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MEMORANDUM
DATE: September 23, 2004

SUBJECT: Incorporation of EPA/CDPHE Comments on the Final
Comprehensive Risk Assessment Work Plan and Methodology,
August 2004

The Environmental Protection Agency (EPA) and the Colorado Department of Public
Health and the Environment (CDPHE) provided comments on the Final CRA
Methodology (August 2004) so that they could approve the document without
contingencies. Most of the comments and suggestions were incorporated in the current
September 2004 version of the Final CRA Methodology. The changes were discussed
with Tracy Hammond of CDPHE in a teleconference on Monday September 20, 2004.
Ms. Hammond stated she would confer with Robyn Blackburn of the EPA and confirm
that the document was ready for final publication. Some editorial changes to Appendix B
were then suggested and incorporated. The final document was then readied for
distribution. A formal “Response to Comments” will be provided under separate cover.
The following lists the comment number and its disposition in the final document.
Additional edits initiated by the Site are listed at the end.

HUMAN HEATH RISK
1. Page 8 - Figure 2.2: The word "preliminary" in the title was corrected.
2. Page 13 - Last Paragraph: "may include", was inserted.

3. Page 18, Table 4.1 and page 19, Table 4.2 - The reference EPA 2001a was
replaced with EPA2001b.

4. Pages 41-59, Table 5.2 - Column headings were added.
5. Page 63 - First full paragraph: “Hlr,” replaced with “Hly,".
ECOLOGICAL RISK

1. The figure will be prepared for the CRA.
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2. Page 66 - Second Paragraph - Second Sentence: The sentence was changed to,
“For vertebrate ROCs, that are not considered to be of special status (rare or
threatened), ESLs represent exposures equal to the threshold ESL (tESL) when
available.

3. Page 66, second paragraph, first sentence. Changed text to “ESLs are specific to
the feeding guild being evaluated...”.

4. Page 67, Figure 7-1. The figure was updated as suggested.

5. Page 68, First paragraph. Text changed to “BAFs are generally derived from
laboratory studies or studies at other sites, and the assumptions used in the ESL
calculations may not match the reality at the Site.”

6. Page 73, Table 7.1. The following note was inserted “Data and results used in the
Watershed ERA and previous assessments for waterfowl and shorebirds will be
presented and compared to evaluate whether the assumptions/data used are
representative of current conditions at the site.”

7. Page 75 - Non-PMJM Receptors: The second bullet, removed “terrestrial plants
and invertebrates.”

8. Page 77, third bullet. Text revised to “The risk characterization process will be
documented in the CRA and may include:”.

9. Page 78, third paragraph under 7.2.5. The text was revised to say “Risks to
aquatic organisms are most strongly related to dissolved concentrations, but in
order to provide a thorough assessment, risks will be evaluated both for dissolved
and total recoverable concentrations where appropriate.”

10. Page 79, first paragraph. Changed text to “....and the transfer of ECOIs among
these media.”

11. Page 79, Second paragraph from the bottom. Revised text to “For those ECOlIs
that have adequate TRV data available (that is, NOAEL and LOAEL values are
available from toxicity studies), and meet the criteria specified in Appendix B, a
tESL...”.

12. Page 80, first paragraph under “Surface Water”. The second sentence was
deleted. ‘

13. Page 80, final paragraph. Sentence deleted.
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Table B-2

1.

2

No response needed.

Footnote added to table B-2 that presents a description of each TRV Confidence
ranking.

. Changed the Threshold column to NA and the Rationale column to ‘Not enough

information is available to calculate a threshold TRV’ and in Table B-7 put “NA”
in the Threshold columns for the chemicals listed below.

Mammals Mammals (cont.)

Antimony Hexachlorocyclohexane (mixed)
Beryllium Lead
Bromodichloromethane Manganese
Butylbenzylphthalate Naphthalene

Cadmium p-Nitrotoluene
cis-1,2-Dichloroethene Octahydro-1,3,5,7-tetranitro-
Cobalt 1,3,5,7-tetrazocine
Chloroform Pentachlorobenzene

DDT Styrene
Dichlorodifluoromethane 2,4,6-Trinitrotoluene
1,3-Dichloropropene Xylene (mixed)

Dieldrin

2,4-Dinitrophenol

- 2,6-Dinitrotoluene Birds

Di-n-octylphthalate Copper
Hexachlorocyclohexane (beta) Tin (Butyltins)

. Table entries were changed for the following chemicals:

Mammals
Dibenzofuran
Ethylbenzene

Fluorene
1,2,4-Trichlorobenzene
2,4,5-Trichlorophenol

. Footnote added, “The nature of the effect is not likely to cause a significant effect

on growth, reproduction, or survival” for the following chemicals:

Mammals A Birds
Aldrin Di-n-butylphthalate
Trichloroethene Manganese
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MINOR EDITORIAL COMMENTS for Table B-2
All minor editorial comments were incorporated.
Appendix B, Table B-3A

1. The footnote was updated.
Appendix B, Table B-4

1. Added the footnote, “The water ESLs used to calculate EqP-based ESLs are chronic
values.”

2. Footnote added.

Appendix B, Attachments
Attachment 1

1. Added the footnote, “The scores provided are based on the most sensitive endpoints
within each study provided in Attachment 2.”

2. No response needed..
Attachment 2

1. Comment incorporated.

2. Page 1 of 5 - 4,4-DDE — The “4” day puberty delay was corrected to a "5" day delay.
Site Initiated Edits

Table 4.2 - Exposure factors for the WRV Receptor: A row for Total averaging time-
noncarcinogenic (Atnc) was added.

Tables A-2, A-4, A-6 - Second column with V designation was deleted. Headings were cleaned
up.

Table A-6 — Units were corrected to */L.
Table B-8 — Units were corrected.

A few minor editorial corrections were made.
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95UCL upper confidence limit of the mean at a 95 percent level
AL action level
BAF bioaccumulation factor
BDAC Biological Dose Assessment Committee
BOA Basic Ordering Agreement
BZ Buffer Zone
CAD/ROD Corrective Action Decision/Record of Decision
CAS Chemical Abstract Service
CDPHE Colorado Department of Public Health and Environment
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CNS central nervous systems
COC contaminant of concern
CRA Comprehensive Risk Assessment
CRAVE Carcinogenic Risk Assessment Verification Endeavor
CRQL contract-required quantitation limit
CSF cancer slope factor
DAD dermally absorbed dose
DAR Data Adequacy Report
DCF dose conversion factor
DER duplicate error ratio
DOE U.S. Department of Energy
DQA Data Quality Assessment
DQO data quality objective
DRI daily reference intake
ECOC ecological contaminant of concern
ECOI ecological contaminant of interest
ECOPC ecological contaminant of potential concern
Eco-SSL ecological soil screening level
Eh reduction-oxidation potential
EPA U.S. Environmental Protection Agency
EPC exposure point concentration
ERA ecological risk assessment
ESL ecological screening level
ESOD Erythrocyte superoxide dismutase

EU exposure unit
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Hles
Hl,

HQ

I

IA
IASAP
IABZSAP
IC

ICA
ICRP
THSS
IRIS
LHSU
LOAEL
MARSSIM
MDL
NOAEL
ORNL
ou
PAC
PARCC
PCB
PCOC
Pe

PMIM
PPRTV
PQL
PRG

ACRONYMS
Health Effects Assessment Summary Tables

human health risk assessment

hazard index

HI for the exposure scenario

HI by target organ

hazard quotient

insignificant

Industrial Area

Industrial Area Sampling and Analysis Plan

Industrial Area and Buffer Zone Sampling and Analysis Plan
incomplete

Institutional Control Area

International Commission on Radiological Protection
Individual Hazardous Substance Site

Integrated Risk Information System

lower hydrostratigraphic unit

lowest observed adverse effect level

Multi-Agency Radiological Survey and Site Investigation Manual
method detection limit
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Preble’s meadow jumping mouse

provisional peer reviewed toxicity value

practical quantitation limit

preliminary remediation goal
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RESRAD
RFCA
RfD
RFETS or Site
RFI/RI
RI/FS

RL

RMA
RME
ROC
RPD
RSAL

SAP
SCM
SCMTM
SMDP
STSC
(ESL
TRV
TSS
UBC
UCL
UHSU
UL
USFWS
V&V
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WOE
WRV
WRW

ACRONYMS
Resource Conservation and Recovery Act

Residual Radioactivity Computer Code

Rocky Flats Cleanup Agreement

reference dose

Rocky Flats Environmental Technology Site

RCRA Facility Investigation/Remedial Investigation
Remedial Investigation/Feasibility Study

reporting limit

Rocky Mountain Arsenal

reasonable maximum exposure

receptor of concern

relative percent difference

radionuclide soil action level

significant

Sampling and Analysis Plan

site conceptual model

Sitewide Conceptual Model Technical Memorandum
scientific management decision point

Superfund Health Risk Technical Support Center
threshold ecological screening level
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“total suspended solids
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upper hydrostratigraphic unit
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U.S. Fish and Wildlife Service
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wildlife refuge worker
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95UCL
°C

cm

cm

cm
cm’/cm’
day/yr

ft

g/kg
g/mg

hr
hr/day
kg
kg/m’
kg/mg
L/day
L/hr

m

-

m3/p g
m>/day
m>/hr
m’/kg
m>-yr/kg-day
mg/cm2
mg/cmz—event
mg/day
mg/kg

UNIT DESCRIPTIONS

upper confidence limit of the mean at a 95 percent level
degrees Celsius (or Centigrade)
centimeter

square centimeter

cubic centimeter

cubic centimeter per cubic centimeter
days per year

foot

grams per kilogram

grams per milligram

hour

hours per day

kilogram

kilograms per cubic meter

kilograms per milligram

liters per day

liters per hour

meter

cubic meter
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cubic meter-year per kilogram-day
milligrams per square centimeter
milligrams per square centimeter-event
milligrams per day

milligrams per kilogram
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(mg/kg-day)'l
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mg/kg BW/day
mg/L

mg/m3
mg-yr/kg-day
pCi

pCi/g

pCi/L

%

rad/day

risk/pCi
risk/yr/pCi/g
risk/(mg/kg-day)
yr-

yr/pCil/g
yr-pCi/g

ne/kg

ng/L

UNIT DESCRIPTIONS

milligrams per kilogram-day

one divided by (mg/kg-day)

milligrams per kilogram per body weight per day

one divided by (mg/kg BW/day)
milligrams per liter

milligrams per cubic meter
milligram-year per kilogram per day
picocurie

picocuries per gram

picocuries per liter

percent

rad per day

risk per picocurie

risk per year per picocurie per gram
risk per milligram per kilogram-day
year

years per picocurie per gram
year-picocurie per gram
micrograms per kilogram

micrograms per liter
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1.0 INTRODUCTION

This document was prepared under Task 8, Prepare the Comprehensive Risk Assessment (CRA)
Work Plan, of the Final Work Plan for the Development of the Remedial Investigation/
Feasibility Study (RI/FS) (DOE 2002a), and describes the scope, activities, and methodology for
the Draft CRA. The Draft CRA is referred to hereafter as the CRA. The purpose of the CRA is
to assess human health and ecological risks' posed by chemicals, metals, and radionuclides
remaining at the Rocky Flats Environmental Technology Site (RFETS or Site) following
accelerated actions. The CRA will support the Draft RI/FS Detailed Analysis of Alternatives,
Proposed Plan, and Corrective Action Decision/Record of Decision (CAD/ROD) for the Site.

The activities associated with Task 8 of the RI/FS Final Work Plan have evolved since

* - publication of the document. Task 8 identifies 10 items that were to be presented in this

document:

1. Data quality objectives (DQOs);

2. Site conceptual model (SCM), including exposure scenarios, exposure pathways, and
receptors;

3. Final list of contaminants of concern (COCs) following statistical evaluation and preliminary

screening;

Reasonably foreseeable anticipated land use and use restrictions for the Site;

Background concentrations for COCs;

Established detection limits for COCs;

COC physical and chemical characteristics;

©® N o »n &

Methods for conducting the exposure assessment, toxicity assessment, and risk
characterization;

9. Fate and transport models used to predict exposure point concentrations (EPCs); and

10. Preliminary remediation goals (PRGs) for surface soil, sediments, and groundwater from a
human health and ecological perspective.

Items 1, 2, 4, 8, and 10 are developed in this document. Items 3, 5, and 7 will be completed
using methods discussed herein and reported in the CRA. Item 6 was discussed in the separate
Industrial Area (IA) and Buffer Zone (BZ) Sampling and Analysis Plans (SAPs) (DOE 2001,
2002b) and is also included in the combined IA and BZ SAP (IABZSAP) (DOE 2004a). Item 9
is discussed below in general and will be presented in depth in a separate groundwater modeling
report. For Item 10, human health PRGs that have not been included in the Rocky Flats Cleanup
Agreement (RFCA) will be referred to as “screening-level PRGs” to distinguish them from those
that have been reviewed for inclusion in RFCA. These PRGs have been developed specifically

' In this document, the term “risk” will be used to refer to the combined “lifetime excess cancer risk” for humans
and noncarcinogenic health effects assessed using the hazard index (HI) for humans, and the calculated HI for
ecological receptors.
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for the CRA and will not be added to RECA. Human health screening-level PRGs are presented
in this document (Appendix A). Ecological screening levels (ESLs) have been developed in
place of ecological PRGs and are presented in Appendix B.

1.1  Comprehensive Risk Assessment Scope

Scope: The CRA will quantify and report risks posed by residual
contamination at the Site to human and ecological receptors after

accelerated actions.

RFCA adopted an accelerated action cleanup approach to expedite remedial work and maximize
early risk reduction at the Site, as described in RFCA paragraph 79 (DOE et al. 1996). The CRA
will be conducted in a progressive approach as accelerated actions are completed and data on the
nature and extent of contamination are collected during the Sitewide RI/FS effort. After
accelerated actions, the need for further actions, if any, will be analyzed in the Draft RI/FS,
hereafter referred to as the RUFS. Risks to human and ecological receptors posed by residual
contamination at the Site will be quantified and evaluated in the CRA. The CRA will be
included in the RI/FS Report.

This document presents the Final CRA Work Plan and Methodology, hereafter referred to as the
CRA Methodology. This CRA Methodology presents the approach to be used in the CRA
including the SCM, exposure scenarios, exposure factors, toxicity assumptions, and risk
characterization methodology. The CRA Methodology is a major revision to and supersedes the
previously circulated Draft Methodology (DOE 2000). This revision was required due to the
change of the reasonably anticipated future use of RFETS as a wildlife refuge as designated by
the Rocky Flats National Wildlife Refuge Act of 2001. This designation means it is unlikely that
RFETS will be used for limited industrial, unrestricted open space, or on-site residential uses,
and the associated exposure scenarios are no longer included in the current Methodology. The
CRA is based on the assumption that the future land use for the Site will be a wildlife refuge, as
designated by the Act.

The CRA will assess all areas within the RFETS boundary. For Operable Unit (OU) 3, Offsite
Areas, a risk assessment was performed (DOE 1996a) and a CAD/ROD was issued (DOE 1997).
The OU 3 risk assessment will be reviewed and summarized in the CRA. However, OU 3 will
not be reassessed unless the on-site assessment indicates circumstances that could alter the
conclusions of the earlier OU 3 assessment. Information that will be evaluated in this regard
includes surface water and air monitoring data collected at the Site boundary, and new soil and
surface water data collected during accelerated actions. Areas to be addressed within the RFETS
boundary include areas containing existing or former OU designations. While CAD/RODs have
been issued for some of these OUs (OUs 1, 11, 15, and 16), these areas are included to enable
characterization of risk within each designated exposure unit (EU) for the entire Site.
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1.2  Technical Approach

The primary tasks required to complete the CRA, and their interrelationships, are detailed in this
section. A generalized flow of the process is shown on Figure 1.1. Primary tasks included in
this document are:

. Generate the SCMs for both human health and ecological assessments with all defined
exposure pathways, receptors, and scenarios;

. Identify exposure factors;

. Develop EUs;

. Update human health PRGs and develop human health s~creening levels for the CRA; and
«  Develop ESLs for the CRA.

The human health risk assessment (HHRA) and ecological risk assessment (ERA) will be
conducted in parallel. The CRA will assess human health and ecological risks from residual
contamination using all available data including historical samples, monitoring data, and
characterization and post-cleanup confirmation sampling results.

2.0 HUMAN HEALTH SITE CONCEPTUAL MODEL

Action: Develop an SCM of receptors, exposure scenarios, and exposure

pathways to guide the CRA process.

The reasonably anticipated future land use for RFETS is a wildlife refuge. The U.S. Department
of Energy (DOE) will be responsible for stewardship activities, such as monitoring and
maintenance, within those areas associated with a Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) remedy, as appropriate. Refuge workers are
assumed to be present on site for most of the year and engaged in refuge maintenance and
ecological work activities. A Comprehensive Conservation Plan is under development by the
U.S. Fish and Wildlife Service (USFWS) (draft dated February 2004; anticipated completion of
final in December 2004), in consultation with the Stakeholders. Specific refuge activities will be
determined by this plan.

An exposure pathway describes a specific environmental route by which an individual receptor
could be exposed to contaminants present at or originating from a site. After the primary
source(s) and release mechanisms are identified for the site, the resulting secondary sources and
secondary release mechanisms are identified and described. Subsequent sources and release
mechanisms are identified until the exposure pathways for each contaminant are fully delineated.
A complete exposure pathway includes five elements: source, mechanism of release, transport
medium, exposure point, and intake route. If any of these elements are missing, the pathway is
incomplete.
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Exposure pathways and exposure routes in the SCM have been categorized as significant (S),
insignificant (I), or incomplete (IC) using best professional judgment in consultation with the
U.S. Environmental Protection Agency (EPA), Colorado Department of Public Health and
Environment (CDPHE), and USFWS. All such judgment will be supported by an analysis of the
available evidence. The rationale and justification for the classification of all exposure pathways
will be included in the CRA Report. Significant and insignificant exposure pathways are
complete exposure pathways. Significant exposure pathways contribute the major portion of risk
or dose. An insignificant pathway is complete but will not contribute significantly to the total
risk or dose. An incomplete exposure pathway is missing one or more of the five elements
necessary for a complete exposure pathway. With an incomplete pathway, there will be no
exposure, and the pathway will not contribute any risk or dose. 'All significant exposure

_ pathways will be quantitatively assessed at RFETS, while insignificant and incomplete exposure

pathways will be qualitatively addressed.

The comprehensive human health SCM, including all potentially viable exposure scenarios and
pathways, is presented on Figure 2.1. Receptors in the SCM are described in detail below.
Exposure factors for each significant pathway are presented in Section 4.0.

2.1 Receptors

Two types of receptors are associated with the wildlife refuge land use: the wildlife refuge
worker (WRW) and the wildlife refuge visitor (WRV). These scenarios are evaluated in the
SCM and will be assessed in the CRA. It is assumed that the WRW is exposed to outdoor
contaminants for an average of one-half the workday. Current planning by USFWS does not
include year-round offices or an on-site visitor center. A seasonally staffed visitor contact
station may be built on the western side of the Site (USFWS 2004). If an office/visitor center
was built on site, there could be exposures to contaminants transported into the building for an
average of one-half the workday for the WRW. This potential exposure for the WRW will be
assessed in each EU. The WRV will have very limited exposures to indoor contaminants.
Primary exposures will be to outdoor contaminants. Therefore, indoor exposures will not be
assessed for the WRV.

Risks to an off-site resident were assessed in the OU 3 Resource Conservation and Recovery Act
(RCRA) Facility Investigation/Remedial Investigation (RFI/RI) performed in 1996 (DOE
1996a). Monitoring at the Site boundaries since completion of the RFI/RI indicates there have
been no releases from the Site that would alter the conclusions of the 1996 assessment. Unless
the on-site assessment indicates circumstances that could alter the conclusions of the 1996 OU 3
assessment, risks to the off-site resident will not be assessed. Current risks to an off-site receptor
due to air transport are assessed in the annual National Emission Standards for Hazardous Air
Pollutants Report for Radionuclides and the Annual Dose Assessment Report. The on-site
resident will not be assessed because residential use is not a reasonably anticipated land use.

Ecological receptors have been identified and will be assessed in appropriate habitats as
discussed in Section 7.0. The key ecological receptors have been selected to adequately
represent the local ecological community and quantify the range of potential impacts.
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Figure 2.1 Human Health Site Conceptual Model
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2.2  Human Health Exposure Scenarios

The following exposure scenarios define the exposure pathways and assumptions for the
WRW and WRYV. Insignificant and incomplete exposure pathways are also defined and
discussed. Justification for the classifications of exposure pathways will be included in the
CRA. If preliminary calculations or information suggest that a pathway is significant, the
classification will be changed.

2.2.1 Wildlife Refuge Worker Exposure Scenario

The WRW scenario for the CRA (Section 4.1.2) is consistent with the WRW scenario used
for development of RFETS radionuclide soil action levels (RSALs) (EPA et al. 2002). The
CRA assumes that the WRW will spend 50 percent of his or her work-time outdoors on the
Site and the remaining 50 percent of their work day will be spent in an indoor office. Indoor
exposures will only be assessed for areas outside the Institutional Control Area (ICA) (DOE
et al. 2004). No buildings will be allowed in the ICA (Figure 2.2). The WRW will conduct
fieldwork on Site that will result in exposure to surface soil, subsurface soil, sediment, and
surface water. The WRW will be exposed to residual surface contaminants in the ICA, as
well as all other on-site locations. Figure 2.2 shows the location of the ICA that will be
subject to institutional controls. While DOE may retain administrative jurisdiction over
some areas of the ICA, the reasonably anticipated future land use for the Site is a wildlife
refuge. Therefore, the ICA will be assessed using the WRW receptor.

Monitoring, maintenance, and other long-term stewardship activities to implement and
evaluate the continuing protectiveness of the comprehensive final remedy will occur on Site.
The exposure parameters and pathways associated with these activities are contained within
the WRW scenario. It is assumed that exposures due to monitoring, maintenance, and other
stewardship activities will be less than that for the WRW scenario. This is because
environmental workers will conduct work in accordance with appropriate Site Health and
Safety Plans (as Site workers do currently) and appropriate protective equipment will be
used. Consequently, these individuals will not be exposed to contaminants at any higher
concentrations than those to which the WRW is exposed, and the exposure frequency will be
low. Therefore, the WRW scenario provides an upper bound for risks due to these activities,
and a specific “stewardship receptor” will not be assessed in the CRA.

Complete Exposure Pathways for the Wildlife Refuge Worker

Potentially complete exposure pathways from which exposures are expected for the WRW
include:

. Ingestion of and dermal exposures to surface soil/sediments, subsurface soil, and
surface water;
o Inhalation of volatiles and particulates; and

. External exposure to beta and gamma radiation from radionuclides present in soil,
subsurface soil, sediments, and building rubble.
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Complete and Significant Exposure Pathways for the Wildlife Refuge Worker

The exposure pathways for the WRW that are expected to be both complete and have the
possibility of contributing significantly to risk are:

. Inhalation of surface soil, sediments, and subsurface soil particulates;

. Ingestion of surface soil and subsurface soil/sediments;

. Dermal exposure to surface soil/sediments and subsurface soil; and

. External irradiation exposure from surface soil, sediments, and subsurface soil.

Complete but Insignificant Exposure Pathways for the Wildlife Refuge Worker

Best professional judgment has been used to designate exposure pathways that are considered
complete, but are not anticipated to contribute significantly to Site risks to the WRW. This is
generally due to a variety of factors that lead to low intakes. The rationale and justification
for the classification of all exposure pathways will be included in the CRA Report. The
following pathways are considered insignificant:

. Ingestion of surface water;

. Dermal exposure to surface water;
. Inhalation of volatiles from groundwater;
. Inhalation of volatiles from surface soil and subsurface soil; and

. External irradiation exposure from subsurface soil and building rubble.

Incomplete Exposure Pathways for the Wildlife Refuge Worker

Best professional judgment has been used to designate exposure pathways that are considered
incomplete. Incomplete pathways imply that exposures are not anticipated and consequently
will not contribute to Site risks to the WRW. The rationale and justification for the
classification of all exposure pathways will be included in the CRA Report. The following
pathways are considered incomplete:

. Ingestion of fish and/or deer/grazing animals from the Site;
« Ingestion of groundwater;

. Ingestion of homegrown produce; and

«  Ingestion of building rubble.

2.2.2 Wildlife Refuge Visitor Exposure Scenario

The WRYV scenario is based on the open space scenario used in the RSAL Report (EPA et al.
2002). The WRYV includes both a child and adult who visit the Site 100 days/year for 2.5
hours/day, for a total of 250 hours/year. The remaining time is spent off site. Outdoor
recreational activities will primarily be on and near established hiking trails. Hunting may be
allowed on a very limited basis, possibly by lottery It is assumed that this receptor may be
exposed to residual contaminants. It is also assumed that the WRV will not conduct
activities resulting in significant exposure to subsurface soil and surface water.

