0/26

Benzo(a)pyrene 0.8 J 1/26 0.8 10.6(6) NA 0.2 0.3 1.8 1.8 Alternative
SWPC 0/26

Benzo(b)fluoranthene 0.6 J 1/26 0.6 10.6(6) NA 0.08 0.3 1.8 1.8 Alternative
SWPC 0/26

Benzo(k)fluoranthene 1 J 1/26 1 10.6(6) NA 0.5 0.3 1.8 1.8 Alternative
SWPC 0/26

Cadmium (total) 25.5 4/35 11.8 1.5 NA 5 6 880 880 Alternative
SWPC 0/35

Chromium (total) 116 3/35 40.7 3.3 49.9 50 110 5,000 5,000 Alternative
SWPC 0/35

Copper (total) 71 10/10 14.6 NA 107 1,300 48 310 310 Alternative
SWPC 0/10

Lead (total) 72.6 10/10 15.2 NA 6.6 15 13 810 810 Alternative
SWPC 0/10

Mercury (total) 0.5 1/35 0.5 0.1 NA 2 0.4 5.1 5.1 Alternative
SWPC 0/35

Zinc (total) 924 19/35 79.2 5.9 131 5,000 123 8,100 8,100 Alternative
SWPC 0/35

TPH 5,400 4/35 1,850 NA NA 500 NE 2,500(7) 2,500 CT Permit 1/35

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 COPCs from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix F). Most groundwater COPCs are a concern due to migration to surface water. All direct contact COPCs, with
the exception of total petroleum hydrocarbons (TPH), were eliminated as concerns based on the quantitative HHRA.

2 Arithmetic average of positive detections.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001).
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.
6 Detection limit exceeds PRG.
7 Based on discharge limit identified for oil and grease in the General Permit for the Discharge of Stormwater Associated with Industrial Activity, Bureau of Water Management, GSI000679, Issued October 1, 2010

and expires September 30, 2011. 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.

CT RSR Connecticut Remediation Standard Regulations
GPC Groundwater Protection Criteria
J Estimated value
NA Not applicable or not available
NE Not established



TABLE GW-5

DEVELOPMENT OF PRGs FOR ZONE 5 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency of
Detection

Average
Concentration(2)

Detection
Limits(3)

Background
Concentration(4)

Potential PRGs Selected PRG
Direct Migration

Value Basis Frequency of
Exceedence

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface Water

Protection

Alternative
Surface Water

Protection(5)

Acenaphthylene 2 J 1/5 2 10.7 NA 420 0.3 4,920 4,920 Alternative
SWPC 0/5

Arsenic (total) 5.76 4/4 2.79 NA 1.9 50 4 10 (6) 10 Alternative
SWPC 0/4

Mercury (total) 0.41 1/5 0.41 0.1 NA 2 0.4 5.1 5.1 Alternative
SWPC 0/5

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 COPCs from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix F). All of the groundwater COPCs are a concern due to migration to surface water. All direct contact COPCs were eliminated as concerns
based on the quantitative HHRA.

2 Arithmetic average of positive detections.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001).
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.
6 Connecticut Department of Energy and Environmental Protection (CTDEEP) approved site-specific Alternative Surface Water Protection Criterion (SWPC).

CT RSR Connecticut Remediation Standard Regulations
GPC Groundwater Protection Criteria
J Estimated value
NA Not applicable
PRG Preliminary Remediation Goal
U Undetected at indicated analytical detection limit



TABLE GW-6

DEVELOPMENT OF PRGs FOR ZONE 6 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency of
Detection

Average
Concentration(2)

Detection
Limits(3)

Background
Concentration(4)

Potential PRGs Selected PRGs
Direct Migration

Value Basis Frequency of
Exceedance

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface
Water

Protection

Alternative
Surface Water

Protection(5)

Acenaphthylene 0.8 1/5 0.7 11 NA 420 0.3 4,920 4,920 Alternative
SWPC 0/5

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 Chemicals of potential concern (COPCs) from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix C). The groundwater COPC is a concern due to migration to surface water. All direct contact COPCs
were eliminated as concerns based on the quantitative HHRA.

2 Arithmetic average of positive detections. Concentration provided is average of sample and duplicate pair.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001).
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.

CT RSR Connecticut Remediation Standard Regulations
GPC Groundwater Protection Criteria
NA Not applicable
SWPC Surface Water Protection Criteria



TABLE GW-7

DEVELOPMENT OF PRGs FOR ZONE 7 GROUNDWATER
LOWER SUBASE SOIL AND GROUNDATER PDI COMPLETION REPORT AND FEASIBILITY STUDY ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

COPC(1) Maximum
Concentration

Frequency of
Detection

Average
Concentration(2)

Detection
Limits(3)

Background
Concentration(4)

Potential PRGs Selected PRGs
Direct Migration

Value Basis Frequency of
Exceedence

CT RSR
Groundwater

Protection
(GA)

CT RSR
Surface
Water

Protection

Alternative
Surface Water

Protection(5)

Acenaphthylene 1 J 2/17 1 11.7 NA 420 0.3 4,920 4,920 Alternative
SWPC 0/17

Arsenic (total) 15 6/6 3.1 NA 1.9 50 4 10(6) 10 Alternative
SWPC 1/6

Lead (total) 117 11/23 22.8 1.25 6.6 15 13 810 810 Alternative
SWPC 0/23

Selenium (total) 56.1 J 3/17 26 1.6 3.2 50 50 7,100 7,100 Alternative
SWPC 0/17

Zinc (total) 816 5/17 360.1 6.4 131 5,000 123 8,100 8,100 Alternative
SWPC 0/17

All concentrations are expressed in micrograms per liter (µg/L) unless otherwise indicated.
Highlighted fields indicate those chemicals and concentrations that exceed selected Preliminary Remediation Goals (PRGs).

1 COPCs from updated Human Health Risk Assessment (HHRA) for FS Addendum (see Appendix F). All of the groundwater COPCs are a concern due to migration to surface water. All direct contact COPCs were eliminated as concerns
based on the quantitative HHRA.

2 Arithmetic average of positive detections.
3 Arithmetic average of reported detection limits (RDLs).
4 Background concentration as reported in the Basewide Groundwater Operable Unit Remedial Investigation (BGOURI) (Tetra Tech, 2001).
5 Lesser of 2011 Connecticut Aquatic Life or Human Health Water Quality Standard (WQS) multiplied by a Dilution Factor (DF) of 100.
6 Connecticut Department of Energy and Environmental Protection (CTDEEP) approved site-specific Alternative Surface Water Protection Criterion (SWPC).

CT RSR Connecticut Remediation Standard Regulations
GPC Groundwater Protection Criteria
J Estimated value
NA Not applicable
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: NJB DATE:
Date: 2/1/11 Date: 2/2/11

OBJECTIVE:

REFERENCES:

(1)

(2)

(3)

(4)

DISCUSSION:

In Zone 4, 800-gallons of petroleum product were removed during a time-critical removal action in 1994 but TPH was not detected in any Zone 4 
groundwater samples collected during the RI.  Free product was not reported in Zone 4 during the RI or subsequent monitoring well inventories 

d th i d t ti f TPH i Z 4 il 11 800 /k

CHECKED BY:  CAR APPROVED BY:

Tetra Tech NUS, Inc. (Tetra Tech), 1999.  Lower Subase Remedial Investigation, Naval Submarine Base New 
London, Groton, Connecticut.  January

Tetra Tech NUS, Inc. (Tetra Tech), 2010.  Lower Subase Feasibility Study, Naval Submarine Base New London, 
Groton, Connecticut.  December.

U. S. Environmental Protection Agency (USEPA), 1992.  Estimating Potential Occurrence for DNAPL at 
Superfund Sites.  U. S. Environmental Protection Agency, Publication 9355.4-07FS, Washington, DC, January.

U. S. Department of Energy (USDOE), 2003.  Calculations and Software to Determine the Presence of Non-
Aqueous Phase Liquids in Environmental Media, Q-CLC-G-00059, Rev.0, August. 
http://www.srs.gov/general/programs/soil/gen/naplcalc.pdf

The purpose of this calculation is to determine the volume and mass of LNAPL at the Lower Subase.  Total petroleum hydrocarbons from leaking 
USTs, fuel line leaks, and surface spills were investigated during several investigations listed in the Lower Subase FS (Tetra Tech, 2010) and in 
the Soil PDI.  TPH contaminated soils were analyzed with measured concentrations up to 51,600 mg/kg.  

WE57 

DRAWING NUMBER:

Naval Submarine Base New London

Mass and Volume Calculations for LNAPL and Commingled TPH in Lower Subase

Attached Figures

 

Calculate the volume and mass of LNAPL in the Lower Subase soil. 

Use DOE method (Ref. 4, Equation 17)
Given:
Sr = (NAPLt * γt/γTPH)/nt

Where:
Sr = Percent Residual NAPL Saturation (%)
NAPLt = Total mass of NAPL in soil sample (mg/kg)
γt = Wet bulk density of soil  (kg/L)
nt = Total soil porosity (%, L/L)
γTPH= Density of NAPL mixture (mg/L)

Then:
NAPLt = (γTPH x Sr x nt)/γt  

=(900,000 mg/L x Sr x 0.3) / 1.8 kg/L
= 150,000 x Sr

and the maximum detection of TPH in Zone 4 soil was 11,800 mg/kg.

Diesel fuel, No. 6  fuel oil, and No. 2 fuel oil were reported in well and boring logs in the Lower Subase RI.  The specific gravity for these fuels is 
estimated at 0.9, which results in a density of  56.2 pounds/cubic feet or 900,000 mg/L.

Several investigations have been performed at the Lower Subase, including the Soil PDI.  TPH data from these investigations were compiled and 
kriged, as presented in Appendix E of the FS Addendum.  For Zones 1, 2, 3, and 4, the TPH data was input into a geostatistical program to 
develop 3-dimensional contours (kriging) of soil exceeding various concentrations, based on analytical results, 3-dimensional coordinates, and 
sample spacing.  These 3-D kriging maps are shown in Appendix E as Figures E.1.9 through E.1.21.

The boundaries of soil areas with TPH concentrations greater than 22,500 mg/kg in Zone 1 were digitized using ESRI ArcGIS Desktop software 
and the Calculate Geometry tool was used to calculate the area.  These areas were checked using a planimeter.

Residual (immobile) concentration of petroleum ranges for 5% to 20% of total pore volume in unsaturated soil and from 15% to 50% in saturated 
soil (Ref 3).  

(1) Estimate Concentration of TPH in Soil that Results in Free Product
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Sr NAPLt

0.05 7,500 mg/kg for unsaturated soil 
0.20 30,000 mg/kg for unsaturated soil 
0.15 22,500 mg/kg for saturated soil 
0.50 75,000 mg/kg for saturated soil 

The maximum potential mass and volumes of free product in Zone 1 were determined based on the calculated estimate that free product may 
occur at a concentration as low as 22,500 mg/kg in saturated soil.

Therefore, assuming a soil porosity of 0.3, concentrations of 7,500 mg/kg to 30,000 mg/kg in unsaturated soil and 22,500 mg/kg to 75,000 mg/kg 
in saturated soil would indicate the possible presence of free petroleum product.

Because most elevated TPH concentrations occurred in saturated soil and because free product was only detected in saturated soil (9-11 ft bgs) 
in Zone 1,  22,500 mg/kg TPH will be used as the LNAPL release threshold for this FS Addendum.

The groundwater table in the Lower Subase occurs at El 1.2 (NAVD88).  Soil with TPH concentrations greater than 7,500 mg/kg is shown in red on 
Figures E.1.9 through E.1.21.  No red areas are shown above the groundwater table on Figure E.1.9 through E.1.12 and a small area of red is 
shown on Figure E.1.13 (El 0 to 2 ft).   Cross Sections A-A, B-B, and C-C (Figures E.1.19 through E.1.21) demonstrate that the soil with 
concentrations greater than 7,500 mg/kg are below the groundwater table.

Soil with TPH concentrations greater than 22,500 mg/kg are shown in purple on Figures E.1.14 through  E.1.21.  Although the area with TPH 
greater than 22,500 mg/kg is largest at the deepest elevation interval (Figure E.1.17, El -8 to -6), this large kriged area is thought to be an artificial 
aspect of kriging due to lack of data with depth, rather than representing actual conditions.

Based on boring logs, thickness of LNAPL is confined to a 3-foot thick smear zone.

Conclusion: Based on boring logs,  PDI results, and kriging there is no free product in unsaturated soil. 
Use 22,500 mg/kg as the lower limit of TPH in soil indicating free product in saturated soil.

In Zone 4 there is an area around 13TB4A  on Figure E.1.11 that has TPH commingled with TCLP lead (Figure 6.3).

The commingled TPH is located in the surface soil (ground surface to 2 feet bgs).

TPH Total Incremental Avg. TPH Avg. TPH Mass of 
Zone 4 Conc.  Volume Volume Conc. Conc. Petroleum

(mg/kg) (cf) (cf) (mg/kg) (mg/mg) (lb)
≥ 2,500 540

540 2,970 0.003 176
3,440 0

Total 176

Zone 4 Summary - Commingled Petroleum in soil greater than 2500 mg/kg

Zone Vol. TPH Vol. of TPH Mass of Vol. of 
Cont. Soil Cont. Soil TPH TPH

(cf) (cy) (lb) (gal)
4 540 20 176 23

(2) Estimate Mass and Volume of Petroleum in Soil (where TPH > 2500 mg/kg) Commingled with CERCLA Contaminants
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(3) Determine  potential volume of free product in saturated soil
(where TPH concentration > 22,500 mg/kg)

Zone 1

Assume that Building 29 does not go below El. 1; therefore, do not subtract the building basement volume.

TPH Area Total Incremental Avg. TPH Avg. TPH Total TPH Free
Conc. > 22,500 mg/kg  Volume Volume Concentration Conc. TPH in Soil Product

(mg/kg) (square feet) (cubic feet) (cubic feet) (mg/kg) (mg/mg) (lb) (lb) (lb)

Near 13MW18 - assume 3 ft thick smear zone
22,500 1,088 3,264   

3,264 37,050 0.037 13,302 8,078 5,224
51,600 0 0

Near GS-32L - assume 3 ft thick smear zone
22,500 4,120 12,360   

12,360 24,500 0.025 33,310 30,591 2,719
26,500 0 0

Zone 1 Mass of Free Product 7,943 lb.
 Zone 1 Volume of Free Product 1,057 gal.  

Petroleum (lb) = volume of contaminated soil (cf) x density of soil (110 lb/cf) x average concentration (mg/mg) 

The area with soil exceeding 22,500 mg/kg near 13MW18 at El -2 to 0 ft is shown on Figure E.1.14. The area with soil exceeding 22,500 mg/kg 
near GS-32L at El -2 to 0 ft is shown on Figure E.1.16.  These areas were multipled by a 3-foot thick smear zone to determine the volume of soil 
with TPH > 22,500 mg/kg.

Petroleum (gal) = mass of petroleum (lb) / (56.2 lb/cf x 7.48 cf/gal)

Lower Subase Summary - Potential Free Product in Saturated Soil
(LNAPL to remediate)

Zone Volume

(gal)

1 1,1007,900

Mass
 

(lb)
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References

1. HNUS (Halliburton NUS Corporation), 1995a. Post-Removal Action Report for Building 31
Lead Remediation, Naval Submarine Base – New London, Groton, Connecticut. Wayne,
Pennsylvania. January.

2. HNUS, 1995b. Final Action Memorandum for Quay Wall Site, Response to Discharge of
Petroleum Product, U. S. Naval Submarine Base New London, Groton, Connecticut. Pittsburgh,
Pennsylvania. January.

3. Tetra Tech (Tetra Tech NUS, Inc.), 1999. Final Lower Subase Remedial Investigation Report,
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Purpose

The purpose of these calculations is to determine the areas and volumes of soil exceeding criteria
in CERCLA Zones 1, 3, 4, and 7 and areas of pavement maintenance for LUCs for the
Excavation and Engineered Control Alternatives. These areas and volumes will be used in cost
estimates.

Industrial/Commercial Scenario

Under the Industrial/Commercial (I/C) Scenario, based on the Connecticut (CT) Remediation
Standard Regulations (RSRs), volumes are estimated for soil remediation using the following
rules [when environmental land use restrictions (ELURs) are in place]:

 Direct exposure criteria (DEC) in the top 2 feet for soil beneath pavement;

 DEC in the top 4 feet for soil in unpaved areas;

 Pollutant mobility criteria (PMC) from the ground surface to the seasonal high
groundwater table [mean high water (MHW) was used to represent the seasonal high
groundwater table (Appendix A.5 of Ref. 4)];

 No DEC or PMC soil remediation necessary beneath buildings; and

 Non-aqueous phase liquid (NAPL) to be removed to the extent practical.
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Geostatistical Kriging

Geostatistical kriging was performed based on the Lower Subase RI (Ref 3) analytical data base
combined with 2010 Soil Pre-Design Investigation (PDI) results. Analytical results, data density,
and sample locations [x-y-z coordinates for three-dimensional (3-D) kriging] were incorporated
into the kriging for Zones 1, 2, 3, 4 and 7 (Appendix E.1). Where possible and appropriate,
geostatistical kriging was used to estimate the volume of soil exceeding DEC or PMC (i.e., the
“exceedance soil”).

Because Zones 1, 2, 3, and 4 are contiguous, data for these zones were kriged together. A
technical memorandum describing the approach taken for 3-D kriging is included in Appendix E.1.
However, because Zone 2 is a non-CERCLA zone, the volumes of contaminated soil will not be
addressed in the FS Addendum. Zones 5 and 6 are also non-CERCLA zones; therefore,
volumes of contaminated soil in Zones 5 and 6 will not be evaluated in the FS Addendum.

In general, kriging was used to estimate soil volumes because sufficient mass analysis data was
available to perform statistical evaluations. Because not enough data were available from
leachate testing results for a good statistical analysis, and because available results were from
two different test methods [Toxicity Characteristic Leaching Procedure (TCLP) and Synthetic
Precipitation Leaching Procedure (SPLP)], leachate results were not kriged to provide an
estimate of soil exceeding the lead PMC. Instead, the areal extent of soil exceeding the I/C DEC,
based on mass lead, was used to estimate the area of soil that also exceeded leachate criteria for
the PMC. This area was increased in Zone 3 to account for a leachate result that exceeded the
Zone 3 PMC outside of the I/C DEC kriged area.

It should be noted that other information, including contaminant source, method of deposition,
groundwater level, groundwater flow, sequence of site construction, and boring log comments,
are not able to be incorporated into geostatistical kriging. Therefore, while geostatistics were
used as a tool, additional factors have been considered to determine realistic volume estimates.

To simplify evaluation of numerous polycyclic aromatic hydrocarbons (PAHs), a benzo(a)pyrene
equivalent (BaPEQ) concentration was used to represent all PAHs. Although no PAHs were
determined to be I/C chemicals of concern (COCs) in Zones 1, 3, 4, or 7, soil with a BaPEQ
higher than 1 mg/kg is identified in Zone 7 because that soil may require low temperature thermal
desorption (LTTD) prior to disposal.

Volume Estimates

Soil was considered to be “High Lead” and incur a higher disposal cost if the mass analysis
exceeded the I/C DEC criterion (1,090 mg/kg).

Soil with total petroleum hydrocarbons (TPH) exceeding 2,500 mg/kg that is not “High Lead” was
considered “High TPH”. High TPH soil was identified separately because it was assumed for
costing purposes that this soil would require treatment prior to disposal and because it exceeded
both I/C DEC and PMC for soil at GB groundwater areas.
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Soil with any PAH exceeding Connecticut Department of Energy and Environmental Protection
(CT DEEP) I/C DEC, such as a benzo(a)pyrene concentration greater than 1,000 µg/kg, was
considered “High PAH” soil. High PAH soil was identified separately because it was assumed for
costing purposes that this soil would require treatment prior to disposal.

Soil that was “high” in two contaminants (lead and TPH or lead and PAHs) was identified
separately and was costed assuming that treatment would be required for both contaminants
prior to disposal.

In Appendix G.1, historical sample depths were compared to mean high water in each zone on
Tables PMC-1, -3, -4, -5, -6, -11, and -12 to determine which historical samples were subject to
the PMC. PDI sample depths were compared to MWH on Table PMC-PDI to determine which
PDI samples were subject to the PMC. Only I/C exceedance samples with more than half of the
sample interval above the mean high water were considered exceedances.

For costing purposes, it was assumed that hand excavation would be used as required around
buried utilities. It was assumed that most utilities are buried 3 feet deep or deeper. Excavation
volumes were determined assuming vertical sidewalls. It was assumed that excavations less
than or equal to 4 feet deep will not have sheet piles or cut back sidewalls because soil has been
previously excavated in Zone 3 to a depth of 6 feet with vertical sidewalls. However, sheet piles
are included in the cost estimates for excavations deeper than 4 feet because the remediation
alternatives in the FS Addendum involve wider excavations than the Building 31 remediation.
Dewatering of excavated soil is not considered because I/C scenario criteria apply to soil above
the water table.

Asphalt thickness was based on the zone-specific average asphalt thickness from the PDI boring
logs, excluding unpaved areas (Sheet 14). Excavated asphalt would be segregated and handled
separately. For the purpose of the I/C scenario volume and cost estimates, small grassed and
gravel areas would be treated as asphalt covered. Pavement would be replaced over all currently
paved areas with a separation geotextile, 6 inches of aggregate base course, and 3 inches of
asphalt.

Ground surface elevations vary across the Lower Subase, and generally range from El. 5 feet
North American Vertical Datum of 1988 (NAVD88) near the river to El. 11 near the railroad tracks.

Tabulated Volumes

1. CERCLA LUC Areas and Area of Engineering Controls

The total CERCLA LUC areas for Zones 1, 3, 4, and 7 are indicated by pink cross-hatching on
Figure 6-5 and 6-12. The CERCLA LUC boundaries were determined by overlaying the 2-foot
kriging intervals for lead and BaPEQ concentrations in soil exceeding residential direct exposure
criteria (400 mg/kg and 1 mg/kg, respectively) from the ground surface to a depth of 15 feet below
the ground surface to determine the maximum limit. An exception to this approach occurred in
Zone 1, where BaPEQ kriging was extended only to the lowest sample location (groundwater)
because kriging results were determined to be unreliable at greater depths.
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The total CERCLA LUC areas (including paved areas, Zone 1 USTs and buildings) and total LUC
paved areas are presented on Sheet 9 and were determined using Worksheets 9 and 10 and
Sheet 15. Engineering Controls use the existing pavement for LUCs except in unpaved areas
that exceed criteria. The only location where unpaved surface soil exceeds criteria is in Zone 7,
east of Building 456, therefore that area will need to be paved for Alternative S-7.2. To avoid
excavation and disposal of contaminated soil, pavement will consist of asphalt over existing
grade. The area of added pavement is estimated as 8 ft wide multiplied times the length of the
eastern recessed side of Building 456 (Figure 6-13 and Sheet 9).

2. Excavation Alternatives

Excavation Alternative areas and volumes for each zone and the combined totals for the Lower
Subase under the I/C Scenario are presented on Sheet 10 for Option A (excavation to address
DEC) and Sheet 11 for Option B (excavation to address DEC and PMC). The average asphalt
thickness in each zone, as shown on Sheet 14, was used to determine the volume of asphalt to
excavate.

Zone 1

As shown on Tables SOIL-30 and SOIL-32, lead, TPH, and PAHs are not COCs in Zone 1.
Because there are no I/C COCs, no remediation is necessary under the I/C scenario.

Zone 3

Lead - Tables Soil-30 and Soil-32 (Appendix G.1) indicate that in Zone 3, lead is a COC for both
DEC and PMC. Lead-contaminated soil beneath Building 31 was remediated and the concrete
floor was replaced. The building (but not the concrete floor) has since been demolished and the
area has been paved. Because the concrete building floor remains, soil beneath former Building
31 is considered inaccessible for direct exposure and environmentally isolated for pollutant
mobility.

Lead-contaminated soil around Building 31 at Bullhead Road and between Buildings 31 and 78
was excavated laterally to clean soil (< 500 mg/kg lead), and vertically to groundwater, then
replaced with clean fill. At Albacore Road, however, the 140-foot long 6-foot deep excavation
was stopped at a width of approximately 10 feet even though composite samples from the west
wall exceeded 1090 mg/kg. The method for kriging the Zone 3 lead data is explained in the
Kriging memorandum in Appendix E.1.

Excavation Option A, Alternative S-3.5A (Sheet 10): The area estimated to exceed the I/C
lead DEC criteria in the top 2 feet (El 4 to 6) is indicated on Worksheet 1 and Figure 6-8 for
Alternative S-3.5A. The estimated volume of soil to be excavated is the total area multiplied times
2 feet thickness (depth applicable to the DEC) minus asphalt thickness. As shown on Sheet 14,
the average asphalt thickness for western Zone 3 is 9 inches. Based on the tagged exceedances
on Figure 6-8, it is assumed that all excavated soil is “High Lead”. The volume of clean fill is
equal to the excavation area multiplied times [2 ft minus the thickness of the new pavement
system (9 inches)].
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Excavation Option B, Alternative S-3.5B (Sheet 11): Based on the PMC exceedance tags on
Figure 6-7, the area estimated to exceed lead I/C PMC criteria from the ground surface to MHW
based on the PMC exceedances, shown on Figure 6-7, is slightly greater than the area shown on
Figure 6-8 for Alternative S-3.5A because the area was expanded to include the PMC
exceedance at Z3PDI-003 (see cross-hatched area on inset of Worksheet 1). Because PDI
boring elevations indicate that the typical ground surface elevation in the area is El 5 (see Survey,
Appendix A.8) and MHW is around El 1, a soil thickness of 4 feet was used to calculation the
excavated volume of material. The total volume of excavated soil is the excavated volume minus
the asphalt volume. The soil excavated from the area shown on Figure 6-8 was assumed to be
“High Lead” based on kriging of the mass lead results; the additional soil near Z3PDI-003 (the
area of soil on Figure 6-7 greater than the area on Figure 6-8) is assumed to be non-hazardous
because the mass lead at Z3PDI-003 is less than 1090 mg/kg and the leachate lead is less than
5 mg/L. The volume of clean fill is equal to the excavation area multiplied times [2 ft minus the
thickness of the new pavement system (9 inches)].

TPH – In Zone 3, TPH exceeded 2,500 mg/kg only at 13MW12, but, as shown on
Table PMC-4, this sample was below the water table. The 13MW12 boring log did not
indicate stains, diesel odors, or oily contamination above the water table. Therefore,
evidence indicates that no Zone 3 soil above the water table exceeds 2,500 mg/kg.

PAHs – No PAHs are COCs in Zone 3.

Capping, Alternative S-3.3 (Sheet 12): The area and volumes of excavation and restoration for
capping Alternative S-3.3 are identical to those of Excavation Option B (Worksheet 1), with the
addition of geomembrane and geocomposite drainage layers to be placed over the bottom on a
portion of the excavation. The geomembrane and geocomposite drainage layers would cover the
area that is estimated to exceed the PMC at 2 feet bgs (Worksheet 2). This area was estimated
as the kriged area exceeding 1090 mg/kg at El 2 to 4 (Worksheet 2) plus the area around Z3PDI-
003 shown on Figure 6-6.
In-Situ Treatment, Alternative S-3.4 (Sheet 13): The volumes and area of treatment and
restoration for Alternative S-3.4 would be identical to those of Excavation Option B (Alternative
S-3.5B). No clean fill would be needed of Alternative S-3.4; however, a small volume of excess
treated soil would require disposal. See Figure 6-7.

Zone 4

Lead – As shown on Tables SOIL-30 and SOIL-32, lead is both a DEC and PMC COC in Zone 4.
The lead area exceeding 1090 mg/kg near 13TB3A is shown on Worksheet 1, and the area near
WE4A is shown on Worksheet 3. These areas are also shown on Figures 6-10 and 6-11. As
shown on Figure 6-3, both TCLP and SPLP results above the water table exceed the PMC,
therefore it was estimated that soil exceeding 1090 mg/kg also exceeds the lead PMC.

Excavation Option A, Alternative S-4.5A (Sheet 10): The area estimated to exceed the I/C
lead DEC criteria in the top 2 feet (El 4 to 6 west of Building 79 on Worksheet 1, and El 6 to 8
east of Building 79 on Worksheet 3) and Figure 6-11 for Alternative S-4.5A. The estimated
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volume of soil to excavate is the total area multiplied times 2 feet thickness (depth applicable to
the DEC) minus asphalt thickness. As shown on Sheet 14, the average asphalt thickness for
Zone 4 is 6 inches. Based on the tagged exceedances on Figure 6-11, it is assumed that all
excavated soil east and west of Building 79 is “High Lead”. The volume of clean fill is equal to
the excavation area times [2 ft minus the thickness of the new pavement system (9 inches)].

Excavation Option B, Alternative S-4.5B (Sheet 11): Based on the PMC exceedance tags on
Figure 6-10, the area excavated in Option A is also estimated to exceed lead I/C PMC criteria
from the ground surface to MHW. Therefore the same excavation area for Option A is estimated
for Option B (Alternative S-4.5B, Figure 6-10). Based on the tagged exceedances on Figure 6-10,
it is assumed that all excavated soil east and west of Building 79 is “High Lead”.

At an additional area north of Building 79, estimated at 30 feet x 50 feet, soil exceeds the PMC for
lead but does not have high mass lead, so it will be disposed as non-hazardous soil, with the
exception of an estimated 20 cubic yards that would first be treated for TPH.

The average ground surface elevation in the Zone 4 kriged area greater than 1090 mg/kg lead is
El. 5 west of Building 79 and El. 6 east of Building 79 (see Survey, Appendix A.8), and MHW is at
approximately El. 1; therefore, the average depth of excavation would be 4 feet west of Building
79 and 5 feet east of Building 79. The thickness of soil exceeding TPH or lead PMC north of
Building 79 is estimated at 2 feet. The total volume of excavated soil is the excavated volume
minus the asphalt volume. The volume of clean fill is equal to the excavation area multiplied
times [2 ft minus the thickness of the new pavement system (9 inches)].

TPH – The only exceedance of TPH DEC/PMC (2,500 mg/kg) above the water table is
3440 mg/kg at 13TB4, 0 to 2 feet on Worksheet 4. Because this only slightly exceeds the
TPH DEC, the kriged area is very small. This soil does not exceed the lead I/C DEC, but
does exceed the lead I/C PMC. The area of soil surrounding 13TB4 that exceeds lead
PMC is estimated at 30 feet by 50 feet, and depth of contamination is estimated at 2 feet
bgs. The soil would not be disposed as high lead soil, even though it exceeds the lead
PMC, because mass lead is less than 1090 mg/kg and leachate lead is less than 5 mg/L.

PAHs – As shown on Tables SOIL-30 and SOIL-32, PAHs are not COCs in Zone 4.

Capping, Alternative S-4.3 (Sheet 12): The area of excavation and restoration for capping
Alternative S-4.3 are identical to those of Excavation Option B but to a depth of 2 feet. For the
capping alternative, geomembrane and geocomposite drainage layers would be placed over the
bottom on the excavation. The geomembrane and geocomposite drainage layers would cover
the area that is estimated to exceed the PMC at 2 feet bgs. This area was estimated as the
kriged area exceeding 1090 mg/kg at El 2 to 4 west of Building 79 (Worksheet 6) and El 4 to 6
east of Building 79 (Worksheet 5). Geomembrane and geocomposite drainage layers would not
be needed over the 1,500 square foot area north of Building 79 because it is estimated that
contamination does not extend below 2 ft bgs in that area. See Figure 6-9.

In-Situ Treatment, Alternative S-4.4 (Sheet 13): The excavation volumes and area of
restoration for Alternative S-4.4 would be identical to those of Excavation Option B (Alternative
4.5B). No clean fill would be needed of Alternative S-4.4. See Figure 6-10.
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Zone 7

TPH - As shown on Tables SOIL-30 and SOIL-32, TPH is not a COC in Zone 7.

Lead
– As shown on Figure 6-4, some Zone 7 locations exceed both the DEC and PMC for lead.

Based on 3-D kriging of lead in Zone 7 (Figures E.1.38, E.1.39, E.1.40, and E.1.41), the
estimated area of soil exceeding 1090 mg/kg increases with depth. Cross-Section B-B’
(Figure E.1.44) indicates that some SPLP and TCLP exceed the PMC in the top 2 to
4 feet and below mean high water, but all SPLP are less than the lead PMC in the 2-foot
interval just above mean high water. Therefore, the volume of soil exceeding PMC will
be estimated as the area of soil exceeding 1,090 mg/kg (orange and red) at the El 2 to El
4 interval (Worksheet 7) multiplied times an average thickness of 4 feet (from ground
surface to 4 feet bgs) minus an estimated 10% non-hazardous excavated material (the
surface soil 1090 mg/kg footprint is smaller at El 6 to 8 than at El 2 to El 4; therefore,
some of the excavated surface soil should not exceed 1090 mg/kg). As shown on
Figures E.1.30 through E.1.34, the majority of this volume will also exceed 1,000 mg/kg
PAHs; therefore, all but 10% of the remaining soil is estimated to be high in both lead and
PAHs.

In addition, Figure 6-4 shows that the lead PMC was exceeded based on the TCLP of
1.31 mg/kg at 20TB7 at 4.0 to 4.7 ft bgs, between Building 456 and the railroad
embankment. The volume of soil east of Building 456 with lead leachate concentrations
exceeding the PMC is estimated at 8 ft wide multiplied times the length of the back of
Building 456 to a depth of 5 feet.

PAHs –

– DEC - Areas exceeding a BaPEQ of 1 mg/kg (DEC) in the top 2 feet are shown as yellow
on Figure E.1.30. Based on the Alternative DECs, there are no PAH DEC COCs;
therefore, soil does not require remediation. However, areas of surface soil that exceed
a BaPEQ of 1 mg/kg overlap the area of lead remediation; therefore, excavated soil from
that area would require treatment cost for both lead and PAHs prior to disposal.

– PMC – There are no Alternative PMC exceedances in Zone 7 soil.

Antimony – Tables SOIL-30 and SOIL-32 indicate that antimony is an I/C PMC COC, but not an
I/C DEC COC, in Zone 7. Tagged exceedances on Figure 6-4 indicate that antimony is co-
located with lead; therefore, no additional volumes would require remediation beyond those
volumes remediated for lead.

Excavation Option A, Alternative S-7.5A (Sheet 10): The area estimated to exceed the I/C
lead DEC criteria in the top 2 feet (El 6 to 8) is shown on Worksheet 8 and Figure 6-15 for
Alternative S-7.5A. The estimated volume of soil to be excavated is the total area multiplied times
2 feet thickness (the depth applicable to the DEC) minus asphalt thickness. As shown on Sheet
14, the average asphalt thickness for Zone 7 is approximately 6 inches. Based on kriging maps, it
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is assumed that 10% of the excavated material is “High Lead”, the volume of excavated asphalt is
6 inches multiplied times the excavation area, and the remaining excavated material is soil high in
both lead and PAHs.

Excavation Option B, Alternative S-7.5B (Sheet 11): Based on the PMC exceedance tags, 3-D
kriging of lead in Zone 7 (Figures E.1.38, E.1.39, E.1.40, and E.1.41), and Cross-Section B-B’
(Figure E.1.44 ), the estimated area of soil exceeding 1090 mg/kg increases with depth. To have
vertical sidewalls, the excavation area would be the kriged area exceeding 1090 mg/kg (assumes
to equal the area greater than the PMC) at El 2 to 4 (Worksheet 7). The excavation depth is
4 feet. Based on kriging maps, it is assumed that 10% of the excavated material is “High Lead”,
10% of excavated material is non-hazardous (because non-hazardous soil would be excavated at
El 6 to 8), the volume of excavated asphalt is 6 inches multiplied times the excavation area, and
the remaining excavated material is soil high in both lead and PAHs.

A small area east of Building 456 is estimated to exceed the lead PMC but not exceed the I/C
lead DEC criteria. The volume of this contaminated soil is estimated as 8 ft wide multiplied times
the length of the eastern recessed side of Building 456 multiplied times 5 feet deep. (Figure 6-14).

Capping, Alternative S-7.3 (Sheet 12): The areas of excavation and restoration for capping
Alternative S-4.3 are identical to those of Excavation Option B with a depth of excavation of
2 feet. For the capping alternative, geomembrane and geocomposite drainage layers would be
placed over the bottom of the entire excavated area. See Worksheet 7 and Figure 6-13.

In-Situ Treatment, Alternative S-7.4 (Sheet 13): The excavation volumes and the areas of
restoration for Alternative S-7.4 would be identical to those of Excavation Option B
(Alternative 7.5B). No clean fill would be needed for Alternative S-7.4. See Worksheet 7 and
Figure 6-14.

Residential Scenarios

Residential Scenarios were evaluated to satisfy the Navy requirement to evaluate “clean closure”.
Residential Scenario COCs for each zone are determined based upon Tables Soil-31 (DEC) and
Table Soil-33 (PMC) of the Feasibility Study (Ref. 5). Residential volumes were determined on
Sheet 16 using pavement areas within each Subzone from Sheet 15. The thickness of each
contaminated soil layer was visually estimated from the Appendix E kriging cross sections.
Similarly, the estimates of the proportions of the excavated soil that would be disposed of as non-
hazardous, high PAH, high TPH, or high lead soil, and/or the proportions that would be clean for
re-use, were visually estimated based on Appendix E plan view and kriging figures.
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Additional IC
Total CERCLA Total Paved Area of CTDEEP Pavement Area to Pave

Zone Alternative(s) LUC Area* LUC Area Engineered Controls** Maintenance Area (3 Inches of Asphalt)
(sf) (sf) (sf)

1 S-1.2 44,755 24,400 0 24,400

3 S-3.2, S-3.5A 52,720 48,760 6,200 42,560
S-3.3 52,720 48,760 4,830  43,930

S-3.4, S-3.5B 52,720 48,760 0 48,760
 

4 S-4.2, S-4.5A 46,680 44,040 13,100 30,940
 S-4.3 46,680 44,040 8,720  35,320

S-4-4, S-4.5B 46,680 44,040 0 44,040
 

7 S-7.2, S-7.3, S-7.5A 181,090 142,043  22,441 119,602 1,960
S-7.4, S-7.5B 181,090 142,043  0 142,043 1,960

* CERCLA LUC areas, Figures 6-5 and 6-12.
** Equal to excavation area for Soil Excavation Option B, Sheet 11, or capped area for capping alternatives, Sheet 12.
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Excavation Total Total High Lead Vol to Buy Separation 6-inch Thick Base Replace

Zone Area/Well/Boring Area Thickness Volume Volume High Lead Asphalt Non-Haz High PAH and PAHs High TPH Re-use Clean Fill Geotextile Course Aggregate Asphalt
(sf) (ft) (cf) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (sy) (sy) (sf)

3 Albacore Road 5,122 * 2 10,244 379 237 142.3 0 0 0 0 0 237 569 569 5,122
Total 5,122 10,244 379 237 142 0 0 0 0 0 237 569 569 5,122

      
4 WE4A 5,222 * 2 10,444 387 290 96.7 0 0 0 0 0 242 580 580 5,222
 13TB3A 6,374 * 2 12,748 472 354 118.0 0 0 0 0 0 295 708 708 6,374

Total 11,596 23,192 859 644 215 0 0 0 0 0 537 1,288 1,288 11,596

7 Lead > 1090 at El 6 to 8 13,052 * 2 26,104 967 97 242 0 0 628 0 0 604 1,450 1,450 13,052
 Lead > 0.32 mg/L at 20TB7** 0 0 0 0 0 0 0 0 0 0 0 0 1,960

Total 13,052 26,104 967 97 242 0 0 628 0 0 604 1,450 1,450 15,012

Lower Subase Grand Total* 29,770 2,205 978 599 0 0 628 0 0 1,378 3,308 3,308 31,730
 

*  - Areas were determined by digitizing the boundaries in ESRI ArcGIS Desktop software and using the Calculate Geometry tool in the attribute table to calculate the area.  Areas were checked using a planimeter.
** - No excavation because soil does not exceed DEC.  Area to be covered with 3-inch thick asphalt because soil may exceed PMC.
DEC - Direct Exposure Criteria  
PAH - Polycyclic aromatic hydrocarbons
PMC - Pollutant Mobility Criteria
TPH - Total petroleum hydrocarbons
High Lead  -  Mass lead > 1090 mg/kg or TCLP  lead > 5 mg/L
High PAH  -  Mass Benzo(a)pyrene (BAP) Equivalents > 1 mg/kg
High TPH  -  Mass TPH > 2500 mg/kg and not "High Lead"
Existing asphalt thickness varies by zone across the Lower Subase. Replacement asphalt to be 3 inches thick.
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Excavation Total Total High Lead Vol to Buy Separation 6-inch Thick Base Replace

Zone Area/Well/Boring Area Thickness Volume Volume High Lead Asphalt Non-Haz High PAH and PAHs High TPH Re-use Clean Fill Geotextile Course Aggregate Asphalt
(sf) (ft) (cf) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (sy) (sy) (sf)

3 Albacore Road 6,200 * 4 24,800 919 617 172.2 130 0 0 0 0 746 689 689 6,200
Total 6,200 24,800 919 617 172 130 0 0 0 0 746 689 689 6,200

 
4 WE4A 5,222 * 5 26,110 967 870 96.7 0 0 0 0 0 822 580 580 5,222
 13TB3A 6,374 * 4 25,496 944 826 118.0 0 0 0 0 0 767 708 708 6,374

13TB4A 1,500 2 3,000 111 0 27.8 63 ** 0 0 20 0 69 167 167 1,500
Total 13,096 54,606 2,022 1,697 243 63 0 0 20 0 1,659 1,455 1,455 13,096

 
7 Lead > 1090 at El 2 to 4 20,481 * 4 81,924 3,034 303 379 303 *** 0 2,048 0 303 2,162 2,276 2,276 20,481
 Lead > 0.32 mg/L at 20TB7 1,960 5 9,800 363 0 0 36 ** 327 0 0 0 309 218 218 1,960

Total 22,441 91,724 3,397 303 379 340 327 2,048 0 303 2,471 2,493 2,493 22,441

Lower Subase Grand Total 41,737 6,338 2,617 794 533 327 2,048 20 303 4,876 4,637 4,637 41,737
 

*  - Areas were determined by digitizing the boundaries in ESRI ArcGIS Desktop software and using the Calculate Geometry tool in the attribute table to calculate the area.  Areas were checked using a planimeter.
DEC - Direct Exposure Criteria  
PAH - Polycyclic aromatic hydrocarbons  
PMC - Pollutant Mobility Criteria
TPH - Total petroleum hydrocarbons
High Lead  -  Mass lead > 1090 mg/kg or TCLP  lead > 5 mg/L
High PAH  -  Mass Benzo(a)pyrene (BAP) Equivalents > 1 mg/kg
High TPH  -  Mass TPH > 2500 mg/kg and not "High Lead"
Existing asphalt thickness varies by zone across the Lower Subase. Replacement asphalt to be 3 inches thick.
** - Cannot be reused due to PMC lead.
*** - Excavated to access high lead soil and reused, not a disposal cost.

