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SECTION 1

1.0 INTRODUCTION

On June 13, 2003, the United States Environmental Protection Agency (EPA) Region 1, in
agreement with the Massachusetts Department of Environmental Protection, issued an
Administrative Order by Consent (AOC) requiring the completion of a Remedial
Investigation/Feasibility Study (RI/FS) and, if directed, an Engineering Evaluation/Cost
Analysis (EE/CA) for the Nuclear Metals, Inc. (NMI) Site (the Site) located at 2229 Main
Street (Route 62) in Concord, Massachusetts. The AOC followed inclusion of the Site on
the National Priorities List on June 14, 2001 (66 Federal Register 32235, 32241).

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

The Respondents have designated Bruce R. Thompson of de maximis, inc. (de maximis)
as the Project Coordinator with responsibility for the administration of all actions called
for in the AOC. The Respondents retained de maximis as their General Contractor to
implement the RI/FS, and if required, any EE/CAs. de maximis has retained MACTEC
Engineering and Consulting, Inc. (MACTEC), GeoSyntec Consultants, Inc. (GeoSyntec),
and Gradient Corporation (Gradient) to scope the RI/FS and prepare the RI/FS Work Plan.
MACTEC prepared the RI/FS Work Plan with input from de maximis, GeoSyntec and
Gradient. Gradient focused on the risk assessment aspects of the RI/FS Work Plan, while

GeoSyntec focused on the technical, hydrogeological, and geochemical aspects of the
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SECTION 1

RI/FS Work Plan. GeoSyntec also prepared and maintains a comprehensive database of
the historical Site investigation data, an initial groundwater flow model, and the project

web site (www.NMISite.org).

The primary objective of the RI/FS is to assess Site conditions and evaluate alternatives to
the extent necessary to select a remedy for the Site, as defined by the AOC. The Rl and FS

will be conducted as integrated studies that lead to the selection of a remedy.

The RI component of the RI/FS has three primary objectives:
1. define the source(s), nature, and distribution of contaminants released;
2. provide sufficient information to calculate and assess the current and future
potential risks to human health and to the environment; and,
3. provide sufficient information to evaluate remedial alternatives, conceptually

design remedial actions, select a remedy, and issue a Record of Decision (ROD).

The FS component of the RI/FS has the following four objectives:

1. review the applicability of various remedial technologies, including innovative
technologies, to determine whether they are appropriate remedies for the Site;

2. determine if each alternative developed by combining technologies should be
retained for detailed analysis by performing a screening evaluation to determine
whether in the short and long term it is:

a. effective,
b. implementable, and
c. cost-effective (note that cost shall only be used to evaluate alternatives

of similar effectiveness);
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SECTION 1

3. evaluate each alternative or combinations through a detailed and comparative
analysis based upon the nine (9) criteria listed in Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA, Interim Final
(EPA 540/G-89/004 OSWER Dir. 9355.3-01 October 1988), and any criteria
identified in the NCP or CERCLA as amended, and

4. provide direction to the RI to ensure that sufficient data of the appropriate type are
gathered to select a remedy based on the factors mentioned in the objectives listed

above.

The FS includes, but is not limited to, conceptualizations, engineering analyses, cost

analyses, and an analysis of time frames for the achievement of clean-up goals.

To facilitate the RI field investigation, the Site has been segregated into 18 separate Areas
of Investigation (AOIs) based on differences in the types of potential release and location
of media affected. The AOIs are:

- AOI 1 - Holding Basin

- AOI 2 - Drum Burial Area

- AOI 3-0Id Landfill

- AOIl 4 - Cooling Water Recharge Pond

- AOI 5 - Septic Fields

- AOI 6 — Sphagnum Bog

- AOI 7 - Former Waste Storage Area

- AOI 8 — Sweepings and Fill Area

- AOI 9 - Pavement Drain Outfalls

- AOI 10 - Northeast Wetland

- AOI 11 - Drain Line Area
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SECTION 1

- AOI 12 — Underground Storage Tank Area
- AOI 13 - Site Structures

- AOI 14 - Surface Soils

- AOI 15 - Transformer Pads

- AOI 16 — Groundwater

- AOI 17 - Background

- AOI 18 — Assabet River

The RI/FS Work Plan is comprised of eight (8) interrelated plans that will guide the

completion of this RI/FS. They are detailed in the following eight (8) volumes:

Volume I - The Project Summary and Operations Plan (PSOP), which provides an
overview of the Site and how the RI/FS process will be implemented. It presents a
summary of the physical setting, operational history, structures and features, and
previous environmental investigations. The PSOP also provides an initial
conceptual model of contaminant sources, transport pathways and exposure points,
as well as an evaluation of the quality and usability of previous data, and the
identification of screening values that will be used in delineating the nature, extent
and distribution of Site-related contamination. The PSOP also includes the RI
program rationale and objectives, and provides an initial identification potential
federal, state, and local Applicable of Relevant and Appropriate Requirements
(ARARS), Remedial Action Objectives, and potentially applicable remedial
technologies. Finally, the PSOP includes a Critical Path Method project schedule
that shows the likely duration of each major phase of the project and the steps in

the process.
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SECTION 1

Specific plans that identify the scope of investigative work to be performed and
establish procedures to guide work tasks and community and agency liaison activities

are provided separately from the PSOP. These plans are as follows:

e Volume Il - The Site Management Plan (SMP) provides a written understanding
and commitment of how various project aspects such as access, security,
contingency procedures, management responsibilities, investigation-derived waste

disposal, and data handling will be managed;

e Volume Il - The Sampling and Analysis Plan (SAP) ensures that sampling and
data collection activities will be comparable to and compatible with previous EPA
and MADEP data collection activities while providing a mechanism for planning
and approving field activities. The SAP includes:

0 Volume Illa - The Quality Assurance Project Plan (QAPP) documents in
writing the site-specific objectives, policies, organizations, functional
activities, sampling and analysis activities, and specific quality
assurance/quality control activities designed to achieve the data quality
objectives of the RI/FS. The QAPP provides sampling, analytical, and
validation procedures, as well as quality assurance and quality control
requirements prepared in accordance with the format required by EPA
Region 1;

0 Volume Illb - The Field Sampling Plan (FSP) provides a summary of the
prior investigation results, sampling objectives, and describes the sampling

program for each area of investigation at the Site;
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SECTION 1

e Volume IV - The Health and Safety Plan (HASP) establishes the procedures,
personnel responsibilities, and training necessary to protect the health and safety of
all on-Site personnel during the RI/FS. The HASP provides for routine but
hazardous field activities and for unexpected Site emergencies, and provides
requirements and procedures for biological, physical, chemical and radiological
hazards to RI/FS Site workers;

e Volume V - The Risk Assessment Plan (RAP) provides the requirements and
methodology for preparing a Baseline Human Health Risk Assessment (HHBRA)
and a Baseline Ecological Risk Assessment (BERA) to be completed as part of the
RI/FS. The RAP also discusses how an assessment of dose will be incorporated
into the human health risk assessment process, and details the development of risk-
based screening levels to be used in the RI/FS. While not required by the SOW, the
RAP was prepared in anticipation of significant public interest in how risks will be
assessed during the RI/FS;

e Volume VI - The Groundwater Modeling Plan (GMP) describes the objectives and
approach to groundwater flow, fate and transport, and geochemical modeling at the
Site. The GMP also provides a discussion and the output of a preliminary

groundwater flow model prepared to guide that aspect of the investigation ; and

e Volume VII - The Community Involvement Support Plan (CISP) provides a written
understanding and commitment of how de maximis will support the EPA’s

Community Involvement Program at the Site.
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SECTION 1

The objectives of the RAP are to:

e Describe how the elements of the SOW will be satisfied in terms of risk assessment
content and risk assessment deliverables;

e Derive risk-based screening levels (RBSLs) for use in the FSP and QAPP; and

e ldentify risk assessment data needs and indicate how those data needs will be

completed through the RI activities.

Sections 2.0 and 3.0 of this RAP describe how the elements of the SOW will be satisfied
for the BHHRA and BERA, respectively. Section 4.0 provides documentation for the
development of the RBSLs. Section 5.0 identifies data needs for the BHHRA and BERA.
Section 6.0 of this RAP discusses the potential need for an assessment of the risks to the
public and workers associated with various remedial alternatives. Such an assessment may
be necessary to adequately consider and evaluate those risks in support of the Feasibility

Study (FS) and remedial decision making.

1-7
Nuclear Metals, Inc. Superfund Site — Risk Assessment Plan

Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a
government administrative order which has not received final acceptance from the U.S.
Environmental Protection Agency. The opinions, findings, and conclusions expressed are those of the
authors and not those of the U.S. Environmental Protection Agency.



SECTION 2

2.0 BASELINE HUMAN HEALTH RISK ASSESSMENT PLAN

The objective of the BHHRA portion of the RAP is to identify how the requirements of the
EPASOW will be satisfied in terms of BHHRA content, methodology used to complete the
BHHRA, and interim deliverables.

2.1 COMPONENTS OF BHHRA

This section of the RAP identifies the components of the BHHRA and the sources of the
technical methodology, information, and data that will be used to complete each of the
components. The BHHRA will consist of an introduction and five sections (hazard
identification, exposure assessment, dose-response assessment, risk characterization, and

uncertainty analysis). These are discussed in the following subsections.

2.1.1 Introduction

This section of the BHHRA will describe the regulatory context and purpose of the risk
assessment, identify the guidance documents used to complete the risk assessment, and
identify the structure of the BHHRA report.

The applicable legal requirement for the BHHRA is CERCLA, as amended. The
applicable regulatory requirement is the National Contingency Plan (NCP), 40 CFR Part
300. The BHHRA will be performed using EPA Region 1 and EPA national CERCLA
guidance for risk assessment. In addition, a radiation dose assessment will be performed,
as described in Section 2.3 of this RAP. The dose assessment will be performed to address

the Massachusetts Department of Public Health (MADPH) release criterion of 10 millirem
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SECTION 2

per year (mrem/yr) specified in 105 CMR 120.291, which is a To-Be-Considered (TBC)
Applicable or Relevant and Appropriate Requirement (ARAR) at this Site.

The BHHRA may consider the following guidance documents:

e EPA Region 1 Risk Updates, (EPA, 1994; 1995; 1996a; 1999a)

e Exposure Factors Handbook (EPA-600/P-95/002F, December 1997)

e Risk Assessment Guidance for Superfund. Volume 1: Human Health Evaluation
Manual (Part A) (EPA 540/1/-89, December, 1989)

e Risk Assessment Guidance for Superfund. Volume 1: Human Health Evaluation
Manual, Development of Risk-Based Preliminary Remediation Goals (Part B)
(OSWER 9285.7-01B, December 1991)

