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by an agency of the United States Government. Neither the
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of their employees, make any warranty, express or implied,
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apparatus, product, or process disclosed, or represents that
its use, would not infringe privately owned rights. Reference
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service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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ERRATA SHEET

Date: August 26, 1999

Report Numbec INJ3L-95/0190 Rev. O

Report Title: Guidance Manual for Conducting Screening Level Ecological Risk Assessments at the
INEL

Prepared by: Lockheed Idaho Technologies Company

Date Published: June 1995

Instructions: Please note the following corrections to your copy. Word corrections are boIded.

GENERAL REVISIONS

This guidance manual represents the f~st step in the development of methodology for conducting
ecological risk assessment at the INEEL. The primary purpose of the guidance was to develop ecologically-based
screening levels (EBSLS) for contaminants found at the INEEL. The EBSLS resulting fi-omthis guidance
document have been incorporated as part of Phase 1 of a four phased approach to INEEL ecological risk
assessment (ERA) (see Figure 1, page 6 of this errata sheet). Either stand-alone screening-level ecological risk
assessments (SLERAS) or ecological data gap analyses (EDGAs) were conducted as precursors to WAG-level
ERAs (Phase 2). The WAG-level ERAs also incorporate the basic methodology presented in this document. “

Dr. R. C. Morris is an employee of the Environmental Science and Research Foundation, Inc. Dr. Morris’
contributions to this document were completed under DOE Idaho Operations Contract DE-AC07-941D13268.

Since this report was issued, Lockheed Idaho Technologies Company has been re-structured as Lockheed
Martin Idaho Technologies Company.

Since this report was published, the Idaho National Engineering Laboratory (INEL) has been re-
designated as the Idaho National Engineering and Environmental Laboratory (INEEL) - this acronym
should be applied throughout the document.

Since this report was published, the Idaho Chemical Processing Plant (ICPP) has been re-designated as
the Idaho Nuclear Technology and Engineering Center (INTEC) - this acronym should be applied
throughout the document,

The methodology presented this guidance manual has been more recently summarized in a series of three
articles:

VanHorn, R. L., N. L. Hampton, and R. C. Morris, 1998, “Methodology for conducting screening-level
ecological risk assessments for hazardous waste sites. Part I: Overview, International Journal of
Environinent and PoUution 9(1):26-46.
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Hampton, N. L., R. C. Morris, and R. L. VanHorn, 1998, “Methodology for conducting screening-level
ecological risk assessments for hazardous waste sites. Part II: Grouping ecological components”,
International Journal of Environment and Pollution 9(1):47-61.

Kester, J. E., R. L. VanHorn, and N. L. Hampton, 1998, “Methodology for conducting screening-level
ecological risk assessments for hazardous waste sites. Part III: Exposure and effects assessment”,
International Journal of Environment and Pollution 9(1):62-89.

SPECIFIC REVISIONS

Page xv. ACRONYMS table
Change acronym FFA/CO to:

“Federal Facility Agreement and Consent Order”

Page 1-1. last paragraph, line 2
Omit the word “a”:
“... waste area group (WAG) at the INEL.”

Page 2-5, Section 2.2.2, line 1
Replace “and” with “an”:
<<.. . . . .an adverse response.”

Table 3-7. pages 3-18-3-19
Status for some species has changed since this report was issued and is updated on a periodic basis.
Information included on this table should be verified prior to use and/or citation.

Figure 3-6 page 3-36
Groundwater pathway from leaching and infiltration through subsurface soil should be shown in this
model.

Figure 3-8 page 3-78
Groundwater pathway from leaching and infiltration through subsurface soil should be shown in this
model.

Table 3-18. Pa.qe3-52. Abbreviations footnote
Parameter values for PP, PV and PS are presented as fractions of diet in Table 3-18, not as percentages.

Page 3-63. Internal Dose Section
Throughout this section, the word “dose” should be read as “dose rate.”

page3-63, line 11
The phrase “Internal radiation exposure dose estimates...” should read “Internal radiation
dose rate estimates ....”

Page 3-64. line 19
ADE is defined as Average decay energy

Paqe 3-64. Equation 10 – Equation 10 should read as follows:

ADE = ~YIE,
,=1



Page 3-64. line 22
Replace the phrase “exposure dosage” with “internal radiation dose rate.”

Page 3-65, Table 3-25 caption
Replace the phrase “exposure dose” with “internal radiation dose rate.”

Page 3-68, Equation 14
The soil density value of 1.68 g/cm3 was taken from:
Binda, R. E. 1981. Evaluation of final surface cover proposal for the INEL Subsurface Disposal Area.
Internal Technical Report WM-FI-81-007, EG&G Idaho, Inc.