Excavation Quantity Calculations for Excavation Alternative B 
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CLIENT: JOB SUBJECT:
NUMBER:

BASED ON: BY: SMV
Date: Date: 2-1-11 rev 8-29-11

Industrial/Commercial Scenario Summary of Soil Excavation Volumes and Cap Quantities for Capping Alternative
 

 
 Total Total High Lead Vol to Buy Separation Geocomposite & 6-inch Thick Base Replace

Zone Area/Well/Boring Area Thickness Volume Volume High Lead Asphalt Non-Haz High PAH and PAHs High TPH Re-use Clean Fill Geotextile Geomembrane Course Aggregate Asphalt
(sf) (ft) (cf) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (sy) (sy) (sy) (sf)

3 Total Area 6,200 * 2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
 Excavate but do not cap 1,370 2 2,740 101 63 38.1 0 0 0 0 0 63 152 --- 152 1,370

Cap Area 4,830 2 9,660 358 174 134.2 50 0 0 0 0 224 537 537 537 4,830
Total 6,200 12,400 459 237 172 50 0 0 0 0 287 689 537 689 6,200

   
4 WE4A El 6 to 8 5,222 * 2 10,444 387 290 96.7 0 0 0 0 0 242 580 --- 580 5,222
 WE4A El 4 to 6 3,125 --- --- --- --- --- --- --- --- --- --- ---  347 --- ---
 13TB3A El 4 to 6 6,374 * 2 12,748 472 354 118.0 0 0 0 0 0 295 708 --- 708 6,374
 13TB3A El 2 to 4 5,600 --- --- --- --- --- --- --- --- --- --- ---  622 --- ---

13TB4A 1,500 2 3,000 111 0 27.8 63 ** 0 0 20 0 69 167 --- 167 1,500
Total 13,096 26,192 970 644 243 63 ** 0 0 20 0 606 1,455 969 1,455 13,096

  
7 Lead > 1090 at El 2 to 4 20,481 * 2 40,962 1,517 152 379 152 *** 0 834 0 152 796 2,276 2,276 2,276 20,481
 Lead > 0.32 mg/L at 20TB7 1,960 2 3,920 145 0 0  145 ** 0 0 0 91 218 218 218 1,960

Total 22,441 44,882 1,662 152 379 152 *** 145 834 0 152 887 2,493 2493 2493 22,441

Lower Subase Grand Total 41,737 3,092 1,033 794 265 145 834 20 152 1,780 4,637 4,000 4,637 41,737
 

*  - AreaS were determined by digitizing the boundaries in ESRI ArcGIS Desktop software and using the Calculate Geometry tool in the attribute table to calculate the area.  Areas were checked using a planimeter.
DEC - Direct Exposure Criteria  
PAH - Polycyclic aromatic hydrocarbons
PMC - Pollutant Mobility Criteria  
TPH - Total petroleum hydrocarbons
High Lead  -  Mass lead > 1090 mg/kg or TCLP  lead > 5 mg/L
High PAH  -  Mass Benzo(a)pyrene (BAP) Equivalents > 1 mg/kg
High TPH  -  Mass TPH > 2500 mg/kg and not "High Lead"
Existing asphalt thickness varies by zone across the Lower Subase. Replacement asphalt to be 3 inches thick.
** - Cannot be reused due to PMC lead.
*** - Excavated to access high lead soil and reused, not a disposal cost.

CHECKED BY: APPROVED BY:NJB
3-7-11 rev 8-29-11

Volume to Excavate Capping/Restoration

Lower Subase Soil and Groundwater PDI Completion Report and FS 
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CLIENT: JOB SUBJECT:
NUMBER:

BASED ON: SMV
Date: 3-4-11 rev 8-29-11

Industrial/Commercial Scenario Summary of In Situ Treatment
 

  Volume to Volume to
Excavation Total Total Asphalt Excavate Treat Separation 6-inch Thick Base Replace Excess Excavated Soil Total

Zone Area/Well/Boring Area Thickness Volume Volume Thickness Asphalt Lead Geotextile Course Aggregate Asphalt Treated  Soil*** to Allow for 9 inch Excess Soil
(sf) (ft) (cf) (cy) (in) (cy) (cy) (sy) (sy) (sf) (cy) Pavement System (cy)

3 Albacore Road 6,200 * 4 24,800 919  172.2 746 689 689 6,200 (cy)
Total 6,200 24,800 919 9 172 746 689 689 6,200 75 0 75

 
4 WE4A 5,222 * 5 26,110 967  96.7 870 580 580 5,222
 13TB3A 6,374 * 4 25,496 944  118.0 826 708 708 6,374

13TB4A 1,500 2 3,000 111  27.8 83 ** 167 167 1,500
Total 13,096 54,606 2,022 6 243 1,780 1,455 1,455 13,096 180 121 301

7 Lead > 1090 at El 2 to 4 20,481 * 4 81,924 3,034 6 379.3 2655 2,276 2,276 20,481 190
 Lead > 0.32 mg/L at 20TB7 1,960 5 9,800 363 0 0.0 363 218 218 1,960 54

Total 22,441 91,724 3,397  379 3,018 2,493 2,493 22,441 300 244 544

Lower Subase Grand Total 41,737 6,338  5,544 4,637 4,637 41,737 920
 

*  - Areas were determined by digitizing the boundaries in ESRI ArcGIS Desktop software and using the Calculate Geometry tool in the attribute table to calculate the area.  Areas were checked using a planimeter.
** - 20 cy of this soil will also be treated for TPH (Sheet 11)
Existing asphalt thickness varies by zone across the Lower Subase. Replacement asphalt to be 3 inches thick.
*** - From Appendix J.1.

Lower Subase Soil and Groundwater PDI Completion Report and FS 
Addendum, NSB-NLON, Groton, Connecticut CTO WE57 Excavation Quantity Calculations for In Situ Treatment Alternative 

Soil Analytical Results, 3-D Kriging, and CT RSRs DRAWING NUMBER:

Disposal

CHECKED BY: APPROVED BY:
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ASPHALT THICKNESS BY ZONE
LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Zone PDI Borings
(feet) (inches)

Z1PDI-003 0.5
Z1PDI-004 1
Z1PDI-005 1
Z1PDI-007 0.5
Z1PDI-008 0.25
Z1PDI-009 0.5
Z1PDI-010 0.25
Z1PDI-011 1
Z1PDI-012 1
Average 0.67 8

Z3PDI-001 0.5
Z3PDI-002 0.75
Z3PDI-003 1
Z3PDI-005 0.75
Average 0.75 9

Z4PDI-001 0.25
Z4PDI-002 0.25
Z4PDI-003 0.25
Z4PDI-004 1
Z4PDI-005 0.5
Z4PDI-006 0.25
Z4PDI-007 0.5
Z4PDI-008 1
Z4PDI-009 0.5
Average 0.5 6

Z7PD-001 0.25
Z7PD-002 0.25
Z7PD-003 0.5
Z7PD-004 0.25
Z7PD-006 0.25
Z7PD-007 0.5
Z7PD-008 0.25
Z7PD-009 0.5
Z7PD-010 0.25
Z7PD-011 0.25
Z7PD-012 0.25
Z7PD-013 0.5
Z7PD-014 1
Z7PD-015 0.75
Z7PD-016 0.75
Z7PD-017 0.5
Z7PD-018 1
Z7PD-019 0.5
Z7PD-020 0.25
Average 0.46 5.5

Asphalt Thickness

1

3

4

7
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Zone 1 Planimeter Figure Scale Figure Area

(Worksheet 9) Area (in2) 1" = 200' ft2

Subzone 1 0.284 200 11,360

Subzone 2 0.279 200 11,160

Subzone 3 0.047 200 1,880

0.610 200 24,400

Zone 3 Planimeter Figure Scale Figure Area

(Worksheet 9) Area (in
2
) 1" = 200' ft

2

Subzone 1 0.744 200 29,760

Subzone 2 0.475 200 19,000

1.219 200 48,760

Zone 4 Planimeter Figure Scale Figure Area

(Worksheet 9) Area (in2) 1" = 200' ft2

Subzone 1 0.372 200 14,880

Subzone 2 0.579 200 23,160

Subzone 3 0.150 200 6,000

 1.101 200 44,040

Zone 7 Planimeter Figure Scale Figure Area

(Worksheet 10) Area (in2) 1" = 80' ft2

Subzone 1 0.388 80 2,483

Subzone 2 6.758 80 43,251

Subzone 3 2.155 80 13,792

Subzone 4 2.811 80 17,990

Subzone 5 4.428 80 28,339

Subzone 6 2.165 80 13,856

Subzone 7 0.346 80 2,214

Subzone 8 0.527 80 3,373

Subzone 9 0.264 80 1,690

Subzone 10 0.186 80 1,190

Subzone 11 0.140 80 896

Subzone 12 1.720 80 11,008

New pavement  1,960

21.888 80 142,043

CERCLA Land Use Controls Areas Requiring Pavement Maintenance

Lower Subase Soil and Groundwater PDI Completion Report and FS Addendum

NSB-NLON, Groton, Connecticut

Sheet 15 1/20/2012



CLIENT: JOB SUBJECT:
NUMBER:

BASED ON: BY: DATE:
Date: Date: 12-09-09         01-13-11

 
Residential Scenario Summary of Soil Excavation Volumes  

Estimated
Average Total Total Zone Average Volume Volume  Vol Vol Vol Vol to Vol to Buy Buy Buy

Zone Subzone Area Thickness Volume Volume Depth to GWL above GWL Below GWL High Lead Asphalt Concrete Non-Haz High PAH High TPH Dewater Re-use Clean Fill Topsoil Topsoil
(sf) (ft) (cf) (cy) (ft) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (cy) (sf) (cy)

1 1 11,360 12 136,320 5,049 7 2,945 2,104 0 282  4,767 0 2,104 0 11,360
2 11,160 8 89,280 3,307 7 2,893 413 0 277 2,616 413 413 0 11,160
3 1,880 7 13,160 487 7 487 0 0 47 301 139 0 0 1,880
Building 29 & USTs 20,355 5 101,775 3,769 7 0 3,769 0 0 0 3,769 3,769 0 20,355

 Total 44,755   12,612 6,326 6,286 0 605 0 301 11,292 413 6,286 0 11,784 44,755 829
 

3 1 29,760 10 297,600 11,022 6 6,613 4,409 5,511 827 141 4,543 0 0 4,409 0 10,471 29,760 551
2 19,000 10 190,000 7,037 6 4,222 2,815 0 528 0 5,207 0 2,815 1,302 5,383 19,000 352
Building 470/87 3,960 10 39,600 1,467 6 880 587 0 0  0 1,173 0 587 293 1,100 3,960 73
Total 52,720   19,526 11,716 7,810 5,511 1,354 141 4,543 6,381 0 7,810 1,595 16,954 52,720 976

 
4 1 14,880 5 74,400 2,756 6 2,756 0 1,378 276 1,102 2,480 14,880 276

2 23,160 8 185,280 6,862 6 5,147 1,716 4,117 429 2,316  1,716 6,433 23,160 429
 3 6,000 4 24,000 889 6 889 0 111 778 778 6,000 111

Building 79 2,640 4 10,560 391 6 391 0 176 215  342 2,640 49
Total 46,680  10,898 9,182 1,716 5,671 816 0 3,633 778 0 1,716 0 10,033 46,680 864

 
7 CERCLA LUC Area 181,000 9 1,629,000 60,333 6 40,222 20,111 19,444 3,352 6,507 30,030 0 20,111 1,000 55,981 181,000 3,352

Total 181,000 60,333 40,222 20,111 19,444 3,352 0 6,507 30,030 0 20,111 1,000 55,981 181,000 3,352

Lower Subase Grand Total 325,155  103,369 67,446 35,924 30,627 6,127 141 14,986 48,480 413 35,924 2,595 94,753 325,155 6,021

DEC - Direct Exposure Criteria
PAH - Polycyclic aromatic hydrocarbons  
PMC - Pollutant Mobility Criteria
TPH - Total petroleum hydrocarbons
High Lead  -  Mass lead > 1090 mg/kg or TCLP  lead > 5 mg/L
High PAH  -  Mass Benzo(a)pyrene (BAP) Equivalents > 1 mg/kg
High TPH  -  Mass TPH > 2500 mg/kg and not "High Lead"
Asphalt assumed to be 3 inches thick across the Lower Subase.
Assume topsoil will be 6" thick

CHECKED BY: JLG   SMV APPROVED BY:  
NJB

01-12-12

Volume to Excavate Backfill/Restoration

Naval Submarine Base New London        
Lower Subase Feasibility Study CTO 0811 Excavation and Capping Quantity Calculations 

Design Drawings DRAWING NUMBER:
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APPENDIX H.5

VOLUME OF CONTAMINATED THAMES RIVER SEDIMENT
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CLIENT: 
NSB-NLON, Groton, CT 

JOB NUMBER: 
CTO WE67 112G03271     

SUBJECT: Appendix H.5: Volume of Contaminated Thames River Sediment 
  
BASED 
ON: Various Reports 

DRAWING 
NUMBER: 

        

BY: CAR  CHECKED BY: JL   APPROVED 
BY:CAR DATE:08-19-11   

Date: 
08-18-

11  Date: 
08-19-11          

 
1.0 OBJECTIVE: 
 
Determine the volume of contaminated Thames River sediment in Zone 4 and Outer Pier 1 along the 
Lower Subase at Naval Submarine Base - New London in Groton, Connecticut.  Area of contaminated 
sediment determined from information contained in Baseline Ecological Risk Assessment (Reference 1) 
and information collected under the Sampling and Analysis Plan for Thames River Sediment Sampling at 
Zone 4, Pier 1, and Outer Pier 1 (Reference 2) and documented in the Technical Memorandum – 
Evaluation of Thames River Sediment Data (Reference 3). 
 
2.0 ASSUMPTIONS: 
 
• Based on Reference 1, the sediment that requires remediation under the FS is located in Zone 4 and 

Outer Pier 1.  No sediment in Zone 7 requires remediation. 
 
• The Zone 4 contaminated sediment is located along the Quay Wall from south of Pier 2 to just south 

of Pier 6 (approximately 520 feet).  The sediment in this area slopes from approximately 16 feet 
below the water surface near the Quay Wall at a 2.5-to-1 slope to approximately 36 feet below the 
water surface at 50 feet from the Quay Wall.  Based on this slope, the length of the slope is 
approximately 54 feet.  The contaminated sediment also extends approximately 130 feet into the 
Thames River to the west of the bottom of the slope to the Quay Wall.  Available sediment data 
indicates that contaminated sediment extends vertically to at least 6 feet below sediment surface 
(bss).  In some areas of Zone 4, contaminated sediment likely extends deeper than 6 feet bss but 
data is not available to confirm the maximum depth.  A Pre-Design Investigation for Zone 4 sediment 
is currently being prepared to collect the data necessary to finalize the delineation of contaminated 
sediments and is scheduled to be conducted in March 2012.  For the purposes of this calculation, the 
additional sediment below 6 feet bss will be estimated as a percentage of the overall volume of 
sediment above 6 feet bss. 

 
• The Outer Pier 1 sediment to be remediated under the Lower Subase FS only includes the area of 

contaminated sediment centered around sampling point TRP1-SD-005 at a depth of 4-6 feet.  Other 
areas of Outer Pier 1 (and Inner Pier 1) contaminated sediment were evaluated as part of a separate 
EE/CA and remediated under a separate multi-phase non-time-critical removal action. 

 
3.0  ZONE 4 
 
3.1  

3.1.1 Actual Surface Areas 

Estimated Surface Areas 

As illustrated on attached Figures 2-18 to 2-20 (Zone 4 ERM-Q) and Figures 2-22 to 2-24 (Zone 4 PCBs), 
the estimated surface areas of contaminated sediment at various depths are as follows for Zone 4: 
 
Based on ERM-Q exceedance: 0-2 feet: 25,930 square feet (sf) 

2-4 feet: 61,740 sf 
4-6 feet: 48,760 sf  
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Based on PCB exceedance: 0-2 feet: 1,000 sf 

2-4 feet: 0 sf 
4-6 feet: 20,200 sf 

 
In the 0-2 feet and 2-4 feet sediment depth intervals, areas of PCB exceedance are included within the 
areas of ERM-Q exceedance.  Therefore, in these two zones, the surface of the areas of ERM-Q 
exceedance represents the total surface of contaminated sediment.  In addition, the footprint of the area 
of ERM-Q exceedance in the 0-2 feet depth interval is fully contained within the footprint of the area of 
ERM-Q exceedance in the 2-4 feet depth interval, except for two areas approximately circular in shape.  
The smaller of these areas is centered on sampling location TRZ4-SD-007 and covers an estimated 
2,050 sf and the larger one is centered on sampling location Z4-42 and covers an estimated 5,710 sf. 
 
In the 4-6 feet sediment depth interval, the areas of PCB exceedance around sampling location SD-006 
extends approximately 2,280 sf beyond the area of ERM-Q exceedance.  Therefore, in that zone the total 
area of contaminated sediment is 48,760 + 2,280 = 51,040 sf. 
 
3.1.2 Adjusted Surface Areas 

As per above assumption, only these areas of contaminated sediment located east of the Dredge Buffer 
Zone are to be considered for remediation. 
 
As illustrated on Figure 2-18, the only areas of sediment contamination in the 0-2 feet depth interval 
located within or west of the Dredge Buffer Zone are the two previously mentioned circular areas 
centered around sampling locations TRZ4-SD-007 and Z4-42 which cover a total of 7,760 sf. 
 
Therefore adjusted estimated surface area of sediment contamination in the 0-2 feet depth interval is: 
25,930 sf – 7,760 sf  = 18,170 sf 
 
As illustrated on Figure 2-19, the only area of sediment contamination in the 2-4 feet depth interval 
located within or west of the Dredge Buffer Zone is that which projects across the Dredge Buffer Zone in 
the vicinity of sampling location TRZ4-SD-008 and which covers an estimated 3,320 sf. 
 
Therefore adjusted estimated surface area of sediment contamination in the 2-4 feet depth interval is: 
61,740 sf – 3,320 sf = 58,420 sf 
 
As illustrated on Figure 2-20, no areas of sediment contamination in the 4-6 feet depth interval are 
located within or west of the Dredge Buffer Zone. 
 
Therefore adjusted estimated surface area of sediment contamination in the 4-6 feet depth interval is: 
51,040 sf – 0 sf = 51,040 sf 
 
3.2  

In-situ contaminated sediment: 

Estimated Volume and Mass 

[(2 ft * 18,170 sf) + (2 ft * 58,420 sf) + (2 ft * 51,040 sf)] = 255,260 cf = 9,454 cy 
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Assume that limited additional contaminated sediment is present in the 6-8 feet depth interval and no 
significant contaminated sediment is present in the 8-10 feet depth interval.    Assume 10 percent of the 
contaminated soil volume in 0-6 feet depth interval is present in the 6-8 feet depth interval.  This 
assumption will be confirmed during the Pre-Design Investigation and the volume estimate updated 
during the remedial design.  The total amount of in-situ contaminated sediment is estimated to be:   
9,454 cy + 0.1(9,454 cy) = 10,400 cy 
 
In-situ mass of dredged contaminated sediment to be treated and disposed: 
10,400 cy * 1.19 ton/cy = 12,380 tons 
 
 
4.0 OUTER PIER 1 
 
4.1 

As previously noted and as Illustrated on Figure 2-27, the only area of Outer Pier 1 with contaminated 
sediment to be considered as part of the Lower Subase FS is centered around sampling point TRP1-SD-
005 at a depth of 4-6 feet.  Other Outer Pier 1 areas of contaminated sediment were evaluated as part of 
a separate EE/CA and remediated under a separate multi-phase non-time-critical removal action. 

Estimated Surface Area 

 
Based on ERM-Q exceedance: 0-2 feet: 0 sf 

2-4 feet: 0 sf 
4-6 feet: 13,510 sf  

 
Based on PCB exceedance: 0-2 feet: 0 sf 

2-4 feet: 0 sf 
4-6 feet: 0 sf 

 
4.2  

In-situ volume of contaminated sediment: 

Estimated Volume and Mass 

2 ft * 13,510 sf = 27,020 cf = 1,001 cy 
 
In-situ mass of dredged contaminated sediment to be treated and disposed:  
1,001 cy * 1.19 ton/cy = 1,192 tons 
 
 
5.0 REFERENCE 
 
(1) Battelle and Neptune and Company, 2008.  Final Thames River Validation Study Report, Duxbury, 

Massachusetts and Los Alamos, New Mexico. March. 
 
(2)  Tetra Tech NUS, Inc., 2008.  Sampling and Analysis Plan for Thames River Sediment Sampling at 

Zone 4, Pier 1, and Outer Pier 1, NSB-NLON, Groton, Connecticut.  King of Prussia, Pennsylvania.  
October. 
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(3)  Tetra Tech NUS, Inc., 2009.  Technical Memorandum (Electronic Deliverable) – Evaluation of 

Thames River Sediment Data, Lower Subase Feasibility Study, NSB-NLON, Groton, Connecticut.  
King of Prussia, Pennsylvania.  April 28. 

 
 

 
ATTACHMENTS 

Copy of Reference 3 
Figure 2-18.pdf: Zone 4 ERM-Qs Exceedances, 0-2 Ft Contour 
Figure 2-19.pdf: Zone 4 ERM-Qs Exceedances, 2-4 Ft Contour 
Figure 2-20.pdf: Zone 4 ERM-Qs Exceedances, 4-6 Ft Contour 
Figure 2-22.pdf: Zone 4 PCBs Exceedances, 0-2 Ft Contour 
Figure 2-23.pdf: Zone 4 PCBs Exceedances, 2-4 Ft Contour 
Figure 2-24.pdf: Zone 4 PCBs Exceedances, 4-6 Ft Contour 
Figure 2-27.pdf: Outer Pier 1 ERMQs Exceedances, 4-6 Ft Contour 
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Evaluation of Thames River Sediment Data 
Lower Subase Feasibility Study 
NSB-NLON, Groton, Connecticut 

 
April 28, 2009 

 
 
The following summarizes the approaches taken to evaluate the Thames River sediment data collected at 
Pier 1 and Zone 4.  The effort was made to include all available sediment data in the evaluation to provide 
as thorough and complete coverage of Pier 1 and Zone 4 as possible.  The results of this evaluation will 
be used to determine the extent of contaminated sediment that needs to be remediated.  Appropriate 
alternatives for remediating the contaminated sediment will subsequently be developed and evaluated in 
the final versions of the Inner Pier 1 Engineering Evaluation/Cost Analysis and Lower Subase Feasibility 
Study. 
 
Data Sets 
 
The data from the following investigations were considered in this current evaluation:   
 
Pier 1 
 

• Science Applications International Corporation (SAIC), 1999 – Seven surface sediment samples 
at Pier 1 (SBP-1, SBP-2, SBP-3, SBP-4, SBP-5, SBP-6, and SBP-7). 

 
• Battelle/Neptune - Rapid Sediment Characterization Confirmatory Data, 2003 – Four surface 

sediment samples at Pier 1 (P1-48, P1-50, P1-53, and P1-55). 
 

• Battelle/Neptune - Validation Study, 2004 – Surface and/or subsurface sediment samples from 
eleven sample locations at Pier 1 (P1, P1-C1, P2, P1-C2, P3, P1-C3, P4, P1-C4, P5, P1-C5, and 
P6). 

 
• Tetra Tech NUS - Lower Subase FS, 2008 – Surface and subsurface sediment samples from ten 

sample locations at Pier 1 (TRP1-SD-001 through TRP1-SD-010). 
 
Zone 4 
 

• Battelle/Neptune – Pilot Study, 2003 – Nine surface sediment samples at Zone 4 (Z4-33, Z4-36, 
Z4-37, Z4-39, Z4-40, Z4-42, Z4-43, Z4-44, and Z4-46). 

 
• Battelle/Neptune - Validation Study, 2004 – Surface and/or subsurface sediment samples from 

eight sample locations at Zone 4 (Z4-S1, Z4-S2, Z4-S3, Z4-S4, Z4-S5, Z4-S6, Z4-C1, and Z4-
C2). 

 
• Battelle/Neptune - Validation Study, 2007 – Surface sediment samples from six sample locations 

at Zone 4 (Z4-1, Z4-2, Z4-3, Z4-4, Z4-5, and Z4-6). 
 

• Tetra Tech NUS - Lower Subase FS, 2008 – Surface and subsurface sediment samples from 
eight sample locations at Zone 4 (TRZ4-SD-001 through TRZ4-SD-008). 

 
 
Approach 
 
Sediment cleanup goals based on a total effects range median - quotient (ERM-Q) of less than 1.17 and 
Total PCBs less than 1,000 µg/kg were established during the Thames River Validation Study and 
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subsequent partnering meetings.  These cleanup goals will be used to define the extent of sediment for 
evaluation of remedial alternatives. 
 
Sample-specific ERM-Qs were calculated for the data sets discussed above to determine the extent of 
impacted Thames River sediment.  An ERM-Q combines risk-related inputs from multiple contaminants of 
concern (COCs) into a single measure.  The following equation was used to calculate ERM-Qs. 
 
 

ERMi
COCi

n
QERM

n

i

][1
1
∑
=

=−  

Where: 
 

COCi = Concentration of individual COC 
ERM = Published effects range median concentration above which a toxic effect is likely. 
n = Total number of COCs  
i = Indexes of COCs 

 
ERM-Q calculations for Thames River sediment at New London were performed for those chemical 
constituents identified as COCs in the Thames River Validation Study ecological risk assessment.  Each 
chemical’s concentration is normalized to its ERM and the resulting values are averaged.  Table 1 
summarizes the ERM values that were used in the calculation. 
 
Table 1 – COCs and ERM Values Used in ERM-Q Calculations 
 

Analyte Units ERM Source 
Arsenic mg/kg 70 Long et al, 1995 
Cadmium mg/kg 9.6 Long et al, 1995 
Chromium mg/kg 370 Long et al, 1995 
Copper mg/kg 270 Long et al, 1995 
Lead mg/kg 218 Long et al, 1995 
Nickel mg/kg 51.6 Long et al, 1995 
Selenium mg/kg 1.4 Wolfenden and Carlin, 

1992 
Zinc mg/kg 410 Long et al, 1995 
Total HMW PAH µg/kg 9600 Long et al, 1995 
Total LMW PAH µg/kg 3160 Long et al, 1995 
Total PCB µg/kg 180 Long et al, 1995 
Total 4-4’ DDx µg/kg 46.1 Long et al, 1995 
alpha-chlordane µg/kg 6 Long and Morgan, 1991 
 
To estimate Total PCB concentrations, concentrations of 18 specific-PCB congeners were added 
together and multiplied by two.  This method was established during the Thames River Validation Study.  
 
 
Calculations 
 
The COCs that were identified in the Thames River Validation Study and included in the ERM-Q and 
Total PCB calculations are the following: 
 

• Metals included arsenic, cadmium, chromium, copper, lead, nickel, selenium, and zinc. 
 

• Total Low Molecular Weight PAHs included 2-methylnaphthalene, acenaphthene, 
acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene. 
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• Total High Molecular Weight PAHs included benzo(a)anthracene, benzo(a)pyrene, chrysene, 
dibenzo(a,h)anthracene, fluoranthene, pyrene. 

 
• Total PCBs was calculated as 2 times the sum of the following 18 PCB congeners: Cl2(08), 

Cl3(18), Cl4(28), Cl4(44), Cl4(52), Cl5(66), Cl5(101), Cl5(105), Cl5(118), Cl6(128), Cl6(138), 
Cl6(153), Cl7(170), Cl7(180), Cl7(187), Cl8(195), Cl9(206), and Cl10(209). 

 
• Total 4-4’ DDx is the sum of 4,4’-DDD, 4-4’-DDE, and 4-4’-DDT. 

 
• The pesticide alpha-chlordane was also included in the calculation. 

 
The following data usability issues were addressed to facilitate calculation of the ERM-Qs and Total PCB 
concentrations: 
 

• For non-detects, ½ of the detection limit was used to represent the concentration for the 
calculation. 

 
• Rejected data were not used in the calculation.  Further evaluation of six samples from Pier 1 that 

had rejected DDT data showed that exclusion of the rejected data did not significantly impact the 
Total ERM-Qs for the samples.  Inclusion of the data did not result in any ERM-Q increasing 
above the PRG (1.17). 

 
• ERM-Q calculations in the Pier 1 Inner Area EE/CA had slightly different COCs than those 

identified in the Thames River Validation Study.  The COC differences were only that dieldrin and 
mercury were included in the EE/CA while selenium was included in the Validation Study.  In 
addition, the total PCB congener concentrations presented in the EE/CA were calculated slightly 
differently than the concentrations in the Validation Study.  The COC list and Total PCB 
calculation method from the Thames River Validation Study were used for the ERM-Q 
calculations because COCs were more carefully considered during the Validation Study and it 
standardizes the approach. 

 
• An evaluation of the available data sets determined that Pier 1 and Zone 4 sediment samples 

collected in 2004 (P1 through P6, P1-C1 through P1-C5, Z4-S1 through Z4-S6, and Z4-C1 and 
Z4-C2) were not analyzed for the PCB congener Cl8(195).  Based on the Validation Study, this 
congener is one of 18 included in the Total PCB concentration.  Previous calculations using this 
data set did not use an estimated value for Cl8(195) to complete the calculations.  To be 
consistent with the Validation Study methodology, sediment data from 2008 were reviewed and it 
was determined that this congener was not typically detected above the detection limit of 2 ug/kg.  
Therefore, one-half of the analytical detection limit (1 ug/kg) was used to represent this 
congener’s concentration in the calculation of the Total PCB concentrations for this data set.  To 
determine the impact of this approach, the ERM-Q calculations were performed with and without 
the estimated Cl8(195) PCB congener data and the results are discussed below.   

 
• Zone 4 sediment samples Z4-S1 through Z4-S6 and Z4-C1 and Z4-C2 were not analyzed for 

DDD during the 2004 sampling round.  Previous ERM-Q calculations that were performed with 
this data set did not include an estimated value for DDD to complete the calculation.  To be 
consistent with the Validation Study methodology, all existing DDD, DDE, and DDT data for Zone 
4 were reviewed to determine if there was a relationship between the data that could be used to 
estimate the missing DDD data.  Average concentrations of the three parameters were calculated 
and ratios (DDD/DDE and DDD/DDT) were taken.  The DDD/DDE ratio showed the best 
relationship and was used to estimate the missing DDD concentrations.  As stated above, the 
impact of using the estimated data versus no data was evaluated by calculating the ERM-Qs with 
and without the data and the results are discussed below.   
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• Pier 1 sediment samples SBP-1 through SBP-7 were not analyzed for selenium during the 1999 
sampling round.  Previous ERM-Q calculations performed with this data set did not use an 
estimated value for selenium.  To create a data set consistent with the Validation Study 
methodology, selenium concentrations were estimated for SBP-1 through SBP-6.  The average 
selenium concentration for the Pier 1 data set was used as the estimate.  The impact of using the 
estimated data versus no data was evaluated by calculating the ERM-Qs with and without the 
data and the results are discussed below. 

 
 
Results 
 
To insure consistency, all ERM-Qs for Pier 1 and Zone 4 sediment were carefully reviewed and re-
calculated.  The data sets and calculations are provided in Attachment 1.  The impacts of using the 
estimated PCB, DDD, and selenium on the ERM-Q calculations and Total PCB concentrations were as 
follows: 
 

• The inclusion of the estimated PCB and DDD data affected many of the same samples and 
resulted in absolute ERM-Q changes ranging from 0.00085 to 0.013.  None of the changes 
resulted in ERM-Qs increasing or decreasing below 1.17; therefore, the data changes would not 
impact the area of sediment for remedial alternative evaluation.   

 
• The inclusion of the estimated selenium data resulted in absolute ERM-Q changes ranging from 

0.04 to 0.52 (see Attachment 1).  None of the changes resulted in ERM-Qs increasing or 
decreasing below 1.17; therefore, the data changes would not impact the area of sediment for 
remedial alternative evaluation. 

 
• The inclusion of the estimated PCB data resulted in Total PCB concentrations increasing by 2 

µg/kg.  This increase did not result in any Total PCB concentrations becoming greater than the 
Total PCB cleanup goal of 1,000 µg/kg; therefore, the data changes would not impact the area of 
sediment for remedial alternative evaluation. 

 
• Because inclusion of the estimated data does not impact the remedy decision process, the ERM-

Qs and Total PCB concentrations calculated without the estimated data will be considered final 
and used for the EE/CA and Feasibility Study.  This approach eliminates the subjectivity 
associated with the estimated data. 

 
The resulting ERM-Qs and Total PCB concentrations were posted on zone- and depth-specific tag maps 
to estimate the extent of contaminated sediment.  ERM-Qs greater than 1.17 and Total PCB 
concentrations greater than 1,000 µg/kg are highlighted on the figures.  The tag maps are included in 
Attachment 2 and are summarized below. 
 

• Figures 1 through 3 show Pier 1 Total ERM-Qs at three depth intervals (0 to 1 foot, 2 to 4 feet, 
and 4 to 6 feet), respectively, and the associated 1.17 ERM-Q contours. Figure 4 depicts the Pier 
1 ERM-Q of 1.17 contours for all three depth intervals.  Figures 5 through 7 depict the Total PCB 
concentrations for Pier 1 sample locations at the three depth intervals (0 to 1 foot, 2 to 4 feet, and 
4 to 6 feet).  A Total PCB contour of 1,000 µg/kg is shown on the figures. 

 
• Figures 8 through 10 show Zone 4 Total ERM-Qs at three depth intervals (0 to 1 foot, 2 to 4 feet, 

and 4 to 6 feet), respectively, and the associated 1.17 ERM-Q contours. Figure 11 depicts the 
Zone 4 ERM-Q of 1.17 contours for all three depth intervals.  Figures 12 through 14 depict the 
Total PCB concentrations for Zone 4 sample locations at the three depth intervals (0 to 1 foot, 2 
to 4 feet, and 4 to 6 feet).  A Total PCB contour of 1,000 µg/kg is shown on the figures. 

 
The figures show that ERM-Q exceedances are more prevalent than Total PCB exceedances and the 
ERM-Q contours provide the maximum extent of sediment that will require evaluation in the EE/CA and 
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Feasibility Study.  The figures also show that Total PCB exceedances are typically co-located with ERM-
Q exceedances.  
 
The method used to develop the Total ERM-Q and Total PCB contours for the Pier 1 and Zone 4 data 
sets included the following steps: 
 

• Visually inspect data sets and tag maps to determine general data trends, spatial coverage, and 
boundary issues. 

 
• Use a combination of 2-dimensional contouring algorithms and hand calculations (linear 

interpolation) to determine depth-specific Total ERM-Q and Total PCB contours. 
 

• Post ERM-Q and PCB contours on tag map. 
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EVALUATION OF EFFECTIVENESS OF ENGINEERED CONTROLS BASED ON
INORGANICS LEACHING IMPACT ON GROUNDWATER

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT
AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

Approach

Potential impact of inorganics leaching from contaminated soil to groundwater is estimated by
incorporating the zone-specific Synthetic Precipitation Leaching Procedure (SPLP) or Toxicity
Characteristic Leaching Procedure (TCLP) data which represent an empirical estimate of the
inorganic concentrations that could leach from contaminated soil to infiltrating water into a
simplified mass balance calculation for the mixing zone in the aquifer.

Zones 1, 3, 4, and 7 are the only Lower Subase zones with inorganic Industrial/Commercial (I/C)
potential pollutant mobility concerns. Lead and antimony are the only two metals that exceeded
I/C pollutant mobility concerns in these zones. The estimated lead and antimony concentrations
in groundwater were therefore compared to the site-specific Alternative Surface Water
Protection Criterion (SWPC) developed for the Lower Subase (Lead: 810 µg/L, see Appendix
B.4 of Lower Subase FS (December, 2010)) and also to the SWPC for lead (13 µg/L) and
antimony (86,000 µg/L) as promulgated in the Connecticut Remediation Standard Regulations
(RSRs) to determine their acceptability.

It was determined in Appendix G.1 that no PAHs are I/C pollutant mobility concerns in the Lower
Subase. TPH is an I/C pollutant mobility concern in Zones 4, 5, and 6. In Zones 4 and 5 the soil
with elevated TPH concentrations is estimated to be within the top 2 feet, and in Zone 6 TPH is
estimated to be a I/C pollutant mobility concern from ground surface to the water table (4 feet
bgs). TPH pollutant mobility concerns will be addressed under a separate regulatory program
and are not evaluated further in this evaluation.

Inorganics SPLP/TCLP Data

Attachments 1A, 1B, and 1C present available SPLP/TCLP analytical data above Mean High
Water and computes zone-specific mean and maximum values. The maximum result was used
for duplicate samples.

Mass Balance for the Mixing Zone

The contaminant concentration in groundwater flowing out of the mixing zone can be calculated
based on mass balance as:

L

w

d

QInfiltration, CInfiltration

Qin, Cin
Qout, CoutMixing Zone
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with

K: Aquifer hydraulic conductivity (ft/yr)
i: Hydraulic gradient (ft/ft)
L: Mixing zone length (ft), equivalent to source length parallel to groundwater flow
d: Mixing zone depth (ft)
w: Mixing zone width (ft)
I: Infiltration rate (ft/yr)
QInfiltration: Infiltration flow rate (ft3/yr), ܳூ௧௧ ൌ ൈܫ ൈܮ ݓ

CInfiltration: Contaminant concentration in the infiltration water estimated from SPLP or TCLP result
Qin: Groundwater inflow rate (ft3/yr), ܳூ ൌ ܭ ൈ ݅ൈ ݀ൈ ݓ

Cin: Contaminant concentration in groundwater inflow (µg/L), zero if assuming upgradient
groundwater is clean
Qout: Groundwater outflow rate (ft3/yr), ܳ௨௧ൌ ܳ  ܳூ௧௧

Cout: Contaminant concentration in groundwater outflow (µg/L)

Parameter Determination

Hydraulic Conductivity (K)
Hydraulic conductivity was calculated as the geometric mean of all currently available hydraulic
conductivity data including the following:

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 K for the Lower Subase soil can be calculated as:

K = (57,670 * 26,280 * 21,535 * 34,310 * 620.5 * 14,600 * 210,240)1/7 = 21,513 ft/yr

Hydraulic Gradients (i)
Hydraulic gradients were determined as follows during the Lower Subase Remedial
Investigation based on water level data collected during low tide (Tetra Tech, 1999):

Zone 1 3 4 7
i (ft/ft) 0.00476 0.00792 0.00390 0.00527

Mixing Zone Depth (d)
Mixing zone depth is estimated at approximately 15 ft throughout the Lower Subase per CTDEP
RSRs.

Infiltration Rate (l)
As summarized in Attachments 2A and 2B, infiltration rates were calculated as 0.1 ft/year under
the current industrial/commercial (I/C) site use scenario with moderate permeability pavement
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(HELP run NLONR24), 0.4 ft/year under the current I/C site use scenario with higher
permeability pavement, and 1.7 ft/year under a hypothetical future residential site use scenario.
The references used to estimate the hydraulic conductivity of asphalt are included in Attachment
2A. In Attachments 2C and 2D, additional HELP analyses were run using more current weather
data over a longer time period for the higher permeability pavement. The additional HELP runs
confirmed the infiltration rate of 0.4 ft/year for the current I/C site use scenario.

Source Length Parallel to Groundwater Flow (L)
Source length parallel to groundwater flow is estimated to be approximately 175 ft which is half
the width of the Lower Subase to take into account the fact that most surfaces are paved or
covered by buildings and thus not open to infiltration.

Groundwater Concentrations
Computations of lead and antimony groundwater concentrations resulting from leaching are
presented in Attachment 3. The contaminant concentration in upgradient groundwater entering
the mixing zone is assumed to be the background concentrations of lead (6.63 µg/L) and
antimony (2.90 µg/L). The results can be summarized as follows:

 No exceedances of the lead Alternative SWPC are predicted to occur at any location under the
current I/C site use scenario based on calculations using lead SPLP data.