» Risk Assessment Guidance for Superfund. Volume 1: Human Health Evaluation
Manual, Risk Evaluation of Remedial Alternatives (Part C) (OSWER 9285.7-01C,
December 1991)

e Risk Assessment Guidance for Superfund. Volume 1: Human Health Evaluation
Manual, (Part D) (EPA-540/1-89/002, December 2001)

e Risk Assessment Guidance for Superfund. Volume 1: Human Health Evaluation
Manual, Supplemental Guidance for Dermal Exposure Assessment (Part E)
(EPA/540/R/99/005, July 2004)

e Risk Assessment Guidance for Superfund. Volume Il1: (Part A) Process for
Conducting Probabilistic Risk Assessment (EPA/540/R/02/002, December 2001)

e Human Health Evaluation Manual, Supplemental Guidance ““Standard Default
Exposure Factors” (OSWER 9285.6-03, March 25, 1991)

e Role of Background in the CERCLA Cleanup Program (OSWER 9285.6-07P, April
26, 2002)
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SECTION 2

e Supplemental Guidance to RAGS: Calculating the Concentration Term (OSWER
9285.7-08l, June 22, 1992)

e EPA Region 1 Supplemental Risk Assessment Guidance for the Superfund Program
Part 1: Public Health Risk Assessment (EPA 901/5/89-001, June, 1989)

e Final Guidance for Data Usability in Risk Assessment (Part A) (OSWER 9285.7-
09A)

e Guidance for Data Usability in Risk Assessment (Part B) (OSWER 9285.7-09B,
May 1992)

e Dermal Exposure Assessment: Principles and Applications (EPA 600/8-91/011B,
January, 1992)

e Air/Superfund National Technical Guidance Series, Volumes I, Il, I1l, and IV (EPA
450/1-89-001, 002,003, 004, July 1989)

e Calculating Upper Confidence Limits for Exposure Point Concentrations at
Hazardous Waste Sites (OSWER 9285.6-10, December 2002)

e Child-Specific Exposure Factors Handbook (EPA-600/P-00/002B, September
2002)

e Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from
Groundwater and Soils (Draft) (EPA, 2002c)

e Establishment of Cleanup Levels for CERCLA sites with Radioactive Contamination
(OSWER 9200.4-18, August 22, 1997)

e Soil Screening Guidance for Radionuclides: Technical Background Document and
Users Guide. (EPA/540-R-00-006 and -007, October, 2000)

e Use of Uranium Drinking Water Standards under 40 CFR 141 and 40 CFR 192 as
Remediation Goals for Groundwater at CERCLA Sites, (OERR and ORIA Directive No.
9283.1-14, November 6, 2001)
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SECTION 2

e Radiation Risk Assessment at CERCLA Sites: Q&A (OSWER No. 9200.4-31P, December
1999)

e Use of Soil Cleanup Criteria for 40 CFR Part 192 as Remediation Goals for CERCLA
Sites, (OSWER Directive 9200.4-25, February 12, 1998)

e Recommendations of the Technical Review Workgroup for Lead for an Approach to
Assessing Risk Associated with Adult Exposures to Lead in Soil (January 2003)

e User’s Guide for the Integrated Exposure Uptake Biokinetic Model for Lead in
Children. (EPA 9285.7-42, May 2002)

e Human Health Toxicity Values in Superfund Risk Assessments (OSWER No.
9285.7-53, December 2003)

2.1.2 Hazard ldentification

This section of the BHHRA will present:

e the Conceptual Site Model;
e asummary of the analytical data that are used in the BHHRA,;
« the selection of chemicals of potential concern (COPCs); and

» toxicity profiles.

Conceptual Site Model. A Conceptual Site Model (CSM) was developed for the RI/FS Work
Plan to show the potential migration pathways through which contaminants may have been
transported and/or translocated from source areas to other environmental media where
possible human and environmental exposure may occur. The CSM was developed using
information collected from previous investigations performed at the Site, as well as
information compiled by the project team in preparation of this RI/FS Work Plan. The CSM
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SECTION 2

is presented in Section 5.0 of the Project Summary and Operations Plan (PSOP). A discussion
of potential human exposure pathways associated with each of the potentially contaminated
media is presented in Subsection 2.1.3 of this RAP. The CSM will be refined and modified as
appropriate based on the findings of the RI. The final CSM will be discussed in the BHHRA
to provide context and rationale for selection of the analytical data and exposure pathways
evaluated in the BHHRA.

Data Evaluation. The data evaluation portion of the Hazard Identification section will: a)
identify the data available for use in BHHRA, and justify the selection or exclusion of
particular data for use in the risk assessment; b) provide the rationale for the way data will
be grouped for evaluation in the risk assessment; and ¢) document the methods used to
summarize data into statistical descriptors. These procedures will be clearly documented
with text, tables, and figures, as appropriate. As discussed in the PSOP, the RI and Risk
Assessment for the Site will be based on the data collected in support of the RI/FS
program. The historical data collected at the Site has been used to help plan the RI, but
will not be used in the RI or Risk Assessment due to data quality limitations pertaining to
unknown or undocumented sample collection, sample analysis, and data validation
procedures. Data collected for the RI will be selected for use in the BHHRA using the
criteria established by EPA in “Guidance for Data Usability in Risk Assessment” (EPA,
1992a). The data selected for use in the BHHRA will be a product of laboratory analyses
performed in accordance with EPA, Department of Energy (DOE), and/or American
Society for Testing and Materials (ASTM) methods and associated Quality
Assurance/Quality Control (QA/QC) procedures, as described in the QAPP. Data sets
used in the BHHRA will be developed considering the location of chemicals of potential
concern (COPCs), potential exposure media, exposure points, exposure pathways, land

uses, and receptors.
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SECTION 2

In addition, background will be considered in the risk assessment process. The purpose

and application of background in risk assessment is described in the EPA guidance
document “Role of Background in the CERCLA Cleanup Program” (EPA, 2002¢).

According to this guidance:

Chemicals that are detected in Site media at concentrations above risk-based
screening values, and occur naturally or anthropogenically and are related to
releases at the Site, should be included in the quantitative assessment of health
risks. Background concentrations should then be used to distinguish the
contribution of background to Site risks in the risk characterization.

Chemicals that are detected in Site media at concentrations above risk-based
screening values, and are of natural or anthropogenic origin but are not related to

releases at the Site should be discussed in the risk characterization.

Therefore, background data will be used in the BHHRA as follows:

After review of the RI analytical data, analytes that are determined to be unrelated
to releases at the Site (based on historical process knowledge and the CSM) will be
evaluated to determine if the Site concentrations are consistent with background
concentrations. This evaluation will be performed using the statistical tests
described in the FSP for Background (AOI 17; FSP Section 3.17). The cancer and
non-cancer risks for analytes determined to be consistent with background will be
tabulated separately in the risk characterization section of the BHHRA.

For all other constituents (i.e., constituents that may be either directly or indirectly
present in Site media due to release or disposal at the Site, and constituents that do

not appear to be Site-related but are present in Site media at concentrations greater
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than concentrations in background media), the risk characterization will include a
quantitative evaluation of risks associated with background conditions. Risks
associated with background conditions will be compared to risks associated with

Site media to characterize the incremental risks.

Selection of Chemicals of Potential Concern. This portion of the Hazard Identification
will provide the methodology used to select COPCs, and document the selection of COPCs
in tables. COPCs are chemicals that may pose more than a de minimis health risk, and are
the chemicals that are retained in the risk assessment for quantitative evaluation of
potential exposures and health risks. In accordance with EPA Region 1 risk assessment
guidance (EPA, 1994; 1999a), COPCs will be selected using a concentration-toxicity
screen, whereby chemicals that are detected at concentrations below risk-based screening
values may be excluded as COPCs. The risk-based screening values that will be used for
selection of COPCs are the human health RBSLs that are identified or developed in this
RAP (Section 4.1) and presented in Table 4.1. At the direction of EPA Region |
(USEPA, 2004c), the following additional guidelines will apply to COPC selection:

e The essential nutrients calcium, iron, magnesium, potassium, and sodium will be
excluded as COPCs.

* Aluminum and cobalt will be excluded as COPCs, but their concentrations in Site
media relative to background concentrations will be discussed in the risk
characterization uncertainty analysis.

e Lead will be retained as a COPC, regardless of the concentrations at which is
detected.
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Toxicity Profiles. Toxicity profiles that provide a summary of toxicological information
and relevance to public health will be provided for each chemical retained as a COPC (i.e,

each chemical retained for quantitative evaluation in the BHHRA).

2.1.3 Exposure Assessment

The exposure assessment provides information about the activities that may occur under
the current and possible future land uses of the Site, identifies the human receptors
associated with those land uses, evaluates potential pathways by which those receptors
could be exposed to COPCs in each of the exposure media, and quantifies the exposures
associated with each of the pathways. The BHHRA will provide the methodology,
guantitative parameters, and calculations to support the exposure assessment, including
identification of current and foreseeable land uses, identification of receptors, evaluation of
exposure pathways, development of exposure scenarios, derivation of exposure point
concentrations (EPCs), and calculation of COPC exposures. This information will be

provided in text, tables, and figures, as appropriate.

Current and Potential Future Land Uses and Receptors. The Site is located on
property that is zoned light industrial, and is presently an operating industrial facility
that manufactures specialized metal products. Access to the facility building side and
back entrances and shipping/receiving bays, as well as the Holding Basin, Old Landfill,
and Cooling Water Recharge Ponds are restricted with a chain link fence with locking
gates. The facility is staffed with security guards 24-hours per day, seven-days per
week. Access is not restricted (but would be considered trespassing) in areas of the
facility property that have not been fenced, including the Sphagnum Bog area, wooded

areas surrounding the facility property, parking lots, and Northeast Wetland area. The
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future land use of the Site has not been established, but land uses that will be
considered in the risk assessment include open space, recreational space,
commercial/industrial space, and residential space. Establishing the future land use for
the Site is beyond the scope of the RI/FS and this RAP. EPA, the community, and
parties with interests in the property will determine the future use. Applicable EPA
guidance on this issue is provided in “Land Use in the CERCLA Remedy Selection
Process,” (OSWER Directive No. 9355.7-04, May 1995), and “Reuse Assessments: A
Tool to Implement the Superfund Land Use Directive,” (OSWER 9355.7-06P, June 4,
2001).

The human receptors that could be associated with these various land uses and may be
considered in the risk assessment include young children, older children, adolescents, and
adults, as well as employees who may have reason to be at the Site in accordance with the

potential land uses.

Potential Exposure Pathways and Exposure Points. Based on the CSM presented in the
PSOP, a total of 18 Areas of Investigation (AOIs) were identified for characterization in
the RI (17 of the AOIs pertain to investigation areas at the Site and one AOI pertains to
characterization of background reference locations). The potentially affected media at
these AOIs include surface soils (0 — 1 feet [ft] below ground surface [bgs]), shallow
subsurface soils (1 — 10 ft bgs), deep soils (> 10 ft bgs), groundwater, surface water,
shallow sediment (0-6 inches bgs), deep sediment (>6 inches bgs), and/or air (dust or
vapors). As discussed in the FSP, one or more of these media will be sampled at each
AOl.
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The mechanisms by which humans could potentially be exposed to these media are
summarized in Table 2.1 and discussed below. There are four principal mechanisms, or
routes, by which humans can be exposed to Site contaminants in environmental media.

The exposure routes include ingestion, dermal contact, inhalation, and external exposure.

Ingestion. Ingestion exposures occur when substances are swallowed. When an
environmental medium such as soil or groundwater that contains chemicals or
radionuclides is swallowed, the chemicals or radionuclides can be absorbed into the blood
stream from the gastrointestinal tract and/or directly interact with tissues within the
gastrointestinal tract. Most ingestion exposures to environmental media are incidental in
nature, meaning that they are non-intentional. For example, soil or sediment can be
incidentally ingested if it is touched and adheres to the hand, and the hand (fingers) is then
placed into the mouth, where the soil or sediment can be transferred to the mouth and
swallowed. Surface water can be incidentally ingested if it is accidentally swallowed
during swimming in the water. Groundwater can be incidentally ingested by excavation
workers during excavation activities that intrude the groundwater table. Examples of
ingestion exposures to environmental media that are not incidental (but are intentional)
would be groundwater that is used as a source of drinking water, produce that is grown for
human consumption (and has accumulated Site contaminants from the soil), or fish that are
caught and consumed (and have accumulated Site contaminants from surface water or

sediment).

As shown in Table 2.1, surface soil, shallow subsurface soil, shallow sediment, surface
water, and groundwater represent media where incidental ingestion exposures could
potentially occur. Most human activities would result in possible contact only with soils

that are accessible. Accessible soil includes soil that is located in the top six inches to one
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foot of the ground surface (i.e., surface soils) and is not paved or covered with permanent
structures. However, EPA Region 1 risk assessment guidance (EPA, 1995) requires that
human health risk assessments include the assumption that soils as deep as 10 ft bgs could
be contacted. This assumption incorporates the possibility that soils could be excavated
and potentially be placed on the surface. This activity could expose excavation workers to
deeper soils, and if deeper soils are placed on the surface, they may be accessible for
contact during other human activities (i.e., they would essentially become an accessible
surface soil exposure medium). If the future land use includes a configuration where
existing pavement and/or permanent structures are removed, then soil underlying the
pavement or permanent structures is evaluated as soil that could be accessible for human
contact. In accordance with EPA Region 1 risk assessment guidance, incidental ingestion
exposures to soil deeper than 10 ft bgs are not evaluated unless site-specific circumstances
indicate that exposures may reasonably be expected (EPA, 1995) (e.qg., if utility lines that
require maintenance are located deeper than 10 ft bgs or if the planned future use will
involve excavation of soils deeper than 10 ft bgs). Similarly, sediments deeper than those
that could be contacted at the surface (i.e., within the top six inches) would not be
contacted by humans, particularly since no excavation activities would be expected to

occur in sediments.