Complete Exposure Pathways for the Wildlife,Refuge Visitor

9
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‘ Potentially complete exposure pathways from which exposures are expected for the WRV
include:

. Ingestion of and dermal exposures to surface soil/sediments, subsurface soil, and
surface water;

- Ingestion of deer and/or grazing animals;

. Inhalation of volatiles and particulates; and

. External exposure to beta and gamma radiation from radionuclides present in soil,
subsurface soil, sediments, and building rubble.

Complete and Significant Exposure Pathways for the Wildlife Refuge Visitor
The exposure pathways for the WRV that are considered both complete and have the
possibility of contributing significantly to risk are:

B Inhalation of surface soil/sediment particulates;

»  Ingestion of surface soil/sediments;

«  Dermal exposure to surface soil/sediments; and

. External irradiation exposure from surface soil/sediments.

‘ Complete but Insignificant Exposure Pathways for the Wildlife Refuge Visitor

Best professional judgment has been used to designate exposure pathways that are considered
complete, but are not anticipated to contribute significantly to Site risks to the WRV. An
insignificant designation is generally due to a variety of factors that lead to low intakes. The
rationale and justification for the classification of all exposure pathways will be included in
the CRA Report. The following pathways are considered insignificant for the WRV:

. Ingestion of surface water; -

B Dermal exposure to surface water;

.  Ingestion of deer and/or grazing animals;

. Inhalation of outdoor air volatiles from surface water and groundwater;

. Inhalation of outdoor air volatiles from surface and subsurface soil;

. Inhalation of indoor air on Site; and

.  External irradiation exposure from subsurface soil and building rubble.

Incomplete Exposure Pathways for the Wildlife Refuge Visitor

Best professional judgment has been used to designate exposure pathways that are considered
incomplete. The rationale and justification for the classification of all exposure pathways
will be included in the CRA Report. The following pathways are not anticipated to result in
exposures, will not contribute to Site risks, and are considered incomplete for the WRYV:

‘ .  Ingestion of groundwater; and
«  Ingestion of building rubble.

10
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3.0 DATA COLLECTION AND EVALUATION

Actions: Identify data needs and data sources, assemble data, and
evaluate data quality and adequacy.

Data evaluation and aggregation will be performed on an EU and Sitewide basis for the
HHRA and ERA. The EUs are defined in Section 4.2. Thedata evaluation and aggregation
methods are described below. The DQO process specifies project decisions and techniques
necessary to generate quality data and make associated conclusions (EPA 2000a). The DQO
process will be used to:

«  Define stated objectives;

«  Define appropriate data collection methods;
. Establish necessary data types;

. Conduct data aggregation; and

e Specify acceptable levels of data quantity and quality necessary to support the risk
assessment process.

Nature and extent data that have been collected historically at RFETS, and also progressively
during RI/FS investigations and accelerated actions, will be identified and assembled. All
environmental data for the Site are collected under agency-approved SAPs and standardized
contract-required analytical procedures. Verification and Data Quality Assessment (DQA)
procedures will be used to verify the quality and comparability of collected data.

Accelerated actions are currently being conducted for specific areas of contamination based
on comparison of data to human health action levels (ALs). An accelerated action evaluation
for ecological receptors will be performed as part of the CRA process. Confirmation samples
are collected following accelerated actions. Data that are no longer relevant due to
accelerated actions will be designated and replaced with the confirmation sampling data in
order to reflect the current concentrations following accelerated actions. COCs will be
identified to support the comprehensive HHRA and ERA. Risks will be quantified,
evaluated, and summarized for receptors by exposure scenarios and pathways for established
EUs (as defined in Sections 4.2 and 7.0), and Sitewide (as defined in Section 7.0).

Site data will be used to evaluate residual contamination and determine contaminant
distributions. Exposure parameters, such as inhalation and ingestion rate, exposure
frequency, and exposure duration, have been determined for identified Site-specific
receptors. Toxicity data will be collected to identify or derive dose limits to human and
ecological receptors. Physical and chemical parameters for all viable COCs will also be
collected, as necessary, to support a complete toxicity assessment, assessment of impacts to
receptors, and determination of environmental fate and transport mechanisms, as required by
the CRA. Radiological data for pertinent radionuclides, including plutonium-239, -
americium-241, uranium-235, and uranium-238, will be collected to determine Site-specific
doses. Ecological data, such as historical ecological, biological, and habitat information that

11
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have been collected for the Site, will be compiled and used to support assumptions for habitat
usage, ecological exposures, and risk characterization for the ERA. The underlying
principles for establishing the DQOs for the human health and ecological assessments are
generally similar; however, Site use by humans versus ecological receptors and data needs
differ. Therefore, the human health and ecological DQO processes are presented separately.
DQOs specific to the ERA: process are provided in Section 7.0.

3.1 Human Health Risk Assessment Data Quality Objectives

The CRA follows the EPA DQO process to ensure that the type, quantity, and quality of
environmental data used in decision making are appropriate-for the intended purpose (EPA
2000a). The DQO process consists of seven steps that specify project decisions, the data
quality required to support those decisions, specific data types needed, data collection
requirements, and analytical techniques necessary to generate the specified data quality.
During the first six steps of the DQO process, the planning team develops decision
performance criteria (that is, DQOs) for the data collection design. All decision rules need to
be considered, as appropriate. The final step of the process involves developing the data
collection design based on the DQOs.

3.1.1 Step 1: State the Problem

Risks from exposure to residual contaminants present in environmental media at RFETS
must be quantified to determine whether endstate long-term land use is protective and within
the range of acceptable risk. The nature and extent of COCs must be adequately determined
to quantify human health and ecological risks at RFETS. Sufficient data must be available to
the risk assessor to define the EPC, which is an estimate of the long-term concentration to
which a receptor is exposed. The EPC incorporates the spatial and temporal variability of
contaminant concentrations, and reflects the random and long-term access of the receptor to
the exposure area.

The problem is:

“The long-term average exposure of human receptors to contaminants in all media in
an EU must be estimated for the CRA.”

3.1.2 Step 2: Identify the Decision
The primary decision is:

“Are risks to receptors at RFETS following exposure to residual contamination
acceptable based on the reasonably anticipated future land use?”

Resolution and documentation of the following key secondary decisions will be required to
ensure completion of the CRA. Each of these is discussed in the following sections of this
document.

. Has a methodology been developed to adequately assess human health risks?
«  Has a methodology been developed to adequately identify COCs?

« Is the CRA SCM adequate to define all viable exposure scenarios, exposure
pathways, and receptors based on the reasonably anticipated future land use?

12
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. Have all EUs been adequately defined and established?

. Have the nature and extent of inorganic, organic, and radionuclide analytes within
EUs been identified with adequate confidence, based on evaluation of Site process
knowledge and analytical data?

. Have sufficient samples been collected to adequately estimate the long-term average
exposure of receptors to contaminants in all media in an EU?

3.1.3 Step 3: Identify the Inputs to the Decision

Available Site historical information, sampling data, and the CRA Methodology and
requirements will be used to determine adequate sampling locations and densities for EUs.

The CRA DQA methodology (Section 3.1.5) will be applied to all data used in the CRA.

The DQA procedures generally follow the federal guidelines in EPA’s Guidance for Data
Usability in Risk Assessment, Parts A and B (EPA 1992a, 1992b). Data will be screened
through the COC selection process as described in Section 4.4. All data will also be screened
using professional judgment to ensure they meet risk assessment needs. The rationale and
justification will be documented in the CRA Report. All selected COCs will be used to
calculate risks to receptors.

3.1.4 Step 4: Define the Study Boundaries -

Study boundaries are used to define the spatial and temporal boundaries for data collection in
support of the decision to quantify risk to receptors. Environmental media analyte data will
be assessed for surface soil and sediments to a depth of 6 inches, and for subsurface soil from
6 inches to 8 feet. Existing environmental media data will be used when possible and
additional sampling will be conducted if determined to be necessary. Sufficient samples will
be collected to statistically evaluate the data, identify COCs, and quantify risk to receptors.
These results will be used in the CRA.

The assessment will be confined to the area within the RFETS boundary unless the on-site
assessment indicates circumstances that could alter the conclusions of the assessment
performed earlier for OU 3, Offsite Areas (DOE 1996a).

Functional EUs for the WRW and WRYV receptors have been established based on
watersheds, known patterns of contamination, and expected activity patterns. Known
Individual Hazardous Substance Sites (IHSSs), Potential Areas of Concern (PACs), and
Under Building Contamination (UBC) Sites of special interest will be included in the EU
assessments. Analyte data will be aggregated at the EU level to quantify risk to human
receptors. ,

Statistical evaluation of environmental data may include standard descriptive calculations;
precision, accuracy, representativness, completeness, and comparability (PARCC) parameter
analyses; distribution testing; population testing of Site data relative to background;
nonparametric tests; and probabilistic resampling techniques, such as Bootstrapping and
power calculations.
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3.1.5 Step 5: Identify the Data Adequacy Decision Rules

This section presents the decision rules to determine data adequacy for both the human health
and ecological risk assessment portions of the CRA. The nature and extent of organics,
inorganics, and radionuclides must be determined with sufficient certainty to permit adequate
quantification of statistically determined EPCs, and quantification of risk to receptors.
Sufficient samples must be collected to adequately estimate the long-term average exposure
of receptors to contaminants in all media in an EU. Adequate characterization will ensure
that EPCs are representative of the areas to be assessed. The placement of samples Sitewide
will be assessed to ensure that sources of contamination are well characterized and that the
adequacy of the EPCs can be determined. Data adequacy criteria must, therefore, be met or
additional sampling and analysis will have to be performed.

Data Adequacy Assessment

The following decision rules will be used to determine whether analyte data are adequate to
support statistical, exposure, and risk calculations for the CRA.

e If one or more metal and radionuclide surface soil sample is available per 30-acre block
outside of source areas, data will be considered sufficient. If not, one composite sample
will be collected in each 30-acre area, as described in the Buffer Zone Sampling
Addendum (DOE 2004).

e Data adequacy for all other analyte groups and media will be determined through the
consultative process with the agencies. All decision criteria, sampling decisions, and
supporting data will be included in the data adequacy report (DAR) for the CRA. Final
sampling locations will be determined through the consultative process with the
regulatory agencies.

PARCC Parameter Assessment

Data quality and adequacy will also be assessed using a standard PARCC parameter analysis
~ (EPA 2000b) for all data in each environmental media as described below.

Precision

For nonradiological contaminants, if the relative percent difference (RPD) between the target
and duplicate, at concentrations five times the reporting limit (RL), is less than 35 percent for
solids and 20 percent for liquids, the overall precision of the contaminant concentration is
adequate. Otherwise, the magnitude of the imprecision must be addressed in the CRA and/or
additional samples may be required (EPA 2000b).

For radiological contaminants, if the duplicate error ratio (DER) is less than 1.96, the overall
precision of the contaminant concentration is adequate. Otherwise, the magnitude of the
imprecision must be addressed in the CRA and/or additional samples may be required (EPA
2000b).
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Accuracy

If overall accuracy for the SW-846 (EPA 1994) and alpha-spectroscopy methods comply
with the National Basic Ordering Agreement (BOA) Implementation Requirements (K-H
2003), as verified through formal verification and validation (V&V) (EPA 2000b) of the
results, then the results may be used in the CRA without qualification. Otherwise, the
magnitude of the inaccuracy(s) must be addressed in the CRA and/or additional samples may
be required.

Representativeness

Prerequisites to the decision criteria include an adequate number of valid sample results as
stipulated in the Completeness section, and sample acquisition and analysis under an
approved Quality Program as follows:

.  If sampling locations are spatially distributed such that contaminant randomness and
bias considerations are addressed, based on the site-specific history, then sample
results are representative. Otherwise, the results must be qualified and/or additional
samples collected.

. If samples were analyzed by the SW-846 or alpha-spectroscopy methods and results
were documented accordingly, as quality records according to approved procedures
and guidelines, the sample results are representative of contaminant concentrations.
Otherwise, results of the CRA must be qualified and/or additional samples collected.

Completeness
Completeness will be evaluated using the following determination:

« - If at least one sample for metals and radionuclides exists in each 30-acre block across
the Site, the sampling is adequate.

. If samples were collected to spatially define the distribution of an analyte in an EU,
the number of samples is adequate. Otherwise, additional samples may be collected.

Comparability

Sample collection and analysis methods will be reviewed for comparability. Similarities and
differences between the sample collection and analysis methods will be documented.
Decisions on comparability will be made in consultation with the regulatory agencies. If
chemical and radiological results are comparable within the aggregated CRA data set based
on defined matrices and standardized units of measure (for example, picocuries per gram
[pCi/g] and milligrams per kilogram [mg/kg]), the data are adequate for use in the CRA.
Otherwise, the results must be converted or normalized, the CRA qualified, and/or additional
samples collected (EPA 2000b).

3.1.6 Step 6: Specify Tolerable Limits on Decision Errors

Sources of uncertainties in the risk assessments will be identified, minimized, and
documented in the CRA. This may include use of upper-bound numbers or ranges of values,
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as applicable, for various parameters considered; concentration term estimates; contaminant
transport; data distribution assumptions; and EU use assumptions.

Where alpha and beta errors are applicable in statistical hypothesis testing, these errors will
also be documented. Alpha error will not exceed 10 percent in sample power calculations,
whereas beta error will not exceed 20 percent in sample power calculations.

3.1.7 Step 7: Optimize the Design

Based on the iterative nature of the DQO process, any decision that is not consistent with
project goals will result in a reinitiation of the DQO process. If determination of the nature
and extent of analytes is found to be inadequate, further sampling will be initiated. If
sampling power is determined to be inadequate for any given scenario and set of analyte data,
more samples will be collected and the sampling power will be recalculated.

40 HUMAN HEALTH EXPOSURE ASSESSMENT

Actions: Identify potential land use and exposed populations; develop
the SCM, exposure factors for each pathway, and EUs for data

aggregation; identify COCs; determine whether transport modeling is
necessary; estimate COC EPCs; and quantify intake to receptors.

The CRA human health exposure assessment will quantitatively and qualitatively evaluate
contact between human receptors and COCs. The exposure assessment will estimate the total
dose or intake for a receptor in an EU for a particular land use and exposure scenario. The
calculated dose is then combined with chemical-specific dose-response data to estimate risk
(EPA 1992c). The exposure assessment methods for the HHRA are described in detail in the
following sections.

4.1 Exposure Factors

This section presents the exposure factors for the HHRA.

4.1.1 Exposure Pathway Assessment

Exposure pathways (that is, the courses a contaminant takes from the source to a receptor)
are shown in the SCM (Figure 2.1). In the model, exposure pathways are designated as
incomplete (IC), complete and significant (S), or complete and insignificant (I) as defined
previously.

Direct contact with surface soil, subsurface soil (to 8 feet in depth), and sediments; the
inhalation of airborne contaminants; and exposure to penetrating radiation are the primary
‘exposure pathways of concern. Contact with subsurface soil is considered for the WRW, but
is limited both spatially and temporally (Section 4.5). Ingestion of and dermal contact with
surface water and volatilization of contaminants are considered insignificant pathways.
Ingestion of or dermal contact with groundwater are considered incomplete and will not be
assessed. Ingestion of or dermal contact with groundwater that daylights at seeps or streams
are considered to be insignificant pathways. Ingestion of animal tissue is incomplete for the
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WRW, but is considered complete but insignificant for the WRV due to the fact that hunting,
if any, will be limited. All other exposure pathways are considered incomplete and will not
be addressed, including ingestion of groundwater and/or fish.

Inhalation Pathway

The inhalation pathway will be assessed for resuspension of airborne contaminants present in
surface soil transported to human and ecological receptors. The receptors will be assessed
for this exposure pathway using the contaminant concentration in the soil and the mass
loading variable developed for the RSALs (EPA et al. 2002). Increased resuspension and
exposures due to fires are also accounted for the WRW and WRYV in the mass loading factor
as calculated by the RSALs Workgroup. The potential volatilization of contaminants from
soil and shallow groundwater to receptor locations is considered an insignificant pathway.
Volatilization into office space will be evaluated for WRW offices outside the ICA.

Ingestion Pathway

The ingestion pathway will be assessed for direct ingestion of contaminants present in
surface soil and sediments and the WRW and WRYV receptors. Direct ingestion of surface
water will be assessed for the WRW, but not the WRYV receptor. Exposure to contaminants
in groundwater in the upper hydrostratigraphic unit (UHSU) transported to surface water is
currently considered complete, but insignificant. An assessment will be performed on
surface water data and results of modeling the transport of groundwater contaminants to
surface water and reported in the CRA.

Runoff from contaminated soil to nearby surface water could also result in direct ingestion of
contaminated surface water and contribute to possible contamination of aquatic species.
However, direct ingestion of contaminated fish collected from the area is considered an
insignificant and incomplete pathway, and will not be assessed. Ingestion of deep aquifer

" (LHSU) groundwater will not be assessed as a viable exposure pathway. Collection of meat

from hunting activities and subsequent ingestion is also considered insignificant and will not
be assessed.

Dermal Exposure Pathway

Dermal exposure due to contact with contaminated soil and sediments will be assessed for
the WRW and WRYV receptors. Dermal exposure to surface water will not be assessed for
either receptor.

External Irradiation Exposure Pathway

External irradiation exposure will be assessed for both receptors to determine impacts to
human receptors resulting from exposure to external penetrating radiation emanating from
radionuclides present in contaminated environmental media. :

4.1.2 Wildlife Refuge Worker Scenario Exposure Factors

The exposure factors for the WRW are presented in Table 4.1. Factors were taken from the
RSALs Task 3 Report (EPA et al. 2002) where available. Dermal exposures were not
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included in the RSALs. The sediment and subsurface pathways also were not assessed in the

RSALSs Report.

Table 4.1 CRA Exposure Factors for the On-Site WRW Receptor

Exposure Factor Abbreviation | Unit . Value Source
Chemical concentration in medium Cs mg/kg or pCi/g | chemical-specific
IAdult body weight Bwa kg 70 EPA 1991
Surface soil/sediment exposure frequency Efwss day/yr 230 EPA et al. 2002
Surface-subsurface soil/sediment " Efwsub daylyr 20 DOE 2003a
exposure frequency
Exposure duration Edw yr 18.7 EPA et al. 2002
[Exposure time Etw hr/day 8 EPA et al. 2002
Exposure time fraction, outdoor Eto_w -- 0.5 EPA et al. 2002
Exposure time fraction, indoor Eti_w -- 0.5 EPA et al. 2002
Averaging time — noncarcinogenic Atnc day 6,826 Calculated
Averaging time — carcinogenic Atc day 25,550 Calculated
Soil/sediment ingestion rate Irwss mg/day 100 EPA et al. 2002
Skin-soil adherence factor Afw mg/cm’-event 0.12* EPA 2001b
Event frequency Evw events/day 1 EPA 2001b
Skin surface area (exposed) Saw cm’ 3,300° EPA 2001b
Soil dermal absorption fraction ABS - chemical-specific | EPA 2001b
[nhalation rate Iraw m’/hr 1.3 EPA et al. 2002
Dilution factor, indoor inhalation Dfi - 0.7 EPA et al. 2002
Mass loading, (PM10) for inhalation MLF kg/m’ 6.7E-08° EPA et al. 2002
Area correction factor ACF -- 0.9 EPA et al. 2002
iGamma shielding factor (1-Se) outdoor GSFo -- 1 EPA et al. 2002
Gamma shielding factor (1-Se) GSFi -- 0.4 EPA et al. 2002
Gamma exposure factor (annual) surface
boil = (Efwes / 365 day/y(r) ) TeA - 0 Catculdted

amma exposure factor (annual

Exbsurface l;oil = (Efwsug) /365 )day/yr) . Ly B 002 Sl
Gamma exposure factor (daily) outdoor =
(Etw x EtoEw hr/day / 24( hr/ggy) Tebo - Lo Calculated =
Gamma exposure factor (daily) indoor = ;
s Sei e (daily) Te_Di - 0.15 Calculated
Conversion factor 1 CF1 kg/mg 0.000001
Conversion factor 2 CE2 g/kg 1,000
Conversion factor 3 CF3 g/mg 0.001

a. The skin soil adherence factor is the geometric mean for farmers. This value is recommended by CDPHE for

" use in the WRW PRGs.

b. The skin surface area value is the EPA default for commercial/industrial exposures and is the average of the
50" percentile for men and women >18 years old wearing a short-sleeved shirt, long pants, and shoes. The
value was recommended by CDPHE for use in the WRW PRGs.

c. The mass loading value is the 95" percentile of the estimated mass loading distribution estimated in the
RSAL:s Task 3 Report (EPA et al. 2002).

4.1.3 Wildlife Refuge Visitor Scenario Exposure Factors

Current plans for the wildlife refuge include public uses similar to open space usage
previously developed for RFETS, with trails for wildlife observation, hiking, and biking
(USFWS 2004). The exposure time and duratlon factors for the WRV receptor, presented in
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Table 4.2, are based on a survey conducted by Jefferson County of open space users
(Jefferson County 1996). The values were first used in the open space PRG calculations for

the Site and were adapted for the RSALSs Report.

Table 4.2 CRA Exposure Factors for the WRV Receptor

Exposure Factor Abbreviation Unit 0 Value Source

Concentration in medium Cs mg/kg or pCi/g | chemical-specific
IAdult body weight Bwa kg 70 EPA 1991
Child body weight BWc kg 1D EPA 1991
: EPA et al.
Exposure frequency Efv day/yr - 100 2002°
Exposure duration-adult Edav yr 24 EPA 1991
Exposure duration-child Edcv yr 6 EPA 1991
Exposure duration-total Edt yr 30 EPA 1991

. EPA et al.
Exposure time Etv hr/day 2.5 20(;:2.,
Adult averaging time — noncarcinogenic Atancv day 8,760 Calculated
Child averaging time — noncarcinogenic Atcncy day 2,190 Calculated
Total averaging time — noncarcinogenic Atnc day 10,950 Calculated
Averaging time — carcinogenic Atc day 25,550 EPA 1991
Adult soil ingestion rate SIRav mg/day 50 EPA et al. 2002
IChild soil ingestion rate SIRcv mg/day 100 EPA et al. 2002
Age-adjusted soil ingestion rate for non- g .
adionnclides SIRageav mg-yr/kg-day 57 Calculated
Age-adjusted soil ingestion rate for
dionuclids SIRagav_r mg/day 60 Calculated
Adult skin-soil adherence factor Afav mg/cmz-event 0.07° EPA 2001b
Child skin-soil adherence factor Afcv mg/cm’-event 0.2° EPA 2001b
Event frequency Evv events/day 1 EPA 2001b
IAdult skin-surface area (exposed) Saav cm’ 5700° EPA 2001b
Child skin-surface area (exposed) Sacv cm’ 2800" EPA 2001b
fA;if(;:veraged 2 e A e SFSagav mg-yr/kg-event 361 EPA 2001b
Dermal absorption fraction ABS - chemical-specific | EPA 2001b
Outdoor inhalation rate — adult Irov m’/hr 2.4 EPA et al. 2002
Outdoor inhalation rate — child Ircov m’/hr 1.6 [EPA et al. 2002
Age-averaged inhalation factor (non- 3 )
radionuelides) Iragav m’-yr/kg-day 37 IEPA et al. 2002
Age.-avcra.gcd inhalation rate Fragav_r m/hr 22 EPA et al. 2002
(radionuclides)
Mass loading, (PM10) for inhalation MLF kg/m’ 6.7 E-08® EPA et al. 2002
Area correction factor ACF -- 0.9 EPA et al. 2002
Gamma shielding factor (1-Se) outdoor GSFo -- 1 [EPA et al. 2002
IGamma exposure factor (annual) = (Efv
/ 365 daylyr) Te_Av - 0.3 Calculated
Gamma exposure factor (daily) = (Etv __
hr/day / 24 hr/day) Te_Dv 0.1 Calculated
Conversion factor 1 CF1 kg/mg 0.000001
Conversion factor 2 CF2 glkg 1,000
Conversion factor 3 CF3 g/mg 0.001

a. Value is the 95" percentile of visitation frequency for open space users (Jefferson County 1996).
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Value is the 50™ percentile of time spent for open space users (Jefferson County 1996).

The adult skin-soil adherence factor is the EPA residential default and the 50™ percentile for gardeners.
This is the value recommended by CDPHE for use in the WRW PRGs.

The child skin-soil adherence factor is the EPA residential default and the 95® percentile for children
playing in wet soil. This is the value recommended by CDPHE for use in the open space user PRGs.
The adult skin-surface area value is the EPA default for residential exposures and the average of the 50"
percentile for males and females >18 years old wearing short-sleeved shirts, shorts, and shoes. The value
was recommended by CDPHE for use in the WRW PRGs.