 Under the current I/C site use scenario, exceedances of the lead Alternative SWPC might occur
in Zone 4 considering the lead TCLP data. The TCLP test is conservative and generally provides
higher leachate concentrations than the SPLP test. Both TCLP and SPLP data are acceptable
under CTDEP RSRs.

 No exceedances of the lead Alternative SWPC are predicted to occur under a hypothetical future
residential site scenario based on calculations using lead SPLP data.

 Under a hypothetical future residential site use scenario, exceedances of the promulgated lead
SWPC might occur in Zones 3, 4 and 7 based on calculations using lead SPLP data, and
exceedances of the lead Alternative SWPC might occur in Zone 4 if lead TCLP data are used for
the calculation. The TCLP test is conservative and generally provides higher leachate
concentrations than the SPLP test. Both TCLP and SPLP data are acceptable under CTDEP
RSRs.

 No exceedances of the promulgated antimony SWPC are predicted to occur at any location under
the current I/C site use scenario or a hypothetical future residential site use scenario.

Storm Sewer Pipes
A field survey of storm sewer pipes in select manholes and catch basins was completed in
Zones 1, 2, 3, 4, and 7 during the Soil PDI. During the soil PDI ground surface elevations at the
manholes and catch basins were surveyed (Appendix A.8) and depths to storm sewer pipe
inverts were measured in the manholes and catch basins to determine storm sewer pipe invert
elevations (Table I-1). As presented on Table I-1, all determined storm sewer invert elevations
are higher than mean high water (El. 1.2 NAVD88); therefore, leakage from storm sewer pipes
could increase infiltration water through contaminated soil subject to pollutant mobility concerns.
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Invert elevations for Zone 1 are higher than mean high water; therefore, leakage from storm
sewer pipes could increase infiltration water through contaminated soil subject to pollutant
mobility concerns. However, Appendix G.1 determined that no chemical concentrations in soil
exceed the alternative PMCs for Zone 1; therefore, these storm sewer pipes are not present in
locations of pollutant mobility concerns and will not require additional maintenance.

Invert elevations in the Zone 2 manhole and catch basins could not be determined because they
were either not found or inaccessible. Although Zone 2 information is presented on Table I-1,
Zone 2 is not a CERCLA site and does not require evaluation for Engineered Controls.

Invert elevations in the Zone 3 manhole and catch basin could not be determined because they
were either not found or inaccessible. However, Figure 6-6 shows that storm sewer lines are
outside of the area of soil estimated to exceed the I/C pollutant mobility lead criteria; therefore,
storm sewer maintenance is not an issue for Zone 3.

Invert elevations for Zone 4 are higher than mean high water; therefore, leakage from storm
sewer pipes could increase infiltration water through contaminated soil subject to pollutant
mobility concerns. However, Attachment 3 demonstrates that under the current I/C site use
scenario, exceedances of the lead Alternative SWPC might occur in Zone 4 based on TCLP
data. Engineered Controls may not be sufficient to alleviate pollutant mobility concerns;
therefore, other remedial alternatives may be selected that would eliminate storm sewer
maintenance as an issue.

Invert elevations for Zone 7 are higher than mean high water; therefore, leakage from storm
sewer pipes could increase infiltration water through contaminated soil subject to pollutant
mobility concerns. For Zone 7, the inset on Figure 6-8 illustrates that portions of the storm
sewer lines entering and exiting catch basin 676 pass through an area with pollutant mobility
concerns for lead between Buildings 157 and 106. Maintenance of storm sewer pipes in this
area would be necessary to prevent leakage or the soil could be remediated.

Conclusions

This calculation determined that pavement can be an effective Engineered Control in Zone 1
under the I/C scenario. Portions of the storm sewer are determined to be above mean high
water; therefore storm sewer maintenance would be necessary if the sewer line ran through
contaminated areas. However, it was determined in Appendix G.1 that no chemical
concentrations in soil exceed the alternative PMCs for Zone 1, therefore Engineered Controls
are not needed in this zone.

The field survey determined that selected Zone 2 storm sewer lines are above mean high water;
however, Zone 2 is not a CERCLA site and therefore will not be addressed in the FS Addendum.

This calculation determined that pavement can be an effective Engineered Control in Zone 3
under the I/C scenario. Appendix G.1 determined that chemical concentrations in soil exceed
the alternative PMCs for this zone; therefore, Engineered Controls are needed in Zone 3. Storm
sewers do not pass through the estimated area of contamination; therefore, storm sewer
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maintenance is not needed as a component of Engineered Controls. Engineered Controls can
be used in Zone 3 in lieu of remediation of soil with concentrations greater than the site-specific
alternative PMC. Engineered Controls in Zone 3 would include pavement and LUCs.

This calculation determined that pavement may not be an effective Engineered Control in Zone
4 under the current I/C scenario. Appendix G.1 determined that chemical concentrations in soil
exceed the alternative PMCs for this zone; therefore, soil remediation may be needed in Zone 4.
Storm sewers do pass through the estimated area of contamination and were determined to be
above mean high water; however, Engineered Controls will not be a viable remedial alternative,
therefore storm sewer maintenance is not expected to be a requirement.

This calculation determined that pavement can be an effective Engineered Control in Zone 7
under the I/C scenario. Appendix G.1 determined that chemical concentrations in soil exceed
the alternative PMCs for this zone; therefore, Engineered Controls are needed in Zone 7. Storm
sewers are above mean high water and do pass through the estimated area of contamination;
therefore, storm sewer maintenance would be a necessary component of Engineered Controls.
Engineered Controls can be used in Zone 7 in lieu of remediation of soil with concentrations
greater than the site-specific alternative PMC, and would include pavement, storm sewer
maintenance, and LUCs.

In summary, as presented on the table below, pavement would be an effective Engineered
Control under the current I/C scenario in Zones 3 and 7, and storm sewer maintenance would
be a necessary component of Engineered Controls in Zone 7 where the storm sewer pipeline
passes through contaminated soil. Engineered Controls are not needed in Zone 1, were not
evaluated in non-CERCLA Zone 2, and may not be effective in Zone 4.

Engineered Control
Issue/Question

Zone
1 3 4 7

Depth to MHW in Contaminated Area NA 4 ft 4 ft to 5 ft 4 ft to 5 ft
Are soil concentrations above MHW >
Alternative PMC?

N Y Y Y

Are storm sewers above MHW? Y Y Y Y
Do storm sewers pass through areas of
contaminated soil?

NA N Y Y

Is pavement an effective EC? Y Y N Y
Is soil remediation needed? N N Y N
EC – Engineered Control
ft – feet
MHW – Mean High Water
N – No
NA – Not applicable
Y – Yes



ATTACHMENT 1A
SPLP LEAD ANALYTICAL DATA

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM
NSB-NLON,  GROTON, CONNECTICUT

Mass
Top Bottom Conc.(1) Mean Max.

(ft bgs) (ft bgs) (mg/kg) (µg/L) (µg/L)
1 TB1-1RI       1.5          3.5 34.3 7 U 3.08 3.50

TB2-1RI         2          3.5 98.8 5.3 U
MW2-3RI 2 3.5 513 120 J 202.66 598.00
MW1-3RI 2 4 1390 478 J
Z3PDI-001 1 2 106 0.99 U
Z3PDI-001 2 4 NA 7.5 U
Z3PDI-002 0.75 2 156 4 U
Z3PDI-002 4 6 NA 13.4
Z3PDI-003 1 2 473 127
Z3PDI-003 2 4  598
Z3PDI-005 0.75 2 1540 500
Z2PDI-002 2 NA 184
MW2-4RI 1 3 57.1 13.2 U 298.49 2180.00
TB3-4RI 2 4 237 104
MW1-4RI 0.5 2 444 76.6
Z4PDI-001 0.25 2 726 133 J
Z4PDI-001 4 5.5 128 41.6
Z4PDI-003 0.25 2 982 182
Z4PDI-006 4 6 NA 5
Z4PDI-007 0.5 2 160 5.2
Z4PDI-007 2 4 NA 3.4 J
Z4PDI-008 1 2 1370 2180
Z4PDI-008 2 4 NA 546
MW3-7RI 2 4 1.8 1.28 U 222.44 1820.00
MW5-7RI 2 4 1750 12.1
MW5-7RI 5 6 13300 30.1
Z7PDI-001 0.25 2 24.1 8.5
Z7PDI-001 2 4 11.1 2.5 U
Z7PDI-001 6 7 608 29.1
Z7PDI-002 0.5 2 1220 456
Z7PDI-004 0.25 2 308 102
Z7PDI-004 3 4 NA 30
Z7PDI-004 4 6 NA 262
Z7PDI-007 0.5 2 31400 1040
Z7PDI-007 5 6 23800 18.2
Z7PDI-008 5 7 4.3 1.9 J
Z7PDI-010 2 4 NA 1820  
Z7PDI-011 2 4 NA 122
Z7PDI-015 0.75 2 NA 20.7
Z7PDI-015 2 4.75 NA 8.9
Z7PDI-017 4 6.5 168 40.5

NA: Not Available

Zone Sample 
Location

Sample Elevation SPLP(1, 2)

Detected
(µg/L)

3

4

7



ATTACHMENT 1A
SPLP LEAD ANALYTICAL DATA

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM
NSB-NLON,  GROTON, CONNECTICUT

(1) Duplicates  were considered to be one result. The higher of the duplicate values was used.

(2) Only SPLP results above Mean High Water (El. 1.2 NAVD88) were included.

Mean is calculated as the average of all analytical data including half of detection limits.

U:  Undetected at indicated analytical detection limit.
J:  Estimated value.



ATTACHMENT 1B
TCLP LEAD ANALYTICAL DATA

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM
NSB-NLON,  GROTON, CONNECTICUT

Mass
Top Bottom Conc.(2) Mean Max.

(ft bgs) (ft bgs) (mg/kg) (µg/L) (µg/L)
13TB3A 2.5 4.5 8240J 150000 J 97970 150000
13TB4A 0 2 1810J 909 J
WE4A 0 2 10600J 143000 J

(2) Duplicates  were considered to be one result. The higher of the duplicate values was used.

(3) Only TCLP results above Mean High Water (El. 1.2 NAVD88) were included.

(1)  The maximum Zone 7 TCLP lead result above mean high water (1310 µg/L) is less than 
the maximum Zone 7 SPLP lead result above mean high water (1820 µg/L); therefore, Zone 7 
TCLP results do not require further evaluation. 

4

J:  Estimated value.
Mean is calculated as the average of all analytical data including half of detection limits.

Zone (1) Sample 
Location

Sample Elevation TCLP(2, 3)

Detected
(µg/L)



ATTACHMENT 1C
SPLP ANTIMONY ANALYTICAL DATA

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM
NSB-NLON,  GROTON, CONNECTICUT

Mass
Top Bottom Conc.(1) Mean Max.

(ft bgs) (ft bgs) (mg/kg) (µg/L) (µg/L)
Z7PDI-SO-001-0002 0.25 2 0.34U 2.7 J 78.44 627.00
Z7PDI-SO-001-0204 2 4 0.35U 3.4 J
Z7PDI-SO-001-0607 6 7 0.37 2.7 J
Z7PDI-SO-002-0002 0.5 2 2.1 14.6
Z7PDI-SO-002-0607 6 6.5 4.6 19
Z7PDI-SO-003-0204 2 4 NA 19.1
Z7PDI-SO-003-0506 5 6 NA 48.7
Z7PDI-SO-004-0002 0.25 2 2.6 9.4
Z7PDI-SO-004-0304 3 4 5.2 15.8
Z7PDI-SO-004-0406 4 6 5.3 28.4
Z7PDI-SO-007-0002 0.5 2 50.6 120
Z7PDI-SO-007-0506 5 6 118 26.4
Z7PDI-SO-009-0002 1 2 0.63 11.6
Z7PDI-SO-010-0002 0.25 2 12.4 377
Z7PDI-SO-010-0204 2 4 110 627 J
Z7PDI-SO-017-0002 0 2 0.22 8 U
Z7PDI-SO-017-0406 4 6.5 0.68 7.4 U

NA: Not Available

(1) Duplicates were considered to be one result. The higher of the duplicate values was used.

(2) Only SPLP results above Mean High Water (El. 1.2 NAVD88) were included.

Note: Sample Z7PDI-SO-009-0607 was not included because it was determined to be below mean high water.

7

U:  Undetected at indicated analytical detection limit.
J:  Estimated value.
Mean is calculated as the average of all analytical data including half of detection limits.

Zone Sample Location
Sample Elevation SPLP(1, 2)

Detected
(µg/L)

























































































































ATTACHMENT 3
COMPUTATION OF INORGANIC GROUNDWATER CONCENTRATIONS

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT

Parameter
Parameter
Symbol Unit Zone 1 - Pb Zone 3 - Pb Zone 4 - Pb Zone 4 - Pb Zone 7 - Pb Zone 7 - Sb

SWPC Ccriteria µg/L 13 13 13 13 13 86,000      
Alternative SWPC Calt_criteria µg/L 810 810 810 810 810 -

Hydraulic Conductivity1 K ft/year 21513 21513 21513 21513 21513 21513
Horizontal Hydraulic Gradient i ft/ft 0.00476 0.00792 0.0039 0.0039 0.00527 0.00527

Mixing Zone Depth2 d ft 15 15 15 15 15 15
Source Length Parallel to Groundwater Flow3 L ft 175 175 175 175 175 175

SPLP Mean Cinfiltration,mean µg/L 3.08 202.66 298.49 - 222.44 78.44
SPLP Max Cinfiltration,max µg/L 3.50 598.00 2180.00 - 1820.00 627.00

TCLP Mean4 Cinfiltration,mean µg/L - - - 97970 - -
TCLP Max4 Cinfiltration,max µg/L - - - 150000 - -

Background Concentration Cin µg/L 6.63 6.63 6.63 6.63 6.63 2.90

Infiltration5 I ft/year 0.10 0.10 0.10 0.10 0.10 0.10
Estimated Conc. Based on Mean Infiltration Conc. Cout µg/L 6.59 7.96 10.63 1350.16 8.83 3.67

Estimated Conc. Based on Max Infiltration Conc. Cout µg/L 6.59 10.65 36.44 2063.73 25.10 9.26

Infiltration5 I ft/year 0.40 0.40 0.40 0.40 0.40 0.40
Estimated Conc. Based on Mean Infiltration Conc. Cout µg/L 6.48 11.86 22.01 5168.36 15.16 5.89

Estimated Conc. Based on Max Infiltration Conc. Cout µg/L 6.49 22.40 121.15 7909.87 78.32 27.57

Infiltration5 I ft/year 1.70 1.70 1.70 1.70 1.70 1.70
Estimated Conc. Based on Mean Infiltration Conc. Cout µg/L 6.05 27.07 62.43 18736.58 38.76 14.15

Estimated Conc. Based on Max Infiltration Conc. Cout µg/L 6.12 68.29 422.17 28684.47 276.62 95.82

Note:

Current Industrial/Commerical Site Use Scenario, Moderate Permeability Pavement

Hypothetical Future Residential Site Use Scenario

Highlighting in grey denotes exceedance of the promulgated Surface Water Protection Criteria (SWPC) for lead (13 µg/L) under a hypothetical 
future residential site use scenario. 
Highlighting in black denotes exceedance of the Alternative SWPC for lead (810 µg/L) in Zone 4 estimated based on the TCLP data. 
There are no exceedances of the promulgated SWPC for antimony (86,000 µg/L). 

Current Industrial/Commerical Site Use Scenario, High Permeability Pavement



ATTACHMENT 3
COMPUTATION OF INORGANIC GROUNDWATER CONCENTRATIONS

LOWER SUBASE SOIL AND GROUNDWATER PDI COMPLETION REPORT AND FS ADDENDUM
NSB-NLON, GROTON, CONNECTICUT

1. Site-wide geometric mean is used for the hydraulic conductivity.
2. Regulation-specified depth of 15ft (22a-133k-2(c)(2)(E)(ii)) - from Lower Subase FS App. B.
3. 175 ft is approximately half the width of the Lower Subase - from Lower Subase FS App. B.
4. TCLP results were not used for Zones 1, 3, and 7 because they were superseded by SPLP results.
5. Calculation of infiltration rates was based on the methodology described in Attachment 2A and summarized in Attachment 2B.



TABLE I-1

MEASUREMENTS OF STORM SEWER PIPE INVERTS
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

DTI 
(feet)

Elev. 
(feet, 
NAVD 
1988)

Diameter 
(inches)

Pipe 
Direction

Pipe 
Material Comments

ZONE 1
Pipe 1 9.92 4.10 5.82 8 E Unknown
Pipe 2 9.92 2.80 7.12 1 S Steel
Pipe 3 9.92 2.80 7.12 1 S Steel
Pipe 1 12.15 8.30 3.85 24 E Concrete
Pipe 2 12.15 8.70 3.45 36 NW Concrete
Pipe 3 12.15 7.20 4.95 8 SW Unknown Dia. Between 6-8"
Pipe 1 10.61 7.30 3.31 24 N Concrete
Pipe 2 10.61 7.30 3.31 24 SE Concrete
Pipe 3 10.61 3.60 7.01 6 W Steel
Pipe 4 10.61 NA --- 6 NE Terracotta

C924 M
ZONE 2

C520 M 704682.980 (2) 1180821.632 (2) 8/27/2010 NA 6.97
ZONE 3

C520-A C
C520-B-Z2 C 704700.165 (3) 1180774.352 (3) 8/27/2010 NA 5.98

C521 M 704642.274 (2) 1180826.790 (2) 8/27/2010 NA 6.53
C587-1 C

ZONE 4

C479 M 704421.594 (2) 1181014.906 (2) 8/28/2010
Pipe 1

6.81 3.00 3.81 10 W Terracotta
3 additional plugged 

lines in manhole
C479-1 M 704370.382 (2) 1180888.496 (2) 8/27/2010 Pipe 1 5.57 3.30 2.27 6 SE PVC

Pipe 1 5.71 2.30 3.41 4 S PVC
Pipe 2 5.71 2.40 3.31 6 W PVC
Pipe 3 5.71 2.10 3.61 8 N Terracotta

ZONE 7
Pipe 1 6.90 4.80 2.10 14 W Terracotta
Pipe 2 6.90 4.60 2.30 12 E Unknown Dia. ~12"
Pipe 3 6.90 2.70 4.20 6 N Terracotta

C529 M 706244.282 (2) 1180514.593 (2) 8/28/2010

Not Found
Manhole silted-up to 2.2' from ground surface, no pipes visible

C586 C 704446.689 (2) 1180883.092 (2) 8/27/2010

Not Found

Manhole lid welded shut

Jersey Barrier on Catch Basin

Not Found

Manhole / 
Catch Basin

C

M

M 705368.416 (3) 1180798.079 (3) 8/28/2010

Pipe Construction InformationSurface 
Elevation 

(feet, 
NAVD 

1988) (1)

Invert 
Information

Influent / 
Effluent 

Pipe

Both Pipes inside a 4" 
Pipe

C 503

Northing 
(NAD 83)

Easting
(NAD 83)

Catch Basin     
Manhole         

ID

Date 
Measured

C932 705455.690 (2) 1180697.969 (2) 9/14/2010

C502

8/27/2010705376.738 (2) 1180736.417 (2)

1 of 2



TABLE I-1

MEASUREMENTS OF STORM SEWER PIPE INVERTS
LOWER SUBASE SOIL AND GROUNDWATER PDI REPORT AND FS ADDENDUM

NSB-NLON, GROTON, CONNECTICUT

DTI 
(feet)

Elev. 
(feet, 
NAVD 
1988)

Diameter 
(inches)

Pipe 
Direction

Pipe 
Material Comments

Manhole / 
Catch Basin

Pipe Construction InformationSurface 
Elevation 

(feet, 
NAVD 

1988) (1)

Invert 
Information

Influent / 
Effluent 

Pipe

Northing 
(NAD 83)

Easting
(NAD 83)

Catch Basin     
Manhole         

ID

Date 
Measured

C532 C 706314.921 (2) 1180391.803 (2) 8/27/2010 Pipe 1 6.06 1.50 4.56 6 E Terracotta
Pipe 1 6.82 2.30 4.52 6 W Terracotta
Pipe 2 6.82 2.10 4.72 6 S Terracotta
Pipe 3 6.82 2.30 4.52 10 NW PVC
Pipe 1 6.03 1.85 4.18 6 E PVC
Pipe 2 6.03 1.95 4.08 6 W PVC

(1) Elevations taken on east side of structure.
(2) Northing & Easting taken in center of manhole/catch basin.
(3) Coordinates from east side of structure, no access to center of manhole/catch basin
DTI - Distance to Invert in feet.
Elev. - Elevation
NA - Not available.
NAVD - North American Vertical Datum.
NAD - North American Datum.

C676 C 706333.858 (2) 1180438.345 (2) 8/27/2010

C535 C 706347.400 (2) 1180472.599 (2) 8/27/2010

2 of 2
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SOIL CONCEPTUAL DESIGN CALCULATIONS 



Tetra Tech NUS STANDARD CALCULATION SHEET 
CLIENT: 
NorthDiv CLEAN 

FILE No: 
112G02630 FS.ID.AD 

BY: 
JLG 

Rev NJB 

DATE:  
07/16/10 

Rev 2/7/11& 
8/23/11 

SUBJECT: Lower Subase Soil and Groundwater PDI Report and FS 
Addendum, NSB-NLON, Groton, CT 
Appendix J.1: Soil In-Situ Treatment 

CHECKED BY: 
JWL 

DATE:  
07/16/10 

Rev 2/7/11& 
8/23/11 

   

Page 1 of 3 
 

1.0  DESIGN ASSUMPTIONS 

The following design assumptions are made based upon available information and from experience with 
similar projects for the in-situ enhanced treatment of soil: 
 
• In-situ treatment of the area of soil exceeding the the Zone 4 TPH would be by enhanced bioremediation. 
• In-situ enhanced bioremediation would be performed through the subsurface blending of an oxygen 

release compound (ORC) such as magnesium peroxide (MgO2).  For soil up to 3 feet deep, this would 
be done with a backhoe.  Only one ORC application would be required. 

• In-situ treatment of the areas of soil exceeding the Zone 3 I/C PMC for lead, the Zone 4 I/C PMC lead, 
and the Zone 7 I/C PMC for antimony or lead would be by chemical stabilization/solidification. 

• In-situ chemical stabilization/solidification would be performed through blending of Portland cement and 
water into the soil to be treated.  For soil up to 3 feet deep, this would be done with a backhoe.  For 
deeper soil, this would be done with a 6-foot large diameter auger (LDA). Portland cement and water 
would be blended into the soil in a soil:cement:water ratio of approximately 93:5:2. 

• In-situ treatment (either enhanced bioremediation or chemical stabilization/solidification) would result in 
an increase of the volume of treated soil.  This increase is estimated at approximately 10%.  For 
enhanced bioremediation, the incremental volume of treated soil would have to be accommodated on 
site through appropriate site grading to allow sufficient time for completion of the biological degradation 
process (1 to 3 years).  For chemical stabilization/solidification, the incremental volume of treated soil 
could be disposed off site because the chemical stabilization/solidification process would be complete 
within a few days.  

 
2.0  IN-SITU TREATMENT SYSTEMS 

Area and volumes of lead contaminated soil are presented on Sheet 13 of Appendix H.3 

2.1  
 

Zone 3 / Alternative S-3.4 

Treatment to consist of in-situ chemical stabilization/solidification to immobilize lead 
 
Surface area of soil to be treated:  Total of 6,200 sf to a depth of 4 ft bgs on Albacore Road west of former 
Building 31. 
Surface area treated by each LDA pass: (6 ft)2 * π / 4  = 28.3 sf 
Required number of LDA passes:  (6,200 sf / 28.3 sf/pass) * 1.1 overlap factor  =  241 passes 
 
Volume of soil to be treated:  746 cy 
Weight of soil to be treated:  746 cy * 27 cf/cy * 113 lbs/cf  =  2,276,046 lbs 
Portland cement required:  2,276,046 * (5 / 93) =  122,368 lbs or 61.2 tons  
Water required: 2,276,046 lbs * (2 / 93)  =  48,947 lbs or 5,871 gal 
 
Estimated increase in volume of treated soil: 746 cy * 0.1 = 74.6 cy, say 75 cy 
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2.2  
 

Zone 4 / Alternative S-4.4 

Treatment to consist of in-situ enhanced bioremediation to remove TPH and in-situ chemical 
stabilization/solidification to immobilize lead. 
 
 
2.2.1 In-Situ Enhanced Bioremediation 
 
Surface area of soil to be treated would be a small area of TPH contaminated soil in the immediate vicinity 
of sampling location 13TB4A. The volume of soil requiring treatment for TPH is shown on Sheet 11 of 
Appendix H.3 (this volume will be treated for both TPH and lead). 
 
Volume of TPH contaminated soil to be treated:  20 cy 
Weight of soil to be treated:  20 cy * 27 cf/cy * 113 lbs/cf  =  61,020 lbs 
Concentrations of TPH in soil:  3,440 mg/kg 
Weight of TPH to be removed: 61,020 lbs * 3,440 mg/kg * 10-6 = 210 lbs 
 
ORC required to treat TPH: 210 lbs TPH * 10 lb ORC/lb TPH = 2,100 lbs dry MgO2 (ORC) 
Total blended liquid volume @ 8-percent (wt) MgO2 concentration: 
2,100 lbs / (9 lbs/gal * 0.08) = 2,920 gallons 
 
Estimated increase in volume of treated soil: (20 cy) * 0.1 = 2 cy 
 
2.2.2 In-Situ Chemical Stabilization/Solidification 

Surface area of soil to be treated:  Total of 11,596 sf to a depths varying from 4 ft to 5 ft bgs in the vicinity of 
soil sampling points 13TB3A (6,374 sf) and WE4A (5,222 sf);  and 1,500 sf to a depth of 2 feet in the 
vicinity of 13TB4A (1,500 sf). 
Surface area treated by each LDA pass: (6 ft)2 * π / 4  = 28.3 sf 
Required number of LDA passes:  (11,596 sf / 28.3 sf/pass) * 1.1 overlap factor  =  451 passes 
 
Volume of soil to be treated:  1,780 cy 
Weight of soil to be treated:  1,780 cy * 27 cf/cy * 113 lbs/cf  =  5,430,780 lbs 
Portland cement required:  5,430,780 lbs * (5 / 93) =  291,977 lbs or 146 tons 
Water required: 5,430,780 lbs * (2 / 93)  =  116,790 lbs or 14,003 gal 
 
Estimated increase in volume of treated soil: 1,780 cy * 0.1 = 178 cy, say 180 cy 
 
Total estimated increase in volume of Zone 4 treated soil: 178 cy + 2 cy = 180 cy 
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2.3  
 

Zone 7 / Alternative S-7.4 

Treatment to consist chemical stabilization/solidification to immobilize antimony and lead 
 
Surface area of soil to be treated:  Total of 22,441 sf to a depth of 4 ft bgs in the central portion of Zone 7 
and 5 ft bgs east of Building 456. 
Surface area treated by each LDA pass: (6 ft)2 * π / 4  = 28.3 sf 
Required number of LDA passes:  (22,441 sf / 28.3 sf / pass) * 1.1 overlap factor  =  872, say 875 passes 
 
Volume of soil to be treated:  3018 cy 
Weight of soil to be treated:  3018 cy * 27 cf/cy * 113 lbs/cf  =  9,207,918 lbs 
Portland cement required:  9,207,918 lbs * (5 / 93) 495,049 lbs or 248 tons 
Water required: 9,207,918 lbs * (2 / 93)  =  198,020 lbs or 23,752 gal 
 
Estimated increase in volume of treated soil: 3,018 cy * 0.1 = 302 cy, say 300 cy 
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CLIENT:
NSB-NLON, Groton, CT

JOB NUMBER:
112G03271

SUBJECT: Appendix J.2.1: Sediment Remediation Conceptual Design

BASED
ON: Various Reports

DRAWING
NUMBER:

BY: CAR CHECKED BY: JL APPROVED BY: DATE:

Date:
08-28-

11 Date: 12-09-11 CAR 12/11/11

1.0 OBJECTIVE:

Update conceptual design and volume estimates for the remediation of contaminated sediment in Zone 4
and Outer Pier 1 along the Lower Subase at Naval Submarine Base - New London in Groton,
Connecticut. Consider operation, maintenance, and stability concerns of the Navy's during the process.
Area of contaminated sediment determined in Appendix H.5. Use other information available in
References 1 through 9.

2.0 ASSUMPTIONS:

 Three scenarios are considered for sediment remediation. Scenario 1 (Alternatives SD-3 and SD-4)
would be two-tiered, involving first pre-dredging followed by capping. Pre-dredging would remove
sediment contamination from the 0-2 feet depth interval. Capping would cover areas of sediment
contamination exposed by the pre-dredging and previous maintenance dredging. Scenario 2
(Alternatives SD-6 and SD-7) would involve only dredging. This dredging would remove all
contaminated sediment to meet preliminary remediation goals (PRGs). Scenario 3 (Alternative SD-8)
would involve removing all contaminated sediment from Zone 4 to meet PRGs and maintaining the
existing uncontaminated sediment cover over the contaminated sediment in Outer Pier 1.

 For Scenario 1 pre-dredging depth would range from 0 to 2 feet and capping thickness would be 3
feet. Areas where sediment is contaminated in the 2 to 4 foot interval and/or in the 4 to 6 foot
interval, but not in the 0 to 2 foot interval, would remain untreated as it is assumed that the natural
layer of uncontaminated sediment would act as a cap.

 For Scenario 2, dredging depths would range from 2 to 7 feet in Zone 4 and Outer Pier 1. For
Scenario 3, dredging depths would range from 2 to 7 feet in Zone 4 only.

 The Zone 4 contaminated sediment is located along the Quay Wall from south of Pier 2 to just south
of Pier 6 (approximately 580 feet). Figure 6-16 shows the distribution of contaminated sediment in
Zone 4. The sediment in this area slopes from approximately 16 feet below the water surface near
the Quay Wall at a 2.5-to-1 slope to approximately 36 feet (ranges from 24 feet to 41 feet) below the
water surface at 50 feet from the Quay Wall. Based on this slope, the length of the slope is
approximately 54 feet. The depth to the sediment surface varies from north to south in Zone 4.
Figure 6-16 shows the approximate depths to the sediment surface in Zone 4. The depths were
measured during the post-dredging bathymetric survey completed for the Navy’s maintenance
dredging project completed in 2010 (Ref. 9). There is a hump in the sediment surface in the north-
central part of Zone 4, possibly where former Pier 4 used to be located.

 The area of contaminated sediment to be maintained under sediment cover for Alternatives SD-3,
SD-4, and SD-8 is shown on Figure 6-21. The area shown on this figure is also the area that will be
dredged under Alternatives SD-6 and SD-7.

 The Zone 4 sediment slope must be maintained to ensure the stability of the Quay Wall. However, it
is assumed that short-term removal and replacement of up to 7 feet of sediment would not affect the
stability of the Quay Wall. The typical angle of repose for dry sand is 30º to 35º (Ref. 8). The current
Zone 4 sediment slope is approximately 22º. Therefore, sand should be able to be used for backfill.
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Additional calculations are required during the remedial design to confirm these assumptions.

 The sediment to be dredged is 100% saturated and has an in-situ solids content of 50% by weight.

 The sediment to be dredged is comprised of fines and sands with high total organic carbon (TOC)
and has an average in-situ density of 88.1 pounds per cubic foot (lb/cf), or 1.19 tons per cubic yard
(ton/cy). Salt water has a density of 64 lb/cf, or 0.86 ton/cy.

Therefore, the volume of solids per cf of in-situ sediment is:
1 - (88.1 * 0.5 / 64) = 1 - 0.69 = 0.31 cf
And the density of the solids in the sediment is:
(88.1 * 0.5) / 0.31 = 142.1 lb/cf, or 1.92 ton/cy

 The actual in-situ volume of dredged sediment would be 10% higher than the estimated in-situ
volume of sediment to be dredged to account for over-dredging. In addition a 1:1 cut-back would be
assumed for slope stability along the perimeter of dredged areas, except along the Zone 4 quay wall
and in the Dredge Buffer Zone. Along the Zone 4 quay wall there would no dredging cut back. In the
Dredge Buffer Zone the dredging slope would be 1:5 decreasing from a dredging depth of 6 feet at its
eastern boundary to no dredging at the western boundary to merge with the previous maintenance
dredging.

 Uncontaminated sediment dredged to uncover contaminated sediment or to maintain slope stability in
dredged areas shall be considered as contaminated.

 The mechanical dredging process entrains water in the amount of 1 cf per in-situ cf of sediment. The
free water entrained during dredging is expected to drain by gravity and re-compact the sediment to
its original in-situ volume. Therefore, bulking will not be considered as a significant issue for this
calculation.

3.0 ZONE 4

3.1 Scenario 1 - Dredging followed by Capping (Alternatives SD-3 and SD-4)

3.1.1 Pre-Dredging

As per attached Figures 6-17 and 6-18, one distinct area of Zone 4 sediment would be pre-dredged, two
areas would be capped, and existing sediment cover would be used as the cap in a majority of the area
under Scenario 1. The areas include the following:

1 - An estimated 18,000 square feet (sf) area of the 50-foot-wide slope along the quay wall would be
dredged to a depth of 2 feet to remove contaminated sediment at the surface and then capped.

2 – Contaminated sediment is present 2 feet below the sediment surface in an estimated 56,370 sf area
extending from the northern part of Zone 4 to the southern part between the Dredge Buffer Zone and the
quay wall slope. The existing cover is assumed to be a sufficient cap in this area.
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3 - An estimated 9,420 sf of the Dredge Buffer Zone in the central part of Zone 4 would be capped to
cover contaminated sediment exposed during maintenance dredging.

In-situ volume of contaminated sediment to be pre-dredged:
(18,000 sf * 2 ft) * 1.1 = 36,000 cf = 1,330 cy

In-situ mass of dredged sediment: 1,330 cy * 1.19 ton/cy = 1,583 tons

Using the assumption that the in-situ sediment contains 50% solids by weight:

In-situ mass of dry solids in dredged sediment: 0.5 * 1,583 tons = 791 tons
In-situ mass of water in dredged sediment: 791 tons

The mechanical dredging of 1 in-situ cf of sediment would yield 2 cf of dredged material including 1 cf of
sediment and 1 cf of entrained water. The 1 cf of sediment would weigh 88.1 lb and the 1 cf of salt water
would weigh 64 lb. Therefore, the density of the dredged material is 152.1 lb/2 cf = 76 lb/cf. Each 2 cf of
dredged material would include 88.1 lb / 2 = 44 lb of dry sediment and 44 lb + 64 lb = 108 lb of salt water.
The overall solids concentration would be 44 lb / 152.1 lb = 29% by weight.

Volume of dredged material:
1,330 cy * 2 = 2,660 cy including 1,330 cy of sediment and 1,330 cy of free water.
Mass of dredged material:
1,583 tons + [(1,330 cy * 27 cf/cy * 64 lb/cf) / 2,000 lb/ton] = 1,583 tons + 1,149 tons = 2,732 tons

3.1.2 On-Site Dewatering and Off-Site Disposal

Assume on-site dewatering would proceed in two steps: gravity drainage followed by the addition of fly
ash. Gravity drainage would be conducted in the spoil barges and fly ash would be added either on shore
prior to off-site transportation or at an off-site disposal facility.

Gravity drainage would remove approximately 100% of the free water entrained by dredging and re-
compact the sediment to its original volume:

Volume of drained sediment: 1,330 cy re-compacted sediment
Mass of drained sediment: 1,583 tons
Concentration of drained sediment: 50% solids by weight
Volume of water released by gravity drainage: 1,330 cy * 202 gal/cy = 268,660 gal

Assume that approximately 10% of drainage water, or 26,866 gal would be contaminated and would have
to be collected either for off-site disposal or for on-site treatment and discharge.

Assume 8 percent (by weight) of fly ash added to drained sediment: 1,583 tons * 0.08 = 127 tons

Mass of treated sediment for off-site disposal: 1,583 + 127 = 1,710 tons

Bulk density of fly ash is approximately 100 lb/cf.
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Volume of fly ash added: (127 tons * 2,000 lb/ton) / (100 lb/cf * 27 cf/cy) = 94 cy

Assume approximately 10% bulking occurs from addition of fly ash and processing; therefore, the total
volume of treated sediment for disposal is 1,330 cy * 1.1 = 1,463 cy.

3.1.3 Capping

As shown on Figure 6-17 (Areas 1 and 3), an estimated 27,420 sf would be capped to cover
contaminated sediment exposed by pre-dredging and previous maintenance dredging. As assumed
above, final cap thickness would be 3 feet and with a compaction factor of 20%.

Volume of cap material: (27,420 sf * 3 ft * 1.20) / (27 cf/cy) = 3,656 cy

Assume the sand has a bulk density of 100 lb/cf.

Mass of cap material: (3,656 cy * 27 cf/cy * 100 lb/cf) / 2000 lb/ton = 4,936 tons

3.2 Scenarios 2 and 3 - Dredging of All Contaminated Sediment (Alternatives SD-6 and SD-7) or
Dredging of All Zone 4 Contaminated Sediment (Alternative SD-8)

As per attached Figures 6-19 and 6-20, seven distinct areas of Zone 4 sediment would be dredged under
Scenarios 2 and 3, including:

1 - An estimated 29,400 sf area covering approximately 2/3 of the northern part of Zone 4 between the
Dredge Buffer Zone and the quay wall as well as the central section of the 50-foot-wide slope along the
quay wall would be dredged to an average depth of 7 feet to remove sediment contamination.

2 - An estimated 16,200 sf area extending in the central part of Zone 4 between the Dredge Buffer Zone
and the quay wall slope would be dredged to an average depth of 6 feet, to remove contaminated
sediment.

3 - An estimated 18,875 sf area extending north of Pier 2 between the Dredge Buffer Zone and the quay
wall slope (except in the southeast corner) would be dredged to an average depth of 5 feet to remove
sediment contamination.

4 - An estimated 6,180 sf area extending north of Pier 2 in the southeast corner between the pier and the
quay wall would be dredged to an average depth of 7 feet to remove sediment contamination.

5 - An estimated 4,050 sf of the Dredge Buffer Zone in the central part of Zone 4 would be dredged to an
average depth of 2 feet to remove remaining sediment contamination and establish the required
operational water depth.

6 - An estimated 4,950 sf of the Dredge Buffer Zone north of Pier 2 would be dredged to an average
depth of 2 feet to remove remaining contaminated sediment.
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7 - An estimated 4,135 sf area extending south of Pier 2 between that pier and the quay wall would be
dredged to an average depth of 6 feet to remove contaminated sediment.

It is assumed that short-term removal and replacement of sediment would not affect the stability of the
quay wall. Additional calculations are required during the design to confirm this assumption.

It was assumed that no sediment beneath the Zone 4 piers or quay wall is contaminated or needs to be
removed. Sampling this sediment is not technically feasible. A monitoring program should be completed
to confirm this assumption. The program should be initiated after the dredging portion of the remedial
alternatives is completed.

Total in-situ volume of sediment to be dredged:
[(29,400 sf * 7 ft) + (16,200 sf * 6 ft) + (18,875 sf * 5 ft) + (6,180 ft * 7 ft) + (4,050 sf * 2 ft) + (4,950 sf * 2 ft)
+ (4,135 sf * 6 ft)] * 1.1 = 531,789 cf = 19,695 cy

In-situ mass of sediment to be dredged:
19,695 cy * 1.19 ton/cy = 23,438 tons

Using the assumption that the in-situ sediment contains 50% solids by weight:

Mass of dry solids in in-situ sediment to be dredged: 0.5 * 23,438 tons = 11,719 tons
Mass of water in in-situ sediment to be dredged: 11,719 tons

The mechanical dredging of 1 in-situ cf of sediment would yield 2 cf of dredged material including 1 cf of
sediment and 1 cf of entrained water. The 1 cf of sediment would weigh 88.1 lb and the 1 cf of salt water
would weigh 64 lb. Therefore, the density of the dredged material is 152.1 lb/2 cf = 76 lb/cf. Each 2 cf of
dredged material would include 88.1 lb / 2 = 44 lb of dry sediment and 44 lb + 64 lb = 108 lb of salt water.
The overall solids concentration would be 44 lb / 152.1 lb = 29% by weight.

Volume of dredged material to be treated and disposed:
19,695 cy * 2 = 39,390 cy including 19,695 cy of sediment and 19,695 cy of free water.
Mass of dredged material to be treated and disposed:
23,438 tons + [(19,695 cy * 27 cf/cy * 64 lb/cf) / 2,000 lb/ton] = 23,438 tons + 17,016 tons = 40,454 tons

3.2.1 On-Site Dewatering and Off-Site Disposal

Assume on-site dewatering would proceed in two steps: gravity drainage followed by addition of fly ash.
Gravity drainage would be performed on the spoil barges and fly ash would be added either on shore
prior to off-site transportation or at an off-site disposal facility.

Gravity drainage would remove approximately 100% of the free water entrained by dredging and re-
compact the sediment to its original volume:

Volume of drained sediment: 19,695 cy re-compacted sediment
Mass of drained sediment: 23,438 tons
Concentration of drained sediment: 50% solids by weight
Volume of water released by gravity drainage: 19,695 cy * 202 gal/cy = 3,978,390 gal
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Assume that approximately 10% of drainage water, or 397,839 gal would be contaminated and would
have to be collected either for off-site disposal or for on-site treatment and discharge.

Assume 8 percent (by weight) of fly ash added to drained sediment: 23,438 tons * 0.08 = 1,875 tons

Mass of treated sediment for off-site disposal = 23,438 tons sediment + 1,875 tons fly ash = 25,313 tons

Bulk density of fly ash is approximately 100 lb/cf.