The groundwater beneath and in the vicinity of the facility is within a potentially
productive aquifer and, therefore, is defined by the Commonwealth of Massachusetts as
groundwater that is within a potential drinking water source area that requires protection as
a potable water source. Therefore, the risk assessment will incorporate the assumption that
groundwater beneath and downgradient of the Site within the potentially productive

aquifer could potentially be used as a source of potable water.
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If produce is grown for consumption in soil contaminated with Site-related contaminants,
it is possible that uptake of contaminants from the soil to the plants could occur. Humans
that ingest the produce could then be exposed to contaminants that accumulate in the

edible portion of the plant. This exposure pathway will be evaluated in the BHHRA.

The only water body in the vicinity of the Site that could support fish that would be
potentially caught and consumed by humans is the Assabet River. The potential for
migration of Site-related contaminants to the Assabet River will be further evaluated
through groundwater sampling, and surface water and sediment sampling in the Assabet
River, as explained in the FSP. If this migration pathway is found to be potentially
complete during the RI, then consumption of fish may need to be evaluated as a possible

exposure pathway.

Dermal Contact. Dermal exposures occur when a substance is absorbed through the skin

following direct contact with the substance in an environmental medium. For soil and
sediment, this process requires adherence of the soil or sediment to the skin, desorption of
a chemical from the soil or sediment, and subsequent absorption through the skin. For
water, this process involves direct absorption of a chemical from water, through the skin.
As indicated in Table 2.1, dermal exposures to soil, sediment, surface water, and
groundwater could potentially occur if these media are contacted (e.g., during recreational
activities, swimming or wading, and household use of groundwater). Dermal exposures

could occur to the same media to which ingestion exposures could occur.

Inhalation. Inhalation exposures can occur when a substance is present in an individual’s
breathing zone. Once inhaled, a substance can be either exhaled or retained in the

pulmonary system. Retained substances can diffuse through respiratory-tract surfaces into
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the blood stream, interact directly with lung cells, or become entrained in airway mucous,

translocate up to the pharynx, and be swallowed into the gastrointestinal tract.

Inhalation exposures to volatile organic compounds (VOCs) can occur when volatiles are
released from surface water or soil to ambient (outdoor) air, when VOCs migrate from
groundwater or soil to air within an occupied building, when VOCs migrate from open
groundwater to ambient air (e.g., during excavation activities that intrude the groundwater
table), and when VOCs are released from tap water during household uses of the water. In
accordance with EPA guidance concerning vapor migration exposures, even deep
subsurface soils could be a potential source of vapors to indoor air. As indicated in Table
2.1, volatile inhalation exposures are identified as potentially complete pathways for all
media except sediment. Volatiles in sediment would migrate to surface water before being
released to the atmosphere. Therefore, surface water would be the medium from which
vapor migration would potentially occur, and pathway completeness would be evaluated

by reviewing surface water data.

Inhalation exposures to substances in surface soil can occur if surface soil is disturbed by
wind, vehicle traffic, or human activity, and released as dust in the air. However,
vegetative cover of soils reduces generation of airborne dust. Soils as deep as 10 ft bgs
could be a source of dust if they are excavated (e.g., dust liberated during excavation
activities), or if they are placed on the ground surface where they may be accessible for

disturbance by wind or human activity.

External. External exposure refers to the irradiation of human tissues by radionuclides
located outside the body (e.g., on a surface, in the soil, or in the air). Direct contact (i.e.,

ingestion or dermal exposure) with the radionuclide is not necessary for irradiation from an
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external source to occur. Only radionuclides that emit significant amounts of gamma

radiation pose a potential external radiation hazard. External exposures can be

significantly or completely attenuated by shielding by soil or water. For this reason,
external exposures are not applicable for surface water, groundwater, and submerged
sediment. Radionuclides in subsurface soil are shielded by surface soil. As shown in

Table 2.1, external exposures are potentially complete for soil that may be accessible

which includes surface soil, as well as subsurface soil that is excavated or relocated to the

ground surface.

Table 2.1

Summary of Potential Exposure Pathways for Human Health Risk Assessment

Risk Assessment Plan
Nuclear Metals, Inc.
Concord, Massachusetts

Exposure Pathway

Exposure Media

Soil Soil Soil Groundwater Surface Sediment Sediment
0-1ft | 1-10ft | >10ft Water (0—-6inches) | (> 6 inches)
Incidental ingestion X X X3 X* X
Dermal contact X X X3 X X
Dust inhalation X X
Ingestion of produce’ X X
External (gamma X X
radiation)
Vapor inhalation — X X X3 X
ambient air
Vapor inhalation — X X X X
indoor air
Consumption of fish? X X
Potable use X

X — Pathway that could potentially be complete if COPCs are identified following evaluation of RI data.

Potable use: ingestion, dermal contact, and vapor inhalation of chemicals in water used as a source of

household tap water.

! _ Fruits or vegetables that may accumulate COPCs associated with the site.

2 _ The only potentially complete pathway would be consumption of fish that may occur in the Assabet

River. If data collected in the RI (e.g., surface water and sediment from the Assabet River) indicate that a

Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a
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migration pathway to the Assabet River may potentially be complete for Site-related contaminants,
consumption of fish may be evaluated.

® _ Potentially applicable to construction/excavation worker at locations where excavation depths could
intrude the groundwater table; it is not yet known if, or where on the Site, these exposure pathways could be
potentially complete.

* — Applicable to swimming exposures only.

The pathways listed in Table 2.1 are those that could potentially be complete if the
following conditions exist: 1) a source or mechanism of chemical release; 2) a transport or
retention medium; 3) a point of potential human contact with the contaminated medium;
and 4) a route of exposure at the point of contact (EPA, 1989a). It is not known at this

time whether any of the pathways listed in Table 2.1 are complete.

Therefore, two of the principal objectives of the RI are to collect data sufficient to
determine: (1) which of the exposure pathways summarized in Table 2.1 are potentially
complete, and where at the Site those pathways could be complete; and (2) the
concentrations of COPCs to which human receptors would potentially be exposed for the
pathways that are determined to be potentially complete. To help ensure that the data
collected in the RI satisfy these objectives, the pathways in Table 2.1 were included in the
development of RBSLs that will be used to evaluate the data that are collected in the RI.
This ensures that the data collected for each medium will be sufficient for use in risk

assessment, even if all of the pathways shown in Table 2.1 are complete for a given media.

Exposure points and exposure areas will be identified based on the nature and extent of
contamination identified in the RI field investigation, and the ranges of land uses and
receptors selected for evaluation in the BHHRA. The selection of exposure points will be

documented in the BHHRA using text, tables, and figures as appropriate.

2-15
Nuclear Metals, Inc. Superfund Site — Risk Assessment Plan

Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a
government administrative order which has not received final acceptance from the U.S.
Environmental Protection Agency. The opinions, findings, and conclusions expressed are those of the
authors and not those of the U.S. Environmental Protection Agency.



SECTION 2

Exposure Scenarios. Exposure scenarios are used to quantitatively describe the COPC
exposures that could hypothetically occur for each of the land uses and exposure pathways
evaluated. (For example, under a future land use that involved construction of a building,
an example of an exposure scenario could be a construction worker who is engaged in soil
excavation activities and may contact the soil each day they are at the work site by
incidental soil ingestion, dermal contact, inhalation of dusts and vapors that are liberated
from the soil during excavation, and external exposure to ionizing radiation.) The
exposure scenarios are used in conjunction with EPCs to derive quantitative estimates of
COPC intake. Exposure scenarios will be developed based on the selected land uses,
receptors, and pathways, using exposure parameter values published in EPA regional and
national guidance and publications (e.g., EPA, 1994; 1997a; 2002b; 2004a), and/or
developed using Site-specific information. The BHHRA will document the development

of exposure scenarios using text and tables, as appropriate.

Derivation of Exposure Point Concentrations. EPCs describe the concentration
(chemicals) or activity (radionuclides) that a receptor may be potentially exposed to for a
given exposure point and exposure pathway. For the majority of exposure media and
pathways, EPCs will be derived from direct measurements of COPCs within the various
media. For some exposure pathways, such as vapor and dust inhalation, EPCs may be
based on values derived from fate and transport modeling. EPCs will be developed in
accordance with EPA regional and national guidance (e.g., EPA, 1992b; 1994; 1995;
2002a). Presently, the USEPA recommends use of the ProUCL software (USEPA, 2004d)
to calculate upper confidence limit (UCL) values to be used as EPCs. The most recent
version of the ProUCL software that is available at the time the human health risk

assessment first interim deliverable is produced, will be used for the BHHRA. The
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derivation of EPCs, as well as input parameters for fate and transport models, will be

documented in text and tables, as appropriate

Quantification of Intakes. For each of the exposure scenarios evaluated, COPC exposures
will be quantified for each exposure pathway using the EPCs and exposure parameters,
with intake algorithms published in EPA guidance (e.g., EPA, 1989a; 2004a). The
BHHRA will document methods, algorithms, and numerical estimates of exposure in text

and tables, as appropriate.

2.1.4 Dose-Response Assessment

The dose-response assessment provides information about the relationship between the
intake, or dose, of COPC and the adverse health effect, or response, that may be associated
with that dose.

There are two major types of adverse health effects that are evaluated in the BHHRA:
carcinogenic, or cancer-causing; and non-carcinogenic, or non-cancer causing (also
referred to as “chemical toxicity” or “systemic toxicity”). Both carcinogenic and non-
carcinogenic effects will be evaluated in the BHHRA. Carcinogenic effects are evaluated
only for chemicals that are known or suspected to be cancer-causing and for which EPA
has determined there is sufficient evidence and data to develop a dose-response
relationship. However, all chemicals (those that may be cancer causing and those that are
not known to be cancer causing) may exert adverse health effects other than cancer (e.g.,
kidney toxicity). Therefore, non-carcinogenic effects are evaluated for all chemicals for

which EPA has determined there is sufficient data to develop a dose-response relationship.
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The BHHRA will provide a discussion of the methodology that is used by EPA to develop
dose-response values, and will document the dose-response values and their sources in
tables. Carcinogenic effects associated with chemicals and radionuclides will be evaluated
using cancer slope factors, and non-carcinogenic effects associated with chemicals and
radionuclides will be evaluated using reference doses. These dose-response value will be
used in the risk characterization (described in subsection 2.1.5) to calculate excess lifetime
cancer risks and non-cancer hazard quotients. Dose-response values will be obtained from
EPA-approved sources in accordance with OSWER Directive 9285.7-53 (USEPA, 2003b).
OSWER 9285.7-53 identifies the hierarchy of sources that should be used to obtain dose-
response data, including Tier I: the Integrated Risk Information System (IRIS) (an on-line
data base that is regularly updated); Tier 1I: EPA Provisional Peer Reviewed Toxicity
Values; and Tier 111: EPA and non-EPA sources including toxicity values derived by
California EPA, Minimal Risk Levels developed by the Agency of Toxic Substances and
Disease Registry, and dose-response values published in the Health Effects Assessment
Summary Tables (HEAST) (most recently published in 2001).

2.1.5 Risk Characterization

The risk characterization combines the dose-response information and quantitative
exposure estimates to provide quantitative estimates of risk for cancer and non-cancer

effects.

The risk for carcinogenic effects is expressed as an excess lifetime cancer risk (ELCR),
which represents an upper bound of the probability of an individual developing cancer
over a lifetime as a result of exposure to a COPC. The non-cancer risk is expressed as a

hazard quotient (HQ), which is the ratio of intake of COPC to a threshold exposure value
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that has been determined by EPA to be associated with chemical concentrations that
people, including sensitive individuals such as children, can be exposed to without
appreciable risk of adverse effects, and with an adequate margin of safety. Cancer risks
and non-cancer hazards are calculated using the cancer slope factors and reference dose

values identified in the Dose-Response Assessment.