The child skin-surface area value is the EPA default for residential exposures and the average of the 50"
percentile for males and females from <1 to <6 years old wearing short-sleeved shirts, shorts, and no shoes.
The value was recommended by CDPHE for use in the WRW PRGs.

The mass loading value is the 95" percentile of the estimated mass loading distribution estimated in the
RSALSs Task 3 Report (EPA et al. 2002). ’

4.2  Functional Exposure Units

Risk assessments evaluate the long-term threats to human health and the environment. An
EU is the area over which long-term risks to the chosen receptors are assessed. The EU is an
embodiment of the exposure scenario and its size varies with the land use and receptor
activities. Recreational or open space EUs are generally large, depend on the recreational
activities envisioned for the site, and represent the area over which a receptor ranges during
recreational activities. The activities of a WRW are even more extensive and varied, and the
area over which the worker will be exposed during a career is quite large.

4.2.1 Exposure Unit Development
Human health risks and health hazards will be assessed in two ways at RFETS:

1. An on-site WRW will be assessed based on exposure to COCs selected for each EU.

2. An on-site WRV will be assessed based on exposure to COCs selected for each EU. The
same EUs will be used for the WRV as for the WRW assessment.

The EUs for the WRW and WRYV are illustrated on Figure 4.1. As stated above, sources of
contamination will be determined using Site data to assess the spatial and temporal
distribution of all classes of contaminants. This information will be used to support the
selection of COCs. Primary areas of contamination will be identified and depicted on Site
maps. Data sufficiency will be assessed.

The RFETS EUs integrate the above factors and also:

. Consider Site contaminant release patterns and distinct areas of contamination;
- Aggregate data on a watershed basis;

. Support future land use planning;

E Facilitate assessment of risk in functional areas; and

«  Comply with RFCA/CERCLA requirements.

. The RFETS EUs represent long-term activity areas in which the WRW and WRV will be
exposed to residual contamination. The importance and relationship of the above items to
long-term risks are discussed below.
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Contaminant Release Patterns

Contaminant release patterns and known sources were incorporated in the delineation of the
RFETS EUs, as shown on Figures 4.2 and 4.3. The objective is to assess areas with similar
types of contamination on a collective basis. For example:

. The IA EU has the most IHSSs, PACs, and UBC Sites and was the area most affected
by industrial activities at the Site.

. The Wind Blown Area EU includes surface soil affected by the 903 Pad release that
is characterized by elevated plutonium and americium activities.

«  The Upper Walnut Drainage EU includes the A- and B-Series ponds, which have
elevated levels of radionuclides in sediments.

«  The No Name Gulch Drainage EU encompasses the Present Landfill and
downgradient areas.

«  The Lower Walnut Drainage EU stream sediments are affected by surface water
flows from the ponds and erosion from the Wind Blown Area.

.  The Woman Drainage EU is affected by the 903 Pad, the Original Landfill, and other
IHSSs and PACs.

«  The remaining four EUs are not significantly affected by releases from the Site.

Watersheds

The EUs were designed on a watershed basis. This was done to account for similar long-
term fate and transport processes for residual contaminants in soil and sediments. The major
surface transport process for persistent contaminants in surface soil is overland flow and
transport of eroded soil in surface water. The EUs represent distinct areas affected by the
potential transport of residual contamination from well-defined sources and activity areas for
the WRW and WRYV receptors based on similar landscapes and habitats.

Future Land Use Planning

The EUs were designed to support future land use planning by assessing risks for areas
aggregated by similar geography, ecology, and expected usage. This will enable planners
and managers to use the results of the CRA to determine areas of the Site to target for more
intensive recreational development or other uses, such as ranger offices or a visitor center for
the refuge. ;!
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Assessment of Functional Areas

The EUs are representative of functional areas of expected activity for the WRW or WRV
receptors. The areas of the EUs vary from 390 to 735 acres, as shown in Table 4.3. Time-
weighted functional activity areas for refuge personnel were calculated using survey data
collected for the Rocky Mountain Arsenal (RMA) risk assessment (Table 4.4). The areas
were calculated using the estimated time spent in each area size class, using the following
formula:

Time-Weighted Area = 24 | 103 (t/t; * Ai) (Equation 4-1)
Where
7 = the time spent in the ith area size class by workers
7 = the total time spent in all area size classes by workers
A; = the ith area (midpoint or maximum of size range)

As the comparison of Tables 4.3 with 4.4 shows, the resulting time-weighted functional
activity areas for WRW, in general, are in the same size range as those designated for
RFETS. The designated EUs (Figure 4.1) are also indicative of different functional areas.
Activities performed in the drainages will vary from those performed in the upland areas due
to variation in topography, vegetation, and habitat. The assessment of risks in the EUs will
result in a complete assessment of the risks from residual contamination at the Site.

Table 4.3 RFETS EU Areas
EU Area (acres)
Industrial Area 428
Upper Woman Drainage 524
Lower Woman Drainage 448
Southwest Buffer Zone Area 476
Southeast Buffer Zone Area 579
Wind Blown Area 715
Upper Walnut Drainage 403
Lower Walnut Drainage 390
No Name Gulch Drainage 425
Inter-Drainage 596
Rock Creek Drainage 735
West Area 468
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Table 4.4 Time-Weighted Average Activity Areas for WRWs
Small Medium Large ,}I,‘.Otal
Time-Weighted Average Activity Areas Areas Areas W |n;let d
Areas for Refuge Workers® 0-10 10-500 500-6000 cignte
(Avred)| CAcved) | Cheresy | Do ome
(Acres)
Midpoint Size of Area 5 255 3,251 3,511
Max Size of Area 10 500 6,000 6,510
Midpoint Time-Weighted 2 126 332 460
All Workers Area
Max Time-Weighted Area 4 248 613 865
Midpoint Time-Weighted
Workers Spending > 50 % Aref ¢ 1.9 132 319 453
Pluze Qurdsors Max Time-Weighted Area 3.8 260 589 852
Workers Spending >30% MidPOint Time'weighted 2 133 425 560
Time Outdoors On Site Area
100% of Time Max Time-Weighted Area 3 261 784 1048
' Midpoint Time-Weighted
All Workers Spending Aref § 1.8 132 421 555
i Tistie: Sconts Max Time-Weighted Area | 3.5 260 777 1,040

a. Calculated from original survey data from: Table B.2-14 (RMA IEA/RC Appendix B, 8/93) (reported times at
middle and higher activities, outdoors) and from Table B.2 att 2-1,2,3,4,5,& 6 (RMA IEA/RC Appendix B,
2/15/94) (reported times doing specific tasks).

Survey was performed by Shell for the Army’s Baseline Risk Assessment for the RMA. WRWs from Malheur,
Oregon (M), Minnesota Valley, MN (MV) and Crab Orchard, IL (CO) WRWs were included in the survey.

Carl Spreng and Diane Niedzwiecki of CDPHE then exercised professional judgement to decide land area for
each task.

Compliance With RFCA/CERCLA Requirements

Under CERCLA, it must be shown that risks for expected land uses at the Site fall within the
acceptable range of 1 x 10 to 1 x 10™ cancer risks and below a hazard index (HI) of 1 for
noncarcinogenic effects. The assessments for the EUs will present a comprehensive
evaluation of long-term risks to the designated receptors across the Site. These results will
provide estimates of residual risks from the Site following accelerated actions.

4.2.2 Exposure Units for the Wildlife Refuge Worker

As discussed above, EUs for the WRW, shown on Figure 4.1, incorporate information on
contaminant releases and watershed and drainage features, and are based on anticipated
activity patterns. These EUs form the basis for the assessment of risks to the anticipated
major receptor in the CRA, recognize distinct areas of contamination, and support land use
planning.
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The assessments for the EUs represent the risks a worker will encounter in discharging his or
her duties across the Site. The nature of the work involves movement over the entire Site.
Therefore, relatively small EUs do not represent true estimates of long-term risks to the
worker. However, due to the nature of the distribution of residual contamination across the
Site, some areas represent a greater risk to the worker. The EU assessments address this
concern by representing functional areas in which the WRW will randomly contact the areas
of greater risk. The EU assessments will provide a realistic evaluation of long-term risks at
the Site.

The HHRA flow for each EU is given below. The flow for the ERA is provided in Section
7.0. :

1. The areas of the EUs are set forth in this Methodology.

2. All surface soil, sediment, subsurface soil, and surface water sampling locations will
be included for each EU for the WRW scenario.

3. A DQA will be performed on the samples in each EU to ensure that the data within
each are of sufficient quantity and quality to perform a risk assessment.

4. The COC selection process will be applied to surface soil, sediments, and subsurface
soil to a depth of 8 feet, the estimated depth of potential disturbance.

5. Soil below 8 feet in depth will be qualitatively evaluated.

6. Data will be aggregated by EU and risks will be characterized.

4.2.3 Exposure Units for the Wildlife Refuge Visitor

The refuge visitor is envisioned as participating in a variety of activities at the wildlife
refuge. The visitor may be under the guidance and oversight of a WRW. Therefore, the
same EUs will be applied to assess risks to the WRV as for the WRW.

The risk assessment flow for each WRV EU is given below:

1. The EUs are set forth in this Methodology.

P All surface soil and sediment sampling locations in each EU will be included for the
WRYV scenario.

3. Surface soil and sediments will be combined for the COC selection process.

4. A DQA will be performed on the samples in each EU to ensure that the data within

each are of sufficient quantity and quality to perform a risk assessment.

5. Data will be aggregated by EU and risks will be characterized.

4.3 Data Aggregation for Risk Assessment

Analytical results from sampling and contaminant concentrations estimated from transport
modeling that meet the DQO and DQA requirements will be used to estimate human health
risks on an EU basis (Section 4.2). The types of data aggregation to be performed for the
HHRA are outlined in Table 4.5. Data for surface soil, subsurface soil, and sediments will be
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. aggregated on an EU basis to estimate exposure concentrations and intakes to perform the
CRA.

Table 4.5 Data Aggregation for the CRA

Exposure Scenario Media Data Aggregated by EU?
Surface Soil and Sediment Yes
WRW
Subsurface Soil® Yes
Surface Soil and Sediment Yes
WRV
Subsurface Soil No

a. Subsurface soil will be assessed for human health outside the ICA.

4.4 Human Health Contaminant of Concern Identification and Selection

COCs will be selected for each media and identified on an EU basis. The COC selection
process is specific to the CRA and differs somewhat from that used in the determination of
accelerated actions due to human health concerns. COCs will be determined for each
individual EU because historical use of chemicals varied across the Site. The COC lists will

‘ be developed using the WRW PRGs developed for the CRA (Appendix A). Screening-level
PRGs have been developed specifically for the CRA for WRW exposure to surface soil,
subsurface soil, inhalation of volatiles in indoor air, and ingestion of surface water. The
screening-level PRGs are documented in Appendix A. The WRW COCs will also be used
for the WRYV scenario.

4.4.1 Selection of Human Health Contaminants of Concern

The selection of COCs will follow the process outlined on Figure 4.4. The process will be
applied to each EU. Environmental media that will be included in the COC selection process
are surface soil, sediments, subsurface soil, surface water, and groundwater.

4.4.2 Data Quality Assessment

The DQA will be conducted to assess the quality of reported data as described in Section
3.1.5. Data will be assessed on a Sitewide and EU basis, as appropriate, for the risk
assessment to be performed. Outliers will also be assessed using standard statistical testing
and eliminated, if appropriate.

4.4.3 Data Aggregation

The data will be aggregated by area (that is, Sitewide and EU), media (for example, surface
soil), and analyte prior to initiation of the DQA and COC screening processes. A value of
one-half the reported value will be used for all U-qualified (nondetects) inorganic and

. organic data (EPA 1989). This does not apply to radionuclides, for which reported values
will be used in all cases. A summary presentation of the data will include:
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Figure 4.4 Human Health CRA COC Selection Process
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. Chemical name;

. Chemical Abstract Service (CAS) number;

. Chemical-specific, contract-required quantitation limit (CRQL);
° Reported detection limit;

. Number of samples;

. Frequency of detection;

. Minimum detected concentration;

. Maximum detected concentration;

° Arithmetic mean concentration; and

. Standard deviation.

4.4.4 Elimination of Essential Nutrients/Major Cations and Anions

Intakes calculated based on maximum concentrations of essential nutrients in soil and
sediment samples that have no toxicity values will be compared to daily reference intakes
(DRIs) and upper limit daily nutrient intakes (ULs) in accordance with EPA guidance (1989).
All essential nutrients that fall within the range of recommended or maximum daily intakes
(NAS 2000, 2002) will be eliminated from further consideration in the CRA.

Nitrate, nitrite, ammonium, and fluoride have oral toxicological factors and will be assessed
in the surface water screen. Nitrate will also be assessed in soil, due to its presence in
groundwater. Sulfide, bicarbonate, bromide, carbonate, chloride, orthophosphate, and sulfate
have no toxicological factors and will be eliminated from assessments in soil and sediments.

4.4.5 Preliminary Remediation Goals Screen

All remaining potential contaminants of concern (PCOCs) will be screened against the
screening-level WRW PRGs presented in Ap?endix A for the appropriate media using a
hazard quotient (HQ) of 0.1 or risk of 1 x 10™. All PCOCs with maximum values below the
WRW PRGs will be eliminated for an EU. The PRG ratios for each PCOC will be presented
in tables.

4.4.6 Detection Frequency Filter

Compounds detected at a frequency of 5 percent or greater will be carried through the COC
selection process. Compounds detected at less than 5 percent frequency are not considered
characteristic of Site contamination and the potential for exposure is low.

All analytes with less than 5 percent detection frequency will be compared with 30 times the
Site PRGs as a health-protective precaution documented in the IABZSAP) (DOE 2004a)
(referred to as 3 times the action level). If the maximum detected value of an infrequently
detected contaminant (less than 5 percent) exceeds the screening value, it will be carried
through the COC screening process.
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4.4.7 Data Distribution Testing

Data distribution testing will be performed for all PCOCs retained following the PRG and
frequency screens to aid in deciding the statistical test to use for comparisons to background
and calculation of the EPCs. Testing will be conducted following EPA guidance (EPA
2002a) and EPA QA/G-9 methods (EPA 2000b), using the ProUCL (Version 3.0) computer
program (Singh et al. 2004) developed for EPA’s Office of Research and Development.
ProUCL tests to determine whether data sets have normal, lognormal, or gamma distributions
and then computes a conservative and stable upper confidence level (UCL) of the population
mean. The statistical tests used in ProUCL for determining these data distributions are:

«  Shapiro-Wilk W-Test (n < 50);

o Lilliefors Test (n > 50; note: can be used for n < 50 also);

. Anderson-Darling Test for gamma distribution (n < 2,500);

. Kolmogorov-Smirnov Test for gamma distribution (n < 2,500); and

. Q-Q Plots, which are also available for normal, lognormal, or gamma distributions.

The software computes statistics for the three distributions and recommends the appropriate
distribution to represent the data set. The software also computes distributions to a minimum
sample size of four. Distributions for all data sets will be determined as recommended in the
ProUCL Handbook (Singh et al. 2004). The ProUCL recommendation will be used in all
cases. Program printouts of results will be presented in the CRA Report. The assigned
distribution will then be used to determine the appropriate test for background comparisons
and estimate an appropriate UCL of the mean at a 95 percent level (95UCL) concentration.

4.4.8 Background Analysis

Following the determination of data distributions, inorganic and radionuclide PCOCs will be
compared statistically to background data sets to determine whether the PCOCs are present at
concentrations above background.

The background comparison is used to distinguish between contamination associated with
Site activities and nonanthropogenic (naturally occurring) background conditions. The
Geochemical Characterization of Background Surface Soils: Background Soils
Characterization Program, Final Report (DOE 1995a) will be used for the surface soil
background data. The Background Geochemical Characterization Report (DOE 1993) will
be used for the remaining media types. Background comparisons will be performed in
accordance with current EPA guidance (2002b).

The statistical test chosen for a particular PCOC depends on the distributions of the PCOC
and background data. Either parametric or nonparametric tests can be used, although neither
works well with small data sets of less than 25 samples (EPA 2002b). Therefore, it is
important that a combination of statistical testing and other comparison methods, including
graphical methods, 95UCLs, outlier testing, and comparison of maximum values, be used to
compare the populations. The Wilcoxon (also known as Mann-Whitney) Rank Sum Test is
useful when Site and background data have different assigned distributions or are both
nonparametric (that is, neither normally nor lognormally distributed). If Site and background
data have the same normal or lognormal distributions, a Student’s t-test can be used to
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compare PCOCs to background. Lognormal data are log-transformed prior to conducting a
standard t-test. Evaluation of 95 percent confidence intervals for Site and background data
can also be useful. Overlap of 95 percent confidence intervals indicates the Site data are
within the range of natural background.

If concentrations for a particular PCOC are found to be significantly greater (alpha = 0.1,
when applicable) than background levels, the PCOC will be retained for further
consideration. Following the background comparison, professional judgment will be applied,
as described in the next section.

4.4.9 Professional Judgment

Professional judgment is also used to include or exclude a PCOC from the final COC list. A
PCOC that has been previously eliminated may be included because of a preponderance of
historical data suggesting the chemical may have been released in significant quantities to the
environment. Professional judgment can also be applied to develop a weight-of-evidence
argument to exclude a PCOC based on data assessment, or spatial, temporal, or pattern-
recognition concepts. All such decisions will be documented in the CRA Report.

Data assessment includes an evaluation of laboratory and validation qualifiers. Spatial
analysis requires that concentrations of each PCOC be plotted on a map; assessment of the
plotted data should indicate their presence (or absence) or any spatial or temporal trends in
concentration, and assist in delimiting hot spots.

Temporal analysis is particularly relevant for groundwater data, where repeated sampling at a
well offers the opportunity to evaluate changes in analyte concentrations over time. Time-
series plots are used for this evaluation. Temporal analysis of data for sediments or other
geologic materials is less useful and may not even be applicable.

Pattern recognition includes:

. Interelement correlations;
B Similarities in geochemical behavior;

. Correlations between elemental concentrations and certain parameters such as total
suspended solids (TSS), the negative logarithm of the hydrogen ion activity (pH),
reduction-oxidation potential (standard reduction potential [volts] [Eh] or negative
logarithm of the electron activity [Pe], where Eh=0.059 Pe), clay content, organic
content, cation-exchange capacity, and so forth; and

. Other recognizable patterns in elemental behavior.

Professional judgment will be applied on a case-by-case basis. All such judgment will be
supported by a thorough analysis of the available evidence. Documentation, including maps,
figures, and references supporting the professional judgment, will be presented.

4.4.10 Presentation of Contaminants of Concern

The COC selection process will be documented in tables, such as Table 4.6, which will
summarize the data for each analyte chosen as a COC in each medium.
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Table 4.6 Rationale for Selecting COCs

Detection | Concentration )
PRG Frequency > 30X the Background | Professional

Analyte » s
Ratio (%) PRG? Comparison | Judgment

COC?

4.5  Pathway Significance Evaluations

Two pathways for the WRW are currently considered to have insignificant contributions to
risk:

1. Ingestion of contaminants transported from groundwater to surface water; and

2. Inhalation of contaminants volatilizing from groundwater and soil outside the ICA.

Evaluations will be completed to ensure that the designation as insignificant is appropriate.
The evaluations are described below.

4.5.1 Groundwater-to-Surface Water Pathway

In the WRW scenario, the worker is potentially exposed to contaminants in surface water by
ingestion while working. This pathway is currently considered insignificant. If contaminants
known to be present in groundwater are transported to surface water in sufficient
concentrations, this pathway could become a significant contributor to risk. The results of
groundwater transport modeling will address this issue. Groundwater modeling for the Site
is being conducted for a variety of purposes, one of which is to support the CRA. The
objective of the transport modeling in support of the CRA is to simulate transport of
contaminants from groundwater to surface water, and estimate future exposure
concentrations in surface water for potential on-site receptors. A subsurface water transport
model is under development to estimate surface water concentrations for the analytes
selected by a screening procedure, using surface water PRGs developed for WRW (Appendix
A) and ecological receptor (DOE et al. 1996 [as modified]) exposures to surface water.

The estimated and/or observed concentrations at select surface water locations will be
subjected to the COC selection process in the CRA. Results will be used to estimate
potential human health or ecological effects from surface water concentrations resulting from
the transport of contaminants currently in groundwater. The transport model will be
calibrated using available information on contaminant sources, current contaminant
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distributions, and historical concentrations over time. DQOs for the modeling effort will
accompany its documentation.

4.5.2 Groundwater/Subsurface Soil-to-Air Pathway

In the WRW scenario, the worker is potentially exposed to contaminants in groundwater that
volatilize and are transported through the soil and released to the atmosphere, where they can
be inhaled by the worker. Exposure to volatilized contaminants can occur indoors or
outdoors. These pathways are both currently considered insignificant. The indoor route is
considered a greater contributor to risk due to inhibited air exchange in buildings. If
contaminants known to be present in groundwater are transported to the soil surface and then
to the atmosphere in sufficient concentrations, the indoor pathway could become a significant
contributor to risk. Indoor air exposures will be assessed for areas outside the ICA (Section
2.2.1). The groundwater/subsurface soil air pathway for volatiles will be assessed outside the
ICA. The COCs to be assessed will be chosen using the PRGs presented in Appendix A. '

4.6  Exposure Point Concentrations and Intakes

The EPC of a human health COC in a sampled medium is often quantified using the 95UCL
of the arithmetic mean (EPA 1989). This approach ignores any sampling bias toward areas
of known or suspected contamination and treats the data as if they were randomly collected.
At RFETS, the majority of the sampling effort has targeted IHSSs, PACs and other areas
with suspected releases. This unequal sampling density is not compatible with the problem
statement in Section 3.1.1, which states that long-term average exposures in an EU must be
estimated. In areas with biased sampling the arithmetic mean is a worst-case or upper-bound
estimate of risk. Therefore, a three-tiered approach, as presented below, will be used to
calculate EPCs for the HHRA. In the first tier, EPCs will be calculated without correcting
for sampling bias, but the subsequent evaluations will use Geospatial techniques that can be
used to correct for such bias.

Tier 1: Mean Concentrations - The arithmetic mean is a statistically robust estimator, even
when normality assumptions are not met (Gilbert 1987). The 95UCL is a conservative
estimate of the average concentration to which receptors would be exposed over time in an
exposure area. If the maximum detected COC value is below the 95UCL, the maximum
concentration is used as the EPC. When data distributions are demonstrated to be lognormal,
an arithmetic mean and 95UCL will be calculated using log-transformed data. When
distributions are found to be neither normal nor lognormal, a nonparametric 95UCL will be
calculated (EPA 2002b).

Tier 2: Area Averaging - The geospatial technique of area averaging will also be used to
provide a more realistic estimate of health risks and hazards. This approach is simple and
easy to implement and will very likely yield much more realistic estimates of the true mean,
and it is expected that 95UCLs generated in this way will minimize the risk of Type I errors.

The Tier 2 approach will be implemented in four steps for the HHRA:
1. A 30-acre grid will be randomly laid over the Site or EU.

2. The mean value will be calculated for each 30-acre cell, using all relevant samples from
within the cell.

34




Final Comprehensive Risk Assessment Work Plan and Methodology September 2004

3. The grid means will be used to calculate the best estimate of the mean for the EU as an
area-weighted average.

4. The uncertainty around the best estimate of the mean will be estimated using the same
method as for Tier 1. The 95UCL of the EU area-weighted mean will be used as the
EPC.

Tier 3: Kriging — This geostatistical method, developed for the mining industry, is a more
robust and statistically valid approach for estimating values and uncertainty around key
statistics (mean, 90th percentile) than area averaging. Kriging can accurately account for the
uneven spatial distribution of samples. However, various parameters developed for a specific
application are subject to debate among experts. Therefore, this approach will be
implemented only as needed after an initial analysis using Tiers 1 and 2.

4.6.1 Exposure Point Concentration Calculation

The one-sided 95UCL will be calculated using the ProUCL software. When a data set is
determined to be parametrically distributed (normal, lognormal, or gamma), the program uses
one of five parametric computation methods for estimating the UCL:

1. Student’s-t UCL (normal distribution);
2. Land’s-H UCL (lognormal distribution);

3. Chebyshev inequality-based UCL (using minimum variance and unbiased estimates of
parameters of a lognormal distribution);

4. Approximate gamma UCL using the chi-square approximation (gamma distribution); and
5. Adjusted gamma UCL (adjusted for level of significance).