Volume of fly ash added: (1,875 tons * 2,000 lb/ton) / (100 lb/cf * 27 cf/cy) = 1,389 cy

Assume approximately 10 % bulking occurs from addition of fly ash and processing; therefore, the total
volume of sediment for disposal is 19,695 cy * 1.1 = 21,665 cy.

3.2.3 Backfilling of Dredged Areas

A total of 7.5 feet of clean sand or sandy sediment would be placed to restore the required slope along
the Zone 4 quay wall. The extra material is required to account for over dredge, compaction, and slope
stability.

The 50-foot wide (and 54 feet long) slope along 582 linear feet [450 ft + 120 ft + (2 * 6 ft)] of the Zone 4
quay wall would be backfilled to restore structural support to that wall.

Assume that the fill thickness would be 7.5 feet to account for a 20% compaction/settling factor and that a
slope of 1:2.5 must be provided for stability along the western edge of the backfilled area.

Volume of fill material: (582 ft * 54 ft * 7.5 ft) + (582 ft * 18.75 ft * 7.5 ft / 2) = 276,631 cf = 10,246 cy

Assume the sand has a bulk density of 100 lb/cf.

Mass of fill material: (10,246 cy * 27 cf/cy * 100 lb/cf) / 2000 lb/ton = 13,832 tons

4.0 OUTER PIER 1

4.1 Scenarios 1 and 3 - Capping (Alternatives SD-3, SD-4, and SD-8)

Under these two scenarios, no active remediation would be required because sediment is
uncontaminated to a depth of 4 feet and it is assumed that this layer of uncontaminated sediment will act
as a natural cap. The sediment cover will need to be maintained.
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4.2 Scenario 2 - Dredging of All Contaminated Sediment (Alternatives SD-6 and SD-7)

4.2.1 Dredging

For Scenario 2, dredging would be performed to a depth of 6 feet to remove all contaminated sediment.
No backfilling of the dredged area would be required.

As per attached Figure 6-21, surface area of contaminated sediment to be dredged is estimated at 13,510
sf. Perimeter of this area is estimated at 215 feet

Total in-situ volume of sediment to be dredged:
[(13,510 sf * 6 ft) + (215 ft * 6 ft * 6 ft / 2)] * 1.1 = 93,423 cf = 3,460 cy

In-situ mass of dredged contaminated sediment to be treated and disposed:
3,460 cy * 1.19 ton/cy = 4,118 tons

Using the assumption that the in-situ sediment contains 50% solids by weight:

In-situ mass of dry solids in sediment to be treated and disposed: 0.5 * 4,118 tons = 2,059 tons
In-situ mass of water in sediment to be treated and disposed: 2,059 tons

The mechanical dredging of 1 in-situ cf of sediment would yield 2 cf of dredged material including 1 cf of
sediment and 1 cf of entrained water. The 1 cf of sediment would weigh 88.1 lb and the 1 cf of salt water
would weigh 64 lb. Therefore, the density of the dredged material is 152.1 lb/2 cf = 76 lb/cf. Each 2 cf of
dredged material would include 88.1 lb / 2 = 44 lb of dry sediment and 44 lb + 64 lb = 108 lb of salt water.
The overall solids concentration would be 44 lb / 152.1 lb = 29% by weight.

Volume of dredged material to be treated and disposed:
3,460 cy * 2 = 6,920 cy including 3,460 cy of sediment and 3,460 cy of free water.
Mass of dredged material to be treated and disposed:
4,118 tons + [(3,460 cy * 27 cf/cy * 64 lb/cf) / 2,000 lb/ton] = 4,118 tons + 2,989 tons = 7,107 tons

4.2.2 On-Site Dewatering and Off-Site Disposal

Assume on-site dewatering would proceed in two steps: gravity drainage followed by addition of fly ash.
Gravity drainage would be conducted in the spoil barges and fly ash would be added either on shore prior
to off-site transportation or at an off-site disposal facility.

Gravity drainage would remove approximately 100% of the free water entrained by dredging and re-
compact the sediment to its original volume:

Volume of drained sediment: 3,460 cy re-compacted sediment
Mass of drained sediment: 4,118 tons
Concentration of drained sediment: 50% solids by weight
Volume of water released by gravity drainage: 3,460 cy * 202 gal/cy = 698,920 gal
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Assume that approximately 10% of drainage water, or 69,900 gal would be contaminated and would have
to be collected either for off-site disposal or for on-site treatment and discharge.

Assume 8 percent (by weight) of fly ash added to sediment: 4,118 tons * 0.08 = 330 tons

Mass of treated sediment for off-site disposal: 4,118 tons sediment + 330 tons fly ash = 4,448 tons

Bulk density of fly ash is approximately 100 lb/cf.

Volume of fly ash added: (330 tons * 2,000 lb/ton) / (100 lb/cf * 27 cf/cy) = 244 cy

Assume approximately 10 % bulking occurs from addition of fly ash and processing; therefore, the total
volume of sediment for disposal is 3,460 cy * 1.1 = 3,806 cy.

5.0 SUMMARY

Alternative
In-Situ

Sediment
(cy/tons)

As-Dredged
Sediment
(cy/tons)

Dewatering
Effluent

(gal)

Dewatered
Sediment
(cy/tons)

Fly Ash
(cy/tons)

Sediment to
Off-Site
Disposal
(cy/tons)

Cap or
Backfill
Material
(cy/tons)

ZONE 4
SD-3 & SD-4 1,330/1,583 2,660/2,732 26,866 1,330/1,583 94/127 1,463/1,710 3,656/4,936
SD-6, SD-7,
& SD-8 19,695/23,438 39,390/40,454 397,839 19,695/23,438 1,389/1,875 21,665/25,313 10,246/13,832
OUTER PIER 1
SD-3, SD-4
& SD-8 No Remedial Action (Natural Cap)
SD-6 & SD-7 3,460/4,118 6,920/7,107 69,900 3,460/4,118 244/330 3,806/4,448 0/0
TOTAL
SD-3 & SD-4 1,330/1,583 2,660/2,732 26,866 1,330/1,583 94/127 1,463/1,710 3,656/4,936
SD-6 & SD-7 23,155/27,556 46,310/47,561 467,739 23,155/27,556 1,633/2,205 25,471/29,761 10,246/13,832
SD-8 19,695/23,438 39,390/40,454 397,839 19,695/23,438 1,389/1,875 21,665/25,313 10,246/13,832

6.0 REFERENCES

(1) U.S. Army Corps of Engineers, New England District, Public Notice for Dredging Permit for Piers 6,
10, 12, and 31, Naval Submarine Base New London, February 1, 2005.

(2) U.S. Army Corps of Engineers, New England District, Dredging Permit No. NAE-2004-3047 for
Demolition and Dredging at Piers 6, 10, 12, and 31 and Thames River CAD Cell, Naval Submarine Base
New London, Expiration December 1, 2008.

(3) Environmental Assessment, Pier 6 Replacement, SUBASE, NLON, Maguire Group, February 2004.
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(4) Dredge Material Disposal Alternatives Analysis for Replacement of Pier 6 at Naval Submarine Base
New London, Groton, Connecticut, Maguire Group, December 2004.

(5) Tetra Tech NUS, Inc., Lower Subase Remedial Investigation for Naval Submarine Base - New
London, Groton, Connecticut, King of Prussia, Pennsylvania, January 1999.

(6) State of Connecticut Department of Environmental Protection, Water Quality Certificate No.
200402905-SG, Susan Gradante (CTDEP) to Nancy Kuntzleman (EFANE), April 5, 2005.

(7) Tetra Tech NUS, Inc., Lower Subase Feasibility Study for Naval Submarine Base – New London,
Groton, Connecticut, King of Prussia, Pennsylvania, December 2010.

(8) Holtz, R. and W. Kovacs, 1981. An Introduction to Geotechnical Engineering, p. 493. Prentice-Hall,
Inc.

(9) Great Lakes Dredge and Dock Company, January 22, 2010. Pier Maintenance 2-6 After-Dredge
Bathymetric Map. Oak Brook, IL.

ATTACHMENTS

Figure 6-16.pdf: Depth to Sediment Surface in Zone 4 and Distribution of Contaminated Sediment in
Zone 4 and Outer Pier 1

Figure 6-17.pdf: Zone 4 Area of Sediment to be Pre-Dredged and Capped, Alternatives SD-3 and SD-4
Figure 6-18.pdf: Typical Cross Section of Zone 4 Sediment Cap, Alternatives SD-3 and SD-4
Figure 6-19.pdf: Zone 4 Areas of Sediment to be Dredged, Alternatives SD-6, SD-7, and SD-8
Figure 6-20.pdf: Typical Cross Section of Sediment Dredging Area, Alternatives SD-6, SD-7, and SD-8
Figure 6-21.pdf: Outer Pier 1 Area of Sediment to be Maintained under Sediment Cover for Alternatives

SD-3, SD-4 and SD-8 and to be Dredged under Alternatives SD-6 and SD-7
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J.2.2 LNAPL IN-SITU ENHANCED BIOREMEDIATION,  
ALTERNATIVE LN-2ON-SITE SEDIMENT DEWATERING FLUID TREATMENT & 

DISCHARGE SYSTEM 
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1.0 ASSUMPTIONS 

The following design assumptions are made based upon available information and from experience with 
similar projects: 
 
• The estimated volumes of dewatering fluid for Alternatives SD-3 and SD-6 are provided in Appendix 

J.2.1. 
 
• The dewatering fluid for Alternatives SD-3 and SD-6 would have an estimated total suspended solids 

(TSS) concentration of 100 milligrams per liter (mg/L) and an estimated total organic carbon (TOC) 
concentration of 1,000 mg/L. 

 
2.0 WATER TREATMENT 

2.1 

2.1.1 Flow 

Design Basis 

From the above design assumptions, the design flow of the dewatering fluid treatment system can be 
summarized as follows: 
 

Alternative 
Total Volume of 
Dewatering Fluid 

(gallons) 

Treatment System 
Operating Time(2) 

(days) 

Treatment System 
Design Flow(3) 

(gpd/gpm) 
SD-3 26,866(1) 7 5,000/4 

SD-6 467,739(1) 58 10,000/8 
 
NOTES
 

: 

(1) As computed in Appendix J.2.1. 
(2) Operating times are based on an estimated dredging rate of 200 in-situ cy/day (1 excavator) for Alternative SD-3 and on an 

estimated dredging rate of 400 in-situ cy/day (2 excavators) for Alternative SD-6.  
(3) Design flow is equal to total volume divided by operating time and rounded up to the next higher commercially available unit. 
 
2.1.2 Treatment Scheme 

The treatment system would consist of the following components: 
 
• Filtration System to remove TSS 
• Liquid-Phase Granular Activated Carbon (GAC) Adsorption System to remove soluble TOC 
• Discharge to Thames River 
 
Only the first two components require conceptual design at this time. 
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2.2  

Use a bag type filter unit to avoid liquid residual stream from backwashing. 

Filtration System 

 
Size bag filter unit for replacement of filter bag element every 3 days (to accommodate week-end operation 
without changeover) and assume 95% TSS removal. 
 
2.2.1 Alternative SD-3 

TSS accumulation in the bag filter would be: 
 
5,000 gpd * 3 days * 8.34 lb/gal * (100 * 0.95) mg/L TSS * 10-6 = 11.9, say 12 lb TSS 
 
Assuming a typical solids capture capacity of approximately 0.5 lbs TSS per sf of bag filter element, required 
surface of bag element is: 
 
12 lb / 0.5 lb/sf  =  24 sf 
 
→ Call for two (2) multi-bag pressurized Bag Filters (BF-1 and BF-2) operating in parallel (1 operating, 1 

spare) with an individual filter area of 26 sf (Rosedale Model 24 or equivalent)  
 
Also need a pump to convey released water from barge to treatment system: 
 
→ Call for one 4 gpm submersible centrifugal Transfer Pump  (P-1) (100 feet TDH, 0.3 HP motor)  
 
2.2.2 Alternative SD-6 

TSS accumulation in the bag filter would be: 
 
10,000 gpd * 3 days * 8.34 lb/gal * (100 * 0.95) mg/L TSS * 10-6 = 23.8, say 24 lb TSS 
 
Assuming a typical solids capture capacity of approximately 0.5 lbs TSS per sf of bag filter element, required 
surface of bag element is: 
 
24 lb / 0.5 lb/sf  =  48 sf 
 
→ Call for two (2) multi-bag pressurized Bag Filters (BF-1 and BF-2) operating in parallel (1 operating, 1 

spare) with an individual filter area of 53 sf (Rosedale Model 36 or equivalent)  
 
Also need a pump to convey released water from barge to treatment system: 
 
→ Call for one 8 gpm submersible centrifugal Transfer Pump  (P-1) (100 feet TDH, 0.5 HP motor)  
 
 
2.3  

Size GAC adsorption unit for the same 3-day cycle as the filter unit. 

Liquid-Phase GAC Adsorption System 

Assume GAC usage of 10 pounds per pound of TOC removed and breakthrough after usage of 3/4 of GAC 
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2.3.1 Alternative SD-3 

Required GAC quantity: 
[(5,000 gpd * 3 days * 8.34 lb/gal * 1,000 mg/L TOC * 10-6) * 10 lb GAC/lb TOC] / 0.75 = 1,668 lb GAC 
 
→ Call for a liquid-phase GAC Adsorption System (GAC-1) consisting of two (2) adsorption units operating 

in parallel (1 operating, 1 spare), each holding 2,500 lb GAC (Carbonair Model PC 20 or equivalent). 
 
Actual frequency of GAC unit changeover would be: 
(2,500 lb / 1,668 lb) * 3 days = 4.5, say 4 days 
 
2.3.2 Alternative SD-6 

Required GAC quantity: 
[(10,000 gpd * 3 days * 8.34 lb/gal * 1,000 mg/L TOC * 10-6) * 10 lb GAC/lb TOC] / 0.75 = 3,336 lb GAC 
 
→ Call for a liquid-phase GAC Adsorption System (GAC-1) consisting of two (2) adsorption units operating 

in parallel (1 operating, 1 spare), each holding 5,000 lb GAC (Carbonair Model PC 28 or equivalent). 
 
Actual frequency of GAC unit changeover would be: 
(5,000 lb / 3,336 lb) * 3 days = 4.5, say 4 days 
 
2.4 

Based on the dewatering fluid volumes presented in Section 2.1.1 of these calculations, the alternative-
specific operating parameters of the above treatment systems can be summarized in the following table: 

Operating Parameters 

 
Parameters Alternative 

SD-3(1) 
Alternative 

SD-6(1) 
Operating Days 7 58 
Filter Cleanups (1 / 3 days) 3 20 
Filter Bags Used  18 240 
GAC Replacements (1 / 4 days) 2 15 
GAC Usage (pounds) 5,000 75,000 

 
(1) Filter bag usage based on SD-3 => 6 bags per unit and SD-6 => 12 bags per unit.   

GAC usage based on SD-3 => 2,500 lbs per unit and SD6 => 5,000 lbs per unit. 
 

 
Attachments 

J.2.2.1 - Rosedale bag filter literature. 
J.2.2.2 - Carbonair liquid-phase GAC adsorption unit literature. 
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Multi-Basket Strainers
and Multi-Bag Filters

These multi-basket strainers and bag filters
offer a wide range of flow capacities and
contaminant-holding capabilities. They
contain from 2 to 23 baskets.

To serve as a strainer, a unit is ordered with
perforated stainless steel baskets (mesh-lined if
desired). When ordered as a filter, it’s fitted with
perforated stainless steel baskets designed to
hold disposable or cleanable filter bags.
Industry-standard size bags are used: the
standard 30 inch baskets accept bag size 2,
the optional 15 inch baskets take size 1.

The standard pressure rating for all models is
150 psi.  All housings can be supplied with an
ASME code stamp, if required.

Features
• Multiple housing styles available (standard,

quick access, low profile, hinged)
• Permanently piped housings are

opened without tools and without
disturbing the piping

• Machined cover gasket groove
provides positive O-ring sealing

• Carbon steel, 304 or 316 stainless
steel construction housings

• Large-area, 30 inch deep, heavy-duty,
9/64 inch perforated baskets

• Easy to clean
• Low pressure drop
• Four cover seal materials:  Buna N,

Ethylene Propylene, Viton®, and Teflon®

• Pressure rating 150 psi
• Flanged connections for 2

through 12 inch pipe
• Vent, drain and gage connections

Options
• ASME code stamp
• Higher pressure ratings
• Corrosion allowances
• Steam jackets
• Special connection locations

36

• Bag hold down assembly (standard
on QAC design)

• Inner baskets for dual-stage straining
or filtering

• Cleanable wire mesh lined or perforated
strainer baskets

• Special alloy materials
• Hydraulic cover lifting assembly
• Sanitary fittings
• Differential pressure indicators

Duplex Systems
All multi-basket models described here are also
available as duplex systems. Two units come
piped together with valves to permit continuous
use of either unit while servicing the other. One
lever actuates all valves simultaneously or it can
be ordered for automatic service. See page 63.
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COUNTERBALANCED
COVER - Stops In 

Any Position

COVER HINGE
MECHANISM

CLAMP
RELEASE BAR

COVER SUPPORT
YASSEMBL

PRIMARY RELEASE
SAFETY LEVER

LOW PROFILE
CLEARANCE

INLET

INLET
DRAIN/VENT

OUTLET

SECONDARY
SAFETY RELEASE

COVER SEAL

POSITIVE BAG
RESTRAINT

DRAIN

Rosedale Quick 
Access "QAC" 
Low Maintenance
Filter/Strainer

Rosedale Quick 
Access "QAC" 
Low Maintenance
Filter/Strainer

37
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Choose Baskets
That Strain or Filter
Whatever your needs dictate

Strainer baskets are cleanable, reusable.

A seal is supplied on any strainer basket.
It forms a seal between basket and housing
to prevent dirty fluid bypass.  Choose between
various perforation sizes or wire mesh.  Strainer
baskets have flat, non-perforated bottoms
and contain heavy-duty handles.

38

Filter bag baskets hold disposable filter bags.

Filter bags have an interference fit between the
bags top rim and the housing causing a positive
seal to prevent fluid bypass.  Filter bag baskets
have flat perforated bottoms.

Filter bags are available in a wide variety of
felt, micro-fiber, monofilament and multifilament
mesh materials.  They are detailed completely on
pages 126-128.

DUAL-STAGE– Dual-stage action will
increase strainer or filter life and reduce
servicing needs.  This straining/filtering
action can be achieved by
ordering a second, inner basket.
It is supported on the top flange
of the outer basket.  Both
baskets can be utilized as
strainers (with or without
wire mesh linings), filter bag
baskets, or a combination of
strainer and bag basket.

Basket Data
Surface area of each 30 in. basket: 4.4
sq. ft.  Volume of each 30 in. basket:
0.6 cu. ft.

Basket Construction
For cleanable strainer baskets, choose from
the following perforation diameters:  1/4,
3/16, 9/64, 3/32, or 1/16 inch (for other
not shown consult factory).

Any perforated basket can also be
ordered lined with wire mesh.  Stainless steel
wire is used in mesh sizes 20, 30, 40, 50, 60,
70, 80, 100, 150, or 200.

Filter bag baskets, have standard 9/64 inch
diameter perforations that are 51% open area.
A wire mesh can also be utilized with bag
baskets for two advantages:

1.  Fiber migration is minimized.
2.  In the unlikely event of bag
     rupture, the wire mesh better
     contains the contaminant.
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Choose Housing Style
Designed to suit your requirements

The versatility of Rosedale Products provides
a choice of several different designs.

• Quick Access Cover (QAC) features a
clamp and spring assisted hinged cover
that is quick and easy to open and
close with no tools required.  This will
significantly reduce change-out time and
lower operating costs.  The QAC is rated
to 150 PSI and constructed to meet ASME
code requirements.  Built-in safety features
ensure that the cover cannot be opened
unless the internal pressure is first released.
The QAC is offered with our low profile
design making bags more accessible and
easy to remove.

• Low Profile Design (SLP) Housings
are compact and space saving, allowing
for ease of bag change-out.  Standard
operating height is reduced, resulting in
a safe design by eliminating platforms
and ladders.  The SLP is manufactured
in any housing version, including our
standard davit arm cover, QAC design,
and spring assisted hinged cover.

• Spring Assisted Hinged Cover (HLP)
opens and closes without effort.  Simply
loosen the swing bolts and lift the
cover up to open.  An automatic cover
stop is provided.  This design saves
time by eliminating the labor intensive
handwheel. It is offered standard with
our low profile design, or can be ordered
in the QAC design.

• Standard Housing Design (STD)
is durable and economic.  It includes a
davit arm and handwheel to facilitate
cover removal.  It is our most versatile
housing design offering a variety of
options, including our low profile design.
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Quick Access Cover

Low Profile Design

Standard Davit Arm



M U L T I - B A S K E T  S T R A I N E R S  A N D  M U L T I - B A G  F I L T E R S

40

A

INLET OUTLET

F Typ. 

B B
1 NPT
DRAIN

D

E

G Typ.

C

PIPE
SIZE

≤2
 3
≥4

PORTS
NPT
1/2
 3/4
1

(4) 7/8 DIA. HOLES

A

INLETOUTLET

PIPE
SIZE

≤2
 3
≥4

PORTS
NPT
1/2
 3/4
1

J Typ. 

K 

B

B

1 NPT
DRAIN

H

I

L Typ.

C

1/2" NPT VENT1/2" NPT VENT

(4) 7/8 DIA. HOLES

MODEL
NUMBER
& Dim. A

16

18

22

24

30

36

42

48

Pipe
Sizes

B

2
3
4
2
3
4
2
3
4
6
2
3
4
6
2
3
4
6
8
3
4
6
8

10
4
6
8

10
12
4
6
8

10
12

Leg Bolt
Circle
Dia.

14.0

16.0

20.0

22.0

28.0

34.0

40.0

46.0

C

10.9

11.9

14.0

15.0

18.0

21.0

24.0

27.0

D

40.1
42.5
44.9
40.5
42.9
45.3
41.4
43.9
46.2
50.4
41.7
44.1
46.5
50.7
42.8
45.2
47.6
51.9
56.4
46.4
48.8
53.1
57.6
62.1
50.0
54.3
58.8
63.3
68.0
51.0
55.4
60.0
64.4
69.2

H

37.9
38.3
N/A
39.6
40.0
N/A
39.5
40.0
39.5
N/A
41.2
41.6
41.1
N/A
41.3
41.8
41.3
41.2
N/A
43.3
43.2
43.2
43.2
N/A
45.9
45.9
45.9
45.8
N/A
46.5
46.4
46.4
46.4
N/A

I

54.9
55.3
N/A
58.5
58.9
N/A
58.0
58.5
58.0
N/A
61.6
62.0
61.5
N/A
61.9
62.4
61.9
61.8
N/A
64.5
64.5
64.4
64.4
N/A
70.7
70.6
70.6
70.5
N/A
71.5
71.4
71.4
71.4
N/A

J

8.00
9.00
N/A
8.00
9.00
N/A
8.00
9.00
9.00
N/A
8.00
9.00
9.00
N/A
8.00
9.00
9.00
10.0
N/A
9.00
9.50
10.5
11.5
N/A
9.50
10.5
11.5
12.5
N/A
9.50
10.5
11.5
12.5
N/A

L

13.0
14.0
N/A
14.0
15.0
N/A
16.0
17.0
18.0
N/A
17.0
18.0
19.0
N/A
20.5
21.0
22.5
23.0
N/A
24.0
25.0
26.0
27.0
 N/A
28.0
28.0
29.5
30.0
N/A
32.0
32.0
32.5
33.0
N/A

K

15.0
17.0
N/A
15.0
17.0
N/A
15.0
17.0
19.0
N/A
15.0
17.0
19.0
N/A
15.0
17.0
19.0
17.0
N/A
17.0
19.0
17.0
17.0
N/A
19.0
17.0
17.0
17.0
N/A
19.0
17.0
17.0
17.0
N/A

E

57.1
59.5
61.9
58.0
60.4
62.8
60.0
62.4
64.7
69.0
60.7
63.1
65.5
69.7
63.3
65.7
68.1
72.4
76.8
68.4
70.8
75.1
79.6
84.1
73.5
77.8
82.3
86.8
91.5
76.0
80.4
85.0
89.4
94.2

F

4.50
5.25
6.00
4.50
5.25
6.00
4.50
5.25
6.00
7.00
4.50
5.25
6.00
7.00
4.50
5.25
6.00
7.00
8.25
5.25
6.00
7.00
8.25
9.50
6.00
7.00
8.25
9.50
11.0
6.00
7.00
8.25
9.50
11.0

G

10.5
12.3
14.0
11.1
12.9
14.6
11.9
13.7
15.4
18.9
13.1
14.8
16.6
20.1
15.2
17.0
18.7
22.2
25.7
18.8
20.6
24.1
27.6
30.6
22.6
26.1
29.6
32.6
36.1
24.8
28.3
31.8
34.8
38.3

Weight, lb
(Approx)

400
425
450
450
475
500
485
500
515
560
675
700
725
750
635
650
665
705
850
840
860
870

1010
1150
1840
1870
1960
2070
2200
2015
2075
2200
2350
2530

Standard Low Profile

Dimensions (IN)

(30-inch deep basket)

Standard Low Profile

Corey.Rich
Rectangle

Corey.Rich
Rectangle

Corey.Rich
Text Box
SD-3

Corey.Rich
Text Box
SD-6
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Pressure Drop Data
Basket strainers and bag filters are usually selected
so that the pressure drop does not exceed 2 psi,
when they are clean.  Higher pressure drops may
be tolerated when contaminant loading is low.

Determining housing pressure drop:
The pressure drops shown on the graph are reliable
for all multi-basket housings, including strainer baskets
or bag filter (perforated only or mesh lined).  The
pressure drop of any housing is governed by the
size of the inlet and outlet, not the vessel itself.
1. Using the desired pipe size and approximate

flow rate, determine the basic pressure drop
from the graph.

2. Multiply the pressure drop obtained in step 1
by the viscosity correction factor found in the
accompanying table.

3. You now have the pressure drop for a clean multi-
basket unit.  If bag filters are to be employed, you
must add the pressure drop they incur to get a true
pressure drop for the assembly.

Note:  Filter bags are specified separately.
        See pages 120-130.
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MODEL
NUMBER

16 & 18

22 & 24

Pipe
Sizes

B

2
3

2
3
4

Leg Bolt
Circle
Dia.

16.0

22.0

C

37.6
38.1

41.2
41.6
41.1

A

18

24

D

45.4
45.9

49.9
50.3
49.8

E

8.00
9.00

8.00
9.00
9.00

F

14.0
15.0

17.0
18.0
19.0

G

15.0
17.0

15.0
17.0
19.0

A

E 

G 

B

B

C

D

INLET OUTLET

F (4) 7/8" DIA. HOLES

1" VENT VALVE

1/2" NPT PORT

1 NPT
DRAIN

PIPE
SIZE

≤2
 3
≥4

PORTS
NPT
1/2
 3/4
1

QAC Low Profile

QAC Low Profile

Model Selection (For all housings)

Model Number Straining, Nominal Inlet/ Available
No. of Filtering Flow Rate Outlet Housing

Baskets Area, ft2 (gpm)** Size (in) Styles

16 2 8.8 200 2,3,4* Std,SLP,HLP,QAC
18 3 13.2 300 2,3,4* Std,SLP,HLP,QAC
22 4 17.6 400 2,3,4,6* Std,SLP,HLP,QAC
24 6 26.4 600 2,3,4,6* Std,SLP,HLP,QAC
30 8 35.2 800 2,3,4,6,8* Std,SLP,HLP
36 12 52.8 1200 2,3,4,6,8,10* Std,SLP,HLP
42 17 74.8 1700 2,3,4,6,8,10,12* Std,SLP,HLP
48 23 101.2 2300 2,3,4,6,8,10,12* Std,SLP,HLP

*Not available on SLP, HLP, and QAC styles.

**Nominal flow rate is based on water @ 1 psi ∆P.  For
    optimum filtering effectiveness, a maximum fluid velocity
    of 10 ft/sec should be maintained.

Recommended flow rates are based on
housing only.  Fluid viscosity, filter bag
used, and expected dirt load should be
considered when sizing a filter.

Dimensions (IN)

Corey.Rich
Rectangle

Corey.Rich
Rectangle

Corey.Rich
Callout
SD-3

Corey.Rich
Callout
SD-6
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PIPE SIZE (FLANGED1)
2-in. (Std,SLP,HLP16-48 / QAC 18 & 24) = 2F
3-in.(Std, SLP, HLP 16-48 / QAC 18 & 24) = 3F
4-in. (Std 16-48 / SLP, HLP 22-48 / QAC 24) = 4F
6-in. (Std 22-48 / SLP, HLP 30-48) = 6F
8-in. (Std 30-48 / SLP, HLP 36-48) = 8F
10-in. (Std 36-48 / SLP, HLP 42 & 48) = 10F
12-in. (Std 42, 48) = 12F

BASKET DEPTH
15-in. = 15
30-in. (std) = 30

30 = 30
36 = 36
42 = 42

OPTIONAL INNER
BASKET, MEDIA SIZE
Perforation diameters (for type 2P
baskets)
1/4, 3/16, 9/64, 3/32, 1/16
Mesh sizes (for type 2M & 2BM
baskets)
20, 30, 40, 50, 60, 70, 80,
100, 150, or 200

Example:   SLP-24-30-4F -1-150-C- B -S -M-20- C- 2P 1/16

PRESSURE RATING2

150 psi (flanged) = 150

OUTLET STYLE
In-line, bottom (std) = 1
Side inlet/outlet (SLP, HLP, QAC) = 2
Side inlet/outlet, same side (SLP, HLP, QAC) = 4

OPTIONAL INNER
BASKET, TYPE
2B = Filter bag basket,

9/64 perforations
2P = Strainer basket,

perforated metal
2BM = Filter basket, mesh

lined
2M = Strainer basket,

perforated, mesh lined

ASME CODE STAMP
C         =   Code

BASKET, MEDIA SIZE No
symbol if type B basket was
selected
Perforation diameters (for type P
baskets)
1/4, 3/16, 9/64, 3/32, 1/16
Mesh sizes (for type M & BM
baskets)
20, 30, 40, 50, 60, 70, 80,
100, 150, or 200

OPTIONAL
INNER

BASKET

42

COVER SEAL
Buna N = B
Ethylene Propylene = E
Viton® = V
Teflon® Encapsulated Viton® = TEV
Teflon® (solid white) = TSW

How To Order
Build an ordering code as shown in the example

       Options

MODEL NO.
16 = 16
18 = 18
22 = 22
24 = 24    48 = 48

HOUSING MATERIAL
Carbon steel = C
304 stainless steel = S
316 stainless steel = S316 BASKET, TYPE

PB = Filter bag  basket,
9/64 perforations

P = Strainer basket,
perforated metal

BM = Filter bag basket,
perforated, mesh
lined

M = Strainer basket,
perforated, mesh
lined

HWM = Filter bag basket,
heavy wire mesh

BASKET SEAL
No seal =    N
Seal (only on strainer housings) =     S

HOUSING STYLE
Standard (std)        =  No Symbol
Standard Low Profile            =  SLP
Quick Access Cover (16-24)      =  QAC
Hinged Low Profile            =  HLP

Housings

*

1. Flanges provided with the housing match the pressure rating of the vessel.
Housings rated 150 psi have 150 class flanges.  Housings rated 300 psi
have 300 class flanges. Other styles and classes available. ANSI B16.5
Pressure-Temperature rating tables determine flange class for ASME code
housings. Consult factory.

2.  Higher pressure ratings available. Consult factory.

*Note:  The TEV and TSW cover seals are not available on the low profile QAC.
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APPENDIX K

COST ESTIMATES

K.1 SOIL ALTERNATIVE COST ESTIMATES
K.2 SEDIMENT ALTERNATIVE COST ESTIMATES



APPENDIX K.1

SOIL ALTERNATIVES COST ESTIMATES



ZONE 1 
  



2/9/2011 11:30 AMZONE 1
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-1.1: NO ACTION
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $23,000

Subtotal $23,000

Contingency @ 10% $2,300

TOTAL $25,300

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-
1.1 rev 2-3-11 tjr\anulcost Page 1 of 2



2/9/2011 11:30 AMZONE 1
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-1.1: NO ACTION
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 $25,300 $25,300 0.893 $22,581
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 $25,300 $25,300 0.797 $20,154
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 $25,300 $25,300 0.711 $17,988
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 $25,300 $25,300 0.635 $16,055
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 $25,300 $25,300 0.566 $14,329
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 $25,300 $25,300 0.506 $12,789

TOTAL PRESENT WORTH $103,897

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-1.1 rev 2-
3-11 tjr\pwa Page 2 of 2



ZONE 1, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-1.2:  LUCs (Engineering and Institutional Controls) and Monitoring
CAPITAL COST

Subcontract Material Labor Equipment Subcontract Material Labor Equipment
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits/Variances 320 hr $35.00 $0 $0 $11,200 $0 $11,200
1.2 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
2 FIELD SUPPORT

2.1 Construction Survey Support 1 day $1,050.00 $1,050 $0 $0 $0 $1,050
 
Subtotal $1,050 $0 $13,300 $0 $14,350

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

$1,050 $0 $13,859 $0 $14,909

Overhead on Labor Cost @ 30% $4,158 $4,158
G & A on Labor Cost @ 10% $1,386 $1,386

G & A on Material Cost @ 10% $0 $0
G & A on Subcontract Cost @ 10% $105 $105
G & A on Equipment Cost @ 10% $0 $0

Tax on Materials and Equipment Cost @ 6% $0 $0 $0

Total Direct Cost $1,155 $0 $19,402 $0 $20,557

Indirects on Total Direct Cost @ 0% $0
Profit on Total Direct Cost @ 10% $2,056

Subtotal $22,613

Health & Safety Monitoring @ 0% $0

Total Field Cost $22,613

Contingency on Total Field Costs @ 0% $0
Engineering on Total Field Cost @ 0% $0

TOTAL COST $22,613

Extended Cost
SubtotalItem Quantity Unit

Unit Cost

Alt S-1.2 rev 12_11



ZONE 1, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-1.2:  LUCs (Engineering and Institutional Controls) and Monitoring
ANNUAL COST

Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Every 5 Years Annually

Pavement Maintenance 
for LUC Area    $3,831 Repave 5% of CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136 $5,568  4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, and 
every 5 years for Years 5 through 30. Labor and supplies for sampling.

Groundwater Analysis $3,360 $1,680 $840 4 wells,  analysis for PAHs

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $33,632 $20,816 $37,408 $4,831

Contingency at 10% $3,363 $2,082 $3,741 $483
 

TOTAL $36,995 $22,898 $41,149 $5,314
 
 

Alt S-1.2 rev 12_11



ZONE 1, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.3% Worth

0 $22,613 $22,613 1.000 $22,613
1 $42,309 $42,309 0.978 $41,358
2 $42,309 $42,309 0.956 $40,428
3 $28,211 $28,211 0.934 $26,351
4 $28,211 $28,211 0.913 $25,759
5 $46,463 $46,463 0.893 $41,469
6 $5,314 $5,314 0.872 $4,636
7 $5,314 $5,314 0.853 $4,532
8 $5,314 $5,314 0.834 $4,430
9 $5,314 $5,314 0.815 $4,330
10 $46,463 $46,463 0.797 $37,012
11 $5,314 $5,314 0.779 $4,138
12 $5,314 $5,314 0.761 $4,045
13 $5,314 $5,314 0.744 $3,954
14 $5,314 $5,314 0.727 $3,865
15 $46,463 $46,463 0.711 $33,035
16 $5,314 $5,314 0.695 $3,693
17 $5,314 $5,314 0.679 $3,610
18 $5,314 $5,314 0.664 $3,529
19 $5,314 $5,314 0.649 $3,450
20 $46,463 $46,463 0.635 $29,484
21 $5,314 $5,314 0.620 $3,296
22 $5,314 $5,314 0.606 $3,222
23 $5,314 $5,314 0.593 $3,150
24 $5,314 $5,314 0.579 $3,079
25 $46,463 $46,463 0.566 $26,316
26 $5,314 $5,314 0.554 $2,942
27 $5,314 $5,314 0.541 $2,876
28 $5,314 $5,314 0.529 $2,811
29 $5,314 $5,314 0.517 $2,748
30 $46,463 $46,463 0.506 $23,487

TOTAL PRESENT WORTH $419,649

Year

ALTERNATIVE S-1.2:  LUCs (Engineering and Institutional Controls) and Monitoring

Alt S-1.2 rev 12_11



 ZONE 1, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-1.5 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSA
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING
1.1 Prepare Documents & Plans including Permits 200 hr $35.00 $0 $0 $7,000 $0 $7,000
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 4 mo $375.00 $0 $0 $0 $1,500 $1,500
2.2 Field Office Support 4 mo $155.00 $0 $620 $0 $0 $620
2.3 Storage Trailer (1) 4 mo $99.00 $0 $0 $0 $396 $396
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 4 mo $150.00 $600 $0 $0 $0 $600
2.6 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.7 Equipment Mobilization/Demobilization 8 ea $85.00 $261.00 $0 $0 $680 $2,088 $2,768
2.8 Site Superintendent 88 day $355.00 $0 $0 $31,240 $0 $31,240
2.9 Site Health & Safety and QA/QC 88 day $325.00 $0 $0 $28,600 $0 $28,600

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
2.11 Dewatering Pad, 40' X 40' , one 1,600 sf $5.62 $0.85 $1.24 $0 $8,992 $1,360 $1,984 $12,336
2.12 Maintain Dewatering Pad, Replace Top 2x 3,200 sf $0.32 $0.11 $0.13 $0 $1,024 $352 $416 $1,792

3 DECONTAMINATION
3.1 Decontamination Services 4 mo $5,045.46 $0 $0 $0 $20,182 $20,182
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 4,000 gal $0.20 $0 $800 $0 $0 $800
3.4 Decon Water Storage Tank, 6,000 gallon 4 mo $784.24 $0 $0 $0 $3,137 $3,137
3.5 Clean Water Storage Tank, 4,000 gallon 4 mo $705.22 $0 $0 $0 $2,821 $2,821
3.6 Disposal of Decon Waste (liquid & solid) 4 mo $950.00 $3,800 $0 $0 $0 $3,800
4 SHEET PILING, EXCAVATION, DEWATERING, AND DISPOSAL

4.1 Pavement Removal 2,711 sy $2.22 $1.63 $3.85 $0 $6,019 $4,419 $10,438 $20,876
4.2 Excavator, 2 CY Capacity 3 mo $12,064.80 $17,678.20 $0 $0 $36,194 $53,035 $89,229
4.3 Site Labor, (3 laborers) 3 mo $16,684.80 $0 $0 $50,054 $0 $50,054
4.4 Sheet Piles, 1200' x 15', tiebacks, drive, extract & salvage 18,000 sf $8.48 $6.96 $9.15 $0 $152,550 $125,280 $164,700 $442,530
4.5 FE Loader 3 1/2 to 5 cy, two 6 mo $9,288.40 $13,544.60 $0 $0 $55,730 $81,268 $136,998
4.6 Crane, 25 Ton  with Clamshell Bucket, 1 CY 3 mo $12,262.80 $4,490.91 $0 $0 $36,788 $13,473 $50,261
4.7 Vacuum Truck, 5000 gal to remove NAPL 1 wk $1,182.00 $1,947.20 $0 $0 $1,182 $1,947 $3,129
4.8 Characterization Soil Testing - mercury 5 ea $49.00 $10.00 $245 $50 $0 $0 $295
4.9 Characterization Soil Testing -  PAH 107 ea $210.00 $10.00 $22,470 $1,070 $0 $0 $23,540

4.10 Confirmation Soil Testing  - PAH, rapid 18 ea $420.00 $7,560 $0 $0 $0 $7,560
4.11 Characterization Soil Testing -  PAH, ETPH 4 ea $310.80 $10.00 $1,243 $40 $0 $0 $1,283
4.12 Confirmation Soil Testing  - ETPH, PAH, rapid 3 ea $621.60 $1,865 $0 $0 $0 $1,865
4.13 Confirmation Soil Testing  - mercury, rapid 5 ea $98.00 $490 $0 $0 $0 $490
4.14 Off Site Transportation & Disposal, Non-haz soil 452 tons $40.00 $18,060 $0 $0 $0 $18,060
4.15 Off Site Transportation & Disposal, High TPH or PAH Soil 17,558 tons $100.00 $1,755,750 $0 $0 $0 $1,755,750
4.16 Off Site Transportation & Recycling, Asphalt 908 tons $19.50 $17,696 $0 $0 $0 $17,696
4.17 Centrifugal 15 gpm 1 HP Pump, to Treatment 1 mo $2,211 $636 $0 $2,211 $636 $0 $2,847
4.18 5,000 lb Liquid-Phase  GAC Adsorption Units 2 ea $24,600.00 $0 $49,200 $0 $0 $49,200
4.19 Replace GAC 70,000 lb $2.00 $0 $140,000 $0 $0 $140,000
4.20 Bag Filter System 2 ea $14,000.00 $225.00 $0 $28,000 $450 $0 $28,450
4.21 Replace  Filter Bags 240 ea $60.00 $0 $14,400 $0 $0 $14,400
4.22 Diaphragm Pump,  from Treatment to Storm Sewer 1 mo $542.48 $0 $0 $0 $542 $542
4.23 Piping , 2" PVC,  from Treatment to Storm Sewer 1,200 ft $0.51 $0.72 $0 $612 $864 $0 $1,476

5 BACKFILL AND SITE RESTORATION
5.1 Clean Backfill 11,784 cy $8.00 $0 $94,272 $0 $0 $94,272
5.2 FE Loader 3 1/2 to 5 cy 4 mo $9,288.40 $13,544.60 $0 $0 $37,154 $54,178 $91,332
5.3 Vibrating Roller, 2-Drum, 7.5 HP 4 mo $10,058.40 $2,494.40 $0 $0 $40,234 $9,978 $50,211
5.4 Vibratory Plate for use around Utilities 4 mo $297.00 $0 $0 $0 $1,188 $1,188
5.5 Top Dress Soil 829 cy $31.50 $26,114 $0 $0 $0 $26,114
5.6 Site Restoration, seed, fertilization, mulch 45 msf $75.00 $3,375 $0 $0 $0 $3,375
6 POST CONSTRUCTION COST  



 ZONE 1, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-1.5 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSA
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

6.1 Contractor Completion Report 240 hr $35.00 $0 $0 $8,400 $0 $8,400
6.2 Remedial Action Closeout Report 240 hr $35.00 $0 $0 $8,400 $0 $8,400

Subtotal $1,862,718 $503,885 $476,980 $424,376 $3,267,959

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $1,862,718 $496,831 $497,013 $442,200 $3,298,762

Overhead on Labor Cost @ 30% $149,104 $149,104
G & A on Labor Cost @ 10% $49,701 $49,701

G & A on Material Cost @ 10% $49,683 $49,683
G & A on Equipment Cost @ 10% $44,220 $44,220

G & A on Subcontract Cost @ 10% $186,272 $186,272
Tax on Materials and Equipment Cost @ 6% $29,810 $26,532 $56,342

Total Direct Cost $2,048,990 $576,324 $695,819 $512,952 $3,834,084

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $611,633
Profit on Total Direct Cost @ 10% $383,408

Subtotal $4,829,126

Health & Safety Monitoring @ 2% (includes air quality monitoring) $96,583

Total Field Cost $4,925,708

Contingency on Total Field Costs @ 20% $985,142
Engineering on Total Field Cost @ 5% $246,285

TOTAL CAPITAL COST $6,157,135



ZONE 3 
  



2/9/2011 11:31 AMZONE 3
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-3.1: NO ACTION
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $23,000

Subtotal $23,000

Contingency @ 10% $2,300

TOTAL $25,300

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-
3.1 rev 2-3-11 tjr\anulcost Page 1 of 2



2/9/2011 11:31 AMZONE 3
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-3.1: NO ACTION
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 $25,300 $25,300 0.893 $22,581
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 $25,300 $25,300 0.797 $20,154
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 $25,300 $25,300 0.711 $17,988
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 $25,300 $25,300 0.635 $16,055
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 $25,300 $25,300 0.566 $14,329
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 $25,300 $25,300 0.506 $12,789

TOTAL PRESENT WORTH $103,897

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-3.1 rev 2-
3-11 tjr\pwa Page 2 of 2



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-3.2:  LUCs (Engineered and Institutional Controls) and Monitoring
CAPITAL COST

Subcontract Material Labor Equipment Subcontract Material Labor Equipment
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits/Variances 320 hr $35.00 $0 $0 $11,200 $0 $11,200
1.2 Prepare LUC RD Documents 120 hr $35.00 $0 $0 $4,200 $0 $4,200
2 FIELD SUPPORT

2.1 Construction Survey Support 1 day $1,050.00 $1,050 $0 $0 $0 $1,050
 
Subtotal $1,050 $0 $15,400 $0 $16,450

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

$1,050 $0 $16,047 $0 $17,097

Overhead on Labor Cost @ 30% $4,814 $4,814
G & A on Labor Cost @ 10% $1,605 $1,605

G & A on Material Cost @ 10% $0 $0
G & A on Subcontract Cost @ 10% $105 $105
G & A on Equipment Cost @ 10% $0 $0

Tax on Materials and Equipment Cost @ 6% $0 $0 $0

Total Direct Cost $1,155 $0 $22,466 $0 $23,621

Indirects on Total Direct Cost @ 0% $0
Profit on Total Direct Cost @ 10% $2,362

Subtotal $25,983

Health & Safety Monitoring @ 0% $0

Total Field Cost $25,983

Contingency on Total Field Costs @ 0% $0
Engineering on Total Field Cost @ 0% $0

TOTAL COST $25,983

Extended Cost
SubtotalItem Quantity Unit

Unit Cost

Alt S-3.2 rev 01_12



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-3.2:  LUCs (Engineered and Institutional Controls) and Monitoring
ANNUAL COST

Item Item Cost Item Cost Item Cost Item Cost Item Cost Notes
Years 1 & 2 Years 3 & 4 Every 5 Years Annually Every 5 Years

Pavement Maintenance for 
Engineering Controls

$1,947 Repave 10% of contaminated areas yearly.