Health risks associated with potential exposures to lead in Site media will be quantified
using the EPA’s Integrated Exposure Uptake Biokinetic Model (IEUBK) for children
(USEPA, 2002d), and EPA’s Adult Lead Model (ALM) for adults (USEPA, 2003a).

For each receptor scenario evaluated in the BHHRA, ELCRs will be summed among all
COPCs (chemicals and radionuclides) and exposure routes to generate a cumulative cancer
risk estimate for each exposure medium. HQs will be summed among all COPCs and
exposure routes to generate a total HI for each exposure medium. These cancer and non-

cancer risks will be identified in a table.

The cumulative cancer risks and non-cancer risks will be compared to risk management
criteria established in the NCP. In accordance with the NCP, cancer risk estimates for a
site are compared to an ELCR range of 10 (one in a million) to 10 (one in ten-thousand).
Non-cancer risks are compared to a hazard index value of 1, which corresponds to the
chemical concentrations that people (including sensitive individuals such as children) can
be exposed to without adverse effects occurring. Risks and hazards associated with
background levels of COPCs will also be calculated and compared to risks and hazards
associated with the Site to evaluate whether there are differences in the risks and hazards
for chemicals that are naturally or anthropogenically occurring at the Site and at

background locations.
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The BHHRA will provide the methodology that is used to quantify and tabulate cancer and
non-cancer risks, describe the methods that are used to interpret risks, document the

calculations in tables, and present the results in text, tables, and figures, as appropriate.

2.1.6 Uncertainty Analysis

The uncertainty analysis presents an evaluation of the variables that lend uncertainty to the
quantitative risk estimates. The BHHRA will include a discussion and evaluation of
qualitative uncertainties (i.e., uncertainties that cannot be quantitatively described) such as
those associated with sampling and analysis and land uses. The BHHRA will also include
a discussion and quantitative evaluation of uncertainties (i.e., uncertainties that can be
quantitatively described or bounded) (EPA, 2001b), including those associated with
modeling and receptor exposure parameters. The uncertainty analysis will be presented in

text, tables, and figures, as appropriate.

2.2 INTERIM DELIVERABLES

The EPA SOW stipulates that the BHHRA should be completed in three interim
deliverables prior to submission of the Draft BHHRA (for a total of four deliverables). An
alternative approach is proposed in this RAP that condenses the total number of
deliverables to two: a first interim deliverable, and a Draft BHHRA. The following

subsections describe the content of the proposed deliverables.
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2.2.1 First Interim Deliverable

The first interim deliverable will consist of the following BHHRA components. The

contents of these BHHRA components are identified in Section 2.1:

1) Hazard Identification
e CSM (complete)
e Data Evaluation (complete)

e COPC Selection (complete)

2) Exposure Assessment |
e Identification of Current and Potential Land Uses (complete)
» ldentification of Exposure Pathways and Exposure Points (complete)
e Exposure Scenarios, including documentation of exposure parameters
(complete)
e Derivation of Exposure Point Concentrations (methods and modeling
parameters)

e Quantification of Exposure (methods)

3) Dose-Response Assessment
e Methodology (complete)
e Presentation and documentation of cancer and non-cancer dose-response values

(complete)

4) Risk Characterization

e Methodology (complete)
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The first interim deliverable will be provided to EPA for review. Responses to comments

will be prepared, and the comment resolutions will be incorporated in the Draft BHHRA.

2.2.2 Draft Baseline Risk Assessment

The Draft BHHRA will incorporate the components of the first interim deliverable, revised
in accordance with comment resolutions on the first interim deliverable, as well as the

following additional BHHRA components, which will complete the BHHRA document.

1) Hazard Identification

= Toxicity Profiles

2) Exposure Assessment |1
e Derivation of Exposure Point Concentrations (tables presenting EPCs,
modeling outputs)
e Quantification of Exposure (tables presenting calculations and quantitative

estimates of exposure)

3) Risk Characterization
e Results (tables presenting risk calculations, tables and figures summarizing

ELCR and HI values, discussion of results)

4) Uncertainty Analysis

e Discussion/analysis

2-22
Nuclear Metals, Inc. Superfund Site — Risk Assessment Plan

Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a
government administrative order which has not received final acceptance from the U.S.
Environmental Protection Agency. The opinions, findings, and conclusions expressed are those of the
authors and not those of the U.S. Environmental Protection Agency.



SECTION 2

The Draft BHHRA will be submitted to EPA for review. Responses to comments will be

prepared, and the comment resolutions will be incorporated into the Draft Final BHHRA.

2.3 INTEGRATION OF RISK AND DOSE-BASED ASSESSMENTS

In accordance with CERCLA, the risk assessment for the Site will be performed using the
CERCLA risk assessment process because EPA manages risk and develops remedial
decisions in consideration of cancer and non-cancer risks. However, the Commonwealth
of Massachusetts, under the authority of the Massachusetts Department of Public Health
(MADPH), has promulgated regulations governing the decontamination and
decommissioning of sites having residual concentrations of radioactivity (105 CMR
120.132 and 105 CMR 120.291) which are TBC ARARs at this Site. The MADPH TBC
ARAR requires that the responsible party demonstrate that the annual radiation dose to the
average member of the exposed subpopulation (the average member of the critical
exposure group) is not likely to be greater than 10 millirem per year (mrem/yr) following

decommissioning. Therefore, a radiation dose-assessment will be performed for the Site.

The EPA’s risk-based approach to evaluating radioactivity health impacts relies on toxicity
factors calculated for individual radionuclides. The scientific basis for deriving the
toxicity factors for radionuclides is the ionizing dose delivered by the radionuclides’ decay
products (alpha, beta, and gamma emissions), given the decay rate and decay scheme of
the radionuclide in question. Hence, at a fundamental level, the dose-based approach and
risk-based approach have a common underlying mechanism, and including both types of
calculations speaks to a broader group of health professionals than presentation of one

approach alone.
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The dose-based criterion of 10 mrem/yr necessitates the identification of derived
concentration guideline levels (DCGLs). The DCGL is a measurable, media-specific,
concentration-based value which, when achieved, will provide assurance that the dose-
based criterion will be met for future receptors at the Site. Radiation dose modeling is
used to derive DCGLs for residual radioactivity in various media to which an individual

might be exposed (e.g., soils) at the Site.

The process used to develop dose-based DCGLs is comparable to the Preliminary
Remedial Goal (PRG) development process under CERCLA, where an established set of
exposure conditions is used to derive a concentration or activity of a contaminant that
meets a risk-based performance standard (e.g., cancer risk, hazard index, or radiation
dose). The concentration or activity of contaminants measured in Site media are then
compared to the PRG to evaluate health risks associated with the media measured. This
process differs from the CERCLA risk process, whereby an established set of exposure
conditions and measured concentration or activity of a contaminant are used to derive a
risk-based assessment of those Site conditions (e.g., cancer risk, hazard index, or radiation
dose corresponding to the Site activity or concentration and established exposure
conditions), and subsequently, risks are compared to risk-based performance standards to

evaluate health risks.

The CERCLA BHHRA process and the DCGL development process will be performed
together to evaluate health risks and to derive remedial goals that meet both the CERCLA
and MADPH performance standards for protection of public health. For the derivation of
a DCGL, the conduct of a CERCLA BHHRA, and the calculation of PRGs, a key
component is the establishment of future land uses and exposure scenarios. The

methodology used to identify land uses and compile exposure scenarios (i.e., perform the
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exposure assessment) for the derivation of a DCGL is nearly identical to the methodology
that is used to perform the exposure assessment for a CERCLA BHHRA. Therefore, the
exposure assessments used to support the DCGL and CERCLA BHHRA can, and should,
be performed together to ensure that the CERCLA risk assessment and derivation of risk-
based PRGs, and dose-based remedial goals (i.e., DCGLSs), are based on the same land uses

and receptor exposure assumptions.

Dose modeling can be performed to derive Site-specific DCGLSs, or to derive screening-
level DCGLs.! Given the complexity of the Site and the knowledge that uranium has been
detected in the groundwater at certain locations on the Site, Site-specific DCGLs will be
developed for soil. On the other hand, for comparing with residual radioactivity on
building surfaces, generic screening level DCGLs might be appropriate. In either case,
certain key pieces of Site-specific data are needed in order to derive or select appropriate
DCGLs for the Site. Site-specific data needs to support derivation of dose-based DCGLs
for the Site are identified in Section 5.0 and will be addressed during the RI

characterization phase of the project.

There are four major steps in the DCGL development process, as described below:

1) The first step in the DCGL derivation is to evaluate potential future land use scenarios.
The future land use of the Site has not been established, but land uses that will be
considered in the DCGL development process include open space, recreational space,
commercial/industrial space, and residential space. Establishing the future land use for
the Site is beyond the scope of the RI/FS and this RAP. EPA, the community, and
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2)

3)

4)

parties with interests in the property will determine the future use. Applicable EPA
guidance on this issue is provided in “Land Use in the CERCLA Remedy Selection
Process,” (OSWER Directive No. 9355.7-04, May 1995), and “Reuse Assessments: A
Tool to Implement the Superfund Land Use Directive,” (OSWER 9355.7-06P, June 4,
2001).

The second step in the process is development of exposure scenarios that will be used
in the dose modeling as well as the CERCLA BHHRA.

The third major step in the process is the dose modeling and development of dose-
based DCGLs. This will be published as a DCGL document that describes the

technical basis and processes used in deriving the dose-based DCGL.

The DCGLs will then be considered in the FS as part of the Preliminary Remedial
Goals developed from the CERCLA BHHRA to identify final remedial goals and

provide information to support remedial decisions for the Site.

Non-site-specific screening level DCGLs derived from dose modeling are published for several radionuclides of
concern (e.g., ANSI/HPS N13.12-1999a). Such screening level DCGLs are conservatively derived from dose
models such that they are known to be protective without further consideration for the site-specific conditions
encountered.

2-26
Nuclear Metals, Inc. Superfund Site — Risk Assessment Plan

Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a
government administrative order which has not received final acceptance from the U.S.
Environmental Protection Agency. The opinions, findings, and conclusions expressed are those of the
authors and not those of the U.S. Environmental Protection Agency.



SECTION 3

3.0 BASELINE ECOLOGICAL RISK ASSESSMENT PLAN

The objective of the BERA portion of the RAP is to identify how the requirements of the
EPA SOW will be satisfied in terms of BERA content, methodology used to complete the

BERA, and interim deliverables.

This section describes the approach that will be used to characterize ecological risks, if
any, posed by site-related contamination in the aquatic and terrestrial environments at the
Site. This RAP describes the methodology for evaluating the data that will be collected as

part of the RI activities, and for estimating potential ecological risks.

3.1 COMPONENTS OF BASELINE ECOLOGICAL RISK ASSESSMENT

This section of the RAP identifies the components of the BERA process and the sources of
the technical methodology, information, and data that will be used to complete each of the

components.

3.1.1 Introduction and Regulatory Framework

The proposed approach for conducting the BERA is consistent with the following guidance

documents:

» Ecological Risk Assessment Guidance for Superfund, Process for Designing and
Conducting Ecological Risk Assessments (Process Document) (EPA, 1997D);

e Guidelines for Ecological Risk Assessment (EPA, 1998a);

e Framework for Ecological Risk Assessment (EPA, 1992c¢); and
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e Risk Assessment Guidance for Superfund - Environmental Evaluation Manual
(EPA, 1989b).

» The Role of Screening-Level Risk Assessments and Refining Contaminants of
Concern in Baseline Ecological Risk Assessments, ECO Update (EPA, 2001c)

e ECO Updates published between 1991 and 2001.

e A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial
Biota (USDOE, 2002).

An eight-step approach consisting of two tiers is presented in the Process Document (EPA,
1997b) and has been adopted for the Site.

The first tier is a screening-level ecological risk assessment (SLERA) which includes
Steps 1 and 2 identified in the Process Document. The SLERA will be based on a
screening evaluation of ecological risks from exposures to contaminants in site media,
using available ecotoxicological benchmarks and/or regulatory standards. The SLERA is a

critical interim deliverable and is discussed in Subsection 3.2.1.