ProUCL includes 10 methods for computation of UCLs when a data set is determined to have
a nonparametric distribution. The program recommends the appropriate UCL to choose
based on the characteristics of the data set. The available methods include:

1. Central limit theorem-based UCL;

2. Modified-t statistic-based UCL;

3. Adjusted central limit theorem-based UCL (adjusted for skewness);
4

. Chebyshev inequality-based UCL (using the sample mean and sample standard
deviation);

5. Jackknife method-based UCL;

6. Standard bootstrap-based UCL;

7. Percentile-based UCL,;

8. Bias-corrected accelerated bootstrap-based UCL;
9. Bootstrap-t-based UCL; and

10. Hall’s bootstrap-based UCL.
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EPCs will be estimated at human receptor locations for all pertinent environmental media,
including surface and subsurface soil and sediment. The physical, chemical, and
hydrogeologic characteristics of the Site must therefore be adequately understood. Steady-
state conditions will be assumed for EPCs based on direct environmental monitoring data or
modeling, if appropriate. Effects of dilution, dispersion, source-term depletion, erosion,
biodegradation, and sorption on quantification of the EPCs will be addressed in the
uncertainty section of the CRA. EPCs will be estimated to predict long-term averages and
impacts to receptors.

4.6.2 Intake Calculations

Intake by receptors will be quantified for each selected COC, exposure pathway, and
exposure scenario. Exposure factors reported in Section 4.1 will be used in the CRA. Intake
in units of mg/kg per day will be calculated for all receptors exposed to ingestion, dermal,
and inhalation pathways using the general formulas below. Radiological intake in units of
picocuries (pCi) will be assessed using the standard EPA formulas. External radionuclide
exposure is calculated in units of years per picocurie per gram (yr/pCi/g).

The equations for calculating intakes for the WRW and WRYV are provided in Tables 4.7 and

4.8, respectively. The abbreviations and specific values used for the exposure factors are
defined in Tables 4.1 and 4.2.

Intakes are averaged over different time periods for carcinogenic and noncarcinogenic
chemicals. For carcinogens, intakes are calculated by averaging the total cumulative dose
during the exposure period over a lifetime, yielding a “lifetime average daily intake” (EPA
1989). For noncarcinogenic chemicals, intakes are calculated by averaging over the period
of exposure to yield an average daily intake. Different averaging times are used for
carcinogens and noncarcinogens because their effects occur by different mechanisms. The
approach for carcinogens is based on the hypothesis that a high dose received over a short
period of time is equivalent to a corresponding low dose spread over a lifetime. The intake
of a carcinogen is averaged over a 70-year lifetime regardless of exposure duration.

For calculation of radionuclide intakes from soil, the exposure concentration is expressed in
picocuries per gram (pCi/g), and the expression is not divided by body weight or averaging
time. The resulting intake for radionuclides is expressed in pCi.

Table 4.7 Intake Equations for the WRW

Wildlife Refuge Worker"

Surface Soil and Sediment Intake Equations

Intake Bquations for WRW Ingestion

Nonradionuclide Intake (mg/kg-day) = (Cs x Irwss x Efwss x Edw x CF1)
(Bwa x [Atc or Atnc]”)

Radionuclide Intake (pCi) = Cs x Irwss x Efwss x Edw x CF3

Intake Equation for WRW Dermal Contact

Nonradionuclide Intake (mg/kg-day) = (Cs x Efwss x Edw x Evw x Saw x Afw x ABS x CF1)
(Bwa x [Atc or Atnc]")

Intake Equations for WRW Outdoor Inhalation of Suspended Particulates
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Nonradionuclide Intake (mg/kg-day) = (Cs x Iraw x Efwss x Edw x Etw x Eto w x MLF)
(Bwa x [Atc or Atnc]b)

Radionuclide Intake (pCi) = Cs x Iraw x Efwss x Edw x Etw x Eto_w x MLF x CF2

Intake Equations for WRW Indoor Inhalation of Suspended Particulates

Nonradionuclide Intake (mg/kg-day) = (Cs x Iraw x Efwss x Edw x Etw x Eti_ w x Dfi x MLF)
(Bwa x [Atc or Atnc]®)

Radionuclide Intake (pCi) = Cs x Iraw x Efwss x Edw x Etw x Eti_w x Dfi x MLF x CF2

Exposure Equation for WRW Outdoor External Radiation

Radionuclide Exposure (yr-pCi/g) = Cs x Te_A x Te_Do x Edw x ACF x GSFo

Exposure Equation for WRW Indoor External Radiation

Radionuclide Exposure (yr-pCi/g) = Cs x Te_A x Te_Di x Edw x ACF x GSFi

Subsurface Soil Intake Equations

Intake Equations for WRW Ingestion

Nonradionuclide Intake (mg/kg-day) = (Cs x Irwss x Efwsub x Edw x CF1)
(Bwa x [Atc or Atnc]b)

Radionuclide Intake (pCi) = Cs x Irwss x Efwsub x Edw x CF3

Intake Equation for WRW Dermal Contact

Nonradionuclide Intake (mg/kg-day) = (Cs x Efwsub x Edw x Evw x Saw x Afw x ABS x CF1)
(Bwa x [Atc or Atnc]®)

Intake Equations for WRW Outdoor Inhalation of Suspended Particulates

Nonradionuclide Intake (mg/kg-day) = (Cs x Iraw x Efwsub x Edw x Etw x Eto w x MLF)
(Bwa x [Atc or Atnc]®)

Radionuclide Intake (pCi) = Cs x Iraw x Efwsub x Edw x Etw x Eto_w x MLF x CF2

Exposure Equation for WRW Outdoor External Radiation

Radionuclide Exposure (yr-pCi/g) = Cs x Te_As x Te_Do x Edw x ACF x GSFo

a. Definitions of abbreviations can be found in Table 4.1.
b. Carcinogenic or noncarcinogenic averaging times (Atc and Atnc, respectively) are used in equations,

depending on whether carcinogenic or noncarcinogenic intakes are being calculated.
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. Table 4.8 Intake Equations for the WRV

Wildlife Refuge Visitor®
Intake Equations for WRYV Ingestion of Soil

Nonradionuclide Intake (mg/kg-day) = (Cs x SIRageav x Efv x CF1)
[Atc or Atnc)’

Radionuclide Intake (pCi) = Cs x SIRagav_r x Efv x Edt x CF3 units

Intake Equation for WRV Dermal Contact with Soil

Nonradionuclide Intake (mg/kg-day) = (Cs x Efv x Evv x SESagav x ABS x CF1)
[Atc or Atnc)’

Intake Equations for WRYV Inhalation of Surface Soil

Nonradionuclide Intake (mg/kg-day) = (Cs x Iragav x Efv x MLF)
[Atc or Atnc]’

Radionuclide Intake (pCi) = Cs x Iragav_r x Efv x (Edav + Edcv) x Etv x MLF x CF2
Exposure Equation for WRV External Radiation from Surface Soil

Radionuclide Intake (yr-pCi/g) = Cs x Te_Av x Te_Dv x ACF x GSFo

a. Definitions of abbreviations can be found in Table 4.2.
b. Carcinogenic or noncarcinogenic averaging times (Atc and Atnc, respectively) are used in equations,
depending on whether carcinogenic or noncarcinogenic intakes are being calculated.

5.0 HUMAN HEALTH TOXICITY ASSESSMENT

Actions: Determine toxicity values and modes of action and endpoints for PCOCs.

Toxicity values are used to characterize risk, while toxicity profiles summarize toxicological
information for radioactive and nonradioactive COCs. Toxicity information is summarized
for two categories of potential effects: noncarcinogenic and carcinogenic. These two
categories have slightly differing methodologies for estimating potential health risks
associated with exposures to carcinogens and noncarcinogens.

In general, toxicity profiles are obtained from EPA’s Integrated Risk Information System
(IRIS) (EPA 2004a). IRIS contains only those toxicity values that have been verified and
undergone extensive peer review by EPA’s Reference Dose or Carcinogenic Risk
Assessment Verification Endeavor (CRAVE) Workgroups. The IRIS database is updated
monthly and supersedes all other sources of toxicity information.

The CRA generally uses the recommended hierarchy of toxicological sources of information
recommended by EPA (EPA 2003a). The recommended toxicity value hierarchy is as
follows:

. Tier 1 — EPA’s IRIS (EPA 2004a)

. Tier 2 — EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs) — The Office
of Research and Development/National Center for Environmental Assessment
(NCEA)/Superfund Health Risk Technical Support Center (STSC) develops PPRTVs
on a chemical-specific basis when requested by EPA’s Superfund program.
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Tier 3 — Other Toxicity Values — Tier 3 includes additional EPA and non-EPA
sources of toxicity information. Priority is given to those sources of information that
are the most current, the basis for which is transparent and publicly available, and
which have been peer reviewed. Consensus will be sought on all toxicity values used
in the CRA.

Secondary sources of information will be used qualitatively in the HHRA. EPA
toxicologists, both regional and national, may also serve as information sources. All
information sources will be documented in the toxicity assessment. In general, the toxicity
factors used for the Site PRGs will be used in the CRA, unless updates become available.

5.1 Identification of Toxicity Values for Carcinogenic Effects

Potential carcinogenic risks will be expressed as an estimated probability that an individual
might develop cancer from lifetime exposure. This probability is based on projected intakes
and chemical-specific dose-response data called “cancer slope factors (CSFs).” CSFs and the
estimated daily intake of a compound, averaged over a lifetime, are used to estimate the
incremental risk that an individual exposed to that compound may develop cancer. There are
two classes of potential carcinogens: chemical carcinogens and radionuclides.

5.1.1 Chemical Carcinogens

Evidence of chemical carcinogenicity originates primarily from two sources: lifetime studies
with laboratory animals and human (epidemiological) studies. Animal data from laboratory
experiments represent the primary basis for the extrapolation for most chemical carcinogens.
Experimental results are extrapolated across species (that is, from laboratory animals to
humans); from high-dose regions (that is, levels to which laboratory animals are exposed) to
low-dose regions (that is, levels to which humans are likely to be exposed in the
environment); and across routes of administration (for example, inhalation versus ingestion).

EPA estimates human cancer risks associated with exposure to chemical carcinogens on an
administered-dose basis. It is assumed a small number of molecular events can evoke
changes in a single cell that can lead to uncontrolled cellular proliferation and tumor
induction. This mechanism for carcinogenesis means there is theoretically no level of
exposure to a given chemical carcinogen that does not pose a small, but finite, probability of
generating a carcinogenic response.

The CSFs are estimated using the linearized multistage model. The basis of this model is
that multiple events may be needed to yield tumor induction (Crump et al. 1977) reflecting
the biological variability in tumor frequencies observed in animal and human studies. The
dose-response relationship predicted by this model at low doses is essentially linear. The
CSFs calculated for nonradiological carcinogens using the multistage model represent the
95UCL of the probability of a carcinogenic response. Consequently, risk estimates based on
these CSFs are conservative estimates representing upper-bound estimates of risk.

Uncertainties in the toxicity assessment for chemical carcinogens are dealt with by
classifying each chemical into one of several groups, according to the EPA-defined, weight-
of-evidence (WOE) from epidemiological studies and animal studies. These groups are
listed in Table 5.1.
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Table 5.1 Carcinogen Groups

Weight-of-
Evidence Description
Group
A Human carcinogen (sufficient evidence of carcinogenicity in humans)
B 1 Probable human carcinogen (sufficient evidence of carcinogenicity in animals, limited
evidence of carcinogenicity in humans)
B2 Probable human carcinogen (sufficient evidence of carcinogenicity in animals with
inadequate or lack of evidence in humans)
c Possible human carcinogen (limited evidence of carcinogenicity in animals and
inadequate or lack of human data)
Not classifiable as to human carcinogenicity (inadequate or no evidence)
E Evidence of noncarcinogenicity in humans (no evidence of carcinogenicity in adequate
studies) :

The oral and inhalation CSFs for the COCs will be compiled in a table. Table 5.2 presents the
current CSFs used for calculation of the PRGs. The WOE designations and target organs are
also included. These values will be used in the CRA risk characterization. A similar table of
values will be included in the CRA for COCs.

5.1.2 Radionuclides

A series of federal guidance documents have been issued by EPA for the purpose of
providing federal and state agencies with technical information to assist their implementation
of radiation protection programs. The Health Effects Assessment Summary Tables (HEAST)
for Radionuclides (EPA 2001a) provides numerical factors, called “risk coefficients,” for
estimating risks to health from exposure to radionuclides. This federal guidance will be used
to calculate risk from radionuclides. It applies state-of-the-art methods and models that take
into account age and gender dependence on intake, metabolism, dosimetry, radiogenic risk,
and competing causes of death in estimating the risks to health from internal or external
exposure to radionuclides.

A morbidity risk coefficient is provided for a given radionuclide and exposure mode. This
coefficient is an estimate of the average total risk of experiencing a radiogenic cancer,
regardless of whether the cancer is fatal. The risk coefficient associated with morbidity will
be used to characterize human health risks. Current values used are shown in Table 5.3.
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

) CAS Oral/Ingestion Inhalation Inhalation Weight of ‘

Analyte List Number Slope Factof'I Source Unl§ Risk | Source | SlopeF actox.-] Source Evidence Target Organ/Cancer Source
(mg/kg-day) (m’/pg) (mg/kg-day)

Acenaphthene 83-32-9

Acenaphthylene 208-96-8 D I

Acetone 67-64-1

Acrolein 107-02-8

Acrylonitrile 107-13-1 5.40E-01 I 6.80E-05 1 2.38E-01 1 Bl Brain, spinal cord, stomach, lungs 1

Alachlor 15972-60-8 8.00E-02 H

Aldicarb 116-06-3 D 1

Aldicarb sulfone 1646-88-4

Aldicarb sulfoxide 1646-87-3

Aldrin 309-00-2 1.70E+01 I 4.90E-03 I 1.72E+01 1 B2 Liver 1

Aluminum 7429-90-5

Ammonium (as ammonia) 7664-41-7

Anthracene 120-12-7 D NC I

Antimony 7440-36-0

Aroclor 1016 12674-11-2 2.00E+00 Ia 1.00E-04 la 4.00E-01 Ia B2 Liver 1

Aroclor 1221 11104-28-2 2.00E+00 Ia 1.00E-04 la 4.00E-01 Ia B2 Liver I

Aroclor 1232 11141-16-5 2.00E+00 Ia 1.00E-04 Ia 4.00E-01 la B2 Liver I

Aroclor 1242 53469-21-9 2.00E+00 Ia 1.00E-04 la 4.00E-01 Ia B2 Liver 1

Aroclor 1248 12672-29-6 2.00E+00 la 1.00E-04 Ia 4.00E-01 Ia B2 Liver 1

Aroclor 1254 11097-69-1 2.00E+00 la 1.00E-04 la 4.00E-01 Ia B2 Liver 1

Aroclor 1260 11096-82-5 2.00E+00 la 1.00E-04 la 4.00E-01 Ia B2 Liver I

Arsenic 7440-38-2 1.50E+00 I 4.30E-03 I 1.51E+01 I A Skin, lungs I

Atrazine 1912-24-9 2.20E-01 H D NC R

Barium 7440-39-3 D NC I

Benzene 71-43-2 5.50E-02 I 7.80E-06 I 2.73E-02 I A Leukemia I

Benzidine 92-87-5 2.30E+02 6.70E-02 I 2.35E+02 1 A Bladder cancer

Benzo(a)anthracene 56-55-3 7.30E-01 P B2 Tumors A

Benzo(a)pyrene 50-32-8 7.30E+00 I 3.10E-01 P B2 Tumors A

Benzo(b)fluoranthene 205-99-2 7.30E-01 P B2 Lungs, skin I

Benzo(g,h,i)perylene 191-24-2 D 1
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

L

) CAS Oral/Ingestion Inhalation Inhalation Weight of
Analyte List Hmiber Slope Facto: Source Uni§ Risk | Source | Slope Factof’I Source FEvidence Target Organ/Cancer Source
(mg/kg-day) (m7/pg) (mg/kg-day)
Benzo(k)fluoranthene 207-08-9 7.30E-02 P B2 Lungs, skin I
Benzoic Acid (at pH 7) 65-85-0 D NC 1
Benzyl Alcohol 100-51-6
Beryllium 7440-41-7 2.40E-03 I 8.40E+00 I Bl Lungs I
bis(2-chloroethyl)ether 111-44-4 1.10E+00 I 3.30E-04 1 1.16E+00 1 B2 Liver 1
bis(2-chloroisopropyl)ether 108-60-1 7.00E-02 H 1.00E-05 H 3.50E-02 H D Liver R
bis(2-ethylhexyl)phthalate 117-81-7 1.40E-02 I 1.40E-02 P B2 Liver I
Boron _ 7440-42-8 '
Bromodichloromethane 75-27-4 6.20E-02 1 B2 Liver, kidneys, and intestines R
Bromoform 75-25-2 7.9E-03 I 1.10E-06 I 3.85E-03 1 B2 Intestines I
Bromomethane (methyl bromide) 74-83-9 D NC 1
2-Butanone (methyl ethyl ketone) 78-93-3 D NC 1
Butylbenzylphthalate 85-68-7 C Leukemia I
Cadmium (food) 7440-43-9 1.80E-03 I 6.30E+00 I Bl Lung, trachea, bronchus I
Cadmium (water) 7440-43-9 1.80E-03 I 6.30E+00 1 Bl Lung, trachea, bronchus 1
Carbazole 86-74-8 2.00E-02 H D NC R
Carbofuran 1563-66-2
Carbon disulfide 75-15-0
Carbon tetrachloride 56-23-5 1.30E-01 I 1.50E-05 I 5.25E-02 I B2 Liver 1
Chlordane-alpha 5103-71-9 3.50E-01 b 1.00E-04 b 3.50E-01 Ib B2 Liver 1
Chlordane-beta 5103-74-2 3.50E-01 b 1.00E-04 Ib 3.50E-01 Ib B2 Liver 1
Chlordane-gamma 12789-03-6 3.50E-01 b 1.00E-04 Ib 3.50E-01 Ib B2 Liver I
4-Chloroaniline 106-47-8
Chlorobenzene 108-90-7 D NC 1
Chloroethane (ethyl chloride) 75-00-3 2.90E-03 P D NC R
Chloroform 67-66-3 2.30E-05 I 8.05E-02 I B2 Liver I
Chloromethane (methyl chloride) 74-87-3 D NC I
4-Chloro-3-methylphenol 59-50-7
2-Chloronaphthalene 91-58-7
2-Chlorophenol 95-57-8
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

) CAS Oral/Ingestion Inhalat.ion Inhalation Weight of ‘
Analyte List Number Slope Fm:tol"l Source Uni§ Risk | Source | Slope Fnctox_-, Source Evidence Target Organ/Cancer Source
(mg/kg-day) (m’/pg) (mg/kg-day)
Chlorpyrifos 2921-88-2
Chromium III 16065-83-1 D NC 1
Chromium VI 18540-29-9 1.20E-02 I 4.20E+01 I Ai, Do Lung I
Chrysene 218-01-9 7.30E-03 P B2 Skin, blood 1
Cobalt 7440-48-4 9.80E+00 P B2 Induction of tumors R
Copper 7440-50-8 D NC I
Cyanide 57-12-5 D NC I
Cyclohexane 110-82-7
4,4-DDD 72-54-8 2.40E-01 I B2 Lung, liver, and thyroid I
4,4-DDE 72-55-9 3.40E-01 1 B2 Liver and thyroid I
4,4-DDT 50-29-3 3.40E-01 1 9.70E-05 I 3.40E-01 I B2 Liver I
Dalapon 75-99-0
Demeton 8065-48-3
Dibenzo(a,h)anthracene 53-70-3 7.30E+00 P B2 DNA damage/gene mutation 1
Dibenzofuran 132-64-9 D NC I
Dibromochloromethane 124-48-1 8.40E-02 1 C Liver 1
1,2-Dibromo-3-chloropropane 96-12-8 1.40E+00 H 2.40E-03 H
Dicamba 1918-00-9 )
1,2-Dichlorobenzene (0-) 95-50-1 D NC 1
1,3-Dichlorobenzene 541-73-1 D NC 1
1,4-Dichlorobenzene (p-) 106-46-7 2.40E-02 H 2.20E-02 P B2 Liver R
3,3-Dichlorobenzidine 91-94-1 4.50E-01 1 B2 : Mammaries I
Dichlorodifluoromethane 75-71-8
1,1-Dichloroethane 75-34-3 C Mammaries/Hemangiosarcomas - I
1,2-Dichloroethane 107-06-2 9.10E-02 1 2.60E-05 1 9.10E-02 I B2 Hemangiosarcomas I
1,1-Dichloroethene 75-35-4 C I
1,2-Dichloroethene (total) 540-59-0
2,4-Dichlorophenol 120-83-2
Dichlorophenoxyacetic acid (2,4-D) 94-75-7
4-(2,4-Dichlorophenoxy) butyric acid (2,4- 94-82-6
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

CAS Oral/Ingestion Inhalat?on Inhalation Weight of
Analyte List Nl Slope Fac(o!" Source Unig Risk | Source | SlopeF actol_-‘ Source Evidence Target Organ/Cancer Source
_(mg/kg-day) (m*/ug) (mg/kg-day)
DB)
1,2-Dichloropropane 78-87-5 6.80E-02 H Liver and mammary glands A
1,3-Dichloropropene 542-75-6 1.00E-01 I 4.00E-06 1 1.40E-02 I B2 Bladder I
cis-1,3-Dichloropropene 10061-01-5 1.00E-01 Ic 4.00E-06 Ic 1.40E-02 Ic B2 Bladder I
trans-1,3-Dichloropropene 10061-02-6 1.00E-01 Ic 4.00E-06 Ic 1.40E-02 Ic B2 Bladder I
Dieldrin 60-57-1 1.60E+01 I 4.60E-03 I 1.61E+01 I B2 Liver I
Diethyl ether 60-29-7
Di(2-em'ylhexyl)adipate 103-23-1 1.20E-03 1 C Liver I
Diethylphthalate 84-66-2 D NC I
Dimethoate 60-51-5
2,4-Dimethylphenol 105-67-9
Dimethylphthalate 131-11-3 D NC I
Di-n-butylphthalate 84-74-2 D NC 1
4 6-Dinitro-2-methylphenol (4,6-dinitro-o-
cresol) 534-52-1
2,4-Dinitrophenol 51-28-5
2,4-Dinitrotoluene 121-14-2
2,6-Dinitrotoluene 606-20-2 B2 Liver and mammaries I
Di-n-octylphthalate 117-84-0
Dinoseb 88-85-7 D NC I
1,4-Dioxane 123-91-1 1.10E-02 I B2 Nasal, liver, and gall bladder I
Dioxin (HxCDD) 1746-01-6 1.50E-05 H 1.50E-05 H B2 Liver I
1,2-Diphenylhydrazine 122-66-7 8.00E-01 I 2.20E-04 I 7.70E-01 I B2 Liver I
Diquat 85-00-7
Endosulfan I 959-98-8
Endosulfan II 33213-65-9
Endosulfan sulfate 1031-07-8
Endosulfan (technical) 115-29-7
Endrin (technical) 72-20-8 D NC 1
Endrin aldehyde 7421-93-4
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

Oral/Ingestion Inhalation Inhalation
Slope Factor | Source | Unit Risk | Source | Slope Factor Source

_(mg/kg-day)" (m¥pg) (mg/kg-day)”

CAS
Number

Weight of

Analyte List Evidence

Target Organ/Cancer Source

Endrin ketone 53494-70-5
Ethyl acetate ' 141-78-6
Ethylbenzene 100-41-4 NC
Ethylene dibromide [1,2-Dibromoethane] 106-93-4 8.50E+01 Induction of tumors
‘Fluoranthene 206-44-0 NC
Fluorene 86-73-7 NC
Fluoride (as fluorine) 7782-41-4
Glyphosate 1071-83-6 NC
Guthion 86-50-0
Heptachlor 76-44-8 4.50E+00 1.30E-03 4.55E+00 Liver
Heptachlor epoxide 1024-57-3 _9.10E+00 2.60E-03 9.10E+00 Liver
Hexachlorobenzene 118-74-1 1.60E+00 4.60E-04 1.61E+00 Liver, thyroid and kidneys
Hexachlorobutadiene 87-68-3 7.80E-02 2.20E-05 7.70E-02 ) Kidneys
Hexachlorocyclohexane, alpha 319-84-6 6.30E+00 1.80E-03 6.30E+00 Liver
Hexachlorocyclohexane, beta 319-85-7 1.80E+00 5.30E-04 1.86E+00 Liver
Hexachlorocyclohexane, delta 319-86-8 NC
Hexachlorocyclohexane, gamma (Lindane) 58-89-9 1.30E+00 Liver
Hexachlorocyclohexane (technical) 608-73-1 1.80E+00 5.10E-04 1.79E+00 Liver
Hexachlorocyclopentadiene 77-47-4 NOE
Hexachlorodibenzo-p-dioxin (mix) 34465-46-8 6.20E-03 1.30E+06 |- 4.55E+03
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 6.20E-03 1.30E+06 4.55E+03 Liver
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 6.20E-03 1.30E+06 4.55E+03 Liver
Hexachloroethane 67-72-1 1.40E-02 I 4.00E-06 1.40E-02 Liver
Indeno(1,2,3-cd)pyrene 193-39-5 7.30E-01 Induction of tumors
Iron 7439-89-6
Isobutyl alchohol 78-83-1
Isophorone 78-59-1 Preputary gland
Isopropylbenzene (cumene) 98-82-8 1.10E-01
Lead 7439-92-1 Kidneys
Lithium 7439-93-2
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