Pavement Maintenance for 
Additional LUC Area

$6,682 Repave 5% of additional CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136 $5,568  
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $784 $392 $196 4 wells,  analysis for lead.

Groundwater Report $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,056 $19,528 $13,764 $9,629 $23,000

Contingency at 10% $3,106 $1,953 $1,376 $963 $2,300
 

TOTAL $34,162 $21,481 $15,140 $10,592 $25,300
 
 

Alt S-3.2 rev 01_12



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.3% Worth

0 $25,983 $25,983 1.000 $25,983
1 $44,753 $44,753 0.978 $43,747
2 $44,753 $44,753 0.956 $42,763
3 $32,072 $32,072 0.934 $29,957
4 $32,072 $32,072 0.913 $29,284
5 $51,032 $51,032 0.893 $45,547
6 $10,592 $10,592 0.872 $9,241
7 $10,592 $10,592 0.853 $9,033
8 $10,592 $10,592 0.834 $8,830
9 $10,592 $10,592 0.815 $8,631
10 $51,032 $51,032 0.797 $40,652
11 $10,592 $10,592 0.779 $8,248
12 $10,592 $10,592 0.761 $8,062
13 $10,592 $10,592 0.744 $7,881
14 $10,592 $10,592 0.727 $7,704
15 $51,032 $51,032 0.711 $36,283
16 $10,592 $10,592 0.695 $7,361
17 $10,592 $10,592 0.679 $7,196
18 $10,592 $10,592 0.664 $7,034
19 $10,592 $10,592 0.649 $6,876
20 $51,032 $51,032 0.635 $32,384
21 $10,592 $10,592 0.620 $6,570
22 $10,592 $10,592 0.606 $6,422
23 $10,592 $10,592 0.593 $6,278
24 $10,592 $10,592 0.579 $6,137
25 $51,032 $51,032 0.566 $28,904
26 $10,592 $10,592 0.554 $5,864
27 $10,592 $10,592 0.541 $5,732
28 $10,592 $10,592 0.529 $5,603
29 $10,592 $10,592 0.517 $5,477
30 $51,032 $51,032 0.506 $25,797

TOTAL PRESENT WORTH $525,483

Year

ALTERNATIVE S-3.2:  LUCs (Engineered and Institutional Controls) and Monitoring 

Alt S-3.2 rev 01_12



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
1.2 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 1.0 mo $375.00 $0 $0 $0 $375 $375
2.2 Field Office Support 1.0 mo $155.00 $0 $155 $0 $0 $155
2.3 Storage Trailer (1) 1.0 mo $99.00 $0 $0 $0 $99 $99
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 1.0 mo $150.00 $150 $0 $0 $0 $150
2.6 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.7 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.8 Equipment Mobilization/Demobilization 4 ea $85.00 $261.00 $0 $0 $340 $1,044 $1,384
2.9 Site Superintendent 22 day $355.00 $0 $0 $7,810 $0 $7,810

2.10 Site Health & Safety and QA/QC 22 day $325.00 $0 $0 $7,150 $0 $7,150
2.11 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419

3 DECONTAMINATION
3.1 Decontamination Services 1.0 mo $5,045.46 $0 $0 $0 $5,045 $5,045
3.2 Equipment Decon Pad 1 ls $3,500.00 $3,000.00 $425.00 $0 $3,500 $3,000 $425 $6,925
3.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
3.4 Decon Water Storage Tank, 6,000 gallon 1.0 mo $784.24 $0 $0 $0 $784 $784
3.5 Clean Water Storage Tank, 4,000 gallon 1.0 mo $705.22 $0 $0 $0 $705 $705
3.6 Disposal of Decon Waste (liquid & solid) 1.0 mo $950.00 $950 $0 $0 $0 $950
4 EXCAVATION AND DISPOSAL

4.1 Pavement Removal 689 sy $5.43 $4.00 $0 $0 $3,741 $2,756 $6,497
4.2 Excavator, 1/2 cy Capacity 7 days $593.20 $547.60 $0 $0 $4,152 $3,833 $7,986
4.3 Site Labor, (3 laborers) 7 days $758.40 $0 $0 $5,309 $0 $5,309
4.4 Tractor Loader 1 to 1-1/4 cy 7 days $457.20 $322.00 $0 $0 $3,200 $2,254 $5,454
4.5 Characterization Testing  -mass and TCLP lead 4 ea $168.00 $10.00 $672 $40 $0 $0 $712
4.6 Confirmation Testing  - mass and SPLP lead, rapid 6 ea $336.00 $2,016 $0 $0 $0 $2,016
4.7 Off Site Transportation & Disposal, High Lead 356 tons $120.00 $42,660 $0 $0 $0 $42,660
4.8 Off Site Transportation & Disposal, No Treatment 75 tons $40.00 $3,000 $0 $0 $0 $3,000
4.9 Off Site Transportation & Recycling, Asphalt 258 tons $19.50 $5,031 $0 $0 $0 $5,031
5 BACKFILL, CAPPING AND SITE RESTORATION

5.1 60-mil VLDPE Geomembrane 4,830 sf $0.48 $1.43 $0.27 $0 $2,318 $6,907 $1,304 $10,529
5.2 Geocomposite (net & fabric) 537 sy $4.96 $0.45 $0.10 $0 $2,664 $242 $54 $2,959
5.3 Clean Sand 287 cy $4.00 $0.50 $1.07 $0 $1,148 $142 $306 $1,596
5.4 Separation Geotextile 689 sy $2.17 $0.20 $0 $1,495 $138 $0 $1,633
5.5 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 6,200 sf $2.83 $0 $17,546 $0 $0 $17,546
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400
6.2 Remedial Action Closeout Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400

Subtotal $59,429 $31,341 $52,744 $19,666 $163,180

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

ALTERNATIVE S-3.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), And Monitoring

Alt S-3.3 rev 01_12



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-3.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), And Monitoring

Subtotal $59,429 $30,902 $54,959 $20,492 $165,782

Overhead on Labor Cost @ 30% $16,488 $16,488
G & A on Labor Cost @ 10% $5,496 $5,496

G & A on Material Cost @ 10% $3,090 $3,090
G & A on Equipment Cost @ 10% $2,049 $2,049

G & A on Subcontract Cost @ 10% $5,943 $5,943
Tax on Materials and Equipment Cost @ 6% $1,854 $1,230 $3,084

Total Direct Cost $65,372 $35,847 $76,943 $23,770 $201,932

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $45,987
Profit on Total Direct Cost @ 10% $20,193

Subtotal $268,112

Health & Safety Monitoring @ 3% (includes air quality monitoring) $8,043

Total Field Cost $276,155

Contingency on Total Field Costs @ 20% $55,231
Engineering on Total Field Cost @ 15% $41,423

TOTAL CAPITAL COST $372,810

Alt S-3.3 rev 01_12



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

 
Pavement 

Maintenance for 
Engineering Controls

$1,517 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for 

Additional LUC Area
$6,897 Repave 5% of additional CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $784 $392 $196 4 wells,  analysis for lead

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,056 $19,528 $9,414 $36,764

Contingency at 10% $3,106 $1,953 $941 $3,676
 

TOTAL $34,162 $21,481 $10,355 $40,440
 
 

ALTERNATIVE S-3.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), And Monitorin

Alt S-3.3 rev 01_12



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $372,810 $372,810 1.000 $372,810
1 $44,517 $44,517 0.978 $43,516
2 $44,517 $44,517 0.956 $42,537
3 $31,836 $31,836 0.934 $29,736
4 $31,836 $31,836 0.913 $29,068
5 $50,795 $50,795 0.893 $45,336
6 $10,355 $10,355 0.872 $9,034
7 $10,355 $10,355 0.853 $8,831
8  $10,355 $10,355 0.834 $8,633
9 $10,355 $10,355 0.815 $8,439
10 $50,795 $50,795 0.797 $40,464
11 $10,355 $10,355 0.779 $8,063
12 $10,355 $10,355 0.761 $7,882
13 $10,355 $10,355 0.744 $7,705
14 $10,355 $10,355 0.727 $7,532
15 $50,795 $50,795 0.711 $36,115
16 $10,355 $10,355 0.695 $7,197
17 $10,355 $10,355 0.679 $7,035
18 $10,355 $10,355 0.664 $6,877
19 $10,355 $10,355 0.649 $6,722
20 $50,795 $50,795 0.635 $32,234
21 $10,355 $10,355 0.620 $6,423
22 $10,355 $10,355 0.606 $6,279
23 $10,355 $10,355 0.593 $6,138
24 $10,355 $10,355 0.579 $6,000
25 $50,795 $50,795 0.566 $28,770
26 $10,355 $10,355 0.554 $5,733
27 $10,355 $10,355 0.541 $5,604
28 $10,355 $10,355 0.529 $5,478
29 $10,355 $10,355 0.517 $5,355
30 $50,795 $50,795 0.506 $25,678

TOTAL PRESENT WORTH $867,223

ALTERNATIVE S-3.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional 
Controls), And Monitoring

Alt S-3.3 rev 01_12



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-3.4 IN-SITU TREATMENT (STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET I/C PMCs, LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING
1.1 Prepare LUC RD Documents 120 hr $35.00 $0 $0 $4,200 $0 $4,200
1.2 Prepare Documents & Plans including Permits 300 hr $35.00 $0 $0 $10,500 $0 $10,500
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Storage Trailer (1) 1 mo $99.00 $0 $0 $0 $99 $99
2.2 Underground Utility Clearances 1 ls $3,500.00 $3,500 $0 $0 $0 $3,500
2.3 Construction Survey 2 day $2,125.00 $4,250 $0 $0 $0 $4,250
2.4 Large Diameter Auger Mobilization/Demobilization 1 ea $100,000.00 $100,000 $0 $0 $0 $100,000
2.5 Temporary Fencing 1 ls $500.00 $0 $500 $0 $0 $500
2.6 Field Construction Mgt. (1 person) 20 day $200.00 $350.00 $0 $4,000 $7,000 $0 $11,000
2.7 Site Health & Safety and QA/QC 20 day $200.00 $325.00 $0 $4,000 $6,500 $0 $10,500
3 IN-SITU TREATMENT

3.1 Pavement Removal 689 sy $2.22 $1.63 $3.85 $0 $1,530 $1,123 $2,653 $5,305
3.2 Off Site Transportation & Recycling, Asphalt 258 tons $19.50 $5,031 $0 $0 $0 $5,031
3.3 Stabilization Treatability Test 1 ls $5,000.00 $5,000 $0 $0 $0 $5,000
3.4 Utility Relocation - Storm, Sanitary Sewer & Steam Lines 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
3.5 Auger - Deep Soil Cement Mixing 746 cy $60.00 $44,760 $0 $0 $0 $44,760
3.6 Post-Treatment Soil Testing - SPLP lead 6 ea $119.00 $10.00 $714 $60 $0 $0 $774
3.7 Off Site Transportation & Disposal, Excess Stab. Soi 113 tons $25.00 $2,813 $0 $0 $0 $2,813
4 BACKFILL AND SITE RESTORATION

4.1 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 6,200 sf $2.83 $0 $17,546 $0 $0 $17,546
5 POST CONSTRUCTION COST  

5.1 Contractor Completion Report 150 hr $35.00 $0 $0 $5,250 $0 $5,250
5.2 Remedial Action Closeout Report 150 hr $35.00 $0 $0 $5,250 $0 $5,250

Subtotal $216,068 $27,636 $39,823 $2,752 $286,278

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $216,068 $27,249 $41,496 $2,867 $287,679

Overhead on Labor Cost @ 30% $12,449 $12,449
G & A on Labor Cost @ 10% $4,150 $4,150

G & A on Material Cost @ 10% $2,725 $2,725
G & A on Equipment Cost @ 10% $287 $287

G & A on Subcontract Cost @ 10% $21,607 $21,607
Tax on Materials and Equipment Cost @6%  $1,635 $172 $1,807

Total Direct Cost $237,674 $31,608 $58,094 $3,326 $330,703

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $96,858
Profit on Total Direct Cost @ 10% $33,070

Subtotal $460,631

Health & Safety Monitoring @ 3% (includes air quality monitoring) $13,819

Total Field Cost $474,449

Contingency on Total Field Costs @ 20% $94,890
Engineering on Total Field Cost @ 15% $71,167

TOTAL CAPITAL COST $640,507



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Every 5 Years Annually Every 5 Years

Pavement 
Maintenance for LUC 

Area
$7,655 Repave 5% of CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136 $5,568  
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $784 $392 $196 4 wells,  analysis for lead.

Groundwater Report $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,056 $19,528 $13,764 $8,655 $23,000

Contingency at 10% $3,106 $1,953 $1,376 $866 $2,300
 

TOTAL $34,162 $21,481 $15,140 $9,521 $25,300
 
 

ALTERNATIVE S-3.4 IN-SITU TREATMENT (STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET I/C PMCs
LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.7% Worth

0 $640,507 $640,507 1.000 $640,507
1 $43,682 $43,682 0.974 $42,534
2 $43,682 $43,682 0.948 $41,416
3 $31,002 $31,002 0.923 $28,620
4 $31,002 $31,002 0.899 $27,868
5 $49,961 $49,961 0.875 $43,730
6 $9,521 $9,521 0.852 $8,114
7 $9,521 $9,521 0.830 $7,901
8 $9,521 $9,521 0.808 $7,693
9 $9,521 $9,521 0.787 $7,491
10 $49,961 $49,961 0.766 $38,276
11 $9,521 $9,521 0.746 $7,102
12 $9,521 $9,521 0.726 $6,916
13 $9,521 $9,521 0.707 $6,734
14 $9,521 $9,521 0.689 $6,557
15 $49,961 $49,961 0.671 $33,502
16 $9,521 $9,521 0.653 $6,217
17 $9,521 $9,521 0.636 $6,053
18 $9,521 $9,521 0.619 $5,894
19 $9,521 $9,521 0.603 $5,739
20 $49,961 $49,961 0.587 $29,324
21 $9,521 $9,521 0.572 $5,441
22 $9,521 $9,521 0.556 $5,298
23 $9,521 $9,521 0.542 $5,159
24 $9,521 $9,521 0.528 $5,023
25 $49,961 $49,961 0.514 $25,667
26 $9,521 $9,521 0.500 $4,763
27 $9,521 $9,521 0.487 $4,637
28 $9,521 $9,521 0.474 $4,515
29 $9,521 $9,521 0.462 $4,397
30 $49,961 $49,961 0.450 $22,466

TOTAL PRESENT WORTH $1,095,555

Year

ALTERNATIVE S-3.4 IN-SITU TREATMENT (STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET 
I/C PMCs, LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
1.2 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 1 mo $375.00  $0 $375 $0 $0 $375
2.2 Field Office Support 1 mo $240.00 $0 $240 $0 $0 $240
2.3 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.4 Site Utilities 1 mo $230.00 $0 $230 $0 $0 $230
2.5 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.6 Construction Survey Support 1 day $1,050.00 $1,050 $0 $0 $0 $1,050
2.7 Equipment Mobilization/Demobilization, 70 to 150 HP 6 ea $64.00 $117.00 $0 $0 $384 $702 $1,086
2.8 Site Superintendent 22 day $355.00 $0 $0 $7,810 $0 $7,810
2.9 Site Health & Safety and QA/QC 22 day $325.00 $0 $0 $7,150 $0 $7,150

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
3 DECONTAMINATION

3.1 Decontamination Services 1 mo $5,045.46 $0 $0 $0 $5,045 $5,045
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
3.4 Decon Water Storage Tank, 6,000 gallon 1 mo $784.24 $0 $0 $0 $784 $784
3.5 Clean Water Storage Tank, 4,000 gallon 1 mo $705.22 $0 $0 $0 $705 $705
3.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
4 EXCAVATION AND DISPOSAL

4.1 Pavement Removal 569 sy $5.43 $4.00 $0 $0 $3,090 $2,276 $5,366
4.2 Excavator, 1/2 cy Capacity 0.5 mo $13,050.40 $7,087.20 $0 $0 $6,525 $3,544 $10,069
4.3 Site Labor, (1 laborer) 0.5 mo $5,561.60 $0 $0 $2,781 $0 $2,781
4.4 Tractor Loader 1 to 1-1/4 cy 0.5 mo $10,058.40 $4,383.00 $0 $0 $5,029 $2,192 $7,221
4.5 Characterization/Offsite Disposal Soil Testing 4 ea $168.00 $10.00 $672 $40 $0 $0 $712
4.6 Confirmation Testing  - Lead & TCLP Lead, Rapid Turn 6 ea $336.00 $2,016 $0 $0 $0 $2,016
4.7 Off Site Transportation & Disposal, High Lead 356 tons $120.00 $42,660 $0 $0 $0 $42,660
4.8 Off Site Transportation & Recycling, Asphalt 213 tons $19.50 $4,154 $0 $0 $0 $4,154
5 BACKFILL AND SITE RESTORATION

5.1 Clean Backfill 237 cy $8.00 $0 $1,896 $0 $0 $1,896
5.2 Tractor Loader 1 to 1-1/4 cy 5 days $457.20 $322.00 $0 $0 $2,286 $1,610 $3,896
5.3 Vibrating Roller, 2-Drum, 7.5 HP, 1/2 time Operator 5 days $228.60 $189.60 $0 $0 $1,143 $948 $2,091
5.4 Vibratory Plate, 1/2 time Operator 5 days $126.40 $32.00 $0 $0 $632 $160 $792
5.5 Separation Geotextile 569 sy $2.17 $0.20 $0 $1,235 $114 $0 $1,349
5.6 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 5,122 sf $2.83 $0 $14,495 $0 $0 $14,495
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400
6.2 Remedial Action Closeout Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400

Subtotal $54,502 $22,736 $49,056 $19,072 $145,366

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

ALTERNATIVE S-3.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional Controls,) and Monitoring



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-3.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional Controls,) and Monitoring

Subtotal $54,502 $22,418 $51,117 $19,873 $147,909

Overhead on Labor Cost @ 30% $15,335 $15,335
G & A on Labor Cost @ 10% $5,112 $5,112

G & A on Material Cost @ 10% $2,242 $2,242
G & A on Equipment Cost @ 10% $1,987 $1,987

G & A on Subcontract Cost @ 10% $5,450 $5,450
Tax on Materials and Equipment Cost @ 6% $1,345 $1,192 $2,537

Total Direct Cost $59,952 $26,005 $71,563 $23,053 $180,572

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $39,843
Profit on Total Direct Cost @ 10% $18,057

Subtotal $238,472

Health & Safety Monitoring @ 3% (includes air quality monitoring) $7,154

Total Field Cost $245,626

Contingency on Total Field Costs @ 20% $49,125
Engineering on Total Field Cost @ 10% $24,563

TOTAL CAPITAL COST $319,314



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Every 5 Years Annually Every 5 Years

 
Pavement 

Maintenance for 
Engineering Controls

$1,947 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for 

Additional LUC Area
$6,682 Repave 5% of additional CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136 $5,568  
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $784 $392 $196 4 wells,  analysis for lead.

Groundwater Report $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,056 $19,528 $13,764 $9,629 $23,000

Contingency at 10% $3,106 $1,953 $1,376 $963 $2,300
 

TOTAL $34,162 $21,481 $15,140 $10,592 $25,300
 
 

ALTERNATIVE S-3.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional Controls,) and Monitoring



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $319,314 $319,314 1.000 $319,314
1 $44,753 $44,753 0.978 $43,747
2 $44,753 $44,753 0.956 $42,763
3 $32,072 $32,072 0.934 $29,957
4 $32,072 $32,072 0.913 $29,284
5 $51,032 $51,032 0.893 $45,547
6 $10,592 $10,592 0.872 $9,241
7 $10,592 $10,592 0.853 $9,033
8 $10,592 $10,592 0.834 $8,830
9 $10,592 $10,592 0.815 $8,631
10 $51,032 $51,032 0.797 $40,652
11 $10,592 $10,592 0.779 $8,248
12 $10,592 $10,592 0.761 $8,062
13 $10,592 $10,592 0.744 $7,881
14 $10,592 $10,592 0.727 $7,704
15 $51,032 $51,032 0.711 $36,283
16 $10,592 $10,592 0.695 $7,361
17 $10,592 $10,592 0.679 $7,196
18 $10,592 $10,592 0.664 $7,034
19 $10,592 $10,592 0.649 $6,876
20 $51,032 $51,032 0.635 $32,384
21 $10,592 $10,592 0.620 $6,570
22 $10,592 $10,592 0.606 $6,422
23 $10,592 $10,592 0.593 $6,278
24 $10,592 $10,592 0.579 $6,137
25 $51,032 $51,032 0.566 $28,904
26 $10,592 $10,592 0.554 $5,864
27 $10,592 $10,592 0.541 $5,732
28 $10,592 $10,592 0.529 $5,603
29 $10,592 $10,592 0.517 $5,477
30 $51,032 $51,032 0.506 $25,797

TOTAL PRESENT WORTH $818,815

ALTERNATIVE S-3.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional 
Controls,) and Monitoring



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
1.2 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 1.5 mo $375.00  $0 $563 $0 $0 $563
2.2 Field Office Support 1.5 mo $240.00 $0 $360 $0 $0 $360
2.3 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.4 Site Utilities 1.5 mo $230.00 $0 $345 $0 $0 $345
2.5 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.6 Construction Survey Support 2 day $1,050.00 $2,100 $0 $0 $0 $2,100
2.7 Equipment Mobilization/Demobilization, 70 to 150 HP 6 ea $64.00 $117.00 $0 $0 $384 $702 $1,086
2.8 Site Superintendent 33 day $355.00 $0 $0 $11,715 $0 $11,715
2.9 Site Health & Safety and QA/QC 33 day $325.00 $0 $0 $10,725 $0 $10,725

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
3 DECONTAMINATION

3.1 Decontamination Services 1 mo $5,045.46 $0 $0 $0 $5,045 $5,045
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
3.4 Decon Water Storage Tank, 6,000 gallon 1 mo $784.24 $0 $0 $0 $784 $784
3.5 Clean Water Storage Tank, 4,000 gallon 1 mo $705.22 $0 $0 $0 $705 $705
3.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
4 EXCAVATION AND DISPOSAL

4.1 Pavement Removal 689 sy $5.43 $4.00 $0 $0 $3,741 $2,756 $6,497
4.2 Excavator, 1/2 cy Capacity 1 mo $13,050.40 $7,087.20 $0 $0 $13,050 $7,087 $20,138
4.3 Site Labor, (1 laborer) 1 mo $5,561.60 $0 $0 $5,562 $0 $5,562
4.4 Tractor Loader 1 to 1-1/4 cy 1 mo $10,058.40 $4,383.00 $0 $0 $10,058 $4,383 $14,441
4.5 Characterization/Offsite Disposal Soil Testing 10 ea $168.00 $10.00 $1,680 $100 $0 $0 $1,780
4.6 Confirmation Testing  - Lead & TCLP Lead, Rapid Turn 4 ea $336.00 $1,344 $0 $0 $0 $1,344
4.7 Off Site Transportation & Disposal, High Lead 926 tons $120.00 $111,060 $0 $0 $0 $111,060
4.8 Off Site Transportation & Disposal, No Treatment 195 tons $40.00 $7,800 $0 $0 $0 $7,800
4.9 Off Site Transportation & Recycling, Asphalt 258 tons $19.50 $5,031 $0 $0 $0 $5,031
5 BACKFILL AND SITE RESTORATION

5.1 Clean Backfill 746 cy $8.00 $0 $5,968 $0 $0 $5,968
5.2 Tractor Loader 1 to 1-1/4 cy 10 days $457.20 $322.00 $0 $0 $4,572 $3,220 $7,792
5.3 Vibrating Roller, 2-Drum, 7.5 HP, 1/2 time Operator 10 days $228.60 $189.60 $0 $0 $2,286 $1,896 $4,182
5.4 Vibratory Plate, 1/2 time Operator 10 days $126.40 $32.00 $0 $0 $1,264 $320 $1,584
5.5 Separation Geotextile 689 sy $2.17 $0.20 $0 $1,495 $138 $0 $1,633
5.6 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 6,200 sf $2.83 $0 $17,546 $0 $0 $17,546
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400
6.2 Remedial Action Closeout Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400

Subtotal $132,965 $30,602 $75,608 $28,005 $267,180

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $132,965 $30,173 $78,784 $29,182 $271,103

Overhead on Labor Cost @ 30% $23,635 $23,635
G & A on Labor Cost @ 10% $7,878 $7,878

G & A on Material Cost @ 10% $3,017 $3,017

ALTERNATIVE S-3.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls), and Monitoring



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-3.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls), and Monitoring

G & A on Equipment Cost @ 10% $2,918 $2,918
G & A on Subcontract Cost @ 10% $13,297 $13,297

Tax on Materials and Equipment Cost @ 6% $1,810 $1,751 $3,561

Total Direct Cost $146,262 $35,001 $110,297 $33,851 $325,410

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $62,511
Profit on Total Direct Cost @ 10% $32,541

Subtotal $420,462

Health & Safety Monitoring @ 3% (includes air quality monitoring) $12,614

Total Field Cost $433,076

Contingency on Total Field Costs @ 20% $86,615
Engineering on Total Field Cost @ 10% $43,308

TOTAL CAPITAL COST $562,998



ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Every 5 Years Annually Every 5 Years

Pavement 
Maintenance for LUC 

Area
$7,655 Repave 5% of CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136 $5,568  
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $784 $392 $196 4 wells,  analysis for lead.

Groundwater Report $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,056 $19,528 $13,764 $8,655 $23,000

Contingency at 10% $3,106 $1,953 $1,376 $866 $2,300
 

TOTAL $34,162 $21,481 $15,140 $9,521 $25,300
 
 

ALTERNATIVE S-3.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls), and Monitoring



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $562,998 $562,998 1.000 $562,998
1 $43,682 $43,682 0.978 $42,700
2 $43,682 $43,682 0.956 $41,740
3 $31,002 $31,002 0.934 $28,957
4 $31,002 $31,002 0.913 $28,306
5 $49,961 $49,961 0.893 $44,592
6 $9,521 $9,521 0.872 $8,307
7 $9,521 $9,521 0.853 $8,120
8 $9,521 $9,521 0.834 $7,937
9 $9,521 $9,521 0.815 $7,759
10 $49,961 $49,961 0.797 $39,799
11 $9,521 $9,521 0.779 $7,414
12 $9,521 $9,521 0.761 $7,247
13 $9,521 $9,521 0.744 $7,084
14 $9,521 $9,521 0.727 $6,925
15 $49,961 $49,961 0.711 $35,522
16 $9,521 $9,521 0.695 $6,617
17 $9,521 $9,521 0.679 $6,468
18 $9,521 $9,521 0.664 $6,323
19 $9,521 $9,521 0.649 $6,181
20 $49,961 $49,961 0.635 $31,704
21 $9,521 $9,521 0.620 $5,906
22 $9,521 $9,521 0.606 $5,773
23 $9,521 $9,521 0.593 $5,643
24 $9,521 $9,521 0.579 $5,516
25 $49,961 $49,961 0.566 $28,297
26 $9,521 $9,521 0.554 $5,271
27 $9,521 $9,521 0.541 $5,153
28 $9,521 $9,521 0.529 $5,037
29 $9,521 $9,521 0.517 $4,924
30 $49,961 $49,961 0.506 $25,256

TOTAL PRESENT WORTH $1,039,478

ALTERNATIVE S-3.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and 
Institutional Controls), and Monitoring



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 200 hr $35.00 $0 $0 $7,000 $0 $7,000
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 6 mo $375.00 $0 $0 $0 $2,250 $2,250
2.2 Field Office Support 6 mo $155.00 $0 $930 $0 $0 $930
2.3 Storage Trailer (1) 6 mo $99.00 $0 $0 $0 $594 $594
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 6 mo $150.00 $900 $0 $0 $0 $900
2.6 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.7 Equipment Mobilization/Demobilization 8 ea $85.00 $261.00 $0 $0 $680 $2,088 $2,768
2.8 Site Superintendent 132 day $355.00 $0 $0 $46,860 $0 $46,860
2.9 Site Health & Safety and QA/QC 132 day $325.00 $0 $0 $42,900 $0 $42,900

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
2.11 Dewatering Pad, 40' X 40' 1,600 sf $5.62 $0.85 $1.24 $0 $8,992 $1,360 $1,984 $12,336
2.12 Maintain Dewatering Pad, Replace Top 5x 8,000 sf $0.32 $0.11 $0.13 $0 $2,560 $880 $1,040 $4,480

3 DECONTAMINATION
3.1 Decontamination Services 6 mo $5,045.46 $0 $0 $0 $30,273 $30,273
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 6,000 gal $0.20 $0 $1,200 $0 $0 $1,200
3.4 Decon Water Storage Tank, 6,000 gallon 6 mo $784.24 $0 $0 $0 $4,705 $4,705
3.5 Clean Water Storage Tank, 4,000 gallon 6 mo $705.22 $0 $0 $0 $4,231 $4,231
3.6 Disposal of Decon Waste (liquid & solid) 6 mo $950.00 $5,700 $0 $0 $0 $5,700
4 SHEET PILING, EXCAVATION, DEWATERING, AND DISPOSAL

4.1 Pavement Removal 150 sy $2.22 $1.63 $3.85 $0 $334 $245 $579 $1,158
4.2 Reinforced Concrete Floor Slab Remova 141 cy $59.00 $43.50 $0 $0 $8,326 $6,138 $14,464
4.3 Excavator, 2 CY Capacity 5 mo $12,064.80 $17,678.20 $0 $0 $60,324 $88,391 $148,715
4.4 Site Labor, (3 laborers) 5 mo $16,684.80 $0 $0 $83,424 $0 $83,424
4.5 Sheet Piles, 800' x 15', tiebacks, drive, extract & salvage 12,000 sf $8.48 $6.96 $9.15 $0 $101,700 $83,520 $109,800 $295,020
4.6 FE Loader 3 1/2 to 5 cy, two 10 mo $9,288.40 $13,544.60 $0 $0 $92,884 $135,446 $228,330
4.7 Crane, 25 Ton  with Clamshell Bucket, 1 CY 1 mo $12,262.80 $4,490.91 $0 $0 $12,263 $4,491 $16,754
4.8 Characterization Soil Testing - Lead, TCLP,PAHs 112 ea $378.00 $10.00 $42,336 $1,120 $0 $0 $43,456
4.9 Confirmation Soil Testing  - SPLP, Lead,PAH, rapid 12 ea $756.00 $9,072 $0 $0 $0 $9,072

4.10 Off Site Transportation & Disposal, High Lead Soi 8,267 tons $120.00 $991,980 $0 $0 $0 $991,980
4.11 Off Site Transportation & Disposal, High PAH Soi 9,572 tons $100.00 $957,150 $0 $0 $0 $957,150
4.12 Off Site Transportation & Disposal, Non-haz soi 6,815 tons $40.00 $272,580 $0 $0 $0 $272,580
4.13 Off Site Transportation & Recycling, Asphalt, Concrete 2,243 tons $19.50 $43,729 $0 $0 $0 $43,729
4.14 Centrifugal 15 gpm 1 HP Pump, to Treatment 1 mo $2,211 $636 $0 $2,211 $636 $0 $2,847
4.15 5,000 lb Liquid-Phase  GAC Adsorption Units 2 ea $24,600.00 $0 $49,200 $0 $0 $49,200
4.16 Replace GAC 80,000 lb $2.00 $0 $160,000 $0 $0 $160,000
4.17 Bag Filter System 2 ea $14,000.00 $225.00 $0 $28,000 $450 $0 $28,450
4.18 Replace  Filter Bags 260 ea $60.00 $0 $15,600 $0 $0 $15,600
4.19 Diaphragm Pump,  from Treatment to Storm Sewe 1 mo $542.48 $0 $0 $0 $542 $542
4.20 Piping , 2" PVC,  from Treatment to Storm Sewe 200 ft $0.51 $0.72 $0 $102 $144 $0 $246

5 BACKFILL AND SITE RESTORATION
5.1 Clean Backfill 16,954 cy $8.00 $0 $135,632 $0 $0 $135,632
5.2 FE Loader 3 1/2 to 5 cy 6 mo $9,288.40 $13,544.60 $0 $0 $55,730 $81,268 $136,998
5.3 Vibrating Roller, 2-Drum, 7.5 HP 6 mo $10,058.40 $2,494.40 $0 $0 $60,350 $14,966 $75,317
5.4 Vibratory Plate for use around Utilities 6 mo $297.00 $0 $0 $0 $1,782 $1,782
5.5 Top Dress Soil 976 cy $31.50 $30,744 $0 $0 $0 $30,744
5.6 Site Restoration, seed, fertilization, mulch 52.7 msf $75.00 $3,953 $0 $0 $0 $3,953
6 POST CONSTRUCTION COST  

ALTERNATIVE S-3.6 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSAL



 ZONE 3, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-3.6 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSAL

6.1 Contractor Completion Report 80 hr $35.00 $0 $0 $2,800 $0 $2,800
6.2 Remedial Action Closeout Report 80 hr $35.00 $0 $0 $2,800 $0 $2,800

Subtotal $2,361,593 $511,606 $565,539 $491,676 $3,930,414

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $2,361,593 $504,444 $589,291 $512,326 $3,967,654

Overhead on Labor Cost @ 30% $176,787 $176,787
G & A on Labor Cost @ 10% $58,929 $58,929

G & A on Material Cost @ 10% $50,444 $50,444
G & A on Equipment Cost @ 10% $51,233 $51,233

G & A on Subcontract Cost @ 10% $236,159 $236,159
Tax on Materials and Equipment Cost @ 6% $30,267 $30,740 $61,006

Total Direct Cost $2,597,753 $585,155 $825,008 $594,298 $4,602,214

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $781,096
Profit on Total Direct Cost @ 10% $460,221

Subtotal $5,843,531

Health & Safety Monitoring @ 2% (includes air quality monitoring) $116,871

Total Field Cost $5,960,402

Contingency on Total Field Costs @ 20% $1,192,080
Engineering on Total Field Cost @ 10% $596,040

TOTAL CAPITAL COST $7,748,522



ZONE 4 
  



2/9/2011 11:33 AMZONE 4
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-4.1: NO ACTION
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $23,000

Subtotal $23,000

Contingency @ 10% $2,300

TOTAL $25,300

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-
4.1 rev 2-3-11 tjr\anulcost Page 1 of 2



2/9/2011 11:33 AMZONE 4
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-4.1: NO ACTION
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 $25,300 $25,300 0.893 $22,581
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 $25,300 $25,300 0.797 $20,154
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 $25,300 $25,300 0.711 $17,988
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 $25,300 $25,300 0.635 $16,055
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 $25,300 $25,300 0.566 $14,329
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 $25,300 $25,300 0.506 $12,789

TOTAL PRESENT WORTH $103,897

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-4.1 rev 2-
3-11 tjr\pwa Page 2 of 2



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-4.2:  LUCs (Engineering and Institutional Controls) and Monitoring
CAPITAL COST

Subcontract Material Labor Equipment Subcontract Material Labor Equipment
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits/Variances 320 hr $35.00 $0 $0 $11,200 $0 $11,200
1.2 Prepare LUC RD Documents 120 hr $35.00 $0 $0 $4,200 $0 $4,200
2 STORM SEWER

2.1 Clean & Inspection Lines 140 lf $15.17 $2,124 $0 $0 $0 $2,124
2.2 Reline Sewer Line 140 lf $56.50 $7,910 $0 $0 $0 $7,910
3 FIELD SUPPORT

3.1 Construction Survey Support 1 day $1,050.00 $1,050 $0 $0 $0 $1,050
 
Subtotal $11,084 $0 $15,400 $0 $26,484

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

$11,084 $0 $16,047 $0 $27,131

Overhead on Labor Cost @ 30% $4,814 $4,814
G & A on Labor Cost @ 10% $1,605 $1,605

G & A on Material Cost @ 10% $0 $0
G & A on Subcontract Cost @ 10% $1,108 $1,108
G & A on Equipment Cost @ 10% $0 $0

Tax on Materials and Equipment Cost @ 6% $0 $0 $0

Total Direct Cost $12,192 $0 $22,466 $0 $34,658

Indirects on Total Direct Cost @ 30% $10,397
Profit on Total Direct Cost @ 10% $3,466

Subtotal $48,521

Health & Safety Monitoring @ 3% $1,456

Total Field Cost $49,976

Contingency on Total Field Costs @ 20% $9,995
Engineering on Total Field Cost @ 20% $9,995

TOTAL COST $69,967

Extended Cost
SubtotalItem Quantity Unit

Unit Cost

 



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-4.2:  LUCs (Engineering and Institutional Controls) and Monitoring
ANNUAL COST

Item Item Cost Item Cost Item Cost Item Cost Notes
Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for 

Engineering Controls
$4,112 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for LUC 

Areas
$4,858 Repave 5% of additional CERCLA LUC areas yearly.

Storm Sewer Cleaning 
& Inspection

$3,000 $3,000 $3,000 Annually years 1 through 5, once every 5 years to year 30.