The second tier is the BERA which is a more detailed analysis of ecological risks. The
BERA consists of Steps 3 through 8 of the Process Document (EPA, 1997b). This

includes:

e Refining the objectives (i.e., assessment endpoints) based on the results of the
SLERA (Steps 1 and 2);
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e Developing a workplan and Sampling and Analysis Plan (SAP) outlining additional
data collection activities specifically designed to meet identified objectives
(collectively referred to as the Study Design);

e Verifying implementability of studies proposed in the Study Design;

e Collecting additional data; and,

e Completing the BERA for the Site.

The two tiers are collectively referred to as the BERA throughout the RI/FS Work Plan, as

they will culminate in a BERA report.

The Process Document identifies scientific management decision points (SMDPs)
throughout the BERA process where preliminary results are discussed with the project
team. The EPA and MADEP are integral partners in planning the Rl and BERA for the

Site and will be involved throughout the process.

This RAP presents the proposed approach for completing both the SLERA and BERA.
These risk assessments contain the same four components, with the only major difference
being the level of complexity and amount of Site-specific data in the assessment. The four
components are:

e Problem formulation,

e Analysis,

» Risk characterization, and

e Uncertainty analysis.

Each of these components is discussed in greater detail in the following subsections.
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3.1.2 Problem Formulation

Problem formulation is the initial step of the BERA process where the purpose and scope
of the assessment are defined. The problem formulation will include the following

components:

an ecological assessment of the Site;

= data evaluation and identification of chemicals of potential concern;
« identification of ecological receptors and pathways;

» conceptual model development; and

e selection of assessment and measurement endpoints.

3.1.2.1 Ecological Assessment. An ecological assessment is one of the components of the Rl
that was identified in the SOW. SAP requirements for this assessment are addressed in this
section; additional assessment, however, will be conducted as part of the first interim
deliverable (problem formulation and study design). An initial ecological assessment will be
completed as part of the problem formulation, and will include a Site reconnaissance and
identification of ecological communities and habitat types present at the Site. This will be a
qualitative (not quantitative) study focused on characterizing the Site in terms of ecological
receptors and pathways. The qualitative ecological assessment will include a one- to two-day
site visit, during which time various portions of the site will be visited, and habitat and
organisms observed will be noted. Dominant habitat types will be noted, lists of dominant
plant species (within tree, sapling, shrub, and herb layers), and qualitative lists of birds,

mammals, and amphibians observed will be generated. Wetlands will be described using
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the Cowardin et al. (1979) classification system. Terrestrial habitats will be characterized
based on professional judgment using descriptive language comparable to that used to
characterize wetland habitats. A general habitat map will be generated from wetland

maps, aerial photos, and site observations for presentation in the risk assessment.

Information will be obtained from the Massachusetts Natural Heritage and Endangered
Species Program (NHESP) and U.S. Fish & Wildlife Service (USFWS) concerning the
potential occurrences of rare, threatened, or endangered species at the Site, as well as field
observations of wildlife and available habitats. Additional information regarding ecological
receptors in the area will be collected from the Massachusetts Division of Fish and
Wildlife, Massachusetts Audubon Society and any other organizations found to have
available data regarding fisheries or other biological data within the Assabet River (e.g.,

Assabet River Stream Watch [www.assabetriver.org/streamwatch/]). Table 3.1 contains a

list of state-listed rare, threatened, and endangered species with recorded occurrences in
Concord. Prior to the site visit, information from NHESP and USFWS will be used to
determine what subset of these organisms could potentially occur at the site, so that the
ecologist performing the site reconnaissance will be aware of their potential occurrence, and
note site habitat characteristics or other observations that may be relevant to their potential

occurrence at the site.

Specific attention will be placed on identifying wetlands as defined under Section 404(b)(1) of
the Clean Water Act. Wetlands will be described using the Cowardin et al. (1979)
classification system. Wetlands will not be delineated as part of the BERA, although it is
recognized that if any required remedial actions will potentially impact wetlands, delineation

and an evaluation of wetland functions and values will be necessary.
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3.1.2.2 Data Evaluation and Identification of Contaminants of Potential Concern.
Ecological screening values were used in conjunction with human health screening values
to evaluate existing data for the purpose of scoping sampling activities and analytes in the
FSP and QAPP. The FSP contains tables of existing data for each AOI and preliminary
screening values. The sampling program developed in various sections of the FSP
included analytes with exceedances of these screening values to ensure that the analytical
program would address analytes that could pose a potential human health or ecological

risk.

The problem formulation will discuss available data and identify the contaminants that are
likely to be of concern in surface water, sediment, and surface soil, based on the history of
releases from the source area. Additional data collection activities are described in the
FSP.

As discussed in the PSOP, the RI and Risk Assessment for the Site will be based on the
data collected in support of the RI/FS program. The historical data collected at the Site has
been used to help plan the RI, but will not be used in the RI or Risk Assessment due to
data quality limitations pertaining to unknown or undocumented sample collection, sample
analysis, and data validation procedures. Data collected for the RI will be selected for use
in the BERA using the criteria established by EPA in “Guidance for Data Usability in Risk
Assessment” (EPA, 1992a). The data selected for use in the BERA will be a product of
laboratory analyses performed in accordance with EPA, Department of Energy (DOE),
and/or American Society for Testing and Materials (ASTM) methods and associated
Quality Assurance/Quality Control (QA/QC) procedures, as described in the QAPP. Data
sets used in the BERA will be developed considering the location of COPCs, potential

exposure media, exposure points, and exposure pathways and receptors.
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The COPCs for the surface water, sediment, and surface soil media evaluated in the BERA
will be largely determined by the COPCs identified as part of the SLERA.

3.1.2.3 Conceptual Site Model. A CSM was developed for this RAP that depicts the
potential migration pathways through which contaminants may have been transported
and/or translocated from source areas to other environmental media where possible human
and ecological exposure may occur. The CSM was developed using information collected
from previous investigations performed at the Site, as well as information compiled by the
project team in preparation of the RI/FS Work Plan. The CSM is presented in Section 5.0
of the PSOP; a discussion of potential ecological exposure pathways associated with each
of the potentially contaminated media is presented in Section 3.1.3 of this RAP. The CSM
will be refined and modified as appropriate based on the findings of the RIl. The final
CSM will be referenced from the RI, and/or presented in the BERA, to provide context for

interpreting the data that will be selected for use in the BERA.

Based on existing information, the following aquatic and terrestrial AQls, or a subset
thereof, may be of concern to ecological receptors. Historic data suggest that additional
study will likely be needed at the Sphagnum Bog and Cooling Water Recharge Pond.
However, the existing data quality and quantity are insufficient for determining areas,
media, or receptors requiring additional study. Data from background locations are needed
to identify analytes that are present at levels consistent with local background. Data
collected during the RI and evaluated in the SLERA will be used to determine the nature
and extent of these screening value exceedances at each AOI. These data will be relied

upon to make conclusions regarding screening-level risks, and recommendation for
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additional studies. Table 3.2 presents a summary of available habitat and habitat
suitability for each AOI.

Aquatic AOls

Cooling Water Recharge Pond (AOI 4). The Cooling Water Recharge Pond is located in
a natural topographic depression in the center of the NMI facility between Building D and
the Sphagnum Bog. Cooling water is discharged through a pipe outfall located at the
southwestern edge of the pond. The pond may have also received discharge from floor
drains in the process floor area, as well as runoff from site facility roof drains. An outfall
constructed in 2001 currently discharges from the Holding Basin into the southern edge of
the pond. Historically, the pond may have received overflow from the basin during
extreme storm events. The pond is currently approximately 26,000 square feet (0.6 acres).
The pond may have historically drained into the northeast wetland via a pipe that was
observed in historical photographs, although there is no current evidence of a discharge
outfall into the northeast wetland. Existing analytical data (presented in the FSP) indicate
that metals (primarily copper, but also other TAL metals) and PAHSs in sediment exceed
ecological screening values. Metals in surface water also exceed ecological screening

values.

Sphagnum Bog (AOI 6). The Sphagnum Bog is a 3.5 acre natural wetland located in the
eastern part of the Site. The bog is approximately 3.5 acres. The surface of the bog is
perched above the general Site water table. The bog received waste water from the
Building A R&D laboratories via an outfall located along the western shore of the bog. A
second outfall may have been originally configured to receive supernatant from process

sludge discharged to the holding basin. Existing analytical data (presented in the FSP)
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indicate that metals (primarily copper, but also other TAL metals) and PAHSs in sediment
exceed ecological screening values. Metals in surface water also exceed ecological

screening values.

Northeast Wetland (AOI 10). The Northeast Wetland is located in the northeast portion
of the Site, just south of Route 62, and approximately 200 ft north of the Cooling Water
Recharge Pond. It is a palustrine, forested, broad-leafed, deciduous wetland that is
seasonally flooded. This wetland may have been created by the construction of Main
Street, which may have filled a natural swale and blocked surface runoff towards the north.
Although the low lying area associated with this wetland covers approximately 0.8 acres,

the wetland has not been delineated and therefore its size has not been determined.

The Northeast Wetland is separated from the Cooling Water Recharge Pond (AOI 4) to the
south by a fill feature. The pond may have historically drained into the Northeast Wetland
via a pipe that was observed in historical photographs, although there is no current
evidence of a discharge outfall into the Northeast Wetland. Existing analytical data
(presented in the FSP) indicate that metals and PAHSs are present at levels exceeding the
ecological screening benchmarks. The presence of PAHs and some of the metals may be
attributable to roadway runoff from adjacent Route 62 and the NMI facility parking lots;

this will be determined based on background data to be collected as part of the RI.

Assabet River (AOI 18). The Assabet River is located north of the Site. A wetland that
lies within a former channel of the river extends to within 200 feet of the Site. Wastewater
from the Site was never directly discharged to the Assabet River. However, some storm
water runoff from the site reaches the river floodplain. Parking lot runoff from paved areas

to the north and west of the building is directed through storm drains to an outfall located
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to the north of Route 62. Water from this outfall flows down a steep bank to a palustrine
emergent wetland with a small tributary stream flowing to the Assabet river. Groundwater
containing metals and VOCs from the Site may also discharge to the Assabet River.
Existing analytical data (presented in the FSP) indicate that several metals and PAHSs in

sediment, as well as metals in surface water, exceed ecological screening values.

Terrestrial AOls

Surface Soils (AOI 14). Terrestrial AOls are primarily limited to the Surface Soils AOI
(AOI 14). These soils are located along the perimetry of the Site and in vegetated areas
adjacent to features such as the Cooling Water Discharge Pond and the Sphagnum Bog.
Because they are located along the perimetry, they do provide potential habitat for some

terrestrial wildlife species.

Other AOIs with surface soil samples from areas containing potential ecological habitat
include the Drum Pit (AOI 2), Old Landfill (AOI 3), Hazardous Waste Area (AOI 7), and
the Sweepings Pile (AQOI 8), and Surface Soils (AOI 14) from other locations around the
Site. Surface soil data from these areas will also be considered for inclusion in the SLERA
and BERA depending upon their accessibility to ecological receptors. Primary
contaminants of potential concern in terrestrial AOIs include uranium and metals (TAL

metals and specialty metals).

3.1.2.4 Assessment and Measurement Endpoints. An important step in the problem
formulation process is the identification of assessment and measurement endpoints, which
must be completed before exposure, toxicity, or risk can be estimated. Endpoints are used

in the SLERA and BERA to define the ecological attributes to be protected (assessment
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endpoints) and to define measurable characteristics of those attributes that can be used to

gauge the degree of impact that may occur (measurement endpoints).

A typical assessment endpoint is an ecological attribute that, if found to be significantly
affected, would indicate a need for remediation. Assessment endpoints most often relate to
attributes of biological populations or communities (e.g., abundance, richness, and
productivity). Individual-based assessment endpoints typically are relevant only if

endangered species are present.