) CAS Oral/Ingestion Inhf;lation Inhalation Weight of

Analyte List Numaber Slope Facton Source Umg Risk | Source | SlopeF actof'| Source Evidence Target Organ/Cancer Source
(mg/kg-day) (m’/pg) (mg/kg-day)

Manganese (food) 7439-96-5 D NC I

Mercury 7439-97-6 D NC 1

Methoxychlor 72-43-5 D NC 1

2-Methyl-4-chlorophenoxyacetic acid (MCPA) 94-74-6

2-(2-Methyl-4-chlorophenoxy) propionic acid

(MCPP) 93-65-2

Methylene chloride (dichloromethane) 75-09-2 7.50E-03 I 4.70E-07 I 1.65E-03 I B2 Liver I

Methyl methacrylate 80-62-6 E NOE 1

2-Methylnaphthalene 91-57-6

4-Methyl-2-pentanone (methyl isobutyl

ketone) 108-10-1

2-Methylphenol (o-cresol) 95-48-7 C Skin and gene toxicity 1

4-Methylphenol (p-cresol) 106-44-5 C Skin and gene toxicity I

Methyl tert-butyl ether 1634-04-4 4.0E-03 0

Mirex 2385-85-5

Molybdenum 7439-98-7

Naphthalene 91-20-3 C Lungs I

Nickel (soluble) 7440-02-0

Nitrate 14797-55-8

Nitrite 14797-65-0

2-Nitroaniline 88-74-4

4-Nitroanaline 100-01-6 2.0E-02 P C Liver OR

Nitrobenzene 98-95-3 D NC I

2-Nitrophenol 88-75-5

4-Nitrophenol 100-02-7

N-Nitroso-di-n-butylamine 924-16-3 5.40E+00 I 1.60E-03 I 5.60E+00 I B2 Induction of tumors I

N-Nitrosodiethylamine 55-18-5 1.50E+02 I 4.30E-02 I 1.51E+02 I B2 Induction of tumors 1

N-Nitrosodimethylamine 62-75-9 5.10E+01 I 1.40E-02 I 4.90E+01 I B2 Induction of tumors I

N-Nitrosodiphenylamine 86-30-6 4.90E-03 1 B2 Bladder I

N-Nitrosodi-N-propylamine 621-64-7 7.00E+00 I B2 Induction of tumors I

N-Nitrosopyrrolidine 930-55-2 2.10E+00 I 6.10E-04 [ 2.14E+00 I B2 Induction of tumors I
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

) CAS Oral/Ingestion Inhalation Inhalation Weight of
Analyte List Number Slope Fm:m{'l Source Unig Risk | Source | Slope Factm.-l Source Evidence Target Organ/Cancer Source
(mg/kg-day) (m'/pg) (mg/kg-day)
p-Nirotoluene 99-99-0 1.70E-02 P
Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX) 2691-41-0
Oxamyl (vydate) 23135-22-0
Adrenal/thyroid glands, and
Parathion 56-38-2 C pancreas I
Pentachlorobenzene 608-93-5 D NC I
Pentachlorophenol 87-86-5 1.20E-01 I B2 Induction of tumors I
Phenanthrene 85-01-8 D 1
Phenol 108-95-2 D I
Picloram 1918-02-1
Pyrene 129-00-0 D NC I
Selenium 7782-49-2 D NC I
Silver 7440-22-4 D NC I
Simazine 122-34-9 1.20E-01 H C Mammary OR
Strontium 7440-24-6
Styrene 100-42-5
Sulfide 18496-25-8
1,2,4,5-Tetrachlorobenzene 95-94-3
1,1,1,2-Tetrachloroethane 630-20-6 2.60E-02 I 2.60E-02 I C Liver 1
1,1,2,2-Tetrachloroethane 79-34-5 2.00E-01 I 5.80E-05 I 2.03E-01 I C Liver I
Tetrachloroethene 127-18-4 5.40E-01 O 2.00E-02 (0] B2 Non-Hodgkin's lymphoma R
2,3,4,6-Tetrachlorophenol 58-90-2
Thallium 7440-28-0
Tin 7440-31-5
Titanium 7440-32-6
Toluene 108-88-3 D NC I
Toxaphene 8001-35-2 1.10E+00 I 3.20E-04 I 1.12E+00 I B2 Liver and thyroid gland I
1,2,4-Trichlorobenzene 120-82-1 D NC I
1,1,1-Trichloroethane 71-55-6 D NC I
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

. CAS Oral/Ingestion Inhalation Inhalation Weight of

Analyte List Naraber Slope Factox." Source Unig Risk | Source Slope F actog-l Source Evideace Target Organ/Cancer Source
(mg/kg-day) (m/pg) (mg/kg-day)

1,1,2-Trichloroethane 79-00-5 5.70E-02 I 1.60E-05 I 5.60E-02 I C Liver and thyroid gland I

Trichloroethene 79-01-6 1.10E-02 Pl 6.00E-03 P1 Liver and biliary tract R

Trichloroethene® 79-01-6 4.00E-01 P 4.00E-01 P Liver and biliary tract R

Trichlorofluoromethane 75-69-4

2,4,5-Trichlorophenol 95-954

2,4,6-Trichlorophenol 88-06-2 1.10E-02 I 3.10E-06 1 1.09E-02 I B2 Leukemia I

Trichlorophenoxyproprionic acid 93-72-1 D 1

1.2,3-Trich|ompmpane 96-18-4 2.00E+00 P B2 Multiple sites: OR

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 '

2,4,6-Trinitrotoluene 118-96-7 3.00E-02 1 C Bladder 1

Uranium (soluble salts) 7440-61-1

Vanadium 7440-62-2

Vinyl acetate 108-05-4

Vinyl chloride 75-01-4 1.50E+00 I 8.80E-06 I 3.08E-02 I A Systemic 1

Xylene (total) 1330-20-7

p-Xylene 106-42-3

m-p-Xylene 136777-61-2

m-Xylene 108-38-3

o-Xylene 95-47-6

Zinc 7440-66-6 D NC 1

Notes:

a = See Table 5.1 for definitions of Weight of Evidence classifications.

b = Values recommended by CDPHE. PRGs calculated with these values will be used for CRA screening of COCs.

I = IRIS (EPA 2004a) H = HEAST (EPA 1997a) A= HEAST Alternate W = Withdrawn from IRIS or HEAST O = EPA Region 3 PRGs (EPA 2004a), source not cited

A = Agency for Toxic Substances and Disease Registry online database, http://www.atsdr.cdc.gov

Ai = Human carcinogen by oral route.

Do = Not classifiable as to human carcinogenicity by oral route.

NC = Effects not classifiable.

NOE = No observable effect

OR = Oakridge National Laboratory, Toxicity Metadata, http://rais.oml.gov/tox/metadata.shtml

P = EPA-NCEA provisional value (EPA 2004)
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Table 5.2 Nonradiological Cancer Slope Factors, Weight of Evidence and Target Organs

CAS Oral/Ingestion Inhalation Inhalation Weight of
Analyte List Number Slope Factor | Source | UnitRisk | Source | Slope Factor Source Evidesice Target Organ/Cancer Source
(mg/kg-day)” (m’/pg) (mg/kg-day)”
P1 = 1992 NCEA values recommended by EPA Region 8.
R = International Agency for the Research of Cancer (IARC) Monographs Database, http://monographs.iarc.fr.
Ia = Values given are for PCBs.
Ib = Values given are for Chlordane (CAS no. 12789-03-6).
Ic = Values given are for 1,3-Dichloropropene (CAS no. 542-75-6).
Id= Value is for Endosulfan (technical)
Ie. Endrin was used as a surrogate.
If. Hexachlorodibenzo-p-dioxin - mixture (CAS 19408-74-3) was used as a surrogate.
Table 5.3 Radiological Toxicity Constants
. Age-Adjusted” Soil Adult (age 18-65)° Soil Inhalation Slope | External Slo
Analyte List CAS Number Dgsr:l(nl:;/f::::;)" Inggestim{ in Slope lngwt(.iogn Oral S)lope Sﬁ‘x;::ﬁ)ﬁ::&rca:) Factor . Factor pe
Factor (risk/pCi) Factor (risk/pCi) (risk/pCi) (risk/yr/pCi)

Am-241 14596-10-2 2.17E-10 9.1E-11 1.04E-10 2.81E-08 2.76E-08
Cs-1374D 10045-97-3 4.33E-11 3.04E-11 1.19E-11 2.55E-06
Np-237 013994-20-2 1.46E-10 6.18E-11 1.77E-08 5.36E-08
Pu-236 015411-924 1.74E-10 7.47E-11 2.28E-08 1.19E-10
Pu-238 013981-16-3 2.72E-10 1.31E-10 3.36E-08 7.22E-11
Pu-239 15117-48-3 2.76E-10 1.21E-10 1.35E-10 3.33E-08 2.00E-10
Pu-240 14119-33-6 2.77E-10 1.21E-10 1.35E-10 . 3.33E-08 6.98E-11
Ra-226 13982-63-3 7.29E-10 3.85E-10 1.15E-08 2.29E-08
Ra-228+D 15262-20-1 2.29E-09 1.04E-09 5.23E-09 4.53E-06
Sr-89 14158-27-1 3.47E-11 1.28E-11 2.34E-11 7.19E-09
Sr-90+D 10098-97-2 9.53E-11 74E-11 1.13E-10 1.96E-08
Tritium 10028-17-8 9.25E-14 5.07E-14 5.62E-14 -
U-233 13968-55-3 3.00E-03 1.6E-10 7.18E-11 1.16E-08 9.82E-10
U-234 13966-29-5 3.00E-03 1.58E-10 5.11E-11 7.07E-11 1.14E-08 2.52E-10
U-235 15117-96-1 3.00E-03 1.57E-10 4.92E-11 6.96E-11 1.01E-08 5.18E-07
U-238 7440-61-1 3.00E-03 1.43E-10 4.66E-11 6.4E-11 9.32E-09 4.99E-11

a = Values from IRIS (EPA 2004a)
b = Values from HEAST for Radionuclides (EPA 2001a)

¢ = Values Derived for RSALS (EPA et al. 2002)
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5.2 Identification of Toxicity Values for Noncarcinogenic Effects

Potential noncarcinogenic effects will be evaluated in the risk characterization by comparing
daily intakes (calculated in the exposure assessment) with chronic reference doses (RfDs)
developed by EPA. A chronic RfD is an estimate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure that can be incurred during a lifetime without an
appreciable risk of a noncarcinogenic effect being incurred in human populations, including
sensitive subgroups (EPA 1989). The RfD is based on the assumption that thresholds exist
for noncarcinogenic toxic effects (for example, liver or kidney damage). Adverse effects are
not expected to occur with chronic daily intakes below the RfD value.

Conversely, if chronic daily intakes exceed this threshold level, there is a potential that some
adverse noncarcinogenic health effects might be observed in exposed individuals.

Table 5.4 lists the current values used for calculation of PRGs. The observed effects are also
listed. These values will be used in the CRA hazard characterization. A similar table of
values will be included in the CRA for COCs.

5.3  Dermal Exposure to Chemicals

Because intake from dermal contact is estimated as an absorbed dose, EPA recommends
using oral toxicity factors, adjusted if possible by a gastrointestinal absorption fraction, to
evaluate toxic effects from dermal contact with potentially contaminated media (EPA 1989,
1992¢, 2001b). The oral toxicity factor relates the toxic response to an administered intake
dose of contaminant, which may be only partially absorbed by the body. When specific
gastrointestinal absorption rates are not available, gastrointestinal absorption is assumed to be
100 percent and the unadjusted oral toxicity factor is used to assess the response to dermal
absorption. Adjustments will be made to the oral toxicity factors in Tables 5.2 and 5.3 for
assessing dermal exposures in the CRA. The values for the adjusted factors and the rationale
will be presented in the CRA.

54 Identification of Radionuclide Dose Conversion Factors

Dose coefficients will be delineated according to federal guidance (EPA 1988, 1993). Dose
coefficients will be tabulated for the committed effective dose equivalent to tissues of the
body per unit activity of inhaled or ingested radionuclides. The guidelines were derived to be
consistent with current federal radiation protection guidance. The guidelines are intended to
serve as the basis for setting upper bounds on the inhalation and ingestion of, and submersion
in, radioactive materials in the workplace. The guidance also includes tables of exposure-to-
dose conversion factors for general use in assessing average individual committed doses in
any population adequately characterized by “Reference Man” (ICRP 1975).
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Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects

. Organ/Effect

Acenaphthene Liver toxicity

Acenaphthylene 208-96-8 1.00E-01 Liver toxicity

Acetone 67-64-1 1.00E-01 Kidney toxicity

Acrolein 107-02-8 2.00E-05 1.00E-01 Decreased survival

Acrylonitrile 107-13-1 2.00E-03 1.00E-01 Nasal respiratory epithelium; mucous secreting cells
Alachlor 15972-60-8 1.00E-01 Blood

Aldicarb 116-06-3 1.00E-01 ACheiand acetylcholinesterase inhibition
Aldicarb sulfone 1646-88-4 1.00E-01 Brain ChE inhibition

Aldicarb sulfoxide 1646-87-3 1.00E-01
Aldrin 309-00-2 1.00E-01 Liver toxicity

Aluminum 7429-90-5 3.50E-03 Bone

Ammonium (as ammonia) 7664-41-7 1.00E-01 I Increase of rhinitis and pneumonia with respiratory lesions

Anthracene 120-12-7 1.30E-01 No observed effects

Antimony 7440-36-0 Longevity, blood glucose, and cholesterol
Aroclor 1016 12674-11-2 1.40E-01 Reduced birth weights

Aroclor 1221 11104-28-2 A 1.40E-01 '
Aroclor 1232 11141-16-5 1.40E-01
Aroclor 1242 53469-21-9 1.40E-01
Aroclor 1248 12672-29-6 1.40E-01
Aroclor 1254 11097-69-1 2.00E-05 1.40E-01 Eyes, finger and toe nails; decreased antibodies
Aroclor 1260 11096-82-5 1.40E-01
Arsenic 7440-38-2 3.00E-04 3.00E-02 Hyperpigmentation, keratosis and vascular complications
Atrazine 1912-24-9 3.50E-02 1.00E-01 Decreased body weight, cardiac toxicity

Barium 7440-39-3 7.00E-02 Increased kidney weight.

Benzene 71-43-2 4.00E-03 Decreased lymphocyte count

Benzidine 92-87-5 3.00E-03 1.00E-01
Benzo(a)anthracene 56-55-3 1.30E-01
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Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects
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Benzo(a)pyrene 50-32-8 1.30E-01

Benzo(b)fluoranthene 205-99-2 1.30E-01

Benzo(g,h,i)perylene 191-24-2 1.30E-01

Benzo(k)fluoranthene 207-08-9 1.30E-01

Benzoic Acid (at pH 7) 65-85-0 4.00E+00 I 1.00E-01 No adverse effects observed I
Benzyl Alcohol 100-51-6 3.00E-01 H 1.00E-01 Stomach, epithelial hyperplasia

Berylliu;n 7440-41-7 2.00E-03 I 2.00E-05 I | 5.71E-06 I Small intestines, lungs I
bis(2-chloroethyl)ether 111-44-4 1.00E-01 Decreased hemoglobin/ erythrocyte destruction 1
bis(2-chloroisopropyl)ether 108-60-1 4.00E-02 I 1.00E-01 Decreased hemoglobin/ erythrocyte destruction I
bis(2-ethylhexyl)phthalate 117-81-7 2.00E-02 I 1.00E-01 Increased liver weight I
Boron 7440-42-8 9.00E-02 I 5.70E-03 H Testicular atrophy, spermatogenic arrest I
Bromodichloromethane 75-27-4 2.00E-02 I 1.00E-01 Liver and kidneys A
Bromoform 75-25-2 2.00E-02 I 1.00E-01 Liver I
Bromomethane (methyl bromide) 74-83-9 1.40E-03 1 5.00E-03 I 1.43E-03 1 1.00E-01 Forestomach, lesions of the olfactory epithelium I
2-Butanone (methyl ethyl ketone) 78-93-3 6.00E-01 I | S00E+00 | I | 143E+00 | I 1.00E-01 Decreased birthweight, skeletal variations I
Butylbenzylphthalate 85-68-7 2.00E-01 1 1.00E-01 Increased liver-to-body and liver-to-brain weight ratios |
Cadmium (food) 7440-43-9 1.00E-03 1 | 2.00E-04 5.70E-05 1.00E-03 ' Proteinuria I
Cadmium (water) 7440-43-9 5.00E-04 1 | 2.00E-04 5.70E-05 Proteinuria I
Carbazole 86-74-8 1.30E-01

Carbofuran 1563-66-2 5.00E-03 I 1.00E-01 Cholinesterase inhibition, and testicular and uterine effects I
Carbon disulfide 75-15-0 1.00E-01 I 7.00E-01 I 2.00E-01 1.00E-01 Fetal toxicity/malformations/nervous system dysfunction I
Carbon tetrachloride 56-23-5 7.00E-04 I 2.00E-03 | P | 571E-04 | P 1.00E-01 Liver lesions I
Chlordane-alpha 5103-71-9 5.00E-04 la | 7.00E-04 2.00E-04 | Ia | 4.00E-02 Hepatic necrosis I
Chlordane-beta 5103-74-2 5.00E-04 J]a | 7.00E-04 | Ia [ 2.00E-04 | Ia | 4.00E-02 Hepatic necrosis I
Chlordane-gamma 12789-03-6 5.00E-04 la [ 7.00E-04 | Ja | 2.00E-04 | Ia | 4.00E-02 Hepatic necrosis I
4-Chloroaniline 106-47-8 4.00E-03 I 1.00E-01 Nonneoplastic lesions of splenic capsule I
Chlorobenzene 108-90-7 2.00E-02 1 595E-02 | P | 1.70E-02 | P | 1.00E-01 Histopathologic changes in liver I
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Chloroethane (ethyl chloride) 75-00-3 4.00E-01 P |1 00i5+01 2.86E+00 | I 1.00E-01 Delayed fetal ossification I
Chloroform 67-66-3 1.00E-02 I 4.90E-02 P 1.40E-02 P 1.00E-01 Fatty cyst formation in the liver and elevated SGPT 1
Chloromethane (methyl chloride) 74-87-3 9.00E-02 2.57E-02 1.00E-01 Cerebellar lesions I
4-Chloro-3-methylphenol 59-50-7 1.00E-01

2-Chloronaphthalene 91-58-7 8.00E-02 I 1.00E-01 Dyspnea, abnormal appearance, liver enlargement 1
2-Chlorophenol 95-57-8 5.00E-03 I 1.00E-01 Reproductive effects I
Chlorpyrifos 2921-88-2 3.00E-03 1 1.00E-01 Decreased plasma ChE 1
Chromium III 16065-83-1 1.50E+00 I No effects observed I
Chromium VI 18540-29-9 3.00E-03 I 1.00E-04 I 2.86E-05 I Nasal septum atrophy I
Chrysene 218-01-9 ) 1.30E-01

Cobalt 7440-48-4 2.00E-02 P 5.70E-06 | P Lung and heart effects A
Copper 7440-50-8 4.00E-02 Liver and kidney damage A
Cyanide 57-12-5 2.00E-02 1 Weight loss, thyroid effects and myelin degeneration 1
Cyclohexane '110-82-7 6.00E+00 1 1.71E+00 I 1.00E-01 Developmental effects I
4,4-DDD 72-54-8 3.00E-02

4,4-DDE 72-55-9 3.00E-02

4,4-DDT 50-29-3 5.00E-04 I 3.00E-02 'Liver lesions I
Dalapon 75-99-0 3.00E-02 I 1.00E-01 Kidney effects A
Demeton 8065-48-3 4.00E-05 I 1.00E-01 Brain, optic nerve I
Dibenzo(a,h)anthracene 53-70-3 1.30E-01

Dibenzofuran 132-64-9 2.00E-03 P 1.00E-01 Kidney lesions

Dibromochloromethane 124-48-1 2.00E-02 I 1.00E-01 Hepatic lesions 1
1,2-Dibromo-3-chloropropane 96-12-8 2.00E-04 I 5.71E-05 I 1.00E-01 Testicular effects I
Dicamba 1918-00-9 3.00E-02 I 1.00E-01 Maternal and fetal toxicity I
1,2-Dichlorobenzene (o-) 95-50-1 9.00E-02 1 | 1.40E-01 | H | 400E-02 | H | 1.00E-01 No adverse effects observed, decreased weight gain I
1,3-Dichlorobenzene 541-73-1 3.00E-02 P 1.00E-01

1,4-Dichlorobenzene (p-) 106-46-7 3.00E-02 P | 8.00E-01 I | 2.29E-01 I 1.00E-01 Increased liver weights I

53




Final Comprehensive Risk Assessment Work Plan and Methodology September 2004
Table 5.4 Noncarcinogenic Reference Values, Target Organs and Effects
.”‘ I T = e D ) Wlll‘lrj?ihﬂuﬁ‘ e -
RID. it Organ/Effect - |- Source
3,3-Dichlorobenzidine 91-94-1
Dichlorodifluoromethane 75-71-8 2.00E-01 I 5.00E-02 | A | 1.00E-01 Decreased body weight 1
1,1-Dichloroethane 75-34-3 1.00E-01 H 1.40E-01 [ A | 1.00E-01
1,2-Dichloroethane 107-06-2 2.00E-02 P [ 5.00E-03 | P 140E-03 | P 1.00E-01
1,1-Dichloroethene 75-35-4 5.00E-02 I 2.00E-01 I 5.71E-02 I 1.00E-01 Liver toxicity I
1,1-Dichloroethene® 75-35-4 5.00E-02 I 5.00E-03 S 1.43E-02 S 1.00E-01 Liver toxicity
1,2-Dichloroethene (total) 540-59-0 9.00E-03 -H 1.00E-01 Liver, kidneys, and lungs A
2,4-Dichlorophenol 120-83-2 3.00E-03 I 1.00E-01 Decreased delayed hypersensitivity response 1
Dichlorophenoxyacetic acid (2,4-D) 94-75-7 1.00E-02 I 1.00E-01 Hematologic, hepatic and renal toxicity 1
4-(2,4-Dichlorophenoxy) butyric acid
(2,4-DB) 94-82-6 8.00E-03 I 1.00E-01 Internal hemorrhages I
1,2-Dichloropropane 78-87-5 4.00E-03 I 1.14E-03 I 1.00E-01 Hyperplasia of the nasal mucosa I
1,3-Dichloropropene 542-75-6 3.00E-02 I 2.00E-02 I 5.71E-03 I 1.00E-01 Hypertrophy/hyperplasia of the nasal epithelium 1
cis-1,3-Dichloropropene 10061-01-5 3.00E-02 Ib | 200E-02 | Ib | 571E-03 | Ib [ 1.00E-Ol Hypertrophy/hyperplasia of the nasal epithelium
trans-1,3-Dichloropropene 10061-02-6 3.00E-02 Ib | 200E-02 | Ib | S571E-03 | Ib 1.00E-01 Hypertrophy/hyperplasia of the nasal epithelium
Dieldrin 60-57-1 5.00E-05 I 1.00E-01 Liver lesions I
Diethyl ether 60-29-7 2.00E-01 I 1.00E-01 Decreased body weight I
Di(2-ethylhexyl)adipate 103-23-1 6.00E-01 1 1.00E-01 Changes in body and liver weight I
Diethylphthalate 84-66-2 8.00E-01 I 1.00E-01 Decreased growth, food consumption, aﬁd organ weights I
Dimethoate 60-51-5 2.00E-04 I 1.00E-01 Brain 1
2,4-Dimethylphenol 105-67-9 2.00E-02 I 1.00E-01 Lethargy, prostration, ataxia, and liver changes 1
Dimethylphthalate 131-11-3 1.00E+01 W 1.00E-01
Di-n-butylphthalate 84-74-2 1.00E-01 I 1.00E-01 Increased mortality I
4 6-Dinitro-2-methylphenol (4,6-dinitro-
o-cresol) 534-52-1 1.00E-04 P 1.00E-01 Eye
2,4-Dinitrophenol 51-28-5 2.00E-03 I 1.00E-01 Cataract formation I
2,4-Dinitrotoluene 121-14-2 2.00E-03 I 1.00E-01 Neurotoxicity, Heinz bodies and biliary tract hyperplasia I
2,6-Dinitrotoluene 606-20-2 1.00E-03 H 1.00E-01 Whole body, mortality
Di-n-octylphthalate 117-84-0 4.00E-02 P 1.00E-01
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88-85-7