Storm Sewer Repai $12,000 Every 5 years

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
Once Every 5 Years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $2,800 $1,400  $700
4 wells,  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
Once Every 5 Years for Years 5 through 30.  Analysis for Lead and 
TPH.

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $36,072 $23,536 $9,970 $52,268

Contingency at 10% $3,607 $2,354 $997 $5,227
 

TOTAL $39,679 $25,890 $10,967 $57,495
 
 



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.3% Worth

0 $69,967 $69,967 1.000 $69,967
1 $50,647 $50,647 0.978 $49,508
2 $50,647 $50,647 0.956 $48,395
3 $36,857 $36,857 0.934 $34,427
4 $36,857 $36,857 0.913 $33,652
5 $68,462 $68,462 0.893 $61,104
6 $10,967 $10,967 0.872 $9,569
7 $10,967 $10,967 0.853 $9,353
8 $10,967 $10,967 0.834 $9,143
9 $10,967 $10,967 0.815 $8,938
10 $68,462 $68,462 0.797 $54,537
11 $10,967 $10,967 0.779 $8,540
12 $10,967 $10,967 0.761 $8,348
13 $10,967 $10,967 0.744 $8,161
14 $10,967 $10,967 0.727 $7,977
15 $68,462 $68,462 0.711 $48,676
16 $10,967 $10,967 0.695 $7,622
17 $10,967 $10,967 0.679 $7,451
18 $10,967 $10,967 0.664 $7,284
19 $10,967 $10,967 0.649 $7,120
20 $68,462 $68,462 0.635 $43,445
21 $10,967 $10,967 0.620 $6,803
22 $10,967 $10,967 0.606 $6,650
23 $10,967 $10,967 0.593 $6,501
24 $10,967 $10,967 0.579 $6,355
25 $68,462 $68,462 0.566 $38,776
26 $10,967 $10,967 0.554 $6,072
27 $10,967 $10,967 0.541 $5,936
28 $10,967 $10,967 0.529 $5,802
29 $10,967 $10,967 0.517 $5,672
30 $68,462 $68,462 0.506 $34,608

TOTAL PRESENT WORTH $666,392

Year

ALTERNATIVE S-4.2:  LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
1.2 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 2.0 mo $375.00 $0 $0 $0 $750 $750
2.2 Field Office Support 2.0 mo $155.00 $0 $310 $0 $0 $310
2.3 Storage Trailer (1) 2.0 mo $99.00 $0 $0 $0 $198 $198
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 2.0 mo $150.00 $300 $0 $0 $0 $300
2.6 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.7 Construction Survey Support 3 day $975.00 $2,925 $0 $0 $0 $2,925
2.8 Equipment Mobilization/Demobilization 4 ea $85.00 $261.00 $0 $0 $340 $1,044 $1,384
2.9 Site Superintendent 44 day $355.00 $0 $0 $15,620 $0 $15,620

2.10 Site Health & Safety and QA/QC 44 day $325.00 $0 $0 $14,300 $0 $14,300
2.11 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419

3 DECONTAMINATION
3.1 Decontamination Services 1.0 mo $5,045.46 $0 $0 $0 $5,045 $5,045
3.2 Equipment Decon Pad 1 ls $3,500.00 $3,000.00 $425.00 $0 $3,500 $3,000 $425 $6,925
3.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
3.4 Decon Water Storage Tank, 6,000 gallon 1.0 mo $784.24 $0 $0 $0 $784 $784
3.5 Clean Water Storage Tank, 4,000 gallon 1.0 mo $705.22 $0 $0 $0 $705 $705
3.6 Disposal of Decon Waste (liquid & solid) 1.0 mo $950.00 $950 $0 $0 $0 $950
4 EXCAVATION AND DISPOSAL

4.1 Pavement Removal 1,455 sy $5.43 $4.00 $0 $0 $7,901 $5,820 $13,721
4.2 Excavator, 1/2 cy Capacity 20 days $593.20 $547.60 $0 $0 $11,864 $10,952 $22,816
4.3 Site Labor, (3 laborers) 20 days $758.40 $0 $0 $15,168 $0 $15,168
4.4 Tractor Loader 1 to 1-1/4 cy 20 days $457.20 $322.00 $0 $0 $9,144 $6,440 $15,584
4.5 Characterization Testing  -mass and TCLP lead 9 ea $168.00 $10.00 $1,512 $90 $0 $0 $1,602
4.6 Confirmation Testing  - mass and SPLP lead, rapid 6 ea $336.00 $2,016 $0 $0 $0 $2,016
4.7 Off Site Transportation & Disposal, High Lead 966 tons $120.00 $115,920 $0 $0 $0 $115,920
4.8 Off Site Transportation & Recycling, Asphalt 365 tons $19.50 $7,108 $0 $0 $0 $7,108
4.9 Off Site Transportation & Disposal, Non-haz Soi 95 tons $40.00 $3,780 $0 $0 $0 $3,780

4.10 Off Site Transportation & Disposal, High TPH Soil 30 tons $100.00 $3,000 $0 $0 $0 $3,000
5 BACKFILL, CAPPING AND SITE RESTORATION

5.1 60-mil VLDPE Geomembrane 8,721 sf $0.48 $1.43 $0.27 $0 $4,186 $12,471 $2,355 $19,012
5.2 Geocomposite (net & fabric) 969 sy $4.96 $0.45 $0.10 $0 $4,806 $436 $97 $5,339
5.3 Clean Sand 606 cy $4.00 $0.50 $1.07 $0 $2,424 $300 $645 $3,369
5.4 Separation Geotextile 1,455 sy $2.17 $0.20 $0 $3,157 $291 $0 $3,448
5.5 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 13,096 sf $2.83 $0 $37,062 $0 $0 $37,062
5.6 Clean & Inspection Sewer Lines 140 lf $15.17 $2,124 $0 $0 $0 $2,124
5.7 Reline Sewer Line 140 lf $56.50 $7,910 $0 $0 $0 $7,910
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400
6.2 Remedial Action Closeout Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400

ALTERNATIVE S-4.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-4.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), and Monitoring

Subtotal         $150,545 $58,010 $101,447 $35,942 $345,944

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal                                        $150,545 $57,198 $105,708 $37,452 $350,902

Overhead on Labor Cost @ 30% $31,712 $31,712
G & A on Labor Cost @ 10% $10,571 $10,571

G & A on Material Cost @ 10% $5,720 $5,720
G & A on Equipment Cost @ 10% $3,745 $3,745

G & A on Subcontract Cost @ 10% $15,054 $15,054
Tax on Materials and Equipment Cost @ 6% $3,432 $2,247 $5,679

Total Direct Cost $165,599 $66,350 $147,991 $43,444 $423,384

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $90,820
Profit on Total Direct Cost @ 10% $42,338

Subtotal $556,543

Health & Safety Monitoring @ 3% (includes air quality monitoring) $16,696

Total Field Cost $573,239

Contingency on Total Field Costs @ 20% $114,648
Engineering on Total Field Cost @ 15% $85,986

TOTAL CAPITAL COST $773,873



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

 
Pavement 

Maintenance for 
Engineering Controls

$2,738 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for LUC 

Areas
$5,545 Repave 5% of additional CERCLA LUC areas yearly.

Storm Sewer Cleaning 
& Inspection

$3,000 $3,000 $3,000 Annually years 1 through 5, once every 5 years to year 30.

Storm Sewer Repai $12,000 Every 5 years

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $2,800 $1,400 $700 4 wells,  analysis for lead

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $36,072 $23,536 $9,283 $52,268

Contingency at 10% $3,607 $2,354 $928 $5,227
 

TOTAL $39,679 $25,890 $10,212 $57,495
 
 

ALTERNATIVE S-4.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), and Monitorin



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $773,873 $773,873 1.000 $773,873
1 $49,891 $49,891 0.978 $48,769
2 $49,891 $49,891 0.956 $47,673
3 $36,101 $36,101 0.934 $33,721
4 $36,101 $36,101 0.913 $32,962
5 $67,706 $67,706 0.893 $60,430
6 $10,212 $10,212 0.872 $8,909
7 $10,212 $10,212 0.853 $8,709
8  $10,212 $10,212 0.834 $8,513
9 $10,212 $10,212 0.815 $8,322
10 $67,706 $67,706 0.797 $53,935
11 $10,212 $10,212 0.779 $7,952
12 $10,212 $10,212 0.761 $7,773
13 $10,212 $10,212 0.744 $7,598
14 $10,212 $10,212 0.727 $7,427
15 $67,706 $67,706 0.711 $48,139
16 $10,212 $10,212 0.695 $7,097
17 $10,212 $10,212 0.679 $6,938
18 $10,212 $10,212 0.664 $6,782
19 $10,212 $10,212 0.649 $6,629
20 $67,706 $67,706 0.635 $42,965
21 $10,212 $10,212 0.620 $6,334
22 $10,212 $10,212 0.606 $6,192
23 $10,212 $10,212 0.593 $6,053
24 $10,212 $10,212 0.579 $5,917
25 $67,706 $67,706 0.566 $38,348
26 $10,212 $10,212 0.554 $5,654
27 $10,212 $10,212 0.541 $5,527
28 $10,212 $10,212 0.529 $5,402
29 $10,212 $10,212 0.517 $5,281
30 $67,706 $67,706 0.506 $34,226

TOTAL PRESENT WORTH $1,354,049

ALTERNATIVE S-4.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional 
Controls), and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 120 hr $35.00 $0 $0 $4,200 $0 $4,200
1.2 Prepare Documents & Plans including Permits 300 hr $35.00 $0 $0 $10,500 $0 $10,500
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Storage Trailer (1) 2 mo $99.00 $0 $0 $0 $198 $198
2.2 Underground Utility Clearances 1 ls $3,500.00 $3,500 $0 $0 $0 $3,500
2.3 Construction Survey 1 day $2,125.00 $2,125 $0 $0 $0 $2,125
2.4 Large Diameter Auger Mobilization/Demobilization 1 ea $100,000.00 $100,000 $0 $0 $0 $100,000
2.5 Backhoe Mobilization/Demobilization 2 ea $85.00 $261.00 ## $0 $170 $522 $692 m09-01 54 36.50-
2.6 Temporary Fencing 1 ls $500.00 $0 $500 $0 $0 $500
2.7 Field Construction Mgt. (1 person) 40 day $200.00 $350.00 $0 $8,000 $14,000 $0 $22,000
2.8 Site Health & Safety and QA/QC 40 day $200.00 $325.00 $0 $8,000 $13,000 $0 $21,000
3 IN-SITU TREATMENT

3.1 Pavement Removal 1,455 sy $5.43 $4.00 $0 $0 $7,901 $5,820 $13,721
3.2 Off Site Transportation & Recycling, Asphalt 365 tons $19.50 $7,108 $0 $0 $0 $7,108
3.3 Bioremediation Treatability Test 1 ls $5,000.00 $5,000 $0 $0 $0 $5,000
3.4 Stabilization Treatability Test 1 ls $5,000.00 $5,000 $0 $0 $0 $5,000
3.5 Utility Relocation - Storm and Sanitary Sewer Lines 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
3.6 Auger - Deep Soil Cement Mixing 1,696 cy $60.00 $101,760 $0 $0 $0 $101,760
3.7 Backhoe - Shallow Soil Mixing 83 cy $35.00 $2,905 $0 $0 $0 $2,905
3.8 ORC 2,100 lb $9.00 $18,900 $0 $0 $0 $18,900
3.9 Post-Treatment Soil Testing - SPLP 4 ea $119.00 $10.00 $476 $40 $0 $0 $516

3.10 Off Site Transportation & Disposal, Excess Stab. Soi 301 tons $25.00 $7,525 $0 $0 $0 $7,525
4 BACKFILL AND SITE RESTORATION

4.1 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 13,096 sf $2.83 $0 $37,062 $0 $0 $37,062
5 POST CONSTRUCTION COST  

5.1 Contractor Completion Report 150 hr $35.00 $0 $0 $5,250 $0 $5,250
5.2 Remedial Action Closeout Report 150 hr $35.00 $0 $0 $5,250 $0 $5,250

Subtotal $304,299 $53,772 $60,623 $6,710 $425,403

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $304,299 $53,019 $63,169 $6,992 $427,478

Overhead on Labor Cost @ 30% $18,951 $18,951
G & A on Labor Cost @ 10% $6,317 $6,317

G & A on Material Cost @ 10% $5,302 $5,302
G & A on Equipment Cost @ 10% $699 $699

G & A on Subcontract Cost @ 10% $30,430 $30,430
Tax on Materials and Equipment Cost @ 6% $3,181 $420 $3,601

Total Direct Cost $334,729 $61,502 $88,436 $8,111 $492,777

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $143,443
Profit on Total Direct Cost @ 10% $49,278

Subtotal $685,498

Health & Safety Monitoring @ 3% (includes air quality monitoring) $20,565

ALTERNATIVE S-4.4 IN-SITU TREATMENT (ENHANCED BIOREMEDIATION OR STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET PMCs, LUCs (ENGINEERING AND INSTITUTIONAL
CONTROLS), AND MONITORING



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-4.4 IN-SITU TREATMENT (ENHANCED BIOREMEDIATION OR STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET PMCs, LUCs (ENGINEERING AND INSTITUTIONAL
CONTROLS), AND MONITORING

Total Field Cost $706,063

Contingency on Total Field Costs @ 20% $141,213
Engineering on Total Field Cost @ 15% $105,910

TOTAL CAPITAL COST $953,186



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Item Cost Notes

Year 1 Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for LUC 

Areas
$6,914 Repave 5% of CERCLA LUC areas yearly.

Soil Sampling $2,580  1 location at Year 1. Half-day geoprobe plus labor to sample. 

Soil  Analysis $100  1 location.  Analyze for ETPH.

Groundwater Sampling $22,272 $11,136 $5,568 Annually years 1 through 5, once every 5 years to year 30

Groundwater Analysis $2,800 $1,400 $700 Every 5 years

Groundwater Report $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $2,680 $33,072 $20,536 $7,914 $37,268

Contingency at 10% $268 $3,307 $2,054 $791 $3,727
 

TOTAL $2,948 $36,379 $22,590 $8,706 $40,995
 
 

ALTERNATIVE S-4.4 IN-SITU TREATMENT (ENHANCED BIOREMEDIATION OR STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET PMCs, LUCs (ENGINEERING AND 
INSTITUTIONAL CONTROLS), AND MONITORING



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.3% Worth

0 $953,186 $953,186 1.000 $953,186
1 $48,033 $48,033 0.978 $46,953
2 $45,085 $45,085 0.956 $43,080
3 $31,295 $31,295 0.934 $29,232
4 $31,295 $31,295 0.913 $28,574
5 $49,701 $49,701 0.893 $44,359
6 $8,706 $8,706 0.872 $7,595
7 $8,706 $8,706 0.853 $7,425
8 $8,706 $8,706 0.834 $7,258
9 $8,706 $8,706 0.815 $7,095
10 $49,701 $49,701 0.797 $39,592
11 $8,706 $8,706 0.779 $6,779
12 $8,706 $8,706 0.761 $6,627
13 $8,706 $8,706 0.744 $6,478
14 $8,706 $8,706 0.727 $6,332
15 $49,701 $49,701 0.711 $35,337
16 $8,706 $8,706 0.695 $6,051
17 $8,706 $8,706 0.679 $5,915
18 $8,706 $8,706 0.664 $5,782
19 $8,706 $8,706 0.649 $5,652
20 $49,701 $49,701 0.635 $31,539
21 $8,706 $8,706 0.620 $5,400
22 $8,706 $8,706 0.606 $5,279
23 $8,706 $8,706 0.593 $5,160
24 $8,706 $8,706 0.579 $5,044
25 $49,701 $49,701 0.566 $28,149
26 $8,706 $8,706 0.554 $4,820
27 $8,706 $8,706 0.541 $4,712
28 $8,706 $8,706 0.529 $4,606
29 $8,706 $8,706 0.517 $4,502
30 $49,701 $49,701 0.506 $25,124

TOTAL PRESENT WORTH $1,423,634

Year

ALTERNATIVE S-4.4 IN-SITU TREATMENT (ENHANCED BIOREMEDIATION OR STABILIZATION/SOLIDIFICATION) TO 
ALLOW I/C SITE USE AND MEET PMCs, LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
1.2 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 1.5 mo $375.00  $0 $563 $0 $0 $563
2.2 Field Office Support 1.5 mo $240.00 $0 $360 $0 $0 $360
2.3 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.4 Site Utilities 1.5 mo $230.00 $0 $345 $0 $0 $345
2.5 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.6 Construction Survey Support 3 day $1,050.00 $3,150 $0 $0 $0 $3,150
2.7 Equipment Mobilization/Demobilization, 70 to 150 HP 6 ea $64.00 $117.00 $0 $0 $384 $702 $1,086
2.8 Site Superintendent 33 day $355.00 $0 $0 $11,715 $0 $11,715
2.9 Site Health & Safety and QA/QC 33 day $325.00 $0 $0 $10,725 $0 $10,725

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
3 DECONTAMINATION

3.1 Decontamination Services 1 mo $5,045.46 $0 $0 $0 $5,045 $5,045
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
3.4 Decon Water Storage Tank, 6,000 gallon 1 mo $784.24 $0 $0 $0 $784 $784
3.5 Clean Water Storage Tank, 4,000 gallon 1 mo $705.22 $0 $0 $0 $705 $705
3.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
4 EXCAVATION AND DISPOSAL

4.1 Pavement Removal 1,288 sy $5.43 $4.00 $0 $0 $6,994 $5,152 $12,146
4.2 Excavator, 1/2 cy Capacity 1 mo $13,050.40 $7,087.20 $0 $0 $13,050 $7,087 $20,138
4.3 Site Labor, (1 laborer) 1 mo $5,561.60 $0 $0 $5,562 $0 $5,562
4.4 Tractor Loader 1 to 1-1/4 cy 1 mo $10,058.40 $4,383.00 $0 $0 $10,058 $4,383 $14,441
4.5 Characterization/Offsite Disposal Soil Testing 9 ea $168.00 $10.00 $1,512 $90 $0 $0 $1,602
4.6 Confirmation Testing  - Lead & TCLP Lead, Rapid Turn 8 ea $336.00 $2,688 $0 $0 $0 $2,688
4.7 Off Site Transportation & Disposal, High Lead 966 tons $120.00 $115,920 $0 $0 $0 $115,920
4.8 Off Site Transportation & Recycling, Asphalt 323 tons $19.50 $6,289 $0 $0 $0 $6,289
5 BACKFILL AND SITE RESTORATION

5.1 Clean Backfill 537 cy $8.00 $0 $4,296 $0 $0 $4,296
5.2 Tractor Loader 1 to 1-1/4 cy 10 days $457.20 $322.00 $0 $0 $4,572 $3,220 $7,792
5.3 Vibrating Roller, 2-Drum, 7.5 HP, 1/2 time Operator 10 days $228.60 $189.60 $0 $0 $2,286 $1,896 $4,182
5.4 Vibratory Plate, 1/2 time Operator 10 days $126.40 $32.00 $0 $0 $1,264 $320 $1,584
5.5 Separation Geotextile 1,288 sy $2.17 $0.20 $0 $2,795 $258 $0 $3,053
5.6 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 11,596 sf $2.83 $0 $32,817 $0 $0 $32,817
5.7 Clean & Inspection Sewer Lines 140 lf $15.17 $2,124 $0 $0 $0 $2,124
5.8 Reline Sewer Line 140 lf $56.50 $7,910 $0 $0 $0 $7,910
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400
6.2 Remedial Action Closeout Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400

Subtotal $143,543 $45,490 $78,980 $30,401 $298,414

ALTERNATIVE S-4.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-4.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $143,543 $44,853 $82,298 $31,678 $302,372

Overhead on Labor Cost @ 30% $24,689 $24,689
G & A on Labor Cost @ 10% $8,230 $8,230

G & A on Material Cost @ 10% $4,485 $4,485
G & A on Equipment Cost @ 10% $3,168 $3,168

G & A on Subcontract Cost @ 10% $14,354 $14,354
Tax on Materials and Equipment Cost @ 6% $2,691 $1,901 $4,592

Total Direct Cost $157,897 $52,030 $115,217 $36,747 $361,890

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $71,619
Profit on Total Direct Cost @ 10% $36,189

Subtotal $469,698

Health & Safety Monitoring @ 3% (includes air quality monitoring) $14,091

Total Field Cost $483,789

Contingency on Total Field Costs @ 20% $96,758
Engineering on Total Field Cost @ 10% $48,379

TOTAL CAPITAL COST $628,926



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

 
Pavement 

Maintenance for 
Engineering Controls

$4,113 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for LUC 

Areas
$4,858 Repave 5% of additional CERCLA LUC areas yearly.

Storm Sewer Cleaning 
& Inspection

$3,000 $3,000 $3,000 Annually years 1 through 5, once every 5 years to year 30.

Storm Sewer Repai $12,000 Every 5 years

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $2,800 $1,400 $700 4 wells,  analysis for lead

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $36,072 $23,536 $9,971 $52,268

Contingency at 10% $3,607 $2,354 $997 $5,227
 

TOTAL $39,679 $25,890 $10,968 $57,495
 
 

ALTERNATIVE S-4.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $628,926 $628,926 1.000 $628,926
1 $50,647 $50,647 0.978 $49,509
2 $50,647 $50,647 0.956 $48,395
3 $36,858 $36,858 0.934 $34,427
4 $36,858 $36,858 0.913 $33,653
5 $68,463 $68,463 0.893 $61,105
6 $10,968 $10,968 0.872 $9,569
7 $10,968 $10,968 0.853 $9,354
8 $10,968 $10,968 0.834 $9,144
9 $10,968 $10,968 0.815 $8,938
10 $68,463 $68,463 0.797 $54,538
11 $10,968 $10,968 0.779 $8,541
12 $10,968 $10,968 0.761 $8,349
13 $10,968 $10,968 0.744 $8,161
14 $10,968 $10,968 0.727 $7,978
15 $68,463 $68,463 0.711 $48,677
16 $10,968 $10,968 0.695 $7,623
17 $10,968 $10,968 0.679 $7,452
18 $10,968 $10,968 0.664 $7,284
19 $10,968 $10,968 0.649 $7,120
20 $68,463 $68,463 0.635 $43,445
21 $10,968 $10,968 0.620 $6,804
22 $10,968 $10,968 0.606 $6,651
23 $10,968 $10,968 0.593 $6,501
24 $10,968 $10,968 0.579 $6,355
25 $68,463 $68,463 0.566 $38,776
26 $10,968 $10,968 0.554 $6,072
27 $10,968 $10,968 0.541 $5,936
28 $10,968 $10,968 0.529 $5,802
29 $10,968 $10,968 0.517 $5,672
30 $68,463 $68,463 0.506 $34,609

TOTAL PRESENT WORTH $1,225,366

ALTERNATIVE S-4.5A - Excavation to Meet I/C DECs, Off-Site Disposal, LUCs (Engineering and Institutional 
Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
1.2 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 3 mo $375.00  $0 $1,125 $0 $0 $1,125
2.2 Field Office Support 3 mo $240.00 $0 $720 $0 $0 $720
2.3 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.4 Site Utilities 3 mo $230.00 $0 $690 $0 $0 $690
2.5 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.6 Construction Survey Support 3 day $1,050.00 $3,150 $0 $0 $0 $3,150
2.7 Equipment Mobilization/Demobilization, 70 to 150 HP 6 ea $64.00 $117.00 $0 $0 $384 $702 $1,086
2.8 Site Superintendent 66 day $355.00 $0 $0 $23,430 $0 $23,430
2.9 Site Health & Safety and QA/QC 66 day $325.00 $0 $0 $21,450 $0 $21,450

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
3 DECONTAMINATION

3.1 Decontamination Services 2 mo $5,045.46 $0 $0 $0 $10,091 $10,091
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
3.4 Decon Water Storage Tank, 6,000 gallon 2 mo $784.24 $0 $0 $0 $1,568 $1,568
3.5 Clean Water Storage Tank, 4,000 gallon 2 mo $705.22 $0 $0 $0 $1,410 $1,410
3.6 Disposal of Decon Waste (liquid & solid) 2 mo $950.00 $1,900 $0 $0 $0 $1,900
4 EXCAVATION AND DISPOSAL

4.1 Sheet Piles, tiebacks, drive, extract & salvage 1,600 sf $8.48 $6.96 $9.15 $0 $13,560 $11,136 $14,640 $39,336
4.2 Shore Building #79 Foundation 1 ls $3,500.00 $2,500.00 $4,000.00 $0 $3,500 $2,500 $4,000 $10,000
4.3 Pavement Removal 1,455 sy $5.43 $4.00 $0 $0 $7,901 $5,820 $13,721
4.4 Excavator, 1/2 cy Capacity 2 mo $13,050.40 $7,087.20 $0 $0 $26,101 $14,174 $40,275
4.5 Site Labor, (1 laborer) 2 mo $5,561.60 $0 $0 $11,123 $0 $11,123
4.6 Tractor Loader 1 to 1-1/4 cy 2 mo $10,058.40 $4,383.00 $0 $0 $20,117 $8,766 $28,883
4.7 Characterization/Offsite Disposal Soil Testing 20 ea $168.00 $10.00 $3,360 $200 $0 $0 $3,560
4.8 Confirmation Testing  - Lead & TCLP Lead, Rapid Turn 10 ea $336.00 $3,360 $0 $0 $0 $3,360
4.9 Off Site Transportation & Disposal, High Lead 2,546 tons $120.00 $305,460 $0 $0 $0 $305,460

4.10 Off Site Transportation & Recycling, Asphalt 365 tons $19.50 $7,108 $0 $0 $0 $7,108
4.11 Off Site Transportation & Disposal, Non-haz Soi 95 tons $40.00 $3,780 $0 $0 $0 $3,780
4.12 Off Site Transportation & Disposal, High TPH Soil 30 tons $100.00 $3,000 $0 $0 $0 $3,000

5.1 Clean Backfill 1,659 cy $8.00 $0 $13,272 $0 $0 $13,272
5.2 Tractor Loader 1 to 1-1/4 cy 15 days $457.20 $322.00 $0 $0 $6,858 $4,830 $11,688
5.3 Vibrating Roller, 2-Drum, 7.5 HP, 1/2 time Operator 15 days $228.60 $189.60 $0 $0 $3,429 $2,844 $6,273
5.4 Vibratory Plate, 1/2 time Operator 15 days $126.40 $32.00 $0 $0 $1,896 $480 $2,376
5.5 Separation Geotextile 1,455 sy $2.17 $0.20 $0 $3,157 $291 $0 $3,448
5.6 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 13,096 sf $2.83 $0 $37,062 $0 $0 $37,062
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400
6.2 Remedial Action Closeout Report 40 hr $35.00 $0 $0 $1,400 $0 $1,400

Subtotal $334,118 $77,711 $148,728 $70,432 $630,989

ALTERNATIVE S-4.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-4.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $334,118 $76,623 $154,975 $73,391 $639,106

Overhead on Labor Cost @ 30% $46,492 $46,492
G & A on Labor Cost @ 10% $15,497 $15,497

G & A on Material Cost @ 10% $7,662 $7,662
G & A on Equipment Cost @ 10% $7,339 $7,339

G & A on Subcontract Cost @ 10% $33,412 $33,412
Tax on Materials and Equipment Cost @ 6% $4,597 $4,403 $9,001

Total Direct Cost $367,530 $88,883 $216,964 $85,133 $758,510

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $133,213
Profit on Total Direct Cost @ 10% $75,851

Subtotal $967,573

Health & Safety Monitoring @ 3% (includes air quality monitoring) $29,027

Total Field Cost $996,601

Contingency on Total Field Costs @ 20% $199,320
Engineering on Total Field Cost @ 10% $99,660

TOTAL CAPITAL COST $1,295,581



ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

 
Pavement 

Maintenance for LUC 
Areas

$6,914 Repave 5% of CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $2,800 $1,400 $700 4 wells,  analysis for lead & TPH

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $33,072 $20,536 $7,914 $37,268

Contingency at 10% $3,307 $2,054 $791 $3,727
 

TOTAL $36,379 $22,590 $8,706 $40,995
 
 

ALTERNATIVE S-4.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $1,295,581 $1,295,581 1.000 $1,295,581
1 $45,085 $45,085 0.978 $44,071
2 $45,085 $45,085 0.956 $43,080
3 $31,295 $31,295 0.934 $29,232
4 $31,295 $31,295 0.913 $28,574
5 $49,701 $49,701 0.893 $44,359
6 $8,706 $8,706 0.872 $7,595
7 $8,706 $8,706 0.853 $7,425
8 $8,706 $8,706 0.834 $7,258
9 $8,706 $8,706 0.815 $7,095
10 $49,701 $49,701 0.797 $39,592
11 $8,706 $8,706 0.779 $6,779
12 $8,706 $8,706 0.761 $6,627
13 $8,706 $8,706 0.744 $6,478
14 $8,706 $8,706 0.727 $6,332
15 $49,701 $49,701 0.711 $35,337
16 $8,706 $8,706 0.695 $6,051
17 $8,706 $8,706 0.679 $5,915
18 $8,706 $8,706 0.664 $5,782
19 $8,706 $8,706 0.649 $5,652
20 $49,701 $49,701 0.635 $31,539
21 $8,706 $8,706 0.620 $5,400
22 $8,706 $8,706 0.606 $5,279
23 $8,706 $8,706 0.593 $5,160
24 $8,706 $8,706 0.579 $5,044
25 $49,701 $49,701 0.566 $28,149
26 $8,706 $8,706 0.554 $4,820
27 $8,706 $8,706 0.541 $4,712
28 $8,706 $8,706 0.529 $4,606
29 $8,706 $8,706 0.517 $4,502
30 $49,701 $49,701 0.506 $25,124

TOTAL PRESENT WORTH $1,763,147

ALTERNATIVE S-4.5B - Excavation to Meet I/C DECs and PMCs, Off-Site Disposal, LUCs (Engineering and 
Institutional Controls) and Monitoring



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 200 hr $35.00 $0 $0 $7,000 $0 $7,000
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 4 mo $375.00 $0 $0 $0 $1,500 $1,500
2.2 Field Office Support 4 mo $155.00 $0 $620 $0 $0 $620
2.3 Storage Trailer (1) 4 mo $99.00 $0 $0 $0 $396 $396
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 5 mo $150.00 $750 $0 $0 $0 $750
2.6 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.7 Equipment Mobilization/Demobilization 8 ea $85.00 $261.00 $0 $0 $680 $2,088 $2,768
2.8 Site Superintendent 88 day $355.00 $0 $0 $31,240 $0 $31,240
2.9 Site Health & Safety and QA/QC 88 day $325.00 $0 $0 $28,600 $0 $28,600

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
2.11 Dewatering Pad, 40' X 40' 1,600 sf $5.62 $0.85 $1.24 $0 $8,992 $1,360 $1,984 $12,336
2.12 Maintain Dewatering Pad, Replace Top 2x Each 3,200 sf $0.32 $0.11 $0.13 $0 $1,024 $352 $416 $1,792

3 DECONTAMINATION
3.1 Decontamination Services 4 mo $5,045.46 $0 $0 $0 $20,182 $20,182
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 4,000 gal $0.20 $0 $800 $0 $0 $800
3.4 Decon Water Storage Tank, 6,000 gallon 4 mo $784.24 $0 $0 $0 $3,137 $3,137
3.5 Clean Water Storage Tank, 4,000 gallon 4 mo $705.22 $0 $0 $0 $2,821 $2,821
3.6 Disposal of Decon Waste (liquid & solid) 4 mo $950.00 $3,800 $0 $0 $0 $3,800
4 SHEET PILING, EXCAVATION, DEWATERING, AND DISPOSAL

4.1 Pavement Removal 4,893 sy $2.22 $1.63 $3.85 $0 $10,863 $7,976 $18,839 $37,679
4.2 Excavator, 2 CY Capacity 3 mo $12,064.80 $17,678.20 $0 $0 $36,194 $53,035 $89,229
4.3 Site Labor, (3 laborers) 3 mo $16,684.80 $0 $0 $50,054 $0 $50,054
4.4 Sheet Piles, 800' x 15', tiebacks, drive, extract & salvage 12,000 sf $8.48 $6.96 $9.15 $0 $101,700 $83,520 $109,800 $295,020
4.5 FE Loader 3 1/2 to 5 cy 3 mo $9,288.40 $13,544.60 $0 $0 $27,865 $40,634 $68,499
4.6 Crane, 25 Ton  with Clamshell Bucket, 1 CY 1 mo $12,262.80 $4,490.91 $0 $0 $12,263 $4,491 $16,754
4.7 Characterization Soil Testing - Lead, TCLP, PAH 101 ea $378.00 $10.00 $38,178 $1,010 $0 $0 $39,188
4.8 Confirmation Soil Testing  - SPLP, Lead,PAH, rapid 21 ea $756.00 $15,876 $0 $0 $0 $15,876
4.9 Off Site Transportation & Disposal, Lead < 1000 mg/kg 5,450 tons $40.00 $217,980 $0 $0 $0 $217,980

4.10 Off Site Transportation & Disposal, High Lead Soi 8,507 tons $120.00 $1,020,780 $0 $0 $0 $1,020,780
4.11 Off Site Transportation & Disposal, High PAH Soi 1,167 tons $100.00 $116,700 $0 $0 $0 $116,700
4.12 Off Site Transportation & Recycling, Asphalt 1,224 tons $19.50 $23,868 $0 $0 $0 $23,868
4.13 Centrifugal 15 gpm 1 HP Pump, to Treatment 1 mo $2,211 $636 $0 $2,211 $636 $0 $2,847
4.14 5,000 lb Liquid-Phase  GAC Adsorption Units 1 ea $24,600.00 $0 $24,600 $0 $0 $24,600
4.15 Replace GAC 40,000 lb $2.00 $0 $80,000 $0 $0 $80,000
4.16 Bag Filter System 1 ea $14,000.00 $225.00 $0 $14,000 $225 $0 $14,225
4.17 Replace  Filter Bags 120 ea $60.00 $0 $7,200 $0 $0 $7,200
4.18 Diaphragm Pump,  from Treatment to Sewer, 2 for 2 mo 1 mo $542.48 $0 $0 $0 $542 $542
4.19 Piping , 2" PVC,  from Treatment to Storm Sewe 400 ft $0.51 $0.72 $0 $204 $288 $0 $492

5 BACKFILL AND SITE RESTORATION
5.1 Clean Backfill 10,033 cy $8.00 $0 $80,264 $0 $0 $80,264
5.2 FE Loader 3 1/2 to 5 cy, two 6 mo $9,288.40 $13,544.60 $0 $0 $55,730 $81,268 $136,998
5.3 Vibrating Roller, 2-Drum, 7.5 HP 3 mo $10,058.40 $2,494.40 $0 $0 $30,175 $7,483 $37,658
5.4 Vibratory Plate for use around Utilities 3 mo $297.00 $0 $0 $0 $891 $891
5.5 Top Dress Soil 864 cy $31.50 $27,216 $0 $0 $0 $27,216
5.6 Site Restoration, seed, fertilization, mulch 47 msf $75.00 $3,525 $0 $0 $0 $3,525
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 120 hr $35.00 $0 $0 $4,200 $0 $4,200

ALTERNATIVE S-4.6 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSAL



 ZONE 4, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-4.6 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSAL

6.2 Remedial Action Closeout Report 120 hr $35.00 $0 $0 $4,200 $0 $4,200

Subtotal $1,472,123 $337,514 $384,522 $350,613 $2,544,771

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $1,472,123 $332,788 $400,672 $365,339 $2,570,922

Overhead on Labor Cost @ 30% $120,201 $120,201
G & A on Labor Cost @ 10% $40,067 $40,067

G & A on Material Cost @ 10% $33,279 $33,279
G & A on Equipment Cost @ 10% $36,534 $36,534

G & A on Subcontract Cost @ 10% $147,212 $147,212
Tax on Materials and Equipment Cost @ 6% $19,967 $21,920 $41,888

Total Direct Cost $1,619,335 $386,035 $560,940 $423,793 $2,990,103

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $482,092
Profit on Total Direct Cost @ 10% $299,010

Subtotal $3,771,206

Health & Safety Monitoring @ 2% (includes air quality monitoring) $75,424

Total Field Cost $3,846,630

Contingency on Total Field Costs @ 20% $769,326
Engineering on Total Field Cost @ 10% $384,663

TOTAL CAPITAL COST $5,000,619



ZONE 7 
  



2/9/2011 11:36 AMZONE 7
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-7.1: NO ACTION
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $23,000

Subtotal $23,000

Contingency @ 10% $2,300

TOTAL $25,300

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-
7.1 rev 2-3-11 tjr\anulcost Page 1 of 2



2/9/2011 11:36 AMZONE 7
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-7.1: NO ACTION
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 $25,300 $25,300 0.893 $22,581
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 $25,300 $25,300 0.797 $20,154
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 $25,300 $25,300 0.711 $17,988
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 $25,300 $25,300 0.635 $16,055
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 $25,300 $25,300 0.566 $14,329
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 $25,300 $25,300 0.506 $12,789

TOTAL PRESENT WORTH $103,897

I:\! Reports\New London\121017.WE57 - Soil & GW PDI Completion Report & FS Add\Appendices\Appendix K\K.1 Soil Alternatives Cost Estimates\Alt S-7.1 rev 2-
3-11 tjr\pwa Page 2 of 2



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-7.2: LUCs (Engineering and Institutional Controls) and Monitoring
CAPITAL COST

Subcontract Material Labor Equipment Subcontract Material Labor Equipment
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits/Variances 320 hr $35.00 $0 $0 $11,200 $0 $11,200
1.2 Prepare LUC RD Documents 120 hr $35.00 $0 $0 $4,200 $0 $4,200
2 STORM SEWER

2.1 Clean & Inspection Lines 170 lf $15.17 $2,579 $0 $0 $0 $2,579
2.2 Reline Sewer Line 170 lf $56.50 $9,605 $0 $0 $0 $9,605
3 FIELD SUPPORT

3.1 Construction Survey Support 1 day $1,050.00 $1,050 $0 $0 $0 $1,050
 
Subtotal $13,234 $0 $15,400 $0 $28,634

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

$13,234 $0 $16,047 $0 $29,281

Overhead on Labor Cost @ 30% $4,814 $4,814
G & A on Labor Cost @ 10% $1,605 $1,605

G & A on Material Cost @ 10% $0 $0
G & A on Subcontract Cost @ 10% $1,323 $1,323
G & A on Equipment Cost @ 10% $0 $0

Tax on Materials and Equipment Cost @ 6% $0 $0 $0

Total Direct Cost $14,557 $0 $22,466 $0 $37,023

Indirects on Total Direct Cost @ 30% $11,107
Profit on Total Direct Cost @ 10% $3,702

Subtotal $51,832

Health & Safety Monitoring @ 3% $1,555

Total Field Cost $53,387

Contingency on Total Field Costs @ 20% $10,677
Engineering on Total Field Cost @ 20% $10,677

TOTAL COST $74,742

Extended Cost
SubtotalItem Quantity Unit

Unit Cost



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-7.2: LUCs (Engineering and Institutional Controls) and Monitoring
ANNUAL COST

Item Item Cost Item Cost Item Cost Item Cost Notes
Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for 

Engineering Controls
$7,046 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for 

Additional LUC Areas
$18,777 Repave 5% of additional CERCLA LUC areas yearly.

Storm Sewer Cleaning 
& Inspection

$4,000 $4,000 $4,000 Annually years 1 through 5, once every 5 years to year 30.

Storm Sewer Repai $15,000 Every 5 years

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
Once Every 5 Years for Years 5 through 30. Labor and supplies for 
sampling. 

 

Groundwater Analysis $1,568 $784  $392
4 wells,  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
Once Every 5 Years for Years 5 through 30.  Analysis for lead and 
antimony.