In general, the assessment endpoints for the SLERA and BERA are the protection and
maintenance of aquatic, semi-aquatic, and terrestrial receptor populations at the Site. The
overall objective of the BERA is to determine if exposure to contaminant concentrations
including radionuclides detected in Site media is likely to cause a decline in receptor
populations or to adversely affect the integrity of aquatic or terrestrial communities. This
general assessment endpoint will be used in the SLERA. The general types of effects of

concern (i.e., measurement endpoints) may include:

e Mortality, growth, or reproductive effects resulting from direct exposure to
contaminants that affect a significant proportion of a receptor population; and

= Mortality, growth, or reproductive effects resulting from exposure to contaminants
that have bioaccumulated in the ecological food chain that affect a significant

proportion of a (higher trophic level) receptor population.

During the problem formulation, these endpoints will be refined, and upon completion of
the SLERA, the refined endpoints will be used to help identify data requirements for the
BERA.
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3.1.3 Analysis

The analysis section characterizes the potential ecological exposures and associated
ecological effects. The exposure assessment will identify the receptors and exposure
pathways that will be evaluated, identifies the exposure point concentrations that will be
used to quantify exposures to these receptors, and describes the method that will be used to
quantify exposure. The effects assessment will include a discussion of the available
toxicity benchmarks and a discussion of the site-specific toxicity tests that may be used in
the BERA to quantify effects.

3.1.3.1 Exposure Assessment. The purpose of the ecological exposure assessment is to
evaluate the likelihood and magnitude of ecological receptor exposures to contaminated
media at the Site. The ecological exposure assessment discusses the potential exposures
defined in the problem formulation and measured in field and laboratory studies to
quantify exposure levels. Components of the exposure assessment include identification of

ecological exposure pathways and quantification of exposure.

Potential exposure points that may be evaluated in the BERA will include the surface soil
across the Site, the Sphagnum Bog, the Cooling Water Recharge Pond, the Northeast

Wetland, the Drainline outfalls, and the Assabet River.

Exposure Pathways. Potential exposure pathways for ecological receptors are summarized
in Table 3.3. In general, aquatic organisms may be exposed to COPCs in sediment and
surface water via direct dermal contact, and/or assimilation of, sediment-sorbed

contaminants or contaminants in the water column. Contaminants may then enter the
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circulatory system via partitioning through epithelial tissues of the respiratory system (e.g.,
gill membranes) or gastrointestinal tract (e.g., following ingestion). Both invertebrates and
vertebrates, such as fish or amphibians in direct contact with surface water or sediment,
may serve as contaminant vectors for indirect exposure to higher trophic levels through

food chain transfer.

Semi-aquatic and terrestrial wildlife receptors that forage on aquatic prey or prey
associated with surface soil may be exposed to contamination through several exposure
pathways. These pathways include dermal contact with surface water, sediment, or soil,
incidental ingestion of sediment or soil; consumption of drinking water, and ingestion of
prey items that have bioaccumulated or bioconcentrated contaminants in their tissue. Food
chain exposures will be quantified using food chain models. Plants and soil invertebrates
may be exposed to contamination through direct contact with soil. Surface soil is defined
as 0 to 1 foot deep; as these are considered to be the most biologically active soils. The
majority of foraging and soil ingestion takes place in soils at the surface. While root
systems for many plants extent below 1 foot , these types of plants are not typically
identified as sensitive receptor groups. The herbaceous plants that are usually the focus of
plant evaluations have more shallow root systems. Only burrowing mammals would
potentially be exposed to soils deeper than 1 foot bgs. There is no accepted method for
evaluating dermal exposures to mammals, and because their skin is generally covered with
fur, dermal exposure would be minimal. The primary soil exposure route for burrowing
mammals that could be exposed to deeper soils would be incidental soil ingestion while
burrowing, grooming or foraging. However, this potential exposure pathway would only
be complete if burrowing mammals occur at the Site. The ecological risk assessment will
therefore focus on potential surface soil exposures (i.e., soils 0-1 ft bgs), and will only
evaluate deeper soils if signs of burrowing mammals are observed on the site, and only if
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APPENDIX A
DERIVATION OF HUMAN HEALTH SCREENING LEVELS FOR URANIUM AND
THORIUM

This appendix describes the methodology that has been used to derive risk-based screening
levels (RBSLs) and RI Screening Levels (RSLs) for uranium and thorium. The RBSLs and
RSLs for uranium and thorium were derived in consideration of the following information:

» source of material used at Site and associated isotopic profile;

e levels associated with de minimis risk;

e levels that are reliably quantifiable using various analytical techniques;
e background values;

and, with the following objectives:

e to be distinguishable from background;
e to be protective for cumulative risk from multiple chemicals; and
e to be reliably and cost-effectively measured in environmental media.

The following subsections describe how these considerations and objectives were addressed in
deriving the screening values for radionuclides.

1.0 URANIUM
1.1 Isotopic Considerations

Historical records for the Site indicate that the facility was licensed to possess depleted uranium
metal, natural uranium metal, and enriched uranium metal. The term “depleted” refers to the
attribute that the uranium has been reduced in its U-235 content to a percentage mass that is less
than what is naturally occurring. The term “enriched” refers to the attribute that the uranium as
been enriched in its U-235 content to a percentage mass that is greater than what is naturally
occurring.

The isotopic mix of U-234, U-235, and U-238 varies among depleted uranium, natural uranium,
and enriched uranium. Natural uranium contains 0.7% U-235 by mass. The depleted uranium
used at the facility during the majority of years that the facility worked with depleted uranium is
reported to have been depleted in U-235 to 0.2% U-235. Just prior to cessation of depleted
uranium use in the mid 1990’s, the uranium is reported to have been slightly less depleted in U-
235 (0.3% U-235). Enriched uranium is typically between 3% and 90% enriched with U-235.

A-1
Nuclear Metals, Inc. Superfund Site — Risk Assessment Plan

Disclaimer: This document is a DRAFT document prepared by the Respondents pursuant to a government
administrative order which has not received final acceptance from the U.S. Environmental Protection
Agency. The opinions, findings, and conclusions expressed are those of the authors and not those of the U.S.
Environmental Protection Agency.



APPENDIX A

Available information suggests that enriched uranium was likely used in much smaller quantities
than depleted uranium, perhaps only for research and development.

As U-235 enrichment changes, the percentage of radioactivity contributed by U-238 and U-234
also changes. This, in turn, affects the relationship between uranium mass and activity, as well
as the radiation dose and health risk that is associated with a given unit of uranium mass or
activity. Table A.1 shows the isotopic profile of depleted uranium, natural uranium, 3%
enriched uranium, and 90% enriched uranium, as well as the activity to mass relationships
associated with these uranium source materials.

In addition to the three uranium isotopes present in uranium metal and naturally-occurring
uranium, there are a number of additional decay-products (progeny) that grow into equilibrium
with the parent uranium isotopes over time. Some progeny have short half-lives and grow into
equilibrium within days or years; others have long half lives and grow into equilibrium over
centuries or millennia. The complete decay chain for natural uranium is shown below.

Isotope | Half-life Isotope | Half-life
Parent Parent

U-238 | 4.5x10° years U-235 | 7x10° years
Progeny Progeny

Th-234 24 days Th-231 26 hours

Pa-234/234m | 1 min/ 7 days Pa-231 3.3x10" years

U-234 2.4x10° years Ac-227 22 years

Th-230 7.5x10" years Th-227 19 days

Ra-226 1.6x10° years Ra-223 11 days

Rn-222 4 days Rn-219 4 seconds

Po-218 3 min Po-215 2 milliseconds

Pb-214 27 min Pb-211 36 min

Bi-214 20 min Bi-211 2 min

Po-214 1.6x10™ TI-207 5 min

seconds

Pb-210 22 years Pb-207 Stable

Bi-210 3x10° years

P0-210 138 days

Pb-206 Stable

The uranium used at the Site was processed prior to shipment to the Site. During the refining
and processing of uranium, the uranium metal (element) was chemically-separated from other
radionuclides included in the natural decay chain, leaving only U-238, U-235, and U-234.
Although the in-growth of progeny begins again immediately following refinement, only the
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progeny with short-lived half lives will have come back to equilibrium with the uranium parent
isotopes. Even if it is conservatively assumed that all uranium at the facility was manufactured
(refined) in the 1960s, only the progeny with short half lives will have grown back to measurable
quantities. These progeny include Th-234, Pa-234/Pa-234m, and Th-231. Hence, uranium that
is present at the facility as a disposal product (CERLCA waste) would have only the uranium
parent isotopes (U-238, U-235, U-234) and these progeny present. Conversely, uranium that is
present as a naturally occurring background element would have the entire decay chain present.

The majority of uranium operations at the facility involved depleted uranium. Therefore, it is
likely that the isotopic profile of uranium in environmental media at the Site will resemble
depleted uranium and be relatively consistent across the Site. However, this hypothesis will be
evaluated and confirmed during the RI through use of analytical procedures that identify the
activities of individual uranium isotopes (e.g., alpha spectroscopy, gamma-spectroscopy, and/or
ICP-MS), as explained in the QAPP and FSP.

1.2 Background Levels

A limited amount of Site-specific background sampling has been performed for uranium in soil;
no Site-specific background data have been collected for uranium in other media. MADPH and
NRC concluded that total uranium in background surface soil ranges from 0.5 picocuries per
gram (pCi/g) to 2 pCi/g (MADPH/NRC, 1995).

Uranium concentrations in drinking water supply wells in Massachusetts were provided by
MADEP. Among 132 measurements, uranium concentrations ranged from 1 micrograms per
liter (ug/L) to 45 pg/L, with an arithmetic mean of 14.6 pug/L. The values obtained from
MADEP are not published, and the methods used to collect and analyze the water samples are
not known. However, the data provide evidence that uranium is a naturally occurring element in
groundwater in Massachusetts.

The form of uranium in background media is natural uranium, as neither depleted uranium nor
enriched uranium is naturally occurring. The uranium that exists in environmental media as a
background condition would have the entire decay chain present, as identified in Section 1.1.

Site-specific background data for uranium will be collected during the RI, as explained in the
FSP for Background. The background data will be considered in the development of the RI
Screening Levels, as explained in Section 1.4 of this appendix.

1.3 Analytical Considerations

Uranium may be measured as a mass in terms of mass uranium per mass unit soil or water (e.g.,
mg uranium per kg soil or mg uranium per L water) using analytical procedures for chemicals
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(metals), such as Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS), X-ray
fluorescence, or other similar methods. Uranium can also be measured as a function of its
radioactivity per mass unit soil or water (e.g., picocuries (pCi) per gram soil or pCi per L water)
using alpha spectroscopy, gamma spectroscopy, or ICP-MS. The QAPP discusses analytical
limitations associated with each of these methods. Of significance, however, is the analytical
detection limit associated with each of the potentially applicable analytical methods.

By mass, the method detection limits for ICP-MS are 0.04 mg/kg in soil, and 0.2 pg/L uranium
in water. By activity using alpha spectroscopy, the method detection limits for each uranium
isotope are 0.5 pCi/g in soil and 0.5 pCi/g in water. However, alpha and gamma spectroscopy
measurements are assigned a range of uncertainty by the analytical laboratory. Depending on
the radionuclide, the uncertainty at very low activities can equal or even exceed the reported
result, thereby contributing uncertainty to the interpretation of the analytical measurement. In
addition, U-234 is not easily detected by gamma-spectroscopy or ICP-MS; alpha-spectroscopy is
generally required to measure U-234.

1.4 Derivation of Uranium RBSLs and RSLs

EPA publishes risk-based concentrations (RBCs) for radionuclides in the form of preliminary
remediation goals (PRGs) (EPA, 2004a). PRGs for radionuclides are published for several
different land use assumptions, including residential contact with soil, residential use of tap
water, industrial contact with soil, and agricultural use and contact with soil. The PRGs are
developed using the technical approaches described in EPA’s Soil Screening Guidance for
Radionuclides (EPA, 2000) and are based on health-protective exposure assumptions that are
consistent with those used by USEPA Region IX to develop PRGs for chemicals, and are more
conservative than those that would typically be applied in a site-specific risk assessment (for
example, the PRGs consider outdoor exposures each day of the year, whereas in New England
outdoor exposures are limited in the winter months). A recent EPA communiqué suggests use of
the EPA-derived PRGs, or site-specific modifications of the PRGs, as the preferred methodology
for evaluating radionuclide risks (EPA, 2003). The EPA residential soil PRGs for radionuclides
consider incidental ingestion, dust inhalation, produce ingestion, and external exposure
pathways. Tap water PRGs consider ingestion of water as a source of household tap water. The
PRGs for radionuclides are developed in consideration of carcinogenic health effects.