Dinoseb I 1.00E-01 Decreased fetal weight I
1,4-Dioxane 123-91-1 3.00E-02

Dioxin (HxCDD) 1746-01-6 1.00E-01

1,2-Diphenylhydrazine 122-66-7 1.00E-01

Diquat 85-00-7 2.20E-03 I 1.00E-01 Minimal lens opacity and cataracts I
Endosulfan I 959-98-8 6.00E-03 Ic 1.00E-01 Reduced body weight and neurologic findings

Endosulfan I 33213-65-9 6.00E-03 Ic 1.00E-01 Reduced body weight and neurologic findings

Endosulfan sulfate 1031-07-8 6.00E-03 Ic 1.00E-01 Reduced body weight and neurologic findings

Endosulfan (technical) 115-29-7 6.00E-03 I 1.00E-01 Reduced body weight and neurologic findings I
Endrin (technical) 72-20-8 3.00E-04 I 1.00E-01 Lesions in liver, occasional convulsions I
Endrin aldehyde 7421-93-4 3.00E-04 Id 1.00E-01 Lesions in liver, occasional convulsions

Endrin ketone 53494-70-5 3.00E-04 Id 1.00E-01 Lesions in liver, occasional convulsions

Ethyl acetate 141-78-6 9.00E-01 I 1.00E-01 Mortality I
Ethylbenzene 100-41-4 1.00E-01 I 1.00E+00 2.86E-01 1.00E-01 Liver and kidney toxicity I
Ethylene dibromide [1,2-Dibromoethane] 106-93-4 2.00E-04 5.70E-05 | H | 1.30E-01 Sperm

Fluoranthene 206-44-0 4.00E-02: I 1.00E-01 Kidneys/liver I
Fluorene 86-73-7 400E02 | I 1.30E-01 ' Blood I
Fluoride (as fluorine) 7782-41-4 6.00E-02 1 1.00E-01 Objectionable dental fluorosis, a cosmetic effect 1
Glyphosate 1071-83-6 1.00E-01 I 1.00E-01 Increased incidence of renal tubular dilation I
Guthion 86-50-0 1.00E-01

Heptachlor 76-44-8 5.00E-04 I 1.00E-01 Increased liver weight I
Heptachlor epoxide 1024-57-3 1.30E-05 I 1.00E-01 Increased liver weight I
Hexachlorobenzene 118-74-1 8.00E-04 1 1.00E-01 Liver effects 1
Hexachlorobutadiene 87-68-3 2.00E-04 H 4.00E-02 Kidney and liver damage A
Hexachlorocyclohexane, alpha 319-84-6 4.00E-02

Hexachlorocyclohexane, beta 319-85-7 4.00E-02

Hexachlorocyclohexane, delta 319-86-8 4.00E-02
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chachlorocycldhexaﬁe, gaﬁﬁha
(Lindane) 58-89-9 3.00E-04 4.00E-02 Liver and kidney toxicity I
Hexachlorocyclohexane (technical) 608-73-1 1.00E-01
Hexachlorocyclopentadiene 77-47-4 6.00E-03 2.00E-04 5.71E-05 I 1.00E-01 Irritation and inflammation 1
Hexachlorodibenzo-p-dioxin (mix) 34465-46-8 » 1.00E-01
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 1.00E-01
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 1.00E-01
Hexachloroethane 67-72-1 1.00E-03 1.00E-01 Atrophy and degeneration of the renal tubules 1
Indeno(1,2,3-cd)pyrene 193-39-5 1.30E-01
Iron 7439-89-6 3.00E-01 1.00E-01
Isobutyl alchohol 78-83-1 3.00E-01 1.00E-01 Hypoactivity and ataxia I
Isophorone 78-59-1 2.00E-01 1.00E-01 No observed effects I
Isopropylbenzene (cumene) 98-82-8 1.00E-01 4.00E-01 1.14E-01 I 1.00E-01 Kidneys 1
Lead 7439-92-1
Lithium 7439-93-2 2.00E-02
Manganese (food) 7439-96-5 1.40E-01 5.00E-05 1.43E-05 I CNS effects I
Mercury 7439-97-6 3.00E-03 3.00E-04 8.57E-05 I . CNS effects I
Methoxychlor 72-43-5 5.00E-03 1.00E-01 Increase in loss of litters I
2-Methyl-4-chlorophenoxyacetic acid
(MCPA) 94-74-6 5.00E-04 1.00E-01 Liver and kidneys I
2-(2-Methyl-4-chlorophenoxy) propionic
acid (MCPP) 93-65-2 1.00E-03 1.00E-01 Kidneys I
Methylene chloride (dichloromethane) 75-09-2 6.00E-02 3.00E+00 8.57E-01 H 1.00E-01 Liver toxicity I
Methyl methacrylate 80-62-6 1.40E+00 7.00E-01 2.00E-01 1 1.00E-01 Olfactory epithelium 1
2-Methylnaphthalene 91-57-6 4.00E-03 1.00E-01 Ear function I
4-Methyl-2-pentanone (methyl isobutyl Reduced fetal body weight/skeletal variations/increased fetal
ketone) 108-10-1 3.00E+00 8.57E-01 I 1.00E-01 death 1
2-Methylphenol (o-cresol) 95-48-7 5.00E-02 1.00E-01 Decreased body weights and neurotoxicity I
4-Methylphenol (p-cresol) 106-44-5 5.00E-03 1.00E-01
Methyl tert-butyl ether 1634-04-4 3.00E+00 8.57E-01 I 1.00E-01 Liver and kidneys I
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Mirex _ 2385-85-5 1 1.00E-01 Liver, thyroid I
Molybdenum 7439-98-7 I 1.00E-01 Increased uric acid levels 1
Naphthalene 91-20-3 I 3.00E-03 8.57E-04 I 1.30E-01 Decreased terminal body weight/nasal effects I
Nickel (soluble) 7440-02-0 1 1.00E-01 Decreased body and organ weights I
Nitrate 14797-55-8 I Methemoglobinemia 1
Nitrite 14797-65-0 I Methemoglobinemia I
2-Nitroaniline 88-74-4 p | 1.05E-04 3.00E-05 1.00E-01 Blood, methemoglobinemia OR
4-Nitroanaline 100-01-6 p | 3.50E-03 1.00E-03 Spleen OR
Nitrobenzene 98-95-3 I 2.10E-03 6.00E-04 | A 1.00E-01 Liver, adrenal, kidney lesions 1
2-Nitrophenol 88-75-5 1.00E-01
4-Nitrophenol 100-02-7 8.00E-03 P 1.00E-01
N-Nitroso-di-n-butylamine 924-16-3 1.00E-01
N-Nitrosodiethylamine 55-18-5 1.00E-01 OR
N-Nitrosodimethylamine 62-75-9 8.00E-06 1.00E-01 Liver effects A
N-Nitrosodiphenylamine 86-30-6 2.00E-02 P 1.00E-01 Eye, comneal opacity
N-Nitrosodi-N-propylamine 621-64-7 1.00E-01
N-Nitrosopyrrolidine 930-55-2 1.00E-01
p-Nirotoluene 99-99-0 1.00E-02 P 1.00E-01 Spleen, lesions OR
Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX) 2691-41-0 5.00E-02 1 1.00E-01 Liver I
Oxamyl (vydate) 23135-22-0 2.50E-02 I 1.00E-01 Decreased body weight gain and food consumption 1
Parathion 56-38-2 6.00E-03 H 1.00E-01 Decreased cholinesterase OR
Pentachlorobenzene 608-93-5 8.40E-04 1 2.50E-01 Liver and kidney toxicity I
Pentachlorophenol 87-86-5 3.00E-02 1 1.30E-01 Liver and kidneys I
Phenanthrene 85-01-8 1.00E-01
Phenol 108-95-2 3.00E-01 I 1.30E-01 Decreased maternal weight gain I
Picloram 1918-02-1 7.00E-02 I 1.30E-01 Increased liver weights I
Pyrene 129-00-0 3.00E-02 I 1.30E-01 Kidneys I
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rgans and Effects

A%

Organ/Effect

Selenium 7782-49-2 Selenosis

Silver 7440-22-4 Argyria

Simazine 122-34-9 Reduced weight; Liver changes in females
Strontium 7440-24-6 Rachitic bone

Styrene 100-42-5 Red blood cell, liver, and CNS effects
Sulfide 18496-25-8
1 ,2,4,5—"'I‘ctrachlorobcnzene 95-94-3
1,1,1,2-Tetrachloroethane ' 630-20-6
1,1,2,2-Tetrachloroethane 79-34-5
Tetrachloroethene 127-18-4
2,3,4,6-Tetrachlorophenol 58-90-2
Thallium 7440-28-0
Tin 7440-31-5
Titanium 7440-32-6 3.01E-02 8.60E-03
Toluene 108-88-3 4.00E-01 1.14E-01 I 1.00E-01 Liver and kidney weights, nasal epithelium, CNS effects
Toxaphene 8001-35-2 1.00E-01
1,2,4-Trichlorobenzene 120-82-1 I 3.50E-03 P 1.00E-03 P 1.00E-01 Increased adrenal w'eights; vacuolization in the cortex
1,1,1-Trichloroethane 71-55-6 221E+00 | p | 630E-01 | P | 1.00E-01
1,1,2-Trichloroethane 79-00-5 1.00E-01 Changed serum chemistry
Trichloroethene 79-01-6 1.00E-01 CNS, liver, endocrine system, fetus
Trichloroethene® 79-01-6 1.00E-02 1.00E-01 CNS, liver, endocrine system, fetus
Trichlorofluoromethane 75-69-4 A | 2.00E-01 [ A | 1.00E-01 Histopathology
2.,4,5-Trichlorophenol 95-95-4 1.00E-01 Liver and kidneys
2,4,6-Trichlorophenol 88-06-2 ' 1.00E-01
Trichlorophenoxyproprionic acid 93-72-1 1.00E-01 Liver
1,2,3-Trichloropropane ) 96-18-4 1.40E-03 1.00E-01 Blood
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 8.60E+00 1.00E-01 Psychomotor impairment

Kidney lesions

Liver and kidneys

Liver, vacuolization

Liver toxicity, weight gain

Liver

Nervous system effects

Liver lesions
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Table 5.4 Noncarcinogenic Refere
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2.4.6-Trinitrotoluene 118-96-7 5.00E-04 | 1.00E-01 Liver 1
Uranium (soluble salts) 7440-61-1 3.00E-03 I Moderate ephrotoxicity 1
Vanadium 7440-62-2 1.00E-03 P Decreased hair cystine OR
Vinyl acetate 108-05-4 1.00E+00 H | 2.00E-01 I 5.71E-02 I 1.00E-01 Nasal epithelial lesions I
Vinyl chloride 75-01-4 3.00E-03 I 1.00E-01 1 2.86E-02 1 1.00E-01 Liver cell polymorphism 1
Xylene (total) 1330-20-7 2.00E-01 I 1.00E-01 I 2.86E-02 I 1.00E-01 Decreased body weight/increased mortality/CNS effects 1
p-Xylene 106-42-3 2.00E-01 I 1.00E-01 I 5.71E-02 I 1.00E-01 Decreased body weight/increased mortality/CNS effects I
m-p-Xylene 136777-61-2 2.00E-01 I 1.00E-01 I 5.71E-02 I 1.00E-01 Decreased body weight/increased mortality/CNS effects I
m-Xylene 108-38-3 2.00E-01 I 1.00E-01 I | S.71E-02 I 1.00E-01 Decreased body weight/increased mortality/CNS effects I
o-Xylene 95-47-6 2.00E-01 I 1.00E-01 I 5.71E-02 I 1.00E-01 Decreased body weight/increased mortality/CNS effects 1
Zinc 7440-66-6 3.00E-01 I Decrease in ESOD concentration I
Notes:

a = Dermal ABS from EPA 2001.

b = Values recommended by CDPHE, PRGs calculated with these values will be used for screening of COCs.

1= IRIS (EPA 2004) H = HEAST (EPA 1997) A = HEAST Alternate W = Withdrawn from IRIS or HEAST

P = EPA-NCEA provisional value (EPA 2003)

El = 1992 NCEA values recommended by EPA Region 8.

O = EPA Region 3 PRGs (EPA 2003), source not cited

S = CDPHE value

Ia = Values given are for Chlordane (CAS no. 12789-03-6).

Ib = Values given are for 1,3-Dichloropropene (CAS no. 542-75-6).

Ic = Value is for Endosulfan (technical)

Id= Endrin was used as a surrogate.

ESOD = Erythrocyte superoxide dismutase
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The dose coefficients for external exposure to radionuclides distributed in air, water, and soil
will be tabulated in accordance with Federal Guidance Reports Nos. 11 and 12 (EPA 1988,
1993). The dose coefficients are based on dosimetric methodologies and include the results
of calculations of the energy and angular distributions of the radiations incident upon the
body and transport of these radiations within the body. Particular effort was devoted to
expanding the information available for the assessment of the radiation dose from
radionuclides distributed on or below the ground surface.

Dose coefficients for external exposure relate the doses to organs and tissues to the
concentrations of radionuclides in environmental media. This is referred to as “external
exposure,” because the radiations arise outside the body. Intakes of radionuclides may also
be by inhalation or ingestion, where the radiations are emitted inside the body. In either case,
the dosimetric quantities of interest are the radiation dose received by the more radiosensitive
organs and tissues of the body. Radiations of concern for external exposures are those that
are sufficiently penetrating to traverse the overlying tissues of the body and deposit ionizing
energy in radiosensitive organs and tissues. Penetrating radiations are limited to photons,
including bremsstrahlung, and electrons. The radiation dose depends on the temporal and
spatial distributions of the radionuclide to which a human is exposed. The mode considered
for the CRA for external exposure is exposure to contamination on or in the ground.

6.0 HUMAN HEALTH RISK CHARACTERIZATION

Actions: Characterize risks for the CRA for two receptors:

1. Risk to an on-sitt WRW will be assessed based on exposure to COCs developed on
' the basis of the EUs, as discussed in Section 4.2.
2. Risk to an on-site WRV will be assessed based on exposure to COCs developed on
the basis of the same EUs.

To characterize risks, the chemical-specific intakes calculated in the exposure assessment are
multiplied by the applicable chemical-specific dose-response factors to compute estimates of
the cancer risk for an individual over a lifetime of exposure. Alternately, the intakes are
compared with RfDs (chronic, subchronic, or acute) for noncarcinogenic health effects. The
nature, WOE, and magnitude of uncertainty for the potential critical health effects are
considered. The process of quantifying health risks includes the following:

. Calculating and characterizing carcinogenic effects for each applicable COC,
receptor, pathway, and exposure scenario, using both Tier 1 and Tier 2 EPCs;

Calculating and characterizing noncarcinogenic effects for each COC, receptor,
pathway, and exposure scenario, using both Tier 1 and Tier 2 EPCs;

Calculating and characterizing the dermal exposure effects;

Calculating and characterizing radiation dose for each radionuclide COC, receptor,
pathway, and exposure scenario, using both Tier 1 and Tier 2 EPCs; and

Conducting qualitative (or quantitative, if necessary) uncertainty analysis.
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6.1 Calculating and Characterizing Carcinogenic Effects

The following calculation will be used to determine carcinogenic effects by obtaining
numeric estimates (that is, unitless probabilities) of lifetime cancer risks:

Risk = Intake x CSF (Equation 6-1)
Where:
Risk = potential lifetime excess cancer risk (unitless probability)
Intake = chronic daily lifetime intake (mg/kg-day or pCi) from equations in Table 4.7
CSF = cancer slope factor ([mg/kg-day]” or pCi™) -

CSFs will be used as provided in IRIS (EPA 2004a). Inhalation and oral ingestion CSFs are
used with their respective inhalation and ingestion intakes to estimate potential carcinogenic
health risks. The CSFs used are presented and discussed in the toxicity assessment (Section

S.1).

Risks calculated for each COC are summed to estimate a total chemical cancer risk (Risk 7.)
and a total radionuclide cancer risk (Risk 7,), using the following equations:

Risk 7. = X Risk i (Equation 6-2)
Risk 7, = 2 Risk ;, (Equation 6-3)
Where:
Risk 7. = total chemical cancer risk (unitless probability)
Risk ;. =  risk estimate for the ith chemical contaminant (unitless probability)
Risk 7 = total radionuclide cancer risk (unitless probability)
Risk ;, = risk estimate for the i™ radionuclide contaminant (unitless probability)

These equations are an approximation of the precise equation for combining risks to account
- for the probability of the same individual developing cancer as a consequence of exposure to
two or more carcinogens. The difference between the precise equatlon and this
approximation is negligible for total cancer risks less than 0.1 (10° 1. The risk summation
assumes independence of action by the compounds (that is, no synergistic or antagonistic
actions). The limitations of this approach include conservative risk estimates due to the use
of multiple upper-bound estimates of CSFs, increased uncertainty when adding potential
carcinogenic risk across WOE cancer classes (A through C), and uncertainty due to possible
interactions among carcinogens.

A table of risks for each exposure scenario will be presented to show contaminant- and
pathway-specific risk, with contaminants presented by rows and pathways presented by
columns. Risks will be subtotaled across pathways for each contaminant.

A total carcinogenic risk will also be summed separately for chemicals and radionuclides
across WOE classifications as an aid in the discussion of the uncertainty of the estimates. In
accordance with EPA (1989) guidance, only one significant digit is retained when
summarizing calculated risks.
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The CRA is an assessment of the human health and ecological risks from residual
contamination. The pathways and contaminants driving the risk will be noted and
accompanied by a discussion of any qualifying information.

In addition to presenting the incremental cancer risks due to contaminants at the Site,
perspective may be provided by giving examples of typical background sources of risk, such
as for arsenic or uranium. The text will note assumptions associated with the calculations,
and discuss the importance of background risks associated with each exposure scenario. The
CRA summary section will present risks for each scenario.

6.2  Calculating and Characterizing Noncarcinogenic-Effects

Health risks associated with exposure to individual noncarcinogenic compounds are
determined by calculating HQs and HIs. The noncarcinogenic HQ is the ratio of the intake
or exposure level to the RfD, as follows:

HQ; = Intake; /RfD; (Equation 6-4)
Where:
HQ,; = noncarcinogenic HQ for ith substance
Intake; = intake for ith substance (mg/kg-day) for appropriate exposure period
RfD; = RfD for i substance (mg/kg-day) for appropriate exposure duration

Inhalation and oral ingestion RfDs are used with their respective inhalation and ingestion
intakes to estimate potential noncarcinogenic health effects. Intake and RfD are expressed in
the same units and represent the same exposure period. The RfDs used are presented and
discussed in the toxicity assessment of the CRA. COCs that have been determined to have
subchronic (2-week to 7-year exposure) or acute (less than 2-week exposure) effects in the
toxicity assessment will be characterized using subchronic or acute RfDs, or other dose-
response information, as available.

HIs are the summed HQs for each chemical across an exposure pathway; An HI is calculated
using the following equation: '

HI,, = ZHQ;(Equation 6-5)

Where:
HI,, =  HI for an exposure pathway (unitless)
HQ: = HQ for the i™ COC (unitless)

The HI,y values are not statistical probabilities of a potential effect. If the HI,, exceeds one,
there is a concern for potential noncarcinogenic health effects. In general, the greater the HI
above one, the greater the level of concern. However, the level of concern does not increase
linearly as the HI approaches or exceeds one.

Noncarcinogenic effects will be presented in the CRA tables similar to those used in the
presentation of carcinogenic risk. Each table will show contaminant- and pathway-specific

62



Final Comprehensive Risk Assessment Work Plan and Methodology September 2004

effects with contaminants presented in rows, and pathways presented by columns. Hlpys will
be subtotaled across pathways to develop an HI for the exposure scenario (HLs), assuming
the same individuals would consistently be exposed to more than one pathway for each
contaminant.

HQ;s approaching or exceeding one will be segregated and summed by mode of action or
target organ to calculate the total HI by target organ (HI,). A total HI,, will also be summed
across all pathways and contaminants for a specific receptor scenario. Both of these
procedures are approximations of HI,. One significant digit is retained when summarizing
the calculated indices.

The CRA will discuss HQs and HIs that exceed one. Factors such as uncertainty inherent in
the RfD(s), mode(s) of action, target organ(s), and severity of health effect(s) will be
discussed. The pathways and contaminants driving the risk will be noted and discussed. A
summary table presenting HL; subtotals for all scenarios will be created for presentation in
the CRA risk summary section. This may include placing the results for each scenario in
rows, and providing information on HIs, dominant COCs, and dominant pathways in
columns.

6.3 Calculating and Characterizing the Dermal Exposure Effects

As discussed in the toxicity assessment (Section 5.0), evaluation and assessment of risks for
the dermal route are based on absorbed dose as opposed to the administered dose for other
routes (EPA 2001b). The dermally absorbed dose (DAD) must be calculated separately as
follows, and the toxicity factors adjusted according to estimated gastrointestinal absorption in
critical studies:

DAD = DA, ens x EF x ED x EV x SA (Equation 6-6)
BW x AT
Where:
AT = averaging time;
BW =  body weight;
ED =  exposure duration
EF =  exposure frequency;
EV =  event frequency;
SA = surface are; and
DAeve,,, = Csoil x CF x AF x ABSd
Where:
ABS, = dermal absorption fraction;
AF = adherence factor of soil to skin;
Cioil = concentration of COC in soil and

CF = conversion factor (10'6 kilograms per milligram [kg/mg])
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The cancer risk or HI for the pathway is calculated using the following equation:

Dermal cancer risk = DAD x SF gps (Equation 6-7)
Where:
DAD =  dermally absorbed dose (mg/kg-day)
SF.us =  absorbed CSF (mg/kg-day)"

The noncarcinogenic health hazard is calculated in a similar way:

Dermal HQ = DAD / RfD aps (Equation 6-8)
Where:
RfDgs = absorbed RfD (mg/kg-day)

The carcinogenic risk or HI for the dermal pathway is then presented with the estimates from
the other pathways. The estimates for all pathways are subsequently summed, as discussed in
Sections 6.1 and 6.2.

6.4  Calculating and Characterizing Radiation Dose

Radiation dose will be calculated using the methodology outlined in the Task 3 Report (EPA
et al. 2002). The Residual Radioactivity Computer Code (RESRAD) model (version 6.0) and
point-estimate parameter values for exposure variables from the Task 3 Report will be used
in dose simulations for the WRW and WRYV. The method for calculating radiation dose
using the RESRAD program is documented in the Task 3 Report.

Radiation dose will be calculated based on effective dose (hereafter, “dose”), an estimate of
damage to the body from ionizing radiation. The dose-based calculations will be performed
using the equations and variables in the RESRAD computer model (DOE 2003b). RESRAD
calculates radiation dose based on an annual exposure. The amount of exposure is multiplied
by a dose conversion factor (DCF) to determine a predicted dose.

6.5 Conducting an Uncertainty Analysis

The uncertainty analysis characterizes the various sources and their contributions to
uncertainty in the CRA. These uncertainties are driven by uncertainty in the Site
investigation data, likelihood of hypothetical exposure scenarios, transport modes used to
estimate concentrations at receptor locations, receptor intake parameters, and toxicity values
used to characterize risk. Additionally, uncertainties are introduced in the risk assessment
when exposures to several substances across multiple pathways are summed.

The concept of uncertainty can be more fully defined by distinguishing between variability
and knowledge uncertainty. Variable parameters are those that reflect heterogeneity in a
well-characterized population, for which the distributions would not generally be narrowed
through further measurement or study. Certain parameters reflect a lack of information about
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properties that are invariant and whose single, true value could be known exactly by the use
of a perfect measuring device. Where appropriate, qualitative uncertainty analysis may
distinguish between variability and uncertainty. This type of uncertainty analysis will
identify each key source of uncertainty, present an estimate of the relative impact of the
uncertainty on the CRA, and include any clarifying remarks.

7.0 ECOLOGICAL RISK ASSESSMENT

Scope: Develop and document the methodology for the ERA portion

of the CRA.

This section provides the methodology for the ERA in support of the CRA. The methodology
utilizes existing RFETS risk assessment methodologies (DOE 1996b, 1996¢) and more recent
EPA guidance on performing ERAs at Superfund sites (EPA 1997b, 1999, 2000c, 2001c¢).

Previous ERA efforts at RFETS include an ERA for the Woman and Walnut Creek
watersheds in the BZ. The results of the ERA are presented in the Draft Final Phase I RFI/RI
Report Appendix N, Woman Creek Priority Drainage Operable Unit No. 5 (DOE 1995b).
Hereafter, this ERA will be referred to as the Draft Watershed ERA. The Draft Watershed
ERA has not been approved or formally accepted by the regulatory agencies, and was based
on available data collected through 1995. However, available analytical and biological data
from the Draft Watershed ERA will be used, if appropriate, to augment the updated and
current comprehensive ERA effort.