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $35,840 $23,920 $26,824 $55,960

Contingency at 10% $3,584 $2,392 $2,682 $5,596
 

TOTAL $39,424 $26,312 $29,506 $61,556
 
 



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.3% Worth

0 $74,742 $74,742 1.000 $74,742
1 $68,930 $68,930 0.978 $67,380
2 $68,930 $68,930 0.956 $65,865
3 $55,818 $55,818 0.934 $52,137
4 $55,818 $55,818 0.913 $50,965
5 $91,062 $91,062 0.893 $81,275
6 $29,506 $29,506 0.872 $25,743
7 $29,506 $29,506 0.853 $25,164
8 $29,506 $29,506 0.834 $24,598
9 $29,506 $29,506 0.815 $24,045
10 $91,062 $91,062 0.797 $72,541
11 $29,506 $29,506 0.779 $22,976
12 $29,506 $29,506 0.761 $22,460
13 $29,506 $29,506 0.744 $21,955
14 $29,506 $29,506 0.727 $21,461
15 $91,062 $91,062 0.711 $64,744
16 $29,506 $29,506 0.695 $20,507
17 $29,506 $29,506 0.679 $20,046
18 $29,506 $29,506 0.664 $19,595
19 $29,506 $29,506 0.649 $19,155
20 $91,062 $91,062 0.635 $57,786
21 $29,506 $29,506 0.620 $18,303
22 $29,506 $29,506 0.606 $17,892
23 $29,506 $29,506 0.593 $17,489
24 $29,506 $29,506 0.579 $17,096
25 $91,062 $91,062 0.566 $51,576
26 $29,506 $29,506 0.554 $16,336
27 $29,506 $29,506 0.541 $15,969
28 $29,506 $29,506 0.529 $15,610
29 $29,506 $29,506 0.517 $15,259
30 $91,062 $91,062 0.506 $46,033

TOTAL PRESENT WORTH $1,086,703

Year

ALTERNATIVE S-7.2: LUCs (Engineering and Institutional Controls) and Monitoring 



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
1.2 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 2 mo $375.00 $0 $0 $0 $750 $750
2.2 Field Office Support 2 mo $155.00 $0 $310 $0 $0 $310
2.3 Storage Trailer (1) 2 mo $99.00 $0 $0 $0 $198 $198
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 2 mo $150.00 $300 $0 $0 $0 $300
2.6 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.7 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.8 Equipment Mobilization/Demobilization 4 ea $85.00 $261.00 $0 $0 $340 $1,044 $1,384
2.9 Site Superintendent 44 day $355.00 $0 $0 $15,620 $0 $15,620

2.10 Site Health & Safety and QA/QC 44 day $325.00 $0 $0 $14,300 $0 $14,300
2.11 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419

3 DECONTAMINATION
3.1 Decontamination Services 2 mo $5,045.46 $0 $0 $0 $10,091 $10,091
3.2 Equipment Decon Pad 1 ls $3,500.00 $3,000.00 $425.00 $0 $3,500 $3,000 $425 $6,925
3.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
3.4 Decon Water Storage Tank, 6,000 gallon 2 mo $784.24 $0 $0 $0 $1,568 $1,568
3.5 Clean Water Storage Tank, 4,000 gallon 2 mo $705.22 $0 $0 $0 $1,410 $1,410
3.6 Disposal of Decon Waste (liquid & solid) 2 mo $950.00 $1,900 $0 $0 $0 $1,900
4 EXCAVATION AND DISPOSAL  

4.1 Pavement Removal 2,276 sy $5.43 $4.00 $0 $0 $12,359 $9,104 $21,463
4.2 Excavator, 1/2 cy Capacity 1.5 mo $13,050.40 $7,087.20 $0 $0 $19,576 $10,631 $30,206
4.3 Site Labor, (1 laborer) 1.5 mo $5,561.60 $0 $0 $8,342 $0 $8,342
4.4 Tractor Loader 1 to 1-1/4 cy 1.5 mo $10,058.40 $4,383.00 $0 $0 $15,088 $6,575 $21,662
4.5 Characterization Testing  -mass and TCLP lead 4 ea $168.00 $10.00 $672 $40 $0 $0 $712
4.6 Confirmation Testing  - mass and SPLP Pb & Sb rapid 6 ea $434.00 $2,604 $0 $0 $0 $2,604
4.7 Off Site Transportation & Disposal, High Lead 228 tons $120.00 $27,360 $0 $0 $0 $27,360
4.8 Off Site Transportation & Disposal, High PAH 218 tons $100.00 $21,750 $0 $0 $0 $21,750
4.9 Off Site Transportation & Disposal, High Lead & PAH 1,251 tons $165.00 $206,415 $0 $0 $0 $206,415

4.10 Off Site Transportation & Recycling, Asphalt 569 tons $19.50 $11,086 $0 $0 $0 $11,086
5 BACKFILL, CAPPING AND SITE RESTORATION

5.1 60-mil VLDPE Geomembrane 22,441 sf $0.48 $1.43 $0.27 $0 $10,772 $32,091 $6,059 $48,921
5.2 Geocomposite (net & fabric) 2,493 sy $4.96 $0.45 $0.10 $0 $12,365 $1,122 $249 $13,736
5.3 Clean Sand 887 cy $4.00 $0.50 $1.07 $0 $3,548 $439 $945 $4,932
5.4 Separation Geotextile 2,493 sy $2.17 $0.20 $0 $5,410 $499 $0 $5,908
5.5 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 22,441 sf $2.83 $0 $63,508 $0 $0 $63,508
5.6 Clean & Inspection Lines 170 lf $15.17 $2,579 $0 $0 $0 $2,579
5.7 Reline Sewer Line 170 lf $56.50 $9,605 $0 $0 $0 $9,605
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 120 hr $35.00 $0 $0 $4,200 $0 $4,200
6.2 Remedial Action Closeout Report 120 hr $35.00 $0 $0 $4,200 $0 $4,200

Subtotal $289,221 $102,128 $138,987 $49,730 $580,066

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $289,221 $100,698 $144,824 $51,819 $586,562

ALTERNATIVE S-7.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-7.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), and Monitoring

Overhead on Labor Cost @ 30% $43,447 $43,447
G & A on Labor Cost @ 10% $14,482 $14,482

G & A on Material Cost @ 10% $10,070 $10,070
G & A on Equipment Cost @ 10% $5,182 $5,182

G & A on Subcontract Cost @ 10% $28,922 $28,922
Tax on Materials and Equipment Cost @ 6% $6,042 $3,109 $9,151

Total Direct Cost $318,143 $116,810 $202,754 $60,110 $697,817

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $205,449
Profit on Total Direct Cost @ 10% $69,782

Subtotal $973,048

Health & Safety Monitoring @ 3% (includes air quality monitoring) $29,191

Total Field Cost $1,002,239

Contingency on Total Field Costs @ 20% $200,448
Engineering on Total Field Cost @ 15% $150,336

TOTAL CAPITAL COST $1,353,023



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for 

Engineering Controls
$7,046 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for 

Additional LUC Areas
$18,777 Repave 5% of additional CERCLA LUC areas yearly.

Storm Sewer Cleaning 
& Inspection

$4,000 $4,000 $4,000 Annually years 1 through 5, once every 5 years to year 30.

Storm Sewer Repai $15,000 Every 5 years

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $1,568 $784 $392 4 wells,  analysis for lead and antimony

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $35,840 $23,920 $26,824 $55,960

Contingency at 10% $3,584 $2,392 $2,682 $5,596
 

TOTAL $39,424 $26,312 $29,506 $61,556
 
 

ALTERNATIVE S-7.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional Controls), and Monitoring 



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $1,353,023 $1,353,023 1.000 $1,353,023
1 $68,930 $68,930 0.978 $67,380
2 $68,930 $68,930 0.956 $65,865
3 $55,818 $55,818 0.934 $52,137
4 $55,818 $55,818 0.913 $50,965
5 $91,062 $91,062 0.893 $81,275
6 $29,506 $29,506 0.872 $25,743
7 $29,506 $29,506 0.853 $25,164
8  $29,506 $29,506 0.834 $24,598
9 $29,506 $29,506 0.815 $24,045
10 $91,062 $91,062 0.797 $72,541
11 $29,506 $29,506 0.779 $22,976
12 $29,506 $29,506 0.761 $22,460
13 $29,506 $29,506 0.744 $21,955
14 $29,506 $29,506 0.727 $21,461
15 $91,062 $91,062 0.711 $64,744
16 $29,506 $29,506 0.695 $20,507
17 $29,506 $29,506 0.679 $20,046
18 $29,506 $29,506 0.664 $19,595
19 $29,506 $29,506 0.649 $19,155
20 $91,062 $91,062 0.635 $57,786
21 $29,506 $29,506 0.620 $18,303
22 $29,506 $29,506 0.606 $17,892
23 $29,506 $29,506 0.593 $17,489
24 $29,506 $29,506 0.579 $17,096
25 $91,062 $91,062 0.566 $51,576
26 $29,506 $29,506 0.554 $16,336
27 $29,506 $29,506 0.541 $15,969
28 $29,506 $29,506 0.529 $15,610
29 $29,506 $29,506 0.517 $15,259
30 $91,062 $91,062 0.506 $46,033

TOTAL PRESENT WORTH $2,364,984

ALTERNATIVE S-7.3: Capping to Allow I/C Site Use and Prevent Leaching, LUCs (Engineering and Institutional 
Controls), and Monitoring 



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE S-7.4 IN SITU TREATMENT (STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET PMCs, LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING
1.1 Prepare LUC RD Documents 120 hr $35.00 $0 $0 $4,200 $0 $4,200
1.2 Prepare Documents & Plans including Permits 300 hr $35.00 $0 $0 $10,500 $0 $10,500
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Storage Trailer (1) 3 mo $99.00 $0 $0 $0 $297 $297
2.2 Underground Utility Clearances 1 ls $3,500.00 $3,500 $0 $0 $0 $3,500
2.3 Construction Survey 2 day $2,125.00 $4,250 $0 $0 $0 $4,250
2.4 Large Diameter Auger Mobilization/Demobilization 1 ea $100,000.00 $100,000 $0 $0 $0 $100,000
2.5 Temporary Fencing 1 ls $500.00 $0 $500 $0 $0 $500
2.6 Field Construction Mgt. (1 person) 60 day $200.00 $350.00 $0 $12,000 $21,000 $0 $33,000
2.7 Site Health & Safety and QA/QC 60 day $200.00 $325.00 $0 $12,000 $19,500 $0 $31,500
3 IN-SITU TREATMENT

3.1 Pavement Removal 2,276 sy $2.22 $1.63 $3.85 $0 $5,052 $3,709 $8,761 $17,523
3.2 Off Site Transportation & Recycling, Asphalt 569 tons $19.50 $11,086 $0 $0 $0 $11,086
3.3 Stabilization Treatability Test 1 ls $5,000.00 $5,000 $0 $0 $0 $5,000
3.4 Utility Relocation - Storm, Sanitary Sewer & Steam Lines 1 ls $100,000.00 $100,000 $0 $0 $0 $100,000
3.5 Auger - Deep Soil Cement Mixing 3,018 cy $60.00 $181,080 $0 $0 $0 $181,080
3.6 Post-Treatment Soil Testing - SPLP lead & antimony 6 ea $168.00 $10.00 $1,008 $60 $0 $0 $1,068
3.7 Off Site Transportation & Disposal, Excess Stab. Soi 810 tons $25.00 $20,250 $0 $0 $0 $20,250
4 BACKFILL AND SITE RESTORATION

4.1 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 22,441 sf $2.83 $0 $63,508 $0 $0 $63,508
5 POST CONSTRUCTION COST  

5.1 Contractor Completion Report 150 hr $35.00 $0 $0 $5,250 $0 $5,250
5.2 Remedial Action Closeout Report 150 hr $35.00 $0 $0 $5,250 $0 $5,250

Subtotal $426,174 $93,120 $69,409 $9,058 $597,761

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $426,174 $91,816 $72,325 $9,439 $599,753

Overhead on Labor Cost @ 30% $21,697 $21,697
G & A on Labor Cost @ 10% $7,232 $7,232

G & A on Material Cost @ 10% $9,182 $9,182
G & A on Equipment Cost @ 10% $944 $944

G & A on Subcontract Cost @ 10% $42,617 $42,617
Tax on Materials and Equipment Cost @6%  $5,509 $566 $6,075

Total Direct Cost $468,791 $106,507 $101,254 $10,949 $687,501

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $196,850
Profit on Total Direct Cost @ 10% $68,750

Subtotal $953,101

Health & Safety Monitoring @ 3% (includes air quality monitoring) $28,593

Total Field Cost $981,694

Contingency on Total Field Costs @ 20% $196,339
Engineering on Total Field Cost @ 15% $147,254

TOTAL CAPITAL COST $1,325,287



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for LUC 

Areas
$22,300 Repave 5% of CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
Once Every 5 Years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $1,568 $784  $392
4 wells,  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
Once Every 5 Years for Years 5 through 30.  Analysis for lead and 
antimony.

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,840 $19,920 $23,300 $36,960

Contingency at 10% $3,184 $1,992 $2,330 $3,696
 

TOTAL $35,024 $21,912 $25,630 $40,656
 
 

ALTERNATIVE S-7.4 IN SITU TREATMENT (STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE 
AND MEET PMCs, LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

PRESENT WORTH ANALYSIS
Capital Annual Total Year Annual Discount Rate Present 
Cost Cost Cost 2.3% Worth

0 $1,325,287 $1,325,287 1.000 $1,325,287
1 $60,654 $60,654 0.978 $59,291
2 $60,654 $60,654 0.956 $57,958
3 $47,542 $47,542 0.934 $44,407
4 $47,542 $47,542 0.913 $43,409
5 $66,286 $66,286 0.893 $59,162
6 $25,630 $25,630 0.872 $22,361
7 $25,630 $25,630 0.853 $21,859
8 $25,630 $25,630 0.834 $21,367
9 $25,630 $25,630 0.815 $20,887
10 $66,286 $66,286 0.797 $52,804
11 $25,630 $25,630 0.779 $19,958
12 $25,630 $25,630 0.761 $19,510
13 $25,630 $25,630 0.744 $19,071
14 $25,630 $25,630 0.727 $18,642
15 $66,286 $66,286 0.711 $47,129
16 $25,630 $25,630 0.695 $17,813
17 $25,630 $25,630 0.679 $17,413
18 $25,630 $25,630 0.664 $17,021
19 $25,630 $25,630 0.649 $16,639
20 $66,286 $66,286 0.635 $42,064
21 $25,630 $25,630 0.620 $15,899
22 $25,630 $25,630 0.606 $15,541
23 $25,630 $25,630 0.593 $15,192
24 $25,630 $25,630 0.579 $14,850
25 $66,286 $66,286 0.566 $37,543
26 $25,630 $25,630 0.554 $14,190
27 $25,630 $25,630 0.541 $13,871
28 $25,630 $25,630 0.529 $13,559
29 $25,630 $25,630 0.517 $13,254
30 $66,286 $66,286 0.506 $33,508

TOTAL PRESENT WORTH $2,151,461

Year

ALTERNATIVE S-7.4 IN SITU TREATMENT (STABILIZATION/SOLIDIFICATION) TO ALLOW I/C SITE USE AND MEET 
PMCs, LUCs (ENGINEERING AND INSTITUTIONAL CONTROLS), AND MONITORING



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
1.2 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 2 mo $375.00 $0 $0 $0 $750 $750
2.2 Field Office Support 2 mo $155.00 $0 $310 $0 $0 $310
2.3 Storage Trailer (1) 2 mo $99.00 $0 $0 $0 $198 $198
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 2 mo $150.00 $300 $0 $0 $0 $300
2.6 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.7 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.8 Equipment Mobilization/Demobilization 4 ea $85.00 $261.00 $0 $0 $340 $1,044 $1,384
2.9 Site Superintendent 44 day $355.00 $0 $0 $15,620 $0 $15,620

2.10 Site Health & Safety and QA/QC 44 day $325.00 $0 $0 $14,300 $0 $14,300
2.11 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419

3 DECONTAMINATION
3.1 Decontamination Services 2 mo $5,045.46 $0 $0 $0 $10,091 $10,091
3.2 Equipment Decon Pad 1 ls $3,500.00 $3,000.00 $425.00 $0 $3,500 $3,000 $425 $6,925
3.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
3.4 Decon Water Storage Tank, 6,000 gallon 2 mo $784.24 $0 $0 $0 $1,568 $1,568
3.5 Clean Water Storage Tank, 4,000 gallon 2 mo $705.22 $0 $0 $0 $1,410 $1,410
3.6 Disposal of Decon Waste (liquid & solid) 2 mo $950.00 $1,900 $0 $0 $0 $1,900
4 EXCAVATION AND DISPOSAL

4.1 Pavement Removal 1,450 sy $5.43 $4.00 $0 $0 $7,874 $5,800 $13,674
4.2 Excavator, 1/2 cy Capacity 1.0 mo $13,050.40 $7,087.20 $0 $0 $13,050 $7,087 $20,138
4.3 Site Labor, (1 laborer) 1.0 mo $5,561.60 $0 $0 $5,562 $0 $5,562
4.4 Tractor Loader 1 to 1-1/4 cy 1.0 mo $10,058.40 $4,383.00 $0 $0 $10,058 $4,383 $14,441
4.5 Characterization Testing - mass and TCLP lead 4 ea $168.00 $10.00 $672 $40 $0 $0 $712
4.6 Confirmation Testing - mass and SPLP Pb & Sb rapid 6 ea $434.00 $2,604 $0 $0 $0 $2,604
4.7 Off Site Transportation & Disposal, High Lead 146 tons $120.00 $17,460 $0 $0 $0 $17,460
4.8 Off Site Transportation & Disposal, High Lead & PAH 942 tons $165.00 $155,430 $0 $0 $0 $155,430
4.9 Off Site Transportation & Recycling, Asphalt 363 tons $19.50 $7,079 $0 $0 $0 $7,079
5 BACKFILL AND SITE RESTORATION

5.1 Clean Backfill 604 cy $8.00 $0 $4,832 $0 $0 $4,832
5.2 Tractor Loader 1 to 1-1/4 cy 10 days $457.20 $322.00 $0 $0 $4,572 $3,220 $7,792
5.3 Vibrating Roller, 2-Drum, 7.5 HP, 1/2 time Operator 10 days $228.60 $189.60 $0 $0 $2,286 $1,896 $4,182
5.4 Vibratory Plate, 1/2 time Operator 10 days $126.40 $32.00 $0 $0 $1,264 $320 $1,584
5.5 Separation Geotextile 1,450 sy $2.17 $0.20 $0 $3,147 $290 $0 $3,437
5.6 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 15,102 sf $2.83 $0 $42,739 $0 $0 $42,739
5.7 Clean & Inspection Lines 170 lf $15.17 $2,579 $0 $0 $0 $2,579
5.8 Reline Sewer Line 170 lf $56.50 $9,605 $0 $0 $0 $9,605
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 80 hr $35.00 $0 $0 $2,800 $0 $2,800
6.2 Remedial Action Closeout Report 80 hr $35.00 $0 $0 $2,800 $0 $2,800

Subtotal $202,578 $57,242 $91,628 $38,874 $390,323

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $202,578 $56,441 $95,477 $40,507 $395,003

ALTERNATIVE S-7.5A - Excavation to Meet I/C DEC, Off-Site Disposal,  LUCs (Engineering and Institutional Controls), and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-7.5A - Excavation to Meet I/C DEC, Off-Site Disposal,  LUCs (Engineering and Institutional Controls), and Monitoring

Overhead on Labor Cost @ 30% $28,643 $28,643
G & A on Labor Cost @ 10% $9,548 $9,548

G & A on Material Cost @ 10% $5,644 $5,644
G & A on Equipment Cost @ 10% $4,051 $4,051

G & A on Subcontract Cost @ 10% $20,258 $20,258
Tax on Materials and Equipment Cost @ 6% $3,386 $2,430 $5,817

Total Direct Cost $222,836 $65,471 $133,668 $46,988 $468,963

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $86,128
Profit on Total Direct Cost @ 10% $46,896

Subtotal $601,988

Health & Safety Monitoring @ 3% (includes air quality monitoring) $18,060

Total Field Cost $620,048

Contingency on Total Field Costs @ 20% $124,010
Engineering on Total Field Cost @ 15% $93,007

TOTAL CAPITAL COST $837,064



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for 

Engineering Controls
$7,046 Repave 10% of contaminated areas yearly.

Pavement 
Maintenance for 

Additional LUC Areas
$18,777 Repave 5% of additional CERCLA LUC areas yearly.

Storm Sewer Cleaning 
& Inspection

$4,000 $4,000 $4,000 Annually years 1 through 5, once every 5 years to year 30.

Storm Sewer Repai $15,000 Every 5 years

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $1,568 $784 $392 4 wells,  analysis for lead and antimony

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $35,840 $23,920 $26,824 $55,960

Contingency at 10% $3,584 $2,392 $2,682 $5,596
 

TOTAL $39,424 $26,312 $29,506 $61,556
 
 

ALTERNATIVE S-7.5A - Excavation to Meet I/C DEC, Off-Site Disposal,  LUCs (Engineering and Institutional Controls), and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $837,064 $837,064 1.000 $837,064
1 $68,930 $68,930 0.978 $67,380
2 $68,930 $68,930 0.956 $65,865
3 $55,818 $55,818 0.934 $52,137
4 $55,818 $55,818 0.913 $50,965
5 $91,062 $91,062 0.893 $81,275
6 $29,506 $29,506 0.872 $25,743
7 $29,506 $29,506 0.853 $25,164
8  $29,506 $29,506 0.834 $24,598
9 $29,506 $29,506 0.815 $24,045
10 $91,062 $91,062 0.797 $72,541
11 $29,506 $29,506 0.779 $22,976
12 $29,506 $29,506 0.761 $22,460
13 $29,506 $29,506 0.744 $21,955
14 $29,506 $29,506 0.727 $21,461
15 $91,062 $91,062 0.711 $64,744
16 $29,506 $29,506 0.695 $20,507
17 $29,506 $29,506 0.679 $20,046
18 $29,506 $29,506 0.664 $19,595
19 $29,506 $29,506 0.649 $19,155
20 $91,062 $91,062 0.635 $57,786
21 $29,506 $29,506 0.620 $18,303
22 $29,506 $29,506 0.606 $17,892
23 $29,506 $29,506 0.593 $17,489
24 $29,506 $29,506 0.579 $17,096
25 $91,062 $91,062 0.566 $51,576
26 $29,506 $29,506 0.554 $16,336
27 $29,506 $29,506 0.541 $15,969
28 $29,506 $29,506 0.529 $15,610
29 $29,506 $29,506 0.517 $15,259
30 $91,062 $91,062 0.506 $46,033

TOTAL PRESENT WORTH $1,849,025

ALTERNATIVE S-7.5A - Excavation to Meet I/C DEC, Off-Site Disposal,  LUCs (Engineering and Institutional 
Controls), and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 150 hr $35.00 $0 $0 $5,250 $0 $5,250
1.2 Prepare LUC RD Documents 60 hr $35.00 $0 $0 $2,100 $0 $2,100
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 4.5 mo $375.00 $0 $0 $0 $1,688 $1,688
2.2 Field Office Support 4.5 mo $155.00 $0 $698 $0 $0 $698
2.3 Storage Trailer (1) 4.5 mo $99.00 $0 $0 $0 $446 $446
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 4.5 mo $150.00 $675 $0 $0 $0 $675
2.6 Underground Utility Clearances 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.7 Construction Survey Support 6 day $975.00 $5,850 $0 $0 $0 $5,850
2.8 Equipment Mobilization/Demobilization 6 ea $85.00 $261.00 $0 $0 $510 $1,566 $2,076
2.9 Site Superintendent 99 day $355.00 $0 $0 $35,145 $0 $35,145

2.10 Site Health & Safety and QA/QC 99 day $325.00 $0 $0 $32,175 $0 $32,175
2.11 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419

3 DECONTAMINATION
3.1 Decontamination Services 4 mo $5,045.46 $0 $0 $0 $20,182 $20,182
3.2 Equipment Decon Pad 1 ls $3,500.00 $3,000.00 $425.00 $0 $3,500 $3,000 $425 $6,925
3.3 Decon Water 4,000 gal $0.20 $0 $800 $0 $0 $800
3.4 Decon Water Storage Tank, 6,000 gallon 4 mo $784.24 $0 $0 $0 $3,137 $3,137
3.5 Clean Water Storage Tank, 4,000 gallon 4 mo $705.22 $0 $0 $0 $2,821 $2,821
3.6 Disposal of Decon Waste (liquid & solid) 4 mo $950.00 $3,800 $0 $0 $0 $3,800
4 EXCAVATION AND DISPOSAL

4.1 Excavation with trench box 363 sf $3.16 $5.70 $0 $0 $1,147 $2,069 $3,216
4.2 Shore Buildings #106 & #456 Foundations 1 ls $10,500.00 $7,500.00 $12,000.00 $0 $10,500 $7,500 $12,000 $30,000
4.3 Pavement Removal 2,276 sy $5.43 $4.00 $0 $0 $12,359 $9,104 $21,463
4.4 Excavator, 1/2 cy Capacity 3.5 mo $13,050.40 $7,087.20 $0 $0 $45,676 $24,805 $70,482
4.5 Site Labor, (1 laborer) 3.5 mo $5,561.60 $0 $0 $19,466 $0 $19,466
4.6 Tractor Loader 1 to 1-1/4 cy 3.5 mo $10,058.40 $4,383.00 $0 $0 $35,204 $15,341 $50,545
4.7 Characterization Testing  -mass and TCLP lead 4 ea $168.00 $10.00 $672 $40 $0 $0 $712
4.8 Confirmation Testing  - mass and SPLP Pb & Sb rapid 6 ea $434.00 $2,604 $0 $0 $0 $2,604
4.9 Off Site Transportation & Disposal, High Lead 455 tons $120.00 $54,540 $0 $0 $0 $54,540

4.10 Off Site Transportation & Disposal, High PAH 491 tons $100.00 $49,050 $0 $0 $0 $49,050
4.11 Off Site Transportation & Disposal, High Lead & PAH 3,072 tons $165.00 $506,880 $0 $0 $0 $506,880
4.12 Off Site Transportation & Disposal, No Treatment 54 tons $40.00 $2,160 $0 $0 $0 $2,160
4.13 Off Site Transportation & Recycling, Asphalt 569 tons $19.50 $11,086 $0 $0 $0 $11,086

5 BACKFILL AND SITE RESTORATION
5.1 Clean Backfill 2,471 cy $8.00 $0 $19,768 $0 $0 $19,768
5.2 Tractor Loader 1 to 1-1/4 cy 25 days $457.20 $322.00 $0 $0 $11,430 $8,050 $19,480
5.3 Vibrating Roller, 2-Drum, 7.5 HP, 1/2 time Operator 25 days $228.60 $189.60 $0 $0 $5,715 $4,740 $10,455
5.4 Vibratory Plate, 1/2 time Operator 25 days $126.40 $32.00 $0 $0 $3,160 $800 $3,960
5.5 Separation Geotextile 2,493 sy $2.17 $0.20 $0 $5,410 $499 $0 $5,908
5.6 Asphalt, 6" Base Stone, 2" Binder, 1" Topping 22,441 sf $2.83 $0 $63,508 $0 $0 $63,508
6 POST CONSTRUCTION COST  

6.1 Contractor Completion Report 240 hr $35.00 $0 $0 $8,400 $0 $8,400
6.2 Remedial Action Closeout Report 240 hr $35.00 $0 $0 $8,400 $0 $8,400

Subtotal $640,317 $106,498 $237,598 $107,854 $1,092,267

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

ALTERNATIVE S-7.5B - Excavation to Meet I/C DEC and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-7.5B - Excavation to Meet I/C DEC and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring

Subtotal $640,317 $105,007 $247,577 $112,384 $1,105,285

Overhead on Labor Cost @ 30% $74,273 $74,273
G & A on Labor Cost @ 10% $24,758 $24,758

G & A on Material Cost @ 10% $10,501 $10,501
G & A on Equipment Cost @ 10% $11,238 $11,238

G & A on Subcontract Cost @ 10% $64,032 $64,032
Tax on Materials and Equipment Cost @ 6% $6,300 $6,743 $13,043

Total Direct Cost $704,348 $121,809 $346,608 $130,365 $1,303,130

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $202,684
Profit on Total Direct Cost @ 10% $130,313

Subtotal $1,636,128

Health & Safety Monitoring @ 3% (includes air quality monitoring) $49,084

Total Field Cost $1,685,211

Contingency on Total Field Costs @ 20% $337,042
Engineering on Total Field Cost @ 15% $252,782

TOTAL CAPITAL COST $2,275,035



ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 & 4 Annually Every 5 Years

Pavement 
Maintenance for LUC 

Areas
$22,300 Repave 5% of CERCLA LUC areas yearly.

Groundwater Sampling $22,272 $11,136  $5,568
4 Wells.  Sample Quarterly Years 1 & 2, Semi-Annually Years 3 & 4, 
and every 5 years for Years 5 through 30. Labor and supplies for 
sampling 

Groundwater Analysis $1,568 $784 $392 4 wells,  analysis for lead and antimony

Groundwater Repor $8,000 $8,000 $8,000

Inspection $1,000 Annual LUC inspection 

Site Review $23,000 5-year review

Subtotal $31,840 $19,920 $23,300 $36,960

Contingency at 10% $3,184 $1,992 $2,330 $3,696
 

TOTAL $35,024 $21,912 $25,630 $40,656
 
 

ALTERNATIVE S-7.5B - Excavation to Meet I/C DEC and PMCs, Off-Site Disposal, LUCs (Engineering and Institutional Controls) and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $2,275,035 $2,275,035 1.000 $2,275,035
1 $60,654 $60,654 0.978 $59,291
2 $60,654 $60,654 0.956 $57,958
3 $47,542 $47,542 0.934 $44,407
4 $47,542 $47,542 0.913 $43,409
5 $66,286 $66,286 0.893 $59,162
6 $25,630 $25,630 0.872 $22,361
7 $25,630 $25,630 0.853 $21,859
8  $25,630 $25,630 0.834 $21,367
9 $25,630 $25,630 0.815 $20,887
10 $66,286 $66,286 0.797 $52,804
11 $25,630 $25,630 0.779 $19,958
12 $25,630 $25,630 0.761 $19,510
13 $25,630 $25,630 0.744 $19,071
14 $25,630 $25,630 0.727 $18,642
15 $66,286 $66,286 0.711 $47,129
16 $25,630 $25,630 0.695 $17,813
17 $25,630 $25,630 0.679 $17,413
18 $25,630 $25,630 0.664 $17,021
19 $25,630 $25,630 0.649 $16,639
20 $66,286 $66,286 0.635 $42,064
21 $25,630 $25,630 0.620 $15,899
22 $25,630 $25,630 0.606 $15,541
23 $25,630 $25,630 0.593 $15,192
24 $25,630 $25,630 0.579 $14,850
25 $66,286 $66,286 0.566 $37,543
26 $25,630 $25,630 0.554 $14,190
27 $25,630 $25,630 0.541 $13,871
28 $25,630 $25,630 0.529 $13,559
29 $25,630 $25,630 0.517 $13,254
30 $66,286 $66,286 0.506 $33,508

TOTAL PRESENT WORTH $3,101,210

ALTERNATIVE S-7.5B - Excavation to Meet I/C DEC and PMCs, Off-Site Disposal, LUCs (Engineering and 
Institutional Controls) and Monitoring



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare Documents & Plans including Permits 200 hr $35.00 $0 $0 $7,000 $0 $7,000
2 MOBILIZATION, DEMOBILIZATION AND FIELD SUPPORT

2.1 Office Trailer 10 mo $375.00 $0 $0 $0 $3,750 $3,750
2.2 Field Office Support 10 mo $155.00 $0 $1,550 $0 $0 $1,550
2.3 Storage Trailer (1) 10 mo $99.00 $0 $0 $0 $990 $990
2.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500
2.5 Site Utilities 10 mo $150.00 $1,500 $0 $0 $0 $1,500
2.6 Construction Survey Support 2 day $975.00 $1,950 $0 $0 $0 $1,950
2.7 Equipment Mobilization/Demobilization 8 ea $85.00 $261.00 $0 $0 $680 $2,088 $2,768
2.8 Site Superintendent 220 day $355.00 $0 $0 $78,100 $0 $78,100
2.9 Site Health & Safety and QA/QC 220 day $325.00 $0 $0 $71,500 $0 $71,500

2.10 Materials Storage Pad, 25' X 25' 625 sf $3.64 $0.74 $1.09 $0 $2,275 $463 $681 $3,419
2.11 Dewatering Pad, 40' X 40' , five 8,000 sf $5.62 $0.85 $1.24 $0 $44,960 $6,800 $9,920 $61,680
2.12 Maintain Dewatering Pad, Replace Top 27x 43,200 sf $0.32 $0.11 $0.13 $0 $13,824 $4,752 $5,616 $24,192

3 DECONTAMINATION
3.1 Decontamination Services 10 mo $5,045.46 $0 $0 $0 $50,455 $50,455
3.2 Equipment Decon Pad 1 ls $1,750.00 $1,500.00 $425.00 $0 $1,750 $1,500 $425 $3,675
3.3 Decon Water 10,000 gal $0.20 $0 $2,000 $0 $0 $2,000
3.4 Decon Water Storage Tank, 6,000 gallon 10 mo $784.24 $0 $0 $0 $7,842 $7,842
3.5 Clean Water Storage Tank, 4,000 gallon 10 mo $705.22 $0 $0 $0 $7,052 $7,052
3.6 Disposal of Decon Waste (liquid & solid) 10 mo $950.00 $9,500 $0 $0 $0 $9,500
4 SHEET PILING, EXCAVATION, DEWATERING, AND DISPOSAL

4.1 Pavement Removal 20,111 sy $2.22 $1.63 $3.85 $0 $44,647 $32,781 $77,428 $154,856
4.2 Excavator, 2 CY Capacity 10 mo $12,064.80 $17,678.20 $0 $0 $120,648 $176,782 $297,430
4.3 Site Labor, (3 laborers) 10 mo $16,684.80 $0 $0 $166,848 $0 $166,848
4.4 Sheet Piles, 1500' x 8', tiebacks, drive, extract & salvage 12,000 sf $8.48 $6.96 $9.15 $0 $101,700 $83,520 $109,800 $295,020
4.5 FE Loader 3 1/2 to 5 cy, two 20 mo $9,288.40 $13,544.60 $0 $0 $185,768 $270,892 $456,660
4.6 Crane, 25 Ton  with Clamshell Bucket, 1 CY 6 mo $12,262.80 $4,490.91 $0 $0 $73,577 $26,945 $100,522
4.7 Characterization Soil Testing - Lead, TCLP, PAH 62 ea $378.00 $10.00 $23,436 $620 $0 $0 $24,056
4.8 Confirmation Testing  - SPLP, Lead, PAH, rapid 60 ea $756.00 $45,360 $0 $0 $0 $45,360
4.9 Off Site Transportation & Disposal, Non-Haz Soi 9,761 tons $40.00 $390,420 $0 $0 $0 $390,420

4.10 Off Site Transportation & Disposal, High Lead Soi 29,166 tons $120.00 $3,499,920 $0 $0 $0 $3,499,920
4.11 Off Site Transportation & Disposal, High PAH Soi 45,045 tons $100.00 $4,504,500 $0 $0 $0 $4,504,500
4.12 Off Site Transportation & Recycling, Asphalt 5,028 tons $19.50 $98,046 $0 $0 $0 $98,046
4.13 Centrifugal 15 gpm 1 HP Pump, 5 for 6 mo 30 mo $2,211 $636 $0 $66,344 $19,071 $0 $85,415
4.14 5,000 lb Liquid-Phase  GAC Adsorption Units 10 ea $24,600.00 $0 $246,000 $0 $0 $246,000
4.15 Replace GAC 225,000 lb $2.00 $0 $450,000 $0 $0 $450,000
4.16 Bag Filter System 5 ea $14,000.00 $225.00 $0 $70,000 $1,125 $0 $71,125
4.17 Replace  Filter Bags 760 ea $60.00 $0 $45,600 $0 $0 $45,600
4.18 Diaphragm Pump,  from Treatment to Sewer, 3 for 5 mo 15 mo $542.48 $0 $0 $0 $8,137 $8,137
4.19 Piping , 2" PVC,  from Treatment to Storm Sewe 1,000 ft $0.51 $0.72 $0 $510 $720 $0 $1,230

5 BACKFILL AND SITE RESTORATION
5.1 Clean Backfill 55,981 cy $8.00 $0 $447,848 $0 $0 $447,848
5.2 FE Loader 3 1/2 to 5 cy 9 mo $9,288.40 $13,544.60 $0 $0 $83,596 $121,901 $205,497
5.3 Vibrating Roller, 2-Drum, 7.5 HP 9 mo $10,058.40 $2,494.40 $0 $0 $90,526 $22,450 $112,975
5.4 Vibratory Plate for use around Utilities 9 mo $297.00 $0 $0 $0 $2,673 $2,673
5.5 Top Dress Soil 3,352 cy $31.50 $105,588 $0 $0 $0 $105,588
5.6 Site Restoration, seed, fertilization, mulch 181.0 msf $75.00 $13,575 $0 $0 $0 $13,575
6 POST CONSTRUCTION COST  

ALTERNATIVE S-7.6 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSAL



 ZONE 7, LOWER SUBASE
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE S-7.6 EXCAVATION TO MEET RESIDENTIAL DECs AND PMCs, ON-SITE DEWATERING, AND OFF-SITE DISPOSAL

6.1 Contractor Completion Report 240 hr $35.00 $0 $0 $8,400 $0 $8,400
6.2 Remedial Action Closeout Report 240 hr $35.00 $0 $0 $8,400 $0 $8,400

Subtotal $8,695,295 $1,539,627 $1,045,774 $905,828 $12,186,524

Local Area Adjustments 100.0% 98.6% 104.2% 104.2%

Subtotal $8,695,295 $1,518,072 $1,089,696 $943,873 $12,246,936

Overhead on Labor Cost @ 30% $326,909 $326,909
G & A on Labor Cost @ 10% $108,970 $108,970

G & A on Material Cost @ 10% $151,807 $151,807
G & A on Equipment Cost @ 10% $94,387 $94,387

G & A on Subcontract Cost @ 10% $869,530 $869,530
Tax on Materials and Equipment Cost @ 6% $91,084 $56,632 $147,717

Total Direct Cost $9,564,825 $1,760,964 $1,525,575 $1,094,892 $13,946,256

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $1,633,161
Profit on Total Direct Cost @ 10% $1,394,626

Subtotal $16,974,042

Health & Safety Monitoring @ 2% (includes air quality monitoring) $339,481

Total Field Cost $17,313,523

Contingency on Total Field Costs @ 20% $3,462,705
Engineering on Total Field Cost @ 10% $1,731,352

TOTAL CAPITAL COST $22,507,580



APPENDIX K.2 
 

SEDIMENT ALTERNATIVE COST ESTIMATES 
  



9/6/2011 4:40 PMNAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE SD-1.1: NO ACTION
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $23,000

Subtotal $23,000

Contingency @ 10% $2,300

TOTAL $25,300

Alt SD-1 rev 2-7-11 tjr Page 1 of 2



9/6/2011 4:40 PMNAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT
ALTERNATIVE SD-1.1: NO ACTION
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 $25,300 $25,300 0.893 $22,581
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 $25,300 $25,300 0.797 $20,154
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 $25,300 $25,300 0.711 $17,988
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 $25,300 $25,300 0.635 $16,055
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 $25,300 $25,300 0.566 $14,329
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 $25,300 $25,300 0.506 $12,789

TOTAL PRESENT WORTH $103,897

Alt SD-1 rev 2-7-11 tjr Page 2 of 2



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $37.00 $0 $0 $2,220 $0 $2,220
1.2 Prepare Documents & Plans including Permits 400 hr $37.00 $0 $0 $14,800 $0 $14,800
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Barge Mobilization 3 ea $2,500.00 $0 $0 $0 $7,500 $7,500
2.3 Equipment Mobilization/Demobilization 4 ea $170.00 $522.00 $0 $0 $680 $2,088 $2,768
2.4 Long-Reach Equipment Mobilization/Demobilization 1 ea $300.00 $975.00 $0 $0 $300 $975 $1,275
2.5 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3 FIELD SUPPORT

3.1 Office Trailer 1 mo $375.00 $0 $0 $0 $375 $375
3.2 Field Office Equipment, Utilities, & Support 1 mo $470.00 $0 $470 $0 $0 $470
3.3 Storage Trailer 1 mo $99.00 $0 $0 $0 $99 $99
3.4 Site Superintendent 30 day $169.00 $384.64 $0 $5,070 $11,539 $0 $16,609
3.5 Site Health & Safety 20 day $169.00 $307.68 $0 $3,380 $6,154 $0 $9,534
3.6 Site QA/QC 20 day $169.00 $307.68 $0 $3,380 $6,154 $0 $9,534
3.7 Bathymetric Survey ( pre-removal) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
4 DREDGING, AND DEWATERING

4.1 Excavator on Barge, long-reach, 1 each 12 day $466.96 $4,437.40 $0 $0 $5,604 $53,249 $58,852
4.2 Spoil Barge, 90' by 30', 3 each 36 day $748.40 $0 $0 $0 $26,942 $26,942
4.3 Tugboats, 3 each 36 day $340.48 $663.40 $0 $0 $12,257 $23,882 $36,140
4.4 Barge Barriers, fabric, membrane, etc 3 ea $4,875.00 $0 $14,625 $0 $0 $14,625
4.5 Trash Pumps, 3 each 36 day $117.00 $0 $0 $0 $4,212 $4,212
4.6 Barge Geotextile Filter Membrane Replacemen 3 ea $1,000.00 $0 $3,000 $0 $0 $3,000
4.7 Turbidity Curtain 600 ft $39.90 $0 $23,940 $0 $0 $23,940
4.8 Turbidity Monitoring Buoy, 2 each 4 mo $4,080.00 $0 $0 $0 $16,320 $16,320
4.9 Dewatering Effluent Tank, 5,000 gal, 3 each 3 mo $781.00 $0 $0 $0 $2,343 $2,343

4.10 Transfer Pump 12 day $66.40 $0 $0 $0 $797 $797
4.11 Dredgeman/Laborers, 6 each 72 day $309.86 $0 $0 $22,310 $0 $22,310
4.12 Fly Ash 126 tons $40.00 $0 $5,040 $0 $0 $5,040
4.13 Front-End Loader 12 day $430.24 $854.40 $0 $0 $5,163 $10,253 $15,416
4.14 Excavator 12 day $466.96 $2,635.00 $0 $0 $5,604 $31,620 $37,224
4.15 Sampling Dewatered Sediment 7 ea $2,000.00 $50.00 $100.00 $50.00 $14,000 $350 $700 $350 $15,400
4.16 Sampling Dewatered Fluid 6 ea $740.00 $50.00 $100.00 $50.00 $4,440 $300 $600 $300 $5,640

5 CAPPING AND SITE RESTORATION
5.1 Sand/Gravel Cap - 3 ft thick 3,660 cy $21.60 $0 $79,056 $0 $0 $79,056
5.2 Load Barges with 3 CY Excavator 3,660 cy $2.51 $9,187 $0 $0 $0 $9,187
5.3 Barge, 800 T, One for 2 Weeks for Sand/Grave 2 wk $2,256.00 $0 $0 $0 $4,512 $4,512
5.4 Barge-Mounted Clamshell to Unload Sand/Gravel 12 days $4,020.25 $48,243 $0 $0 $0 $48,243
5.5 Bathymetric Survey ( post-removal) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
6 ON-SITE TREATMENT OF DEWATERING FLUID

6.1 2,500 lb Liquid-Phase GAC Adsorption Units, 2 unit 2 mo $8,000.00 $150.00 $16,000 $300 $0 $16,300
6.2 26 sf Pressurized Bag Filters, 2 unit 2 mo $455.00 $100.00 $910 $200 $0 $1,110
6.3 Piping , 1" PE,  for Treatment System 300 ft $89.00 $1.21 $0 $26,700 $363 $0 $27,063
6.4 Replace Filter Bag Element 18 ea $5.00 $90 $0 $0 $90
6.5 Replace GAC Adsorption Unit 5,000 lb $3.00 $15,000 $0 $0 $15,000
6.6 Dredgeman/Laborers, 1 each, 3 shifts/day 21 day $309.86 $0 $0 $6,507 $0 $6,507
6.7 Sampling Influent & Effluent 14 ea $940.00 $50.00 $100.00 $100.00 $13,160 $700 $1,400 $1,400 $16,660

ALTERNATIVE SD-3: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, ON-SITE TREATMENT & DISCHARGE OF DEWATERING FLUID, OFF-SITE DISPOSAL OF SEDIMENT , LUCs, and 
MONITORING

Alt SD-3 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE SD-3: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, ON-SITE TREATMENT & DISCHARGE OF DEWATERING FLUID, OFF-SITE DISPOSAL OF SEDIMENT , LUCs, and 
MONITORING

7 OFF-SITE TRANSPORTATION AND DISPOSAL
7.1 Sediment Disposal, non-hazardous 1,710 tons $40.00 $68,400 $0 $0 $0 $68,400
8 POST CONSTRUCTION COST  

8.1 Contractor Completion Report 80 hr $37.00 $0 $0 $2,960 $0 $2,960
8.2 Remedial Action Closeout Report 140 hr $37.00 $0 $0 $5,180 $0 $5,180

Subtotal $168,680 $199,011 $110,994 $190,717 $669,401

Overhead on Labor Cost @ 30% $33,298 $33,298
G & A on Labor Cost @ 10% $11,099 $11,099

G & A on Material Cost @ 10% $19,901 $19,901
G & A on Equipment Cost @ 10% $19,072 $19,072

G & A on Subcontract Cost @ 10% $16,868 $16,868
Tax on Materials and Equipment Cost @ 6% $11,941 $11,443 $23,384

Total Direct Cost $185,548 $230,853 $155,391 $221,232 $793,023

* Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $217,387
Profit on Total Direct Cost @ 10% $79,302

Total Field Cost $1,089,713

Contingency on Total Field Costs @ 20% $217,943
Engineering on Total Field Cost @ 7% $76,280

TOTAL CAPITAL COST $1,383,935

Alt SD-3 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 through 30 Every 5 Years

Cap/Cover 
Maintenance

$101,700 Maintain cap/cover. Assume repair 10% of area every 5 years.