Uranium is also typically evaluated for non-cancer hazards associated with chemical toxicity
(effects to the kidney). USEPA Region 1X publishes RBCs based on the non-cancer chemical
toxicity of uranium in the form of PRGs for chemicals (USEPA, 2004b).

Therefore, the RBSLs for uranium were selected as the lesser of:
e the cancer-based RBCs derived from the EPA-published radionuclide PRGs for uranium
(USEPA, 2004a), and
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e the non-cancer based RBCs published as EPA Region IX PRGs for chemicals (USEPA,
2004b), which is the same source of PRG values used to establish RBSLs for chemical
constituents (Section 4.5 of this work plan).

The radionuclide and chemical PRG values for residential soil were used to derive RBSLs for
soil and sediment, and the radionuclide and chemical PRG values for tap water were used to
derive RBSLs for groundwater and surface water. For soil and groundwater, the EPA generic
PRG values were used. For sediment and surface water, modifications to the PRG values were
made, as described below. This approach is consistent with the use of EPA Region IX PRGs for
residential soil and tap water as the basis of RBSLs for non-radioactive chemicals in soil and
groundwater, and modifications to those values to derive RBSLs for sediment and surface water.

The EPA PRG values for radionuclides are published for individual radioisotopes at a set target
cancer risk level of 1x10°. For uranium, EPA PRG values are published for U-234, U-235, and
U-238. However, as shown in Table A.1, the uranium source materials at the Site are comprised
of mixtures of three uranium isotopes. Uranium toxicity (risk) and media concentrations
associated with a de minimis risk are described by the mixture of radioisotopes, and not the
concentration of a single isotope. Therefore, cancer risk-based RBCs for uranium were derived
as a total uranium value that accounts for the specific isotopic mix of the uranium source
material, and the risks associated with that isotopic mix.

As discussed in the following subsections, the RBSLs identified in this appendix were derived
based on health risk (excess lifetime cancer risk and non-cancer hazard) endpoints. However,
the selected RBSLs were reviewed to ensure that they would not be associated with radiation
annual doses in excess of the MADPH limit of 10 mrem/yr or the EPA groundwater MCL of 4
mrem/yr.

1.4.1 Solil

Derivation of RBSL
Derivation of uranium cancer-based RBCs for soil is shown in Table A.2. The RBCs were
derived as shown in the following equation:
RBC = Target Risk x Total Activity
Risk @ Total Activity

Where:
Risk @ Total Activity =Target risk x ([U-234 activity/U-234 PRG] + [U-235 activity/U-235 PRG] + [U-238 activity/U-238
PRG])

Target Risk = 1E-06 ELCR

Total Activity = The sum of activities for all isotopes for a given uranium source material at a given concentration (for these
calculations, the “given concentration” was 1 mg/kg)
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Activity = the individual activities of U-234, U-235, and U-238 for a given uranium source material at a given concentration (for
these calculations, the “given concentration” was 1 mg/kg)

Uranium PRG = EPA Radionuclide PRG (EPA, 2002a) established at a target excess lifetime cancer risk of 1 in 1 million.

The total activities were calculated using the isotopic mix information provided in Table A.1
(values in Table A-1 were normalized to 1 mg/kg total uranium). The PRG values for U-238 and
U-235 were selected as the “+D” values, which use cancer slope factors that account for the
additive risk of short half-lived progeny that may be in equilibrium with the uranium parent
isotopes, as identified in Section 1.1.

As indicated in Table A.2, the cancer-based RBC value for the uranium isotopic mix that
represents depleted uranium is 2.1 mg/kg. This value is greater than the non-cancer based RBC
value of 1.6 mg/kg, which is based on the USEPA Region IX residential soil PRG value adjusted
to a hazard quotient of 0.1. Therefore, the RBSL for uranium in soil is identified as the lesser of
the cancer- and non-cancer based RBC, or 1.6 mg/kg.

Derivation of RSL

As indicated in Table A.2, cancer-based RBCs for the various uranium isotopes range between
0.81 pCi/g and 2.5 pCi/g. These values are within the range of naturally-occurring background
activities (between 0.5 pCi/g and 2 pCi/g), and near the analytical detection limits for alpha- and
gamma-spectroscopy (0.5 pCi/g). The background value represents the activity of naturally-
occurring uranium; depleted and enriched uranium would not be expected as background
conditions. However, at very low activities that are near the analytical detection limits and
within the range of background, the analytical uncertainty assigned to the activity measurements
make reliable differentiation of uranium source materials nearly impossible (i.e., it would be
very difficult to reliably conclude whether uranium measured in the background activity range is
depleted, natural, or enriched uranium). Mass-based analysis is associated with much less
uncertainty when measuring low concentrations of uranium. For example, the mass of uranium
associated with 2 pCi/g of natural uranium is 2.9 mg/kg, and the minimum detection limit for
ICP-MS analysis of 0.04 mg/kg.

The information provided in Table A.2 also indicates that the RBC for natural uranium at a
target risk of 1x10® (1.1 pCi/g) is lower than the upper limit of the background range (2 pCi/g).
In order to delineate the nature and extent of a Site-related contaminant that is also naturally
occurring, as is the case with uranium, it is necessary to establish the RSL at a value that is
distinguishable from background. However, the value should also be associated with a health
risk that is de minimis. From a risk-based perspective, establishing the RSL value in
consideration of background essentially defines the screening level as a value that is associated
with a risk that is equal to the risk at background. This approach is consistent with the EPA
OSWER Directive “Role of Background in the CERCLA Cleanup Program” (EPA, 2002), which
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stipulates that Site-related risks should be evaluated in the context of background risks, and
CERCLA cleanups generally should not remediate to levels below background.

It is likely that the majority of uranium that is a Site-related waste material will have an isotopic
profile similar to depleted uranium and, based on the Site history, it is likely that the depleted
uranium in the environment will be ~0.2% U-235. Although enriched uranium may have been
disposed of at the Site, the distribution of enriched uranium is likely to be localized due to the
relatively small quantities that were used. In addition, due to the mixing of relatively small
quantities of enriched uranium with relatively large quantities of depleted uranium and natural
uranium in the environment (after disposal), the enriched uranium will likely exhibit a
substantially lower measured enrichment in the environment. Therefore, the RSL is established
with the objective of delineating the nature and extent of depleted uranium, rather than natural or
enriched uranium.

As indicted in Table A.3, a value of 5 mg/kg of depleted uranium is a concentration that is
distinguishable from natural uranium background of 2.9 mg/kg (mass associated with a 2 pCi/g
upper-limit of background), yet is associated with an excess lifetime cancer risk (2x10°®) that is
equal to the excess lifetime cancer risk associated with the background value of natural uranium
(2x10°) W Therefore, a value of 5 mg/kg uranium, which can be reliably and cost-effectively
measured using ICP-MS, is selected as the RSL for uranium in soil.

As indicated in Table A.3, the non-cancer HI associated with the uranium RSL is 0.02, which is
well below the threshold HI for non-cancer toxicity of 1. As documented in Table A.3, this HI
value is derived using the input parameters used to derive the EPA Region IX residential soil
PRG values and the reference dose for uranium soluble salts published in the EPA’s Integrated
Risk Information System data base.

As indicated in Table A.3, the cancer risk associated with a value of 5 mg/kg total uranium
increases as measured enrichment increases. However, as discussed previously, it is likely that
the uranium that is present in environmental media at the Site at concentrations in excess of
background is depleted uranium (i.e., the uranium source material that the RSL is based on).
Even if the uranium is present above background due to disposal of natural uranium metal that
may have been used at the facility, the cancer risk associated with the RSL of 5 mg/kg is only
3x10°®. If the uranium is present as 3% enriched uranium at the RSL of 5 mg/kg, the cancer risk
is only 5x10°®, which is still well within the Superfund risk range of 1x10° to 1x10™. If a value
of 5 mg/kg was associated with 90% enriched uranium, the associated cancer risk would be at
the upper-bound of the Superfund risk range. However, as discussed previously, it is highly
unlikely that uranium will be present in the environment at a measured enrichment of 90%.

@ This risk estimate is based solely on the contribution of uranium and its short half-lived progeny; the “true risk” of naturally-
occurring uranium in the environment would actually be considerably greater because naturally occurring uranium is in
equilibrium with long-lived progeny, including Ra-226, which would add to the total uranium risk.
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Moreover, as discussed in the QAPP, all samples collected will be evaluated for radioactivity
with a portable radiation detector to identify samples that may have elevated radioactivity. The
activity associated with 5 mg/kg of 90% enriched uranium (~300 pCi/g) would be detected with
the portable radiation detector. Samples found to have elevated radioactivity will be submitted
for alpha-spectroscopy analysis. Finally, to address the potential for uranium to exist in
environmental media in isotopic profiles other than depleted or natural uranium and to
evaluate/confirm the consistency of the isotopic profile of uranium in Site media, 20% of the
samples collected from each AOI will be submitted for isotopic analysis. If the isotopic data
indicate an isotopic profile other than depleted or natural uranium, the area will be further
investigated and/or delineated, as appropriate.

The RSL for uranium in soil may be modified after collection and evaluation of site-specific
background data (e.qg., if the Site-specific background value is substantially different than 2

pCi/g).
1.4.2 Sediment

Derivation of RBSL

Uranium RBSLs for sediment were developed using the same approach that was used for soil.
The cancer-based RBC is a mass-based value developed using the isotopic profile and toxicity
for depleted uranium. However, the cancer-based RBCs for sediment were derived as
modifications of the EPA residential soil PRGs. Specifically, the PRG values for residential soil
were modified to remove the produce ingestion exposure pathway, remove the external exposure
pathway, remove the dust inhalation pathway, and reduce the exposure frequency by one-half
(from 350 days per year to 175 days per year) to be consistent with the sediment PRGs derived
in this RAP for chemical contaminants. The PRG calculations are provided in Attachment 1.
Table A.4 shows the derivation of the cancer-based RBC values for sediment. As indicated in
Table A.4, the cancer-based RBC value for sediment (based on depleted uranium) is 20 mg/kg
total uranium. The non-cancer RBC, based on a value of two-times the USEPA Region IX
residential soil PRG (to be consistent with the approach used to derive RBSLs for chemicals) is
3.2 mg/kg. Therefore, the RBSL for uranium in sediment is identified as 3.2 mg/kg.

Derivation of RSL

As indicated in Table A.5, a value of 20 mg/kg total uranium (as depleted uranium) in sediment
corresponds to a cancer risk of 1x10®. This value corresponds to a non-cancer HI of 0.04.
Therefore, the RSL for uranium in sediment is established at 20 mg/kg. Site-specific
background data are not available for uranium in sediment. The RSL for uranium in sediment
may be modified after collection and evaluation of site-specific background data (e.g., if the
Site-specific background value is greater than 20 mg/kg).
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1.4.3 Groundwater

Derivation of RBSL

Uranium RBSLs for groundwater were developed using an approach consistent with that used
for soil; however, EPA PRG values for tap water were used, and MCLs were considered in the
derivation of the RBSL (EPA, 2004a; 2004b; 2004c).

As indicated in Table A.6, the RBC based on 1x10°® cancer risk and the isotopic profile of
depleted uranium is 1.4 ug/L. The EPA Region IX tapwater PRG based on chemical toxicity,
adjusted for a HQ of 0.1, is 0.73 pug/L. Therefore, the RBSL for uranium in groundwater is 0.73

ug/L.

Dervivation of RSL

Table A.7 presents the derivation of the groundwater RSL. As shown in Table A.7, RSL values
based on a 1x10° cancer risk are on the order of 1.4 pg/L or lower, whereas RSL values based
on the MCL are associated with cancer risks the order of 2x107 or greater, and a hazard index of
0.65.