An ERA has not been performed for areas within the IA. Buildings, parking lots, or other
developed areas formerly covered much of the IA and, as a result, the IA did not represent a
significant ecological resource. However, all buildings, structures, and parking lots are
currently being dismantled and removed. The reasonably anticipated future land use for the
IA will be part of a U.S. National Wildlife Refuge, and an ERA is needed to characterize the
potential exposure and ecological risk due to residual contamination in soil or other media.

An overview of the ERA portion of the CRA is shown on Figure 7.1. The CRA is intended
to document residual ecological risks following the ongoing accelerated actions at the Site.
The analysis will include two main phases. Data on ecological contaminants of interest
(ECOIs) in abiotic media from the Site will be compared to conservative ESLs that have
been developed for abiotic media and a range of ecological receptor types (Appendix B).
The analysis will be conducted using all Site data from previous investigations and
confirmation sampling from accelerated actions or additional data collection not related to
accelerated actions. The ESL comparisons will be used to identify ecological contaminants
of potential concern (ECOPCs) for each receptor of concern (ROC) and EU and to map the
locations where the ESLs are exceeded. The terrestrial ecological analysis will be conducted
for the same EUs as defined for the HHRA and sitewide for wide ranging receptors. The
aquatic ecological analysis will be conducted on a watershed-specific basis.
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Risk will be characterized for the ECOPCs identified in the comparison of ECOISs to the
ESLs. The risk characterization will use additional lines of evidence as outlined on Figure
7.1 and will be completed in consultation with the regulatory agencies. Data gaps will be
addressed prior to the CRA in a DAR intended to identify areas where additional data are
needed to support the CRA.

ESLs are specific to the feeding guild being evaluated and the level of protectiveness
required. For vertebrate ROCs that are not considered to be of special status (rare or
threatened), ESLs represent exposures equal to the threshold ESL (tESL) when available.
The tESLs are based on the geometric mean between no observed adverse effect levels
(NOAELs) and lowest-observed adverse effect levels (LOAELS) from chronic sublethal
endpoints. ESLs for the Preble’s meadow jumping mouse (PMJM) are more protective
because it is a rare species with legal protection over and above the typical receptor. ESLs
must be adequately conservative to provide screening-level protection on a subpopulation
level. PMJM ESLs are based on NOAELs. ESLs were developed for the analytes included
in RECA Attachment 5, Table 3 (DOE et al. 1996 [as modified]) and other analytes, as
necessary.

Data used for the ESL comparison process will be from abiotic media (surface and
subsurface soil, surface water, and sediments). For areas that may have undergone
accelerated actions, data will be from a combination of confirmation sampling and historical
sampling in areas where no removals have occurred. Additional data may also be collected
pending the results of the DAR. In addition, the ERA may use the results of Sitewide surface
water and groundwater transport modeling efforts to predict exposure of aquatic and
terrestrial species at points of potential discharge, such as hillside seeps (terrestrial) and
streams (terrestrial and aquatic)
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Figure 7.1 Sequence of Activities for the ERA
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7.1  Use of Draft Watershed Ecological Risk Assessment in the Comprehensive Risk
Assessment

Purpose: The results of the previously completed Draft Watershed

ERA will be used to support the current assessment of ecological risks
from residual contamination at the Site.

Conclusions and data from the Draft Watershed ERA will be important lines of evidence in
the risk characterization process. The Draft Watershed ERA represents a comprehensive
exposure and risk assessment conducted specifically for the RFI/RI process at RFETS. The
results will be used on several levels. For example, risk characterizations may include
assumptions about the extent to which ECOPCs are accumulated from abiotic media to biota
in the food chain. The literature-based bioaccumulation factors (BAFs) used in developing
the ESLs are typically conservative and tend to overestimate the ECOPC concentrations in
forage and prey, which, in turn, tend to overestimate risk. BAFs are generally derived from
laboratory studies or studies at other sites, and the assumptions used in the ESL calculations
may not match the reality at the Site. The Draft Watershed ERA contains data on ECOPC
concentrations in biota throughout the active areas of the Site. These data were used in
exposure and risk calculations, eliminating the need for the use of BAFs because the actual

. ECOPC concentrations in tissue were available for the exposure calculations. Therefore,
results of the exposure analyses from the Draft Watershed ERA will be thoroughly reviewed
for their applicability to the CRA and, where appropriate, biotic data will be used in the CRA
exposure analysis portion of the risk characterization to make the analysis more Site-specific
than would be possible with only generic BAFs.

Data from the Draft Watershed ERA, RFI/RI reports, and ecological monitoring studies may
also be used in the DAR to help determine whether additional data are needed to assess risks
in specific areas. This may be especially applicable to PMJM habitats along the creeks
where soil and biota data were collected. The results of the Draft Watershed ERA may be
used to determine whether additional data are needed to fill spatial data gaps along the
drainages. Results of ecological monitoring at the Site may be used to help determine
whether there is properly functioning habitat in the EUs.

7.2 Ecological Risk Assessment Background, Site Conceptual Model, and Data
Quality Objectives

Actions: Specify information needed on the physical setting; develop
an SCM of ecological receptors and exposure pathways to guide the

ERA process; specify risk management goals and assessment
endpoints; and develop DQOs to guide the ERA process.
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7.2.1 Environmental Setting

The description of the environmental setting at RFETS will be presented in the RI/FS Report
and will include the physical characteristics of the Site, such as topography, geology, and
hydrology. The types and extent of plant and animal communities present on Site will be
discussed in the ERA.

After accelerated actions, species diversity, abundance, and habitats may change
significantly. Therefore, it will be important to the ERA to determine the following:

. Present and future extent of wetlands habitat on Site;
. Sensitive/protected plant species habitat (for example, Ute Ladies’-Tresses) on Site;
. Present and future PMJM habitat locations on Site;

. Other protected or special status species sightings or habitats on Site (for example,
bald eagles and peregrine falcons); and

«  Vegetation/habitat types to be introduced in the IA.

Much of the needed information is available from ecological characterization and monitoring
activities for the Site. Site physical characteristics are well described. Surface water and
groundwater flow patterns and future Site configuration have been discussed in various .
reports that address the Sitewide water balance, actinide migration, and land configuration.
Results of these studies will be used in conjunction with data on the nature and extent of
contamination, select assessment endpoints, and ECOPC screening methodologies to
complete the problem formulation phase of the ERA. Where data from other studies, such as
the Draft Watershed ERA, are used to make decisions, the specific data on which a
conclusion or result is based will be presented or the location of the original document where
the data can be found will be cited.

7.2.2 Site Conceptual Model

Development of the SCM is the first step in the problem formulation, or planning, phase of
ERAs (EPA 1997b). The purpose of the SCM is to help identify environmental stressors and
the potential pathways by which ecological receptors may be exposed to them. This step
allows investigators to identify the potentially complete pathways that will become the focus
of the ERA.

An SCM for the Draft Watershed ERA was described in the Sitewide Conceptual Model
Technical Memorandum (SCMTM) (DOE 1996¢). Specifically, the ERA will provide the
following for each exposure unit:

o Description of the environmental setting at RFETS, including the natural physical and
biological systems, and a brief description of the primary contaminant source areas or
THSSs;

o Description of the important contaminant fate and transport pathways in abiotic
media;

. Description of the important exposure pathways, including primary exposure media,
exposure points, receptor guilds, and exposure routes;
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‘ Description of receptor guilds and identification of key species in each guild to be
used in representative exposure estimates at RFETS;

Species-specific exposure parameters to be used in estimating exposure to key
receptors;

Measurement endpoints for which data have been collected;

A summary of existing environmental data, data sources, and ongoing monitoring
programs; and

A description of data gaps associated with determination of the nature and extent of
potential contamination. :

The SCM has been updated to reflect the most appropriate ecological receptors for the Site as
a wildlife refuge (Figure 7.2). The purpose of the SCM is to help identify potential pathways
by which ecological receptors may be exposed to ECOPCs. The identified pathways become
the focus of the ERA. The SCM will also be used to identify measurement endpoints for use
in evaluation of assessment endpoints (Suter 1993).

Figure 7.2 identifies several potential pathways that describe how a receptor might contact an
ECOPC. The figure identifies pathways that are probably complete, as well as potentially
significant pathways for exposure of the receptor groups. Some of the pathways (inhalation
and dermal contact with surface water for terrestrial fauna) are designated as potentially
complete but insignificant and will not be quantitatively evaluated.

Inhalation of ECOPCs in ambient (surface) air is generally thought to be insignificant
compared to ingestion pathways (EPA 2000c) and is generally not evaluated quantitatively in
ERAs. In addition, there is little information available to assess the potential toxicity of
ECOPC concentrations in air.

Therefore, while the pathway may not be significant, it is identified as a source of uncertainty
that may result in an underestimate of exposure. Dermal exposure to surface water is also
thought to be a minor pathway for most terrestrial species at RFETS. For metals, polar
organic compounds, and radionuclides, skin, fur, and feathers are generally a significant
barrier to absorption. Nonpolar organic ECOPCs are more likely to be transferred across
external surfaces. However, the low concentrations at which such compounds are found in
surface water and the low absorption rates for most terrestrial receptors limit the potential
exposures. For terrestrial vertebrates at RFETS, oral ingestion is likely to be more significant
and “drive” risk rather than either inhalation or dermal contact. For some scenarios, such as
burrowing animals, dermal pathways may be evaluated for organic ECOPCs in soil.
However, the oral pathway is expected to be the most important exposure pathway for
ECOPCs.




Figure 7.2 Ecological Site Conceptual Model
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Specifically, the ERA will provide the following:

«  Description of the important contaminant fate and transport pathways in abiotic and
biotic media;

. Description of the important exposure pathways, including primary exposure media,
exposure points, receptor guilds, and exposure routes;

. Description of receptor guilds and identification of key species in each guild to be
used in conservative and representative exposure estimates at RFETS;

. Species-specific exposure parameters to be used in estimating exposure to key
receptors; and

«  Measurement endpoints for which data have been collected.

7.2.3 Ecological Risk Management Goals and Endpoints

In order to focus ERAs, EPA (1997b) recommends identifying overall site management
goals, assessment, and measurement endpoints on which the analysis of risk should focus.
Assessment endpoints are the explicit description of the ecological values to be protected as a
result of management actions at a site. Measurement endpoints are specific data collected to
address the assessment endpoints in an attempt to answer the risk questions as they relate to
the risk management goals at the site. The overall risk management goal identified for use in
developing the ERA for the CRA is:

“Site conditions due to residual contamination should not represent significant risk of
adverse ecological effects to receptors from exposure to Site-related residual
contamination.”

Significant adverse ecological effects imply toxicity that results in reductions in survivorship
or reproductive capability that threaten populations or communities at RFETS. For species
that are afforded additional regulatory protection due to their rare or threatened status, such
as PMJM, significant adverse effects can occur even if individuals are affected. Therefore,
the assessment for PMJM will address the potential for individual mice to be adversely
affected by contact with ECOPCs. For other species with stable or healthy populations, the
assessment will focus on population-level effects where some individuals may suffer adverse
effects, but the effects are not ecologically meaningful because the overall Site population is
not significantly affected.

For PMJM, the overall risk management goal and endpoints are:

o Goal: Prevent adverse effects on individual PMJM due to lethal, mutagenic,
reproductive, systemic, or general toxic effects of contact with ECOPCs from the
Site.

e Assessment Endpoints: Survival, growth, and reproduction of individual PMJM at
the Site.

o Measurement Endpoints: Comparison of total intake measures, calculated from
PMJM-specific ingestion models, of ECOPCs from abiotic data (soil, sediments, and
surface water) and food items to toxicity reference values (TRVs).
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For non-PMJM receptors, the risk management goal and endpoints are:

«  Goal: Prevent adverse effects on populations due to lethal, mutagenic, reproductive,
systemic, or general toxic effects of contact with ECOPCs from the Site.

. Assessment Endpoints: Survival, growth, and reproduction adequate to sustain
populations at the Site.

«  Measurement Endpoints: Comparison of total intake measures, calculated from
receptor-specific ingestion models, of ECOPCs from abiotic data (soil, sediments,
and surface water) and food items to TRVs.

The receptors to be included as assessment endpoints for the Site are shown in Table 7.1.
These receptors were identified based on ecological functional groups, then representative
species were identified to focus the analysis.

Table 7.1 Representative Species for the ERA

Functional Group

Representative Species

Burrowing Small Mammal Black-tailed Prairie Dog
Herbivorous or Omnivorous Small Mammal Deer Mouse
Insectivorous Small Mammal Deer Mouse

Herbivorous or Omnivorous Bird

Mourning Dove

Insectivorous Bird

Mouming Dove

Ruminant Wildlife

Mule Deer

Mammalian Predator

Coyote

Avian Predator

American Kestrel

Plant

General

Terrestrial Invertebrate

General

Aquatic Life

General aquatic life, including amphibians and
benthic macroinvertebrates (sediment exposure)

Note: Data and results used in the Watershed ERA and previous assessments for waterfowl and shorebirds will be
presented and compared to evaluate whether the assumptions and data used are representative of current conditions at

the site.

7.2.4 Ecological Risk Assessment Data Quality Objectives

As with the HHRA process, the approach to the ERA is presented in the format of DQOs

(EPA 1997b).

Step 1: State the Problem

Potentially toxic substances have been released at the Site. Ecological receptors could be
exposed to the substances. To date, ecotoxicological risks have been characterized only for
portions of the BZ in the Woman Creek and Walnut Creek watersheds (DOE 1995b).

The problem to be addressed by the ERA is:

“The risks to all reasonably expected ecological exposures to residual contaminants
present in the environmental media following accelerated actions must be quantified
in a technically sound and defensible manner.”
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Step 2: Identify the Decision

The ERA will characterize what is known about the exposures, and whether they have
resulted, or could result, in significant adverse effects to ecological receptors. The overall
Site management question to be addressed by the ERA is:

“Are residual long-term ecological risks from Site-specific contaminants acceptable
for the long-term Site use and management goals?”

In order to address this general decision, additional decisions to be addressed include:

. Has a methodology been developed to adequately assess ecological risks?
. Has a methodology been developed to adequately identify ECOPCs?

. Is the CRA SCM adequate to define all viable exposure scenarios, exposure
pathways, and receptors based on the reasonably anticipated future land use?

. Have all EUs and watersheds been adequately defined and established?

. Have the nature and extent of inorganic, organic, and radionuclide analytes within
" EUs and watersheds been identified with adequate confidence, based on evaluation of
Site process knowledge and analytical data?

o Have samples of adequate number and quality been collected within EUs and
watersheds to perform the risk assessment?

Step 3: Identify the Inputs to the Decision

Information needed to resolve the ERA decision statements is as follows:

. Existing data for areas under consideration;

. Results from a DQA screen (Section 3.1.5) applied for each type of environmental
medium as prescribed in this Methodology;.

« Results from the ECOPC screen compared to ecotoxicologically-based screening-
level values;

. Maps for ECOPCs depicting the distribution of sampling locations with
concentrations compared to ESLs;

. Ecological data that have become available since the completion of the previous
ERAs (for example, the Integrated Ecological Monitoring program); and

. Data and results from the previous ERAs conducted at RFETS.

Step 4: Define the Study Boundaries

Study boundaries are used to determine the areas from where data will be used, and identify
where future sampling will occur. These study boundaries are as follows:

«  All available, qualified data will be used. The assessment will be confined to the area
within the current RFETS boundary unless the on-site assessment indicates
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circumstances that could alter the conclusions of the off-site assessment performed
earlier for OU 3 (DOE 1996a).

Soil will be assessed generally from the land surface to a depth below ground surface
that is consistent with both potential contamination and the depth to which mammals
may burrow in the RFETS environment (8 feet).

The ERA portion of the CRA will consider ECOPCs in surface water, sediment, and
soil. The results of modeling the transport of groundwater to surface water will be
compared to ESLs for aquatic life. Further assessment will be performed for
ECOPC:s failing the screening-level assessment.

Step 5: Develop a Decision Rule

In addition to the decision rules cited for data adequacy in Section 3.0, decision rules that
describe how the data will be evaluated for the ERA are listed below.

The ECOPCs that pass through the screening process shown graphically on Figure
7.3 will be evaluated in the risk characterization phase of the CRA.

Non-PMJM Receptors

For large-home range receptors (mule deer and coyote), if the Sitewide and EU-
specific 95UCL (Section 7.4.1) of the mean does not exceed the NOAEL ESL or
tESL, no further risk assessment is necessary for that exposure scenario and the
results will be documented in the CRA Report.

For small-home range receptors (deer mouse, prairie dogs, kestrel, and mourning
doves), if the EU-specific 95UCL of the 90th percentile of the distribution of data
(Section 7.4.1) does not exceed the NOAEL ESL or tESL, no further risk assessment
is necessary and the results will be documented in the CRA Report.

75



Final Comprehensive Risk Assessment Work Plan and Methodology

September 2004

Figure 7.3 Sitewide ECOPC Identification Process
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. . For terrestrial invertebrate receptors and plants, if soil ECOIs with EU-specific
95UCL of the 90th percentile concentrations (Section 7.4.1) do not exceed the
appropriate chronic ESL, no further risk assessment is necessary and the results will
be documented in the CRA Report.

- For aquatic receptors, if sediment and/or surface water ECOIs with watershed-
specific 95 UCL of the 90th percentile concentrations (Section 7.4.1) do not exceed
the appropriate ESL, no further risk assessment is necessary and the results will be
documented in the CRA Report.

«  All receptor/ECOPC pairs that do not meet the decision rules discussed above will be
carried into a risk characterization in consultation with the regulatory agencies. The
risk characterization process will be documented in the CRA and may include:

- Tiered geospatial analysis;

- Discussion of alternative TRVs;

- Review of ECOPC bioavailability;

- Evaluation of Site-specific tissue data;

- Review of previous risk assessment data;

- Evaluation of potential Type II errors;

- Spatial variability of ECOPC concentrations; and

- Other pertinent techniques to further characterize risk.

‘ PMJIM Receptors

. Risks from ECOPCs to the PMJIM receptor, within the designated PMJM habitat, will
be evaluated on a location-by-location basis. Sampling locations where the most
conservative ESL is exceeded will be mapped.

«  Those ECOPCs that do not meet the decision rules discussed above will be carried
into a risk characterization process in consultation with the regulatory agencies to
further characterize potential risk to the PMJIM receptor. This process will be
documented in the CRA and may include:

- Geospatial analysis of data; 4

- Review of toxicity, bioavailability, and other potential exposure-modifying
factors;

- Review of previous risk assessment data;

- Evaluation of potential Type II errors; and

- Other pertinent techniques to further characterize risk.

Step 6: Specify Tolerable Limits on Decision Errors

Several sources potentially contribute uncertainty to the CRA. Best professional judgment
and input from the consultative process will be used for decisions regarding data gaps and
risk management actions. The rationale and justification will be included in the CRA Report.

. For exposure areas that are evaluated based on the 95UCL of the mean, the Type I error rate
is fixed at 5 percent regardless of data quality. For this evaluation, the probability of a Type
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11 decision error, which depends strongly on data quality, will remain undefined unless it is
deemed necessary to define it in order to adequately characterize risk in the CRA.

For exposure areas that are evaluated based on the 95UCL of the 90" percentile of the
distribution of soil concentration values, the Type I error rate should not be more than 5
percent when the true 90™ percentile is larger than the ESL. The Type II error rate will
remain undefined unless it is deemed necessary to define it in order to provide adequate data
to characterize risk in the CRA.

Step 7: Optimize the Design

Based on the iterative nature of the DQO process, any decision that is not consistent with
project goals will result in a reinitiation of the DQO process. If determination of the nature
and extent of analytes is found to be inadequate, further sampling will be initiated. If
sampling power is determined to be inadequate for any given scenario and set of analyte data,
more samples may be collected and the sampling power can be recalculated.

7.2.5 Data Types and Adequacy

The SCM suggests that ecological receptors may be exposed to ECOPCs in abiotic and
biological media. Site data on ECOPC concentrations in soil, surface water, and sediments
will be evaluated to support the CRA. Biological tissue analysis results will not be used in
the initial phase of the CRA assessments.. However, biological tissue analysis to describe
potential uptake of ECOPCs into prey and forage species will be considered in the risk
characterization phase.

The IABZSAP (DOE 2004a) identifies laboratory analytical methods to provide data with
adequately low method detection limits (MDLs) and practical quantitation limits (PQLs) to
allow meaningful comparison to ESLs in abiotic media. A table presenting these values will
be provided in the CRA to indicate where detection limits are adequate for use.

ECOPC concentrations in soil and sediment will be expressed as “total recoverable.” Risks
to aquatic organisms are most strongly related to dissolved concentrations, but in order to
provide a thorough assessment, risks will be evaluated both for dissolved and total
recoverable concentrations where appropriate. ECOPC concentrations in surface water will
be appropriately compared to water quality standards for protection of aquatic life. Surface
water data used to assess risks to wildlife drinking the surface water will be based on total
recoverable (that is, unfiltered) analyses. Data on ECOPC concentrations in biological tissue
were collected for the Draft Watershed ERA and associated studies. These data may also be
used in a line-of-evidence approach to risk characterization after the ECOPC identification
steps have been completed. Data adequacy will be evaluated as described in Section 3.1.5.

In addition to the comparison of ESLs directly to analytical data in the ECOPC identification
step, models may be used to estimate ECOPC concentrations in stormwater runoff from
potentially contaminated soil and groundwater that may surface at seeps or in streams. Both
sources of water could contact aquatic biota or wildlife.
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Adhering to the specifications of the DQOs as outlined above will ensure the adequacy of
data for use in the ERA. In addition, the DQA will help ensure that the quality of data is
consistent with RFETS standards.

7.2.6 Ecological Screening Levels

As noted previously, identification of ECOPCs to be evaluated in detail in the risk
characterization portion of the CRA will be based on a comparison of Site abiotic media
concentrations to ESLs. ESLs for wildlife were developed based primarily on potential
ingestion of ECOIs in abiotic media, forage, and prey, and the transfer of ECOIs among these
media. The specific methodology for developing ESLs is presented in Appendix B. The
following is an overview of the ESL calculation process for each of the environmental media.

Soil

EPA’s ecological soil screening levels (Eco-SSLs) (EPA 2003c) process was used as general
guidance for developing soil ESLs or soil screening levels (SSLs). The Eco-SSL process
outlines the acquisition of primary literature sources, followed by extensive review and
scoring of documents.

As an alternative to this lengthy and time-consuming process, available compilations of
TRVs from several sources were used extensively to obtain reliable and defensible values. In
order of preference, these sources include:

. Ecological Soil Screening Level Guidance (EPA 2003c);
. U.S. Navy Soil Screening Levels (PRC 1998); and
«  Oak Ridge National Laboratory (ORNL) (Sample et al. 1996).

For a subset of ECOIs and for those ECOIs without previously published TRVs, a literature
review was conducted to obtain relevant toxicity information. Only studies using chronic (or
subchronic) exposure periods and measuring growth, development, reproductive, and
mortality endpoints were selected for use in the calculation of ESLs. The data scoring and
weighting system described in the Eco-SSL guidance (EPA 2003c) was used to score the data
and calculate the necessary TRVs for those ECOISs that underwent a literature review
resulting in more than one applicable TRV.

ECOIs with no or inadequate toxicity data available were identified and handled on a case-
by-case basis with input from the regulatory agencies.

No interclass extrapolations were used to extrapolate avian TRVs from mammalian
endpoints. In addition, for those ECOIs that have only a LOAEL TRV available, the
NOAEL TRVs were estimated by dividing by 10. No estimates of LOAEL TRVs were
made.

For those ECOIs that have adequate TRV data available (that is, NOAEL and LOAEL values
are available from toxicity studies), and meet the criteria specified in Appendix B, a tESL
was also calculated by estimating the geometric mean between the NOAEL and LOAEL
TRVs.
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For small receptors with small- to moderate-sized home ranges, average intake parameters,
such as the ingestion rate of food, were used in the ESL calculation process. For larger, more
wide-ranging receptors (that is, coyote and mule deer), high-end intake exposure parameters
were used to provide a conservative estimate of food intake over the entire Site. ESLs for
receptors that burrow (for example, prairie dogs) were applied to both surface and subsurface
soil. A detailed discussion of the ESL calculation process is presented in Appendix B.

For terrestrial plants and terrestrial invertebrates, benchmark ESLs were derived from several
sources (Appendix B). These benchmark values are meant to be compared directly to soil
concentrations to provide a general estimate of the potential for risk to the plant and
invertebrate receptors. :

Sediments

For sediments, ESLs were developed for many chemicals and are available from several
sources. Sediment ESLs are generally expressed as concentration terms and, therefore,
require no calculations or assumptions. However, the assumptions underlying the
development of sediment ESLs were evaluated to determine consistency with uses at RFETS.
A more detailed discussion of the sources used to identify sediment ESLs is provided in
Appendix B.