Page 4-2, first citation
Correct journal title is Environmental Science and Technology

Page A-6, Table A-1
Second column acronym USC = U. S. Code
First column, item 4 (Threatened Fish and Wildlife) – column 2 citation should be 50 CFR Part 227
Add line to table, Endangered Fish and Wildlife 50 CFR Part 222
First column, item 11 (Protection of Bald and Golden Eagles Act) – column 2 citation should be 16 U. S.
Code 668
First column, item 14- Idaho Fish and Wildlife (Preservation of Fishery Resources)
First column, item 16- Wetlands Conservation Act

Appendix C – page C-9. last paragraph. line 4
The correct taxonomic spelling for the cottontail is S’ylvihrgusnuttallii

Appendix C - page C- 13. 2“~Parawaph. line 1
The correct taxonomic spelling for Oral’s kangaroo rat is Dipodoinys ordii

Appendix C – Page C- 19. 3rdParaqraph. line 1
The correct taxonomic spelling for Nuttall’s cottontail is Sylvilagns nnttdlii

Appendix C – Page C-22. last Param-aph.line 1
The correct taxonomic spelling for the mallard duck is Annsp[atyrhynchos

Appendix C – page C-23. 2“dParamaph. line 1
The correct taxonomic spelling for squirreltail bottlebrush is Sitanion hysfrix (recently reclassified as
Elynws elyinoides).

Page C-43. Section C-3. 1.2. 3rdParamaph. last two sentences
Replace with ”... concentration of Stationary Low-Level Reactor No. 1 (SL- 1) soils (700 pCi/g), the most
contaminated soil after TRA pond sediments. The maximum concentration of 137CSin ICPP soils was 18
times maximum background concentration (3.0 pCi/g).”

Page C-5 1. Section C-3.4. 3rdParamaph, second sentence
Rephrase sentence to “In addition, data maybe insuftlcient to determine... .“

Page C-I- 12. Section C-I- 1.1.3. 3rdParagraph. last sentence
Replace” 1.8” with”1 8“:
... . . . ..soils was 18 times maximum .. ...”

I
3



Page C-I- 12. Section C-I- 1.1.3
A discussion of 238Pu,which is also present at the site at 16.8 times maximum background, is missing
from this section.

Amendix C. Page C-I-35. Table C- 1-5
The 2ANalevel in sage grouse muscle at TRA and ICPP is 3.8 Ci/g.

Appendix D. Page D-5. Section D-3.. first Paramaph. last sentence
Replace the word “annual” with “species”

Appendix D. Paze D-5. Section D-3. INEL Flora
More current taxonomic nomenclature for several native INEEL grasses and chenopods has been adopted
since this manual was issued.

Appendix D. Page D-9. Table D-3
Spelling error in the second sentence of the general comments for Grasslands -Leynzus cinereus.

Appendix D. Page D-9. Table D-3
Replace the word “committees” in the general comments for Salt Desert Scrub with “communities”.

Appendix D. Page D-11. heading Lava. second sentence
The correct taxonomic spelling for fern-bush is Chamaebatiaria millefoliwn.

Atmendix D. Page D-13. 2“dParawatil. fourth sentence
The correct taxonomic spelling for the rough-legged hawk is Buteo hzgopus and for the golden eagle,
Aguikz chrysaetos.

Appendix D. Paqe D-13. heading Mammals. fourth sentence
The correct taxonomic spelling for the mountain sheep is Orvis canadensis.

Appendix D. Paqe D-13. headinrzMammals, eleventh sentence
The current taxonomic name for the least chipmunk is Eutamius minimus.

Appendix D. PaszeD- 16. Section D-5.
Status for some species has changed since this report was issued and is updated on a periodic basis.
1nformation included in this section should be verified prior to use and/or citation.

AP~endix D. Page D-20. Section D-6
Since this manual was issued, INEEL soil mapping has been documented in:
Olson, G. L., D. J. Jeppesen, and R. D. Lee. 1995. “The Status of Soil Mapping for the Idaho National
Engineering Laboratory”, lNEL-95/005, EG&G Idaho, Inc.

Appendix E. Page E-4. Section E-2
Replace bulletined text with the following:
. Potential for contaminant exposure through shared dietary and physical pathways (trophic and habitat

parameters)
. Potential for similar biological response to that exposure (taxon).



Appendix E, Table E-4, pages E-8 through E-15
Two avian functional groups have been subdivided to better account for exposures for below ground
activity (i.e. burrowing).
Group AV