The Site-specific background value for uranium in groundwater is not known, but it appears that
uranium exists as a naturally occurring element in groundwater, possibly at concentrations on the
order of 14 pg/L.

The RSL for uranium in groundwater will be finalized after collection of site-specific
background data, as it is likely that the background value for uranium will be within a range of
concentrations that correspond to a HI of between 0.1 and 1, and a cancer risk of 1x10° to 1x10°
>, In the interim, the screening value has been established at 3 pg/L, representing 3-times the
analytical detection limit and a cancer risk of 2x10°.

1.4.4 Surface Water

Derivation of RBSL

The RBSL for uranium in surface water was derived using the same approach that was used to
derive the RBSL for chemicals in surface water (refer to subsection 4.1.5 of the RAP).
Therefore, the surface water RBSL for uranium is established at 1.4 ug/L (equal to two-times the
RBSL for groundwater)

Derivation of RSL

The RSL for uranium in surface water is established at 6 ug/L, representing two-times the RSL
for groundwater; this value may be revised after collection and evaluation of Site-specific
background data.
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2.0 THORIUM
2.1 Isotopic Considerations

Natural thorium metal was reportedly used to manufacture thoriated tungsten rods at the NMI
facility. Therefore, it is possible that natural thorium that was used in manufacturing at the Site
was released to the environment.

Thorium exists naturally in the environment as the isotope Th-232, as well as the decay progeny
of U-238 (Th-234), U-234 (Th-230), and U-235 (Th-231). Thorium is often obtained from ore
bodies that contain Th-232 and Th-230 (which results from the decay of U-234). The decay-
products (progeny) that grow into equilibrium with Th-230 and Th-232 are shown in the below.

Isotope | Half-life Isotope | Half-life
Parent Parent
Th-230 | 7.5x10° years Th-232 | 1.4x10" years
Progeny Progeny
Ra-226 1.6x10° years Ra-228 5.76 years
Rn-222 4 days Ac-228 6.15 hours
Po-218 3 min Th-228 1.91 years
Pb-214 27 min Ra-224 3.66 days
Bi-214 20 min Rn-220 55.6 seconds
Po-214 1.6x10™ seconds Po-216 0.145 seconds
Pb-210 22 years Pb-212 10.6 hours
Bi-210 3x10° years Bi-212 60.5 min
P0-210 138 days T1-208 3.05 min
Pb-206 Stable Pb-208 Stable

The thorium used at the Site was processed prior to shipment to the Site. During the refining and
processing of thorium, the thorium metal (element) is separated from other radionuclides
included in the natural decay chain(s), leaving Th-232, Th-230, Th-234, and Th-231 (the
chemical separation process is element-specific, not isotope specific). Th-231 and Th-234 have
short half-lives and will decay away in the absence of their parent uranium isotopes to sustain
them. Therefore, Th-230 and Th-232 are the principal isotopes that comprise refined thorium
metal. As indicated by the half-lives of the Th-232 progeny, a number of the progeny grow into
equilibrium with Th-232 in a relatively short period (e.g., less than 10 years). Ifitis
conservatively assumed that the thorium at the facility was manufactured (refined) in the 1960s,
it is possible that most of the progeny would have grown back to near equilibrium in the present
day. As shown in the decay series for Th-230, the principal progeny of Th-230 is Ra-226, which
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has a relatively long half-life (1,600 years) and, therefore, would not grow into equilibrium in the
foreseeable future.

The identification of natural thorium metal (Th-232 and Th-230) that may be Site-related is
complicated by the fact that natural Th-232 and its decay chain exist at low levels in
environmental media as naturally-occurring thorium. In addition, thorium as Th-234, Th-230,
and Th-231 exist in equilibrium with U-238, U-234, and U-235, respectively, that is both
naturally occurring in the environment and is associated with depleted, natural, and enriched
uranium that was used at and released from the Site. Therefore, it is necessary to determine the
isotopic profile of thorium in Site media so that Th-232 and Th-230 that may have been released
as a Site-related waste can be differentiated from naturally-occurring Th-232 and Th-230 as a
background condition, and thorium isotopes that may be associated with uranium decay (from
both natural and Site-related wastes).

2.2  Background Levels

Thorium exists as a natural background condition. However, no site-specific background data
have been collected for thorium. Therefore, the R will include background characterization for
natural thorium (Th-230 and Th-232) in soil, groundwater, surface water, and sediment, as
explained in the Background FSP.

2.3 Analytical Considerations

As explained in the QAPP and PSOP, alpha-spectroscopy will be used to measure thorium in
background and Site-media to facilitate distinction of Th-232 from other thorium isotopes. The
analytical detection limit for alpha-spectroscopy is 0.5 pCi/g and 0.5 pCi/L.

It is possible to use mass-based analysis to evaluate thorium in Site media. This requires a
characterization of the natural background level of Th-232 and Th-230, and knowledge of the
uranium concentrations or activities in the samples analyzed for thorium. With this information,
the thorium mass (concentration) that may be related to releases at the Site is calculated by
subtracting the mass of thorium associated with uranium (natural and Site-related, which is
calculated based on equilibrium with uranium or derived as a ratio of thorium-to-uranium
concentrations through Site-specific spectroscopic analysis), and the mass of thorium associated
with background. The difference would be thorium related to disposal of thorium metal at the
Site. The analytical detection limit for thorium by ICP-MS is 0.2 mg/kg and 1 pg/L.

2.4 Derivation of Thorium RBSLs and RSLs

The EPA Radionuclide PRGs (EPA, 2004a) for thorium and its decay chain were used to derive
RBSLs for thorium using an approach consistent with the approach used to derive RBSLs for
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uranium. However, unlike uranium, thorium is only evaluated with respect to cancer
(radiogenic) risks; non-cancer risks are not characterized for thorium because non-cancer dose-
response values have not been developed by EPA.

As is the case with uranium, the thorium toxicity (risk) and media concentrations associated with
a de minimis risk are described by the mixture of radioisotopes in the decay chain, and not the
concentration of a single isotope. Therefore, RBSLs for thorium were derived as a total thorium
value that accounts for the assumption that thorium metal may be present in equilibrium with its
decay chain. Because both Th-232 and Th-230 may be present in varying ratios (the ratios
would depend on the nature of the ore body from which the thorium was extracted), it is
necessary to consider the differences in toxicity between Th-232 and Th-230. A review of the
EPA Radionuclide PRGs for Th-230 and Th-232 shows that PRG values for Th-232 are slightly
lower than PRG values for Th-230. In addition, the contribution of risk from the short-lived
progeny of Th-232 indicates that deriving RBSLs based on the assumption that Site-related
thorium is present as Th-232 provides a more conservative evaluation for thorium. Therefore,
RBSLs for thorium are based on Th-232 and its progeny, rather than Th-230.

As discussed in the following subsections, the RBSLs identified in this appendix were derived
based on health risk (excess lifetime cancer risk) endpoints. However, the selected RBSLs were
reviewed to ensure that they would not be associated with radiation annual doses in excess of the
MADPH limit of 10 mrem/yr or the EPA groundwater MCL of 4 mrem/yr.

2.4.1 Soil

Derivation of thorium RBSLs for soil is shown in Table A.8. The RBSLs were derived as shown
in the following equation:
RBSL = Target Risk
Risk @ Total Activity

Where:
Risk @ Total Activity =
Target risk x ([Th-232 activity/Th-232 PRG] + [Ra-228 activity/Ra-228 PRG] + [Th-228 activity/Th-228 PRG])

Target Risk = 1E-06 ELCR
Activity = the activities of Th-232, Ra-228, and Th-228 in equilibrium

Thorium PRG = EPA Radionuclide PRG (EPA, 2004a) established at a target excess lifetime cancer risk of 1 in 1 million.

Equilibrium among Th-232, Ra-228, and Th-228 was assumed. The PRG values for Ra-228 and
Th-228 were selected as the “+D” values, which use cancer slope factors that account for the
additive risk of short half-lived progeny that may be in equilibrium with these isotopes, as
identified in subsection 2.1. The Th-228 PRG includes risks for isotopes down to and including
TI-208.
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As indicated in Table A.8, the RBSL for thorium at a target cancer risk of 1x10° is 0.046 pCi/g
or 0.43 mg/kg (non-cancer based values are not derived for thorium because non-cancer dose-
response values have not been published in EPA-approved sources). The RBSL value is used as
the RSL in the absence of Site-specific background data. The RBSL values are likely within the
range of naturally-occurring background activities, and the activity-based RBSL value is below
the analytical detection limit. Therefore, a final RSL value for thorium will be selected after
site-specific background data for thorium have been collected and evaluated; it is possible that
the RSL for thorium will be based on a background value rather than a risk-based value
corresponding to 1x10°® excess lifetime cancer risk.

2.4.2 Sediment

Thorium RBSLs for sediment were developed using the same approach that was used for
uranium, whereby the soil PRG values were modified to account for fewer exposure pathways
and a lower exposure frequency applicable for submerged sediment. The modified soil PRG
calculations are provided in Attachment 1.

Table A.8 shows the derivation of the RBSL value for sediment. As indicated in Table A.8, the
selected RBSL value for sediment is 16 mg/kg total thorium, or 1.7 pCi/g Th-232. These values
correspond to a cancer risk of 1x10°. In the absence of Site-specific background data for Th-
232 in sediment, the RBSL is used as the RSL. The RSL for thorium in sediment may be
modified after collection and evaluation of site-specific background data (e.g., if the site-specific
background value is greater than 16 mg/kg).

2.4.3 Groundwater

Thorium RBSLs for groundwater were developed using an approach consistent with that used for
soil, however, EPA PRG values for tap water were used, and MCLs were considered in the
derivation of the RBSL.

As shown in Table A.8, RBSLs based on a 1x10™® cancer risk are 0.033 pCi/g (activity-based)
and 0.3 pg/L (mass-based). Both of these values are below the analytical detection limits.

The applicable MCLs for thorium include 4 mrem/yr and 5 pCi/L for Ra-228 (Ra-228 being a
decay product of Th-232; equivalent to 45 pg/L Th-232 in equilibrium with Ra-228).

The site-specific background value for Th-232 in groundwater is not known. Therefore, the RSL
for thorium in groundwater will be finalized after collection of site-specific background data, as
it is likely that the background value for thorium will be within a range of concentrations that
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correspond to a cancer risk of >1x10° to 1x10™. In the interim, the RSL has been established at
1 pg/L, representing the analytical detection limit and a cancer risk of 3x10°®.

2.4.4 Surface Water

The RBSL for thorium in surface water was derived using the same approach that was used to
derive the RBSL for chemicals in surface water (refer to Subsection 4.1.5 of the RAP).
Therefore, the surface water RBSL for thorium is established at 0.6 pg/L. The RSL has been
established at 1 ug/L, representing the analytical detection limit. The RSL value may be revised
after collection and evaluation of site-specific background data.

3.0 TRANS-URANICS

One of the processes that was used by the U.S. Department of Energy to produce uranium, the
reprocessing of spent nuclear fuel, was known to occasionally introduce radioisotopes of
americium, curium, neptunium, plutonium, strontium, and technetium at very low
concentrations. In general, if these radionuclides are present, they are only detectable when
uranium is present at very high concentrations, and, therefore, exist at such low activities in
relation to the activity of uranium that they do not appreciably affect the total dose or total risk
estimates. The RI will include analysis for these radioisotopes to determine if they are present so
that the estimated radiation dose and health risk can be accurately evaluated.

Therefore, the objective of the RI for these radionuclides is to determine if they are present, and
at what activities in relation to uranium activities they may exist, rather than to delineate the
nature and extent of the trans-uranics. The RBSL values were used principally to evaluate the
method detection limits (alpha spectroscopy).

RBSLs for these radionuclides were based on the default EPA Radionuclide PRG values.
Residential soil PRG values were used as RBSLs in soil, tap water PRG values were used as
RBSLs for tap water, and sediment and surface water RBSLs were calculated from the soil and
groundwater PRG values using the same approach that was used to derive sediment and surface
water RBSL values for chemicals (see RAP Section 4.1). The RBSLs are presented in Tables
4.1,and 4.5. The RSLs (Table 4.6) are, in some cases, based on analytical detection limits.
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