Sediment and River 
Water Sampling 

$20,204 $10,102 Sediment and water at six locations on and around the cap.  Sample 
semi-annually the first 2 years and annually thereafter.

Sediment Analysis $5,208 $2,604 Analyze sediments for PAHs, PCBs, and metals.

Water Analysis $5,208 $2,604 Analyze water for PAHs, PCBs, and metals.

Annual Report $5,000 $5,000  

Inspection $1,000 $1,000 Annual LUC inspection (assume 8 hours at $50/hr plus expenses)

Site Review $23,000 5-year review

Subtotal $36,620 $21,310 $124,700

Contingency at 10% $3,662 $2,131 $12,470
 

TOTAL $40,282 $23,441 $137,170
 

Bathymetric Survey $5,000 Conduct survey in years 1, 3, 5, 10, 15, 20, 25, & 30.

ALTERNATIVE SD-3: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, ON-SITE TREATMENT & DISCHARGE OF DEWATERING FLUID, 
OFF-SITE DISPOSAL OF SEDIMENT , LUCs, and MONITORING

Alt SD-3 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $1,383,935 $1,383,935 1.000 $1,383,935
1 $45,282 $45,282 0.978 $44,264
2 $40,282 $40,282 0.956 $38,491
3 $28,441 $28,441 0.934 $26,565
4 $23,441 $23,441 0.913 $21,403
5 $165,611 $165,611 0.893 $147,812
6 $23,441 $23,441 0.872 $20,451
7 $23,441 $23,441 0.853 $19,992
8 $23,441 $23,441 0.834 $19,542
9 $23,441 $23,441 0.815 $19,103
10 $165,611 $165,611 0.797 $131,927
11 $23,441 $23,441 0.779 $18,253
12 $23,441 $23,441 0.761 $17,843
13 $23,441 $23,441 0.744 $17,442
14 $23,441 $23,441 0.727 $17,050
15 $165,611 $165,611 0.711 $117,748
16 $23,441 $23,441 0.695 $16,292
17 $23,441 $23,441 0.679 $15,925
18 $23,441 $23,441 0.664 $15,567
19 $23,441 $23,441 0.649 $15,217
20 $165,611 $165,611 0.635 $105,094
21 $23,441 $23,441 0.620 $14,541
22 $23,441 $23,441 0.606 $14,214
23 $23,441 $23,441 0.593 $13,894
24 $23,441 $23,441 0.579 $13,582
25 $165,611 $165,611 0.566 $93,799
26 $23,441 $23,441 0.554 $12,978
27 $23,441 $23,441 0.541 $12,686
28 $23,441 $23,441 0.529 $12,401
29 $23,441 $23,441 0.517 $12,122
30 $165,611 $165,611 0.506 $83,718

TOTAL PRESENT WORTH $2,513,853

ALTERNATIVE SD-3: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, ON-SITE TREATMENT & 
DISCHARGE OF DEWATERING FLUID, OFF-SITE DISPOSAL OF SEDIMENT , LUCs, and MONITORING

Alt SD-3 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $37.00 $0 $0 $2,220 $0 $2,220
1.2 Prepare Documents & Plans including Permits 400 hr $37.00 $0 $0 $14,800 $0 $14,800
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Barge Mobilization 3 ea $2,500.00 $0 $0 $0 $7,500 $7,500
2.3 Equipment Mobilization/Demobilization 4 ea $170.00 $522.00 $0 $0 $680 $2,088 $2,768
2.4 Long-Reach Equipment Mobilization/Demobilization 1 ea $300.00 $975.00 $0 $0 $300 $975 $1,275
2.5 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3 FIELD SUPPORT

3.1 Office Trailer 1 mo $375.00 $0 $0 $0 $375 $375
3.2 Field Office Equipment, Utilities, & Support 1 mo $470.00 $0 $470 $0 $0 $470
3.3 Storage Trailer 1 mo $99.00 $0 $0 $0 $99 $99
3.4 Site Superintendent 30 day $169.00 $384.64 $0 $5,070 $11,539 $0 $16,609
3.5 Site Health & Safety 20 day $169.00 $307.68 $0 $3,380 $6,154 $0 $9,534
3.6 Site QA/QC 20 day $169.00 $307.68 $0 $3,380 $6,154 $0 $9,534
3.7 Bathymetric Survey ( pre-removal) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
4 DREDGING, AND DEWATERING

4.1 Excavator on Barge, long-reach, 2 each 12 day $466.96 $4,437.40 $0 $0 $5,604 $53,249 $58,852
4.2 Spoil Barge, 90' by 30', 3 each 36 day $748.40 $0 $0 $0 $26,942 $26,942
4.3 Tugboats, 3 each 36 day $340.48 $663.40 $0 $0 $12,257 $23,882 $36,140
4.4 Barge Barriers, fabric, membrane, etc 3 ea $4,875.00 $0 $14,625 $0 $0 $14,625
4.5 Trash Pumps, 3 each 36 day $117.00 $0 $0 $0 $4,212 $4,212
4.6 Barge Geotextile Filter Membrane Replacemen 3 ea $1,000.00 $0 $3,000 $0 $0 $3,000
4.7 Turbidity Curtain 600 ft $39.90 $0 $23,940 $0 $0 $23,940
4.8 Turbidity Monitoring Buoy, 2 each 4 mo $4,080.00 $0 $0 $0 $16,320 $16,320
4.9 Dewatering Effluent Tank, 5,000 gal, 3 each 3 mo $781.00 $0 $0 $0 $2,343 $2,343

4.10 Transfer Pump 12 day $66.40 $0 $0 $0 $797 $797
4.11 Dredgeman/Laborers, 6 each 72 day $309.86 $0 $0 $22,310 $0 $22,310
4.12 Fly Ash 126 tons $40.00 $0 $5,040 $0 $0 $5,040
4.13 Front-End Loader 12 day $430.24 $854.40 $0 $0 $5,163 $10,253 $15,416
4.14 Excavator 12 day $466.96 $2,635.00 $0 $0 $5,604 $31,620 $37,224
4.15 Sampling Dewatered Sediment 7 ea $2,000.00 $50.00 $100.00 $50.00 $14,000 $350 $700 $350 $15,400
4.16 Sampling Dewatered Fluid 6 ea $740.00 $50.00 $100.00 $50.00 $4,440 $300 $600 $300 $5,640

5 CAPPING AND SITE RESTORATION
5.1 Sand/Gravel Cap - 3 ft thick 3,660 cy $21.60 $0 $79,056 $0 $0 $79,056
5.2 Load Barges with 3 CY Excavator 3,660 cy $2.51 $9,187 $0 $0 $0 $9,187
5.3 Barge, 800 T, One for 2 Weeks for Sand/Grave 2 wk $2,256.00 $0 $0 $0 $4,512 $4,512
5.4 Barge-Mounted Clamshell to Unload Sand/Gravel 12 days $4,020.25 $48,243 $0 $0 $0 $48,243
5.5 Bathymetric Survey ( post-removal) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
6 OFF-SITE TRANSPORTATION AND DISPOSAL

6.1 Sediment Disposal, non-hazardous 1,710 tons $40.00 $68,400 $0 $0 $0 $68,400
6.2 Disposal of Dewatering Liquids 26,866 gal $0.15 $4,030 $0 $0 $0 $4,030
6.3 Transporation of Dewatering Liquids ($500/5,000 gal) 6 trip $500.00 $3,000 $0 $0 $0 $3,000
7 POST CONSTRUCTION COST  

7.1 Contractor Completion Report 80 hr $37.00 $0 $0 $2,960 $0 $2,960
7.2 Remedial Action Closeout Report 140 hr $37.00 $0 $0 $5,180 $0 $5,180

Subtotal $162,550 $139,611 $102,224 $189,317 $593,701

ALTERNATIVE SD-4: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, OFF-SITE DISPOSAL OF SEDIMENT &  DEWATERING FLUID, LUCs, and MONITORING

Alt SD-4 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE SD-4: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, OFF-SITE DISPOSAL OF SEDIMENT &  DEWATERING FLUID, LUCs, and MONITORING

Overhead on Labor Cost @ 30% $30,667 $30,667
G & A on Labor Cost @ 10% $10,222 $10,222

G & A on Material Cost @ 10% $13,961 $13,961
G & A on Equipment Cost @ 10% $18,932 $18,932

G & A on Subcontract Cost @ 10% $16,255 $16,255
Tax on Materials and Equipment Cost @ 6% $8,377 $11,359 $19,736

Total Direct Cost $178,804 $161,949 $143,113 $219,608 $703,474

* Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $188,413
Profit on Total Direct Cost @ 10% $70,347

Total Field Cost $962,235

Contingency on Total Field Costs @ 20% $192,447
Engineering on Total Field Cost @ 7% $67,356

TOTAL CAPITAL COST $1,222,038

Alt SD-4 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3 through 30 Every 5 Years

Cap/Cover 
Maintenance

$101,700 Maintain cap/cover. Assume repair 10% of area every 5 years.

Sediment and River 
Water Sampling 

$20,204 $10,102 Sediment and water at six locations on and around the cap.  Sample 
semi-annually the first 2 years and annually thereafter.

Sediment Analysis $5,208 $2,604 Analyze sediments for PAHs, PCBs, and metals.

Water Analysis $5,208 $2,604 Analyze water for PAHs, PCBs, and metals.

Annual Report $5,000 $5,000  

Inspection $1,000 $1,000 Annual LUC inspection (assume 8 hours at $50/hr plus expenses)

Site Review $23,000 5-year review

Subtotal $36,620 $21,310 $124,700

Contingency at 10% $3,662 $2,131 $12,470
 

TOTAL $40,282 $23,441 $137,170
 

Bathymetric Survey $5,000 Conduct survey in years 1, 3, 5, 10, 15, 20, 25, & 30.

ALTERNATIVE SD-4: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, OFF-SITE DISPOSAL OF SEDIMENT &  DEWATERING FLUID, 
LUCs, and MONITORING

Alt SD-4 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $1,222,038 $1,222,038 1.000 $1,222,038
1 $45,282 $45,282 0.978 $44,264
2 $40,282 $40,282 0.956 $38,491
3 $28,441 $28,441 0.934 $26,565
4 $23,441 $23,441 0.913 $21,403
5 $165,611 $165,611 0.893 $147,812
6 $23,441 $23,441 0.872 $20,451
7 $23,441 $23,441 0.853 $19,992
8 $23,441 $23,441 0.834 $19,542
9 $23,441 $23,441 0.815 $19,103
10 $165,611 $165,611 0.797 $131,927
11 $23,441 $23,441 0.779 $18,253
12 $23,441 $23,441 0.761 $17,843
13 $23,441 $23,441 0.744 $17,442
14 $23,441 $23,441 0.727 $17,050
15 $165,611 $165,611 0.711 $117,748
16 $23,441 $23,441 0.695 $16,292
17 $23,441 $23,441 0.679 $15,925
18 $23,441 $23,441 0.664 $15,567
19 $23,441 $23,441 0.649 $15,217
20 $165,611 $165,611 0.635 $105,094
21 $23,441 $23,441 0.620 $14,541
22 $23,441 $23,441 0.606 $14,214
23 $23,441 $23,441 0.593 $13,894
24 $23,441 $23,441 0.579 $13,582
25 $165,611 $165,611 0.566 $93,799
26 $23,441 $23,441 0.554 $12,978
27 $23,441 $23,441 0.541 $12,686
28 $23,441 $23,441 0.529 $12,401
29 $23,441 $23,441 0.517 $12,122
30 $165,611 $165,611 0.506 $83,718

TOTAL PRESENT WORTH $2,351,956

ALTERNATIVE SD-4: CAPPING WITH PRE-DREDGING TO MEET RAOs, DEWATERING, OFF-SITE DISPOSAL OF 
SEDIMENT &  DEWATERING FLUID, LUCs, and MONITORING

Alt SD-4 rev 8-31-11 tjr.xlsx



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $37.00 $0 $0 $2,220 $0 $2,220
1.2 Prepare Documents & Plans including Permits 400 hr $37.00 $0 $0 $14,800 $0 $14,800
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Barge Mobilization 6 ea  $2,500.00 $0 $0 $0 $15,000 $15,000
2.3 Equipment Mobilization/Demobilization 8 ea $170.00 $522.00 $0 $0 $1,360 $4,176 $5,536
2.4 Long-Reach Equipment Mobilization/Demobilization 2 ea $300.00 $975.00 $0 $0 $600 $1,950 $2,550
2.5 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3 FIELD SUPPORT

3.1 Office Trailer 3 mo $375.00 $0 $0 $0 $1,125 $1,125
3.2 Field Office Equipment, Utilities, & Support 3 mo $470.00 $0 $1,410 $0 $0 $1,410
3.3 Storage Trailer 3 mo $99.00 $0 $0 $0 $297 $297
3.4 Site Superintendent 70 day $169.00 $384.64  $0 $11,830 $26,925 $0 $38,755
3.5 Site Health & Safety 60 day $169.00 $307.68 $0 $10,140 $18,461 $0 $28,601
3.6 Site QA/QC 60 day $169.00 $307.68 $0 $10,140 $18,461 $0 $28,601
3.7 Bathymetric Survey (pre-removal) 1 ea $7,500.00 $7,500 $0 $0 $0 $7,500
4 DREDGING, AND DEWATERING     

4.1 Excavator on Barge, long-reach (2 each) 116 day $466.96 $4,437.40 $0 $0 $54,167 $514,738 $568,906
4.2 Spoil Barge, 90' by 30', 6 each 348 day  $748.40 $0 $0 $0 $260,443 $260,443
4.3 Tugboats, 6 each 348 day  $340.48 $663.40 $0 $0 $118,487 $230,863 $349,350
4.4 Barge Barriers, fabric, membrane, etc. 6 ea $4,875.00 $0 $29,250 $0 $0 $29,250
4.5 Trash Pumps, 3 each 348 day $117.00 $0 $0 $0 $40,716 $40,716
4.6 Barge Geotextile Filter Membrane Replacement 36 ea $1,000.00 $0 $36,000 $0 $0 $36,000
4.7 Turbidity Curtain 1,600 ft  $39.90 $0 $63,840 $0 $0 $63,840
4.8 Turbidity Monitoring Buoy (4 each) 12 mo  $4,080.00 $0 $0 $0 $48,960 $48,960
4.9 Dewatering Effluent Tank, 5,000 gal, 6 each 36 mo $781.00 $0 $0 $0 $28,116 $28,116

4.10 Transfer Pump 58 day $66.40 $0 $0 $0 $3,851 $3,851
4.11 Dredgeman/Laborers, 6 each 346 day $309.86 $0 $0 $107,212 $0 $107,212
4.12 Fly Ash 2,205 tons $40.00 $0 $88,200 $0 $0 $88,200
4.13 Front-End Loader 58 day $430.24 $854.40 $0 $0 $24,954 $49,555 $74,509
4.14 Excavator 58 day $466.96 $2,635.00 $0 $0 $27,084 $152,830 $179,914
4.15 Sampling Sediment Verification 27 ea $900.00 $50.00 $100.00 $50.00 $24,300 $1,350 $2,700 $1,350 $29,700
4.16 Sampling Dewatered Sediment 116 ea $2,000.00 $50.00 $100.00 $50.00 $232,000 $5,800 $11,600 $5,800 $255,200
4.17 Sampling Dewatered Fluid 94 ea $740.00 $50.00 $100.00 $50.00 $69,560 $4,700 $9,400 $4,700 $88,360

5 BACKFILL AND SITE RESTORATION     
5.1 Sand/Gravel Cap - 6 ft thick 10,246 cy  $21.60   $0 $221,314 $0 $0 $221,314
5.2 Load Barges with 3 CY Excavator 10,246 cy $2.51    $25,717 $0 $0 $0 $25,717
5.3 Barge, 800 T, One for 3 Weeks for Sand/Gravel 4 wk  $2,256.00 $0 $0 $0 $9,024 $9,024
5.4 Barge-Mounted Clamshell to Unload Sand/Gravel 20 days $4,020.25   $80,405 $0 $0 $0 $80,405
5.5 Bathymetric Survey (post-removal) 1 ea $7,500.00 $7,500 $0 $0 $0 $7,500
6 ON-SITE TREATMENT OF DEWATERING FLUID     

6.1 5,000 lb Liquid-Phase GAC Adsorption Units, 2 unit 6 mo $10,750.00 $185.00 $64,500 $1,110 $0 $65,610
6.2 53 sf Pressurized Bag Filters, 2 unit 6 mo $818.00 $125.00 $4,908 $750 $0 $5,658
6.3 Piping , 1" PE,  for Treatment System 300 ft $89.00 $1.21 $0 $26,700 $363 $0 $27,063
6.4 Replace Filter Bag Element 240 ea $5.00 $1,200 $0 $0 $1,200
6.5 Replace GAC Adsorption Unit 75,000 lb $3.00 $225,000 $0 $0 $225,000
6.6 Dredgeman/Laborers, 1 each, 3 shifts/day 174 day $309.86 $0 $0 $53,916 $0 $53,916
6.7 Sampling Influent & Effluent 116 ea $940.00 $50.00 $100.00 $100.00 $109,040 $5,800 $11,600 $11,600 $138,040
7 OFF-SITE TRANSPORTATION AND DISPOSAL     

7.1 Sediment Disposal, non-hazardous 29,761 tons $40.00   $1,190,440 $0 $0 $0 $1,190,440

ALTERNATIVE SD-6: DREDGING TO MEET PRGs, DEWATERING, ON-SITE TREATMENT and DISCHARGE OF DEWATERING FLUID, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT, LUCs, and MONITORING

Alt SD-6 rev 01_17_12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE SD-6: DREDGING TO MEET PRGs, DEWATERING, ON-SITE TREATMENT and DISCHARGE OF DEWATERING FLUID, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT, LUCs, and MONITORING

8 POST CONSTRUCTION COST  
8.1 Contractor Completion Report 80 hr $37.00 $0 $0 $2,960 $0 $2,960
8.2 Remedial Action Closeout Report 140 hr $37.00 $0 $0 $5,180 $0 $5,180

 
Subtotal $1,747,712 $813,082 $514,309 $1,388,595 $4,463,698

Overhead on Labor Cost @ 30% $154,293 $154,293
G & A on Labor Cost @ 10% $51,431 $51,431

G & A on Material Cost @ 10% $81,308 $81,308
G & A on Equipment Cost @ 10% $138,860 $138,860

G & A on Subcontract Cost @ 10% $174,771 $174,771
Tax on Materials and Equipment Cost @ 6%  $48,785 $83,316 $132,101

Total Direct Cost $1,922,484 $943,175 $720,032 $1,610,770 $5,196,461

* Indirects on Total Direct Cost @ 20% (excluding transportation and disposal cost)  $801,204
Profit on Total Direct Cost @ 10% $519,646

Total Field Cost $6,517,311

Contingency on Total Field Costs @ 20% $1,303,462
Engineering on Total Field Cost @ 5%  $325,866

TOTAL CAPITAL COST $8,146,639

Alt SD-6 rev 01_17_12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Notes

Years 1 - 5, 7, 9 Years 6, 8, 10 Years 5 & 10

Sediment and River 
Water Sampling $9,092 Sediment and water at six locations.  Sample annually the first 5 years 

and Years 7 & 9.

Sediment Analysis $2,604 Analyze sediments for PAHs, PCBs, and metals.

Water Analysis $2,604 Analyze water for PAHs, PCBs, and metals.

Annual Report $5,000  

Inspection $1,000 $1,000 Annual LUC inspection (assume 8 hours at $50/hr plus expenses)

Site Review $23,000 5-year review

Subtotal $20,300 $1,000 $23,000

Contingency at 10% $2,030 $100 $2,300
 

TOTAL $22,330 $1,100 $25,300
 

ALTERNATIVE SD-6: DREDGING TO MEET PRGs, DEWATERING, ON-SITE TREATMENT and DISCHARGE OF DEWATERING FLUID, OFF-SITE DISPOSAL 
OF DEWATERED SEDIMENT, LUCs, and MONITORING

Alt SD-6 rev 01_17_12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $8,146,639 $8,146,639 1.000 $8,146,639
1 $22,330 $22,330 0.978 $21,828
2 $22,330 $22,330 0.956 $21,337
3 $22,330 $22,330 0.934 $20,857
4 $22,330 $22,330 0.913 $20,389
5 $47,630 $47,630 0.893 $42,511
6 $1,100 $1,100 0.872 $960
7 $22,330 $22,330 0.853 $19,044
8 $1,100 $1,100 0.834 $917
9 $22,330 $22,330 0.815 $18,197
10 $26,400 $26,400 0.797 $21,030

TOTAL PRESENT WORTH $8,333,710

ALTERNATIVE SD-6: DREDGING TO MEET PRGs, DEWATERING, ON-SITE TREATMENT and DISCHARGE OF 
DEWATERING FLUID, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT, LUCs, and MONITORING

Alt SD-6 rev 01_17_12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $37.00 $0 $0 $2,220 $0 $2,220
1.2 Prepare Documents & Plans including Permits 400 hr $37.00 $0 $0 $14,800 $0 $14,800
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Barge Mobilization 6 ea  $2,500.00 $0 $0 $0 $15,000 $15,000
2.3 Equipment Mobilization/Demobilization 8 ea $170.00 $522.00 $0 $0 $1,360 $4,176 $5,536
2.4 Long-Reach Equipment Mobilization/Demobilization 2 ea $300.00 $975.00 $0 $0 $600 $1,950 $2,550
2.5 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3 FIELD SUPPORT

3.1 Office Trailer 3 mo $375.00 $0 $0 $0 $1,125 $1,125
3.2 Field Office Equipment, Utilities, & Support 3 mo $470.00 $0 $1,410 $0 $0 $1,410
3.3 Storage Trailer 3 mo $99.00 $0 $0 $0 $297 $297
3.4 Site Superintendent 70 day $169.00 $384.64  $0 $11,830 $26,925 $0 $38,755
3.5 Site Health & Safety 60 day $169.00 $307.68 $0 $10,140 $18,461 $0 $28,601
3.6 Site QA/QC 60 day $169.00 $307.68 $0 $10,140 $18,461 $0 $28,601
3.7 Bathymetric Survey (pre-removal) 1 ea $7,500.00 $7,500 $0 $0 $0 $7,500
4 DREDGING, AND DEWATERING     

4.1 Excavator on Barge, long-reach (2 each) 116 day $466.96 $4,437.40 $0 $0 $54,167 $514,738 $568,906
4.2 Spoil Barge, 90' by 30', 6 each 348 day  $748.40 $0 $0 $0 $260,443 $260,443
4.3 Tugboats, 6 each 348 day  $340.48 $663.40 $0 $0 $118,487 $230,863 $349,350
4.4 Barge Barriers, fabric, membrane, etc. 6 ea $4,875.00 $0 $29,250 $0 $0 $29,250
4.5 Trash Pumps, 3 each 348 day $117.00 $0 $0 $0 $40,716 $40,716
4.6 Barge Geotextile Filter Membrane Replacement 36 ea $1,000.00 $0 $36,000 $0 $0 $36,000
4.7 Turbidity Curtain 1,600 ft  $39.90 $0 $63,840 $0 $0 $63,840
4.8 Turbidity Monitoring Buoy (4 each) 12 mo  $4,080.00 $0 $0 $0 $48,960 $48,960
4.9 Dewatering Effluent Tank, 5,000 gal, 6 each 36 mo $781.00 $0 $0 $0 $28,116 $28,116

4.10 Transfer Pump 58 day $66.40 $0 $0 $0 $3,851 $3,851
4.11 Dredgeman/Laborers, 6 each 348 day $309.86 $0 $0 $107,831 $0 $107,831
4.12 Fly Ash 2,205 tons $40.00 $0 $88,200 $0 $0 $88,200
4.13 Front-End Loader 58 day $430.24 $854.40 $0 $0 $24,954 $49,555 $74,509
4.14 Excavator 58 day $466.96 $2,635.00 $0 $0 $27,084 $152,830 $179,914
4.15 Sampling Sediment Verification 27 ea $900.00 $50.00 $100.00 $50.00 $24,300 $1,350 $2,700 $1,350 $29,700
4.16 Sampling Dewatered Sediment 116 ea $2,000.00 $50.00 $100.00 $50.00 $232,000 $5,800 $11,600 $5,800 $255,200
4.17 Sampling Dewatered Fluid 94 ea $740.00 $50.00 $100.00 $50.00 $69,560 $4,700 $9,400 $4,700 $88,360

5 BACKFILL AND SITE RESTORATION     
5.1 Sand/Gravel Cap - 6 ft thick 10,246 cy  $21.60   $0 $221,314 $0 $0 $221,314
5.2 Load Barges with 3 CY Excavator 10,246 cy $2.51    $25,717 $0 $0 $0 $25,717
5.3 Barge, 800 T, One for 3 Weeks for Sand/Gravel 4 wk  $2,256.00 $0 $0 $0 $9,024 $9,024
5.4 Barge-Mounted Clamshell to Unload Sand/Gravel 20 days $4,020.25   $80,405 $0 $0 $0 $80,405
5.5 Bathymetric Survey (post-removal) 1 ea $7,500.00 $7,500 $0 $0 $0 $7,500
6 OFF-SITE TRANSPORTATION AND DISPOSAL     

6.1 Sediment Disposal, non-hazardous 29,761 tons $40.00   $1,190,440 $0 $0 $0 $1,190,440
6.2 Disposal of Dewatering Liquids 467,739 gal $0.15   $70,161 $0 $0 $0 $70,161
6.3 Transporation of Dewatering Liquids ($500/5,000 gal) 95 trip $500.00   $47,500 $0 $0 $0 $47,500
7 POST CONSTRUCTION COST  

7.1 Contractor Completion Report 80 hr $37.00 $0 $0 $2,960 $0 $2,960
7.2 Remedial Action Closeout Report 140 hr $37.00 $0 $0 $5,180 $0 $5,180

 
Subtotal $1,756,333 $484,974 $447,190 $1,376,995 $4,065,492

ALTERNATIVE SD-7: DREDGING TO MEET PRGs, DEWATERING, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT AND DEWATERING FLUIDS, LUCs and MONITORING

Alt SD-7 rev 01-17-12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE SD-7: DREDGING TO MEET PRGs, DEWATERING, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT AND DEWATERING FLUIDS, LUCs and MONITORING

Overhead on Labor Cost @ 30% $134,157 $134,157
G & A on Labor Cost @ 10% $44,719 $44,719

G & A on Material Cost @ 10% $48,497 $48,497
G & A on Equipment Cost @ 10% $137,700 $137,700

G & A on Subcontract Cost @ 10% $175,633 $175,633
Tax on Materials and Equipment Cost @ 6%  $29,098 $82,620 $111,718

Total Direct Cost $1,931,967 $562,569 $626,066 $1,597,314 $4,717,916

* Indirects on Total Direct Cost @ 20% (excluding transportation and disposal cost)  $681,963
Profit on Total Direct Cost @ 10% $471,792

Total Field Cost $5,871,671

Contingency on Total Field Costs @ 20% $1,174,334
Engineering on Total Field Cost @ 5%  $293,584

TOTAL CAPITAL COST $7,339,588

Alt SD-7 rev 01-17-12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Notes

Years 1 - 5, 7, 9 Years 6, 8, 10 Years 5 & 10

Sediment and River 
Water Sampling $9,092 Sediment and water at six locations.  Sample annually the first 5 years 

and Years 7 & 9.

Sediment Analysis $2,604 Analyze sediments for PAHs, PCBs, and metals.

Water Analysis $2,604 Analyze water for PAHs, PCBs, and metals.

Annual Report $5,000  

Inspection $1,000 $1,000 Annual LUC inspection (assume 8 hours at $50/hr plus expenses)

Site Review $23,000 5-year review

Subtotal $20,300 $1,000 $23,000

Contingency at 10% $2,030 $100 $2,300
 

TOTAL $22,330 $1,100 $25,300
 

ALTERNATIVE SD-7: DREDGING TO MEET PRGs, DEWATERING, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT AND DEWATERING FLUIDS, LUCs 
and MONITORING

Alt SD-7 rev 01-17-12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $7,339,588 $7,339,588 1.000 $7,339,588
1 $22,330 $22,330 0.978 $21,828
2 $22,330 $22,330 0.956 $21,337
3 $22,330 $22,330 0.934 $20,857
4 $22,330 $22,330 0.913 $20,389
5 $47,630 $47,630 0.893 $42,511
6 $1,100 $1,100 0.872 $960
7 $22,330 $22,330 0.853 $19,044
8 $1,100 $1,100 0.834 $917
9 $22,330 $22,330 0.815 $18,197
10 $26,400 $26,400 0.797 $21,030

TOTAL PRESENT WORTH $7,526,659

ALTERNATIVE SD-7: DREDGING TO MEET PRGs, DEWATERING, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT 
AND DEWATERING FLUIDS, LUCs and MONITORING

Alt SD-7 rev 01-17-12_CAR



LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING

1.1 Prepare LUC RD Documents 60 hr $37.00 $0 $0 $2,220 $0 $2,220
1.2 Prepare Documents & Plans including Permits 400 hr $37.00 $0 $0 $14,800 $0 $14,800
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Barge Mobilization 6 ea  $2,500.00 $0 $0 $0 $15,000 $15,000
2.3 Equipment Mobilization/Demobilization 8 ea $170.00 $522.00 $0 $0 $1,360 $4,176 $5,536
2.4 Long-Reach Equipment Mobilization/Demobilization 2 ea $300.00 $975.00 $0 $0 $600 $1,950 $2,550
2.5 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3 FIELD SUPPORT

3.1 Office Trailer 2.5 mo $375.00 $0 $0 $0 $938 $938
3.2 Field Office Equipment, Utilities, & Support 2.5 mo $470.00 $0 $1,175 $0 $0 $1,175
3.3 Storage Trailer 2.5 mo $99.00 $0 $0 $0 $248 $248
3.4 Site Superintendent 56 day $169.00 $384.64  $0 $9,464 $21,540 $0 $31,004
3.5 Site Health & Safety 46 day $169.00 $307.68 $0 $7,774 $14,153 $0 $21,927
3.6 Site QA/QC 46 day $169.00 $307.68 $0 $7,774 $14,153 $0 $21,927
3.7 Bathymetric Survey (pre-removal) 1 ea $7,500.00 $7,500 $0 $0 $0 $7,500
4 DREDGING, AND DEWATERING     

4.1 Excavator on Barge, long-reach (2 each) 99 day $466.96 $4,437.40 $0 $0 $46,229 $439,303 $485,532
4.2 Spoil Barge, 90' by 30', 6 each 296 day  $748.40 $0 $0 $0 $221,526 $221,526
4.3 Tugboats, 6 each 296 day  $340.48 $663.40 $0 $0 $100,782 $196,366 $297,148
4.4 Barge Barriers, fabric, membrane, etc. 6 ea $4,875.00 $0 $29,250 $0 $0 $29,250
4.5 Trash Pumps, 3 each 296 day $117.00 $0 $0 $0 $34,632 $34,632
4.6 Barge Geotextile Filter Membrane Replacement 31 ea $1,000.00 $0 $31,000 $0 $0 $31,000
4.7 Turbidity Curtain 800 ft  $39.90 $0 $31,920 $0 $0 $31,920
4.8 Turbidity Monitoring Buoy (2 each) 6 mo  $4,080.00 $0 $0 $0 $24,480 $24,480
4.9 Dewatering Effluent Tank, 5,000 gal, 4 each 24 mo $781.00 $0 $0 $0 $18,744 $18,744

4.10 Transfer Pump 49 day $66.40 $0 $0 $0 $3,254 $3,254
4.11 Dredgeman/Laborers, 6 each 296 day $309.86 $0 $0 $91,719 $0 $91,719
4.12 Fly Ash 1,875 tons $40.00 $0 $75,000 $0 $0 $75,000
4.13 Front-End Loader 49 day $430.24 $854.40 $0 $0 $21,082 $41,866 $62,947
4.14 Excavator 49 day $466.96 $2,635.00 $0 $0 $22,881 $129,115 $151,996
4.15 Sampling Sediment Verification 27 ea $900.00 $50.00 $100.00 $50.00 $24,300 $1,350 $2,700 $1,350 $29,700
4.16 Sampling Dewatered Sediment 99 ea $2,000.00 $50.00 $100.00 $50.00 $198,000 $4,950 $9,900 $4,950 $217,800
4.17 Sampling Dewatered Fluid 80 ea $740.00 $50.00 $100.00 $50.00 $59,200 $4,000 $8,000 $4,000 $75,200

5 BACKFILL AND SITE RESTORATION     
5.1 Sand/Gravel Cap - 6 ft thick 10,246 cy  $21.60   $0 $221,314 $0 $0 $221,314
5.2 Load Barges with 3 CY Excavator 10,246 cy $2.51    $25,717 $0 $0 $0 $25,717
5.3 Barge, 800 T, One for 3 Weeks for Sand/Gravel 4 wk  $2,256.00 $0 $0 $0 $9,024 $9,024
5.4 Barge-Mounted Clamshell to Unload Sand/Gravel 20 days $4,020.25   $80,405 $0 $0 $0 $80,405
5.5 Bathymetric Survey (post-removal) 1 ea $7,500.00 $7,500 $0 $0 $0 $7,500
6 OFF-SITE TRANSPORTATION AND DISPOSAL     

6.1 Sediment Disposal, non-hazardous 25,313 tons $40.00   $1,012,520 $0 $0 $0 $1,012,520
6.2 Disposal of Dewatering Liquids 397,839 gal $0.15   $59,676 $0 $0 $0 $59,676
6.3 Transporation of Dewatering Liquids ($500/5,000 gal) 80 trip $500.00   $40,000 $0 $0 $0 $40,000
7 POST CONSTRUCTION COST  

7.1 Contractor Completion Report 80 hr $37.00 $0 $0 $2,960 $0 $2,960
7.2 Remedial Action Closeout Report 140 hr $37.00 $0 $0 $5,180 $0 $5,180
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LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

ALTERNATIVE SD-8: ZONE 4 - DREDGING TO MEET PRGs, DEWATERING, OFF-SITE DISPOSAL OF DEWATERED SEDIMENT and DEWATERING FLUIDS, LUCs and MONITORING AND OUTER PIER 1 - 
MAINTAIN SEDIMENT COVER, LUCs and MONITORING

Subtotal $1,516,068 $425,971 $380,259 $1,154,421 $3,476,718

Overhead on Labor Cost @ 30% $114,078 $114,078
G & A on Labor Cost @ 10% $38,026 $38,026

G & A on Material Cost @ 10% $42,597 $42,597
G & A on Equipment Cost @ 10% $115,442 $115,442

G & A on Subcontract Cost @ 10% $151,607 $151,607
Tax on Materials and Equipment Cost @ 6%  $25,558 $69,265 $94,823

Total Direct Cost $1,667,675 $494,126 $532,362 $1,339,128 $4,033,291

* Indirects on Total Direct Cost @ 20% (excluding transportation and disposal cost)  $584,219
Profit on Total Direct Cost @ 10% $403,329

Total Field Cost $5,020,840

Contingency on Total Field Costs @ 20% $1,004,168
Engineering on Total Field Cost @ 5%  $251,042

TOTAL CAPITAL COST $6,276,050
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LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

ANNUAL COST
Item Item Cost Item Cost Item Cost Item Cost Item Cost Notes

Years 1 & 2 Years 3, 4, 5, 7, 9 Years 6, 8, 10 - 30
Years 1, 3, 5, 10, 

15, 20, 25, 30 Every 5 Years

Cap/Cover 
Maintenance $65,500 Maintain cap/cover. Assume repair of area every 5 years.

Sediment and River 
Water Sampling $18,184 $9,092 $9,092 

Sediment and water sampling: Years 1 & 2, once per year at six 
locations and once per year at two locations; Years 3, 4, 5, 7, & 9, once 
per year at six locations; Years 6, 8, & 10 through 30, once per year at 
two locations. 

Sediment Analysis $3,472 $2,604 $868 Analyze sediments for PAHs, PCBs, and metals.

Water Analysis $3,472 $2,604 $868 Analyze water for PAHs, PCBs, and metals.

Annual Report $5,000 $5,000 $5,000  

Bathymetric Survey $5,000 Conduct survey in Years 1, 3, 5, 10, 15, 20, 25, & 30.

Inspection $1,000 $1,000 $1,000 Annual LUC inspection (assume 8 hours at $50/hr plus expenses)

Site Review $23,000 5-year review

Subtotal $31,128 $20,300 $16,828 $5,000 $88,500

Contingency at 10% $3,113 $2,030 $1,683 $500 $8,850
 

TOTAL $34,241 $22,330 $18,511 $5,500 $97,350
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LOWER SUBASE FS ADDENDUM
NAVAL SUBMARINE BASE NEW LONDON
GROTON, CONNECTICUT

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth
0 $6,276,050 $6,276,050 1.000 $6,276,050
1 $39,741 $39,741 0.978 $38,847
2 $34,241 $34,241 0.956 $32,718
3 $27,830 $27,830 0.934 $25,995
4 $22,330 $22,330 0.913 $20,388
5 $125,180 $125,180 0.893 $111,726
6 $18,511 $18,511 0.872 $16,150
7 $22,330 $22,330 0.853 $19,044
8 $18,511 $18,511 0.834 $15,432
9 $22,330 $22,330 0.815 $18,197
10 $121,361 $121,361 0.797 $96,677
11 $18,511 $18,511 0.779 $14,414
12 $18,511 $18,511 0.761 $14,090
13 $18,511 $18,511 0.744 $13,773
14 $18,511 $18,511 0.727 $13,464
15 $121,361 $121,361 0.711 $86,287
16 $18,511 $18,511 0.695 $12,865
17 $18,511 $18,511 0.679 $12,576
18 $18,511 $18,511 0.664 $12,293
19 $18,511 $18,511 0.649 $12,017
20 $121,361 $121,361 0.635 $77,013
21 $18,511 $18,511 0.620 $11,482
22 $18,511 $18,511 0.606 $11,224
23 $18,511 $18,511 0.593 $10,972
24 $18,511 $18,511 0.579 $10,725
25 $121,361 $121,361 0.566 $68,736
26 $18,511 $18,511 0.554 $10,248
27 $18,511 $18,511 0.541 $10,018
28 $18,511 $18,511 0.529 $9,793
29 $18,511 $18,511 0.517 $9,573
30 $121,361 $121,361 0.506 $61,349

TOTAL PRESENT WORTH $7,154,136

ALTERNATIVE SD-8: ZONE 4 - DREDGING TO MEET PRGs, DEWATERING, OFF-SITE DISPOSAL OF DEWATERED 
SEDIMENT and DEWATERING FLUIDS, LUCs and MONITORING AND OUTER PIER 1 - MAINTAIN SEDIMENT COVER, 
LUCs and MONITORING
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