Surface Water

For surface water, ecotoxicologically based water quality criteria (WQC) are available from
several sources. As a screening step, WQC were retrieved from State of Colorado water
quality standards, federal Ambient Water Quality Criteria, and other databases such as that
from ORNL (1994) and the Michigan Department of Environmental Quality (Rule 57),
(MIDEQ 2003). A more detailed discussion of the sources of WQC is presented in Appendix
B. '

No surface water ESLs were calculated for the ingestion of surface water by terrestrial
vertebrates. It is recognized in Figure 7.2 that surface water ingestion by vertebrate species
is a complete and potentially significant pathway for exposure to ECOPCs, and the ingestion
of surface water pathway will be included in the risk characterization for those ECOPCs
identified in the soil screening. However, following the example of the Eco-SSL guidance
(EPA 2003c), the soil and prey tissue ingestion pathways were emphasized in the ECOPC
identification process for terrestrial wildlife receptors. It is also assumed that the surface
water ESLs that focus on aquatic organisms are more sensitive values for use in identifying
ECOPCs than vertebrate surface water ingestion ESLs.

Given the conservative nature of the ECOPC screening for soil and food ingestion pathways,
it is unlikely that an ECOI that was not identified as an ECOPC for terrestrial vertebrates in
soil would have a potential for risk from the ingestion of surface water due to the small

' proportion of water intake when compared to other potential exposure routes. The Draft
Watershed ERA (DOE 1995b) included the surface water ingestion pathway in the screening
step for the mule deer and coyote receptors. That document concluded that no risk was
present for those receptors inhabiting the Woman Creek and Walnut Creek drainages. In
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general, the intake of ECOIS is less compared with the food web uptake of bioaccumulative
compounds. Several bioaccumulative ECOPCs were evaluated in the Draft Watershed ERA.

Risk estimations that included the ingestion of surface water showed that no risk was
estimated for the large receptors at the Site. These data and results will be discussed and
summarized in the CRA. Given that previous investigations have not predicted risk to even
bioaccumulative compounds through the ingestion of food items, soil, and surface water, it is
unlikely that the inclusion of the water ingestion pathway would alter the outcome of the
ECOPC identification process.

Radionuclides

Soil benchmarks for radionuclides were developed for RFETS during the Draft Watershed
ERA (Higley and Kuperman 1995). Since then, DOE's Biological Dose Assessment
Committee (BDAC) has developed additional procedures for assessing exposure and risk to
terrestrial and aquatic biota using the RESRAD-BIOTA (DOE 2003b) computer code for
calculating protectiveness.

For some radionuclides, Higley and Kuperman values are higher (less conservative) than
those calculated with the RESRAD-BIOTA procedures. However, for terrestrial animals the
radiation exposure limit cited in RESRAD-BIOTA as protective of ecological receptors (1
rad/day) is 10-fold that assumed in Higley and Kuperman (0.1 rad/day). Values developed
for ecological receptors using either approach were considerably higher than values adopted
for managing radionuclide risks to human receptors at the Site. In most cases, soil criteria
were two to three orders of magnitude larger. Therefore, if the Site is managed to protect
human health and EPCs are calculated using similar methods, then ecological receptors will
be protected. This applies to special status species (for example, threatened or endangered)
and nonthreatened or endangered receptor groups.

An exception to the above is exposure to subsurface soil and surface water. For the human
health assessment, the pathway to subsurface soil will not be evaluated'in the IA because
institutional controls prevent disturbance of soil; therefore, ESLs will be needed. For surface
water, ecological benchmarks are lower than human health values for some radionuclides,
primarily due to the higher use rate assumed in the calculations. RESRAD-BIOTA was used
to calculate all of the radionuclide ESLs that will be used in the CRA. The ESLs are
presented in Appendix B.

7.3 Sitewide Ecological Contaminant of Potential Concern Identification

Action: Identify ECOPCs for the CRA.

A comprehensive list of Sitewide ECOPCs will be developed for the CRA based on data
representing conditions after accelerated actions. ECOIs identified in Appendix B will form
the starting point for the ECOPC identification process shown on Figure 7.3. The ECOPC
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screen will use maximum concentrations for potentially toxic analytes (that is, analytes that
are not nutrients, such as calcium, potassium, and sodium).

The entire Sitewide database will be queried, filtered by media, and subjected to a DQA
screen (Section 3.1.5) to identify which data meet the needs of the DQOs discussed in the
previous section. Following the DQA screen, two data sets will be created. One will include
all Sitewide data; the other will include only sampling locations in PMJM habitat. For each
data set, “U-" qualified nondetects will have one-half the reported result concentration
substituted. Basic descriptive statistics will then be calculated, such as number of samples,
percent detections, maximum detections, mean detection, and standard deviation.

Soil data in each data set will be compared to NOAEL-based ESLs. If the maximum
detected concentration of the ECOI does not exceed the NOAEL-based ESL, risks will be
considered negligible, the ECOI will be dropped from further analysis in the CRA and the
rationale for removing it from further analysis will be recorded and presented in the CRA
Report. If the maximum detected ECOI concentration in the PMIM habitat data set exceeds
the NOAEL-based ESL, it will be retained as an ECOPC for the PMJM.

ECOIs that have detected concentrations greater than the NOAEL-based ESL in the Sitewide
data set will undergo further analyses on a Sitewide and EU-specific basis to determine their
status as ECOPCs. If the ECOI was detected in less than 5 percent of the samples, the
chemical will be evaluated using best professional judgment as to its potential to cause risk to
wildlife receptors at the Site. This decision, or scientific management decision point
(SMDP), will be made in cooperation with regulatory agency personnel. The determination
will consider process knowledge and spatial and temporal factors, as well as the physical and
chemical properties of the ECOI as they pertain to the potential for risk to the wildlife
receptors at the Site. If it is determined that no potential risk is expected, the ECOI will be
dropped from further analysis and the rationale for the decision will be documented in the
CRA Report. The radionuclide and metal ECOISs passing the 5 percent screen will then be
statistically compared to background concentrations, as appropriate, using the methods
discussed in Section 4.4.8.

7.3.1 Non-Preble’s Meadow Jumping Mouse Receptors

A determination of whether the tESL can be reliably calculated was conducted (Appendix B).
For those ECOISs that have adequate TRV data available, the tESL was calculated using the
geometric mean between the NOAEL and the LOAEL ESLs. The tESL will then be used in
the ECOPC screening process. For those ECOISs for which no tESL can be calculated, the
NOAEL ESL will be used in the final step of the ECOPC screening process.

For the small-home range receptors, the 95UCL of the 90™ percentile for each EU will be
used as the EPC in the final step of the screening process. For the receptors with large home
ranges, the 95UCL of the mean for each EU and also the Site as a whole will be used in the
final step of the screening process.

Any ECOI that fails the final comparison shown on Figure 7.3 will be identified as an
ECOPC and carried forward into the risk characterization phase of the CRA. Those ECOIs
that pass the final comparison step shown on Figure 7.3 will be dropped from further analysis
and documented in the CRA Report.
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7.3.2 Preble’s Meadow Jumping Mouse Receptors

All ECOIs that exceed the NOAEL SSL for the PMIM within PMJM habitat (that is, 150-
foot USFWS buffer [Figure 7.6]) will be compared to background concentrations. If it is
determined that concentrations of the ECOI in PMJM habitat do not exceed background
concentrations of the ECOI, the ECOI will be reviewed in consultation with the regulatory
agencies for removal from the ECOI list. The ECOIs eliminated from further consideration
in this step will be documented and discussed in the uncertainty section of the CRA Report.
The ECOIs that remain will be carried forward through the background comparison and
identified as ECOPCs for the PMJM. The ECOPCs will be discussed in detail in the risk
characterization section of the CRA Report.

The output from the Sitewide ECOPC screen will be a list of ECOPCs in PMJM habitat and
a list of ECOPCs for nonthreatened or endangered species at the Site. The ECOPCs
identified in these lists will be carried forward through the risk characterization process
described in the following section. All steps in the process will be documented in the CRA
Report.

7.4 Risk Characterization Process

Action: Assess risks for the PMJIM in its habitat areas and other

receptors in appropriate areas Sitewide.

The screening-level assessment described earlier defines the process for making preliminary
decisions about potential risk, such as the identification of ECOPCs. The risk
characterization process will define a range of potential risks to on-site receptors from the
ECOPCs.

Characterization of risk will focus on the overall results for each assessment endpoint. The
overall risk will be summarized for each receptor group and level of biological organization
(that is, individual or population level of protection), as appropriate for the assessment
endpoints. As noted by EPA (1997b), a well-balanced risk characterization should “...present
risk conclusions and information regarding the strengths and limitations of the assessment for
other risk assessors, EPA decision-makers, and the public.”

Risk characterization has two main components: the risk estimation and the risk description.
The risk estimation will summarize results of the analysis, identifying the receptors and
ECOPCs and a range of potential risks and the locations/EUs where risk may be present.
The risk description will then provide context for the analysis, including the proportions of
Sitewide habitats that are affected, and interpretation of overall results including data from
the Draft Watershed ERA.

The following sections describe the process for conducting the ecological risk
characterization in the CRA for the Site. Two separate approaches will be used in the CRA
depending on the status of the habitat designation. The risk characterization process for
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those areas defined as non-PMJM habitat is presented in Section 7.4.2, while the risk analysis
process for the PMJM habitat area is presented in Section 7.4.3.

7.4.1 Definition of Exposure Units and Calculation of Exposure Point Concentrations

Exposures to terrestrial ecological receptors will be calculated based on the EUs described
for human health (Figure 4.1). Wide-ranging species that generally utilize areas larger than
the EUs (that is, coyote and mule deer) will also be addressed using Sitewide data. The EUs
are reasonable aggregations of common source areas, hydrological systems, and habitat for
assessing ecological risk. Exposure to aquatic receptors will be calculated on a watershed-
specific basis. :

For wide-ranging receptors, some high-end intake exposure parameters will be used to
estimate exposure to the highly exposed individual rather than the average individual. These
parameters are discussed in detail in Appendix B. Risks to these high-end receptors will be
evaluated using upper-bound EPCs. EPCs will be estimated using the tiered geospatial
approach described in Section 4.6. ‘

The initial analysis of risks to ecological receptors will use the Tier 1 method of the
geospatial approach. Data are treated as if they are randomly located and each sample is
weighted equally. The risk calculations based on Tier 1 will tend to be conservative (that is,
will tend to overestimate risks) when the data set is biased toward areas with elevated
contamination (common at RFETS). If an area is identified as being of potential concern
using the Tier 1 approach, then Tier 2, area averaging, will be applied to derive a more

* realistic estimate of risk. The Tier 3 kriging approach will only be implemented as needed
after an initial analysis using Tiers 1 and 2.

The Tier 2 approach will be applied as described in Section 4.6. However, the grid means
will be used to calculate a 95UCL or estimate the 90™ percentile of the distribution of grid
means depending on the receptor. The 95UCL of the 90™ percentile will also be estimated.
Statistical methods described in Section 4.0 will also be applied for the calculation of the
ecological EPCs.

Data distribution testing will be performed for all ECOPCs retained following the ESL
screen to aid in deciding the statistical test to use for comparisons to background and
calculation of the EPCs. Testing will be conducted using the methods specified in Section
4.4.7, using the ProUCL (Version 3.0) computer program (Singh et al. 2004). The ProUCL
recommendations will be used in all cases. Program printouts of results will be presented in
the CRA Report. The assigned distribution will then be used to determine the appropriate
test for background comparisons, estimate a 95UCL concentration, and calculate the 95UCL
of the 90™ percentile. '

The one-sided 95UCL for use as an EPC for large-home range receptors will also be
calculated using the ProUCL software, as detailed in Section 4.6.1. The 95UCL of the 90"
percentile of the appropriate distribution (normal, lognormal, gamma, or nonparametric) for
use as an EPC for small-home range receptors will be calculated using S-Plus (Version 6.1)
(Insightful Corporation 2002) statistical software. The tiered approach specified in Section
4.6 will be used.
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For PMJM, sampling locations within PMJM habitat in each EU will be evaluated separately
(Section 7.4.3).

7.4.2 Risk Characterization Process for Nonthreatened or Endangered Species
Receptors

Risk characterization for non-PMJM receptors will be conducted in the CRA, following the
procedures shown on Figure 7.4, for those ECOPCs identified in the screening process
described in Section 7.3.

The analyses described in this section apply to all nonthreatened or endangered species. The
analysis will be conducted separately for each receptor, based on data on ECOPC
concentrations in abiotic media from habitats appropriate for each receptor. Data will be
aggregated, as described above from Sitewide samples, and appropriate EPCs will be
calculated. Concentrations at each location will be mapped and compared to RFETS
background concentrations to determine whether the Site represents incremental risk. If so,
additional risk characterization will be performed using additional lines of evidence, such as
Site ecological monitoring studies, Draft Watershed ERA data, or other applicable sources to
determine whether other data suggest risk.

An analysis of potential data gaps will be conducted for ECOPCs that represent significant
risk. If additional data are deemed to be necessary to reduce the uncertainty in the risk
analysis to an acceptable level, the types of data will be identified and collected.

For exposure scenarios directed at surface soil, data from no deeper than 6 inches will be
used. Surface soil samples in the database include a variety of depth intervals (for example,
surface scrape, 0 to 2 inches, and O to 6 inches). Whenever available, the depth intervals for
surface soil data will be documented for each location to help interpret risk.

Subsurface soil data (from more than 6 inches below the surface) are also available for a
variety of depth intervals. Subsurface data will be reviewed for a concentration gradient that
increases with depth. In areas where concentrations of ECOPCs are greater in subsurface
soil than in surface soil (based on known sources of subsurface contamination), risks will be
characterized to burrowing receptors (that is, prairie dog) to the depth at which the increasing
concentration gradient ceases or at a maximum depth of 8 feet, whichever is encountered
first.
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Figure 7.4 CRA Risk Characterization Process for the Non-PMJM Receptor
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7.4.3 Risk Characterization Process for the Preble’s Meadow Jumping Mouse
Receptor

ECOPC:s identified for the PMJM receptor (Figure 7.3) will be subjected to a more
conservative risk characterization process than those identified in the non-PMJM habitats due
to the regulatory status of the PMJM. Section 7.3 discusses the process to be used to
determine the list of ECOPCs to be included in the risk characterization for the PMJM
(Figure 7.5).

The EUs and PMJM habitat are illustrated on Figure 7.6. PMJM habitat may be modified
due to changes in the final configuration of the IA drainages: Appropriate changes to the
evaluation of risk to the PMJM will be incorporated through the consultative process with the
regulatory agencies. For each ECOPC identified for risk characterization in the PMJIM
habitats in each EU, maps will be prepared to identify the sampling locations in PMJM
habitat for which ECOPC concentrations exceed the NOAEL-based ESLs and display the
magnitude of exceedance of the ESL. Geospatial statistical techniques will be employed to
visualize the areas of potential risk to the PMJM. These maps will aid in the identification of
habitat patches that will be recommended for further assessment. Concentrations will be
compared to RFETS background concentrations to determine whether the location represents
additional risk above natural conditions.

These maps will be reviewed in consultation with the regulatory agencies to determine
whether additional risk characterization is required. The major goal of the first agency input
step is to identify patches of habitat that can be primarily used to aggregate data into
groupings that could reasonably be expected to represent home ranges of individual PMIM
and identify subpopulations. Aggregated data will be used to calculate upper-bound
exposure concentrations.

Based on consultation with the regulatory agencies and best professional judgment, decisions
will be made regarding acceptable risk levels for the PMJM. Risks will be categorized as
acceptable or unacceptable for the PMJIM habitat. The rationale and justification will be
documented in the CRA Report. Additional data may also be collected if data gaps are
evident. A detailed evaluation of data adequacy will be provided prior to the determination
of the potential for risk. The results of this decision point and the uncertainties associated
with the potential risk to the PMJM will be discussed in detail in the CRA Report.

7.4.4 Uncertainty

The objective of the uncertainty analysis for the ERA is to identify and characterize the
sources of uncertainty, and the potential effects on risk management decisions for the Site.
The uncertainty analysis will also identify the methods by which uncertainty for various
sources were accounted for in the analysis. These uncertainties are driven by uncertainty in
the Site investigation data, likelihood of hypothetical exposure scenarios, transport modes
used to estimate concentrations at receptor locations, receptor intake parameters, and toxicity
values used to characterize risk.
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Figure 7.5 CRA Risk Characterization Process for the PMJM Receptor
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Sources of uncertainty can be related to systematic and natural variability and lack of precise
knowledge regarding key chemical and physical properties. Variable parameters are those
that reflect heterogeneity in a well-characterized population, for which the distributions
would not generally be narrowed through further measurement or study. Certain parameters
reflect a lack of information about the behavior or toxicity of chemicals in the system. The
uncertainty analysis for the ERA will be largely qualitative, identifying the primary sources
and ranking their potential importance. Quantitative estimates of uncertainty are
incorporated through estimates of variability in the data.

Uncertainty will be summarized for the primary components from which different kinds of
uncertainty derive: sources of variability (that is, natural and systematic) in data, exposure
assessment parameters, uncertainty about ECOPC toxicity thresholds, and the overall risk
characterization. '

8.0 COMPREHENSIVE RISK ASSESSMENT REPORT ORGANIZATION

The CRA Report will contain 15 volumes. The CRA Report will be included in the RI/FS as
an appendix. ' ' :

. Volume 1 Executive Summary
. 1.0 In‘troduction
- 2.0  Site Description
. 3.0  Data Evaluation
« 4.0  Human Health Risk Assessment Overview
. 5.0  Ecological Risk Assessment Overview
«  Volume 2 Site Description and Data Evaluation
. 1.0 Ihtroduction and Purpose
. 2.0  Site Description
« 3.0 Data Adeqyacy for the Comprehensive Risk Assessment
. Volume 3 Risk Assessment for the West Area Exposure Unit
. 1.0  The West Area Exposure Unit
« 2.0  Human Health Contaminants of Concern
« 3.0 Human Health Exposure Assessment
'« 4.0  Human Health Toxicity Assessment
« 5.0  Human Health Risk Characterization
- 6.0  Uncertainty Analysis
« 7.0 Ecological Contaminants of Potential Concern
. 8.0 Exposure Assessment

. 9.0  Toxicity Assessment
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10.0 Ecological Risk Characterization

11.0 Uncertainty Analysis

12.0 Summary and Conclusions

13.0 References

Appendix A — Data for the West Area Exposure Unit Used in the Comprehensive
Risk Assessment

Appendix B — Statistical Calculations

Volume 4

Volume 5

- Volume 6

Volume 7
Volume 8
Volume 9
Volume 10
Volume 11
Volume 12
Volume 13
Volume 14
Volume 15

Risk Assessment for the Rock Creek Drainage Exposure Unit

Risk Assessment for the Inter-Drainage Exposure Unit

Risk Assessment for the No Name Gulch Drainage Exposure Unit
Risk Assessment for the Upper Walnut Creek Drainage Exposure Unit
Risk Assessment for the Lower Walnut Creek Drainage Exposure Unit
Risk Assessment for the Wind-Blown Area Exposure Unit

Risk Assessment for the Upper Woman Creek Exposure Unit

Risk Assessment for the Lower Woman Creek Exposure Unit

Risk Assessment for the Southwest Buffer Zone Exposure Unit

Risk Assessment for the Southeast Buffer Zone Exposure Unit

Risk Assessment for the Industrial Area Exposure Unit

Risk Assessment for Wide-Ranging Ecological Receptors by Exposure

Unit Sitewide and the Aquatic Benthic Species by Watershed Exposure Unit
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8.1  Schedule

The schedule for completion of the Draft CRA is presented in Table 8.1.

Table 8.1 Completion Schedule for the Draft CRA

Task ] - Description ‘Dependencies Deliverable Completion Date
Complete CRA Work The Methodology guides Approval of the Methodology includes screening- | Final CRA Work September 2004
Plan and Methodology performance of the CRA. It level PRGs for the HHRA, and ESLs for the Plan and ;
(Methodology) describes the exposure scenarios ERA. The ESLs will also be used in the Methodology

and pathways, EUs, DQOs, and ecological accelerated action screen. The DAR
exposure assessment methods. and the start of the CRA depend on approval of
the Methodology.
Develop ESLs for ESLs are being developed for the Performance of the ERA, as well as accelerated Draft Ecological August 2004
ecological receptor analytes listed on Table 3 of actions, depends on completion of the ESLs. ESL Methodology
Attachment 5 of RECA.
Complete data adequacy | Existing data will be analyzed Completion of the data adequacy assessment is Targeted Sample October 2004
assessment spatially to determine whether required to support completion of the Draft CRA. | SAP
additional targeted sampling is If the data adequacy assessment shows that
required to support the CRA. targeted sampling is required, an addendum to the
IABZSAP will be developed to support a
sampling effort during the spring and summer of
2004.
Prepare ecological Site data will be screened for Accelerated actions must be completed so None December 2004
accelerated action screen | accelerated action using ecological | residual risk can be characterized.
' assessment endpoints.
Develop a draft The outline will follow the format | Subsequent input to the Draft CRA will conform | Draft CRA August 2004
annotated outline of the | included in the Draft CRA to the annotated outline. It will also be used for Annotated Outline
Draft CRA Methodology. It will describe, in the Preliminary Draft RI/FS.
brief form, information that will be
included in the Draft CRA.
Complete HHRA/ERA Data currently being collected for | This assessment will be included in the Draft risk October 2004
of one EU the 30-acre grid sampling will be Preliminary Draft RI/FS. assessment of one
used to perform a complete EU
assessment of one of the EUs on
the western side of RFETS.
Complete HHRA/ERA Data currently being collected for | The results will be included in the Draft RI/FS. Draft risk December 2004
for two additional EUs the 30-acre grid sampling will be assessment of two

used to perform assessments for
two additional EUs

EUs
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Table 8.1 Completion Schedule for the Draft CRA

Task | _ Description Dependencies Deliverable Completion Date
Complete human health | Additional EUs will be made All accelerated actions must be completed in the | Draft risk November 2004 —
assessment for remaining | available for review as they are QOU; data gap analysis is complete and confirms assessments of July 2005
EUs completed. data adequacy for both human health and remaining EUs

ecological receptors.
Complete the Draft CRA | This includes the complete analysis | Completion of the Draft CRA requires analysis of | Draft CRA September 2005

of ecological and human health
risk for all EUs from
contamination remaining following
remedial actions. The assessment
will be performed progressively
with interim deliverables to be
determined but sufficient that the
agencies can review analyses prior
to issuance of the Draft CRA.

the human health and ecological exposure
pathways across all EUs. Also, remediation and
confirmation sampling needs to be completed to
the extent determined adequate by DOE.
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ACRONYMS

CAS Chemical Abstract Service

CDPHE Colorado Departmént of Public Health and Environment

Coc contaminant of concern

CRA Comprehensive Risk Assessment

DOE U.S. Department of Energy

EPA U.S. Environmental Protection Agency -

EU exposure unit

HQ hazard quotient

g/mg grams per milligram

IGD Implementation Guidance Document

PRG preliminary remediation goal

RfD ) reference dose

' RFETS or Site Rocky Flats Environmental Technology Site

RMA Rocky Mountain Arsenal
VF volatilization factor
WRW wildlife refuge worker

RFCA Rocky Flats Cleanup Agreement
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95UCL
b &

cm

cm

cm
cm’/cm’
day/yr
ft

g/mg

hr

hr/day

kg

kg/m’

kg/mg

L/day

L/hr

m

e

m’/pg
m’/day

m’/hr

m3/kg
m3-yr/kg-day
mg/cm2
mglcmz-event
mg/day
mg/kg

UNIT DESCRIPTIONS
upper confidence limit of the 'mean at a 95 percent level
degrees Celsius (or Ccntigrade)
centimeter
square centimeter
cubic centimeter
cubic centimeter per cubic centimeter »
days per year
foot
grams per kilogram
grams per milligram
hour
hours per day
kilogram
kilograms per cubic meter
kilograms per milligram
liters per day
liters per hour
meter
cubic meter
cubic meters per microgram
cubic meters per day
cubic meters per hour
cubic meters per kilogram
cubic meter-year per kilogram-day
milligrams per square centimeter
milligrams per square centimeter-event
milligrams per day

milligrams per kilogram
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mg/kg-day
(mg/kg-day)”
mg/kg BW/day
mg/kg BW/day™

mg-yr/kg-day
pCi

pCi/g

pCi/L

%

rad/day
risk/pCi
risk/yr/pCi/g
risk/(mg/kg-day)
yr

yr/pCi/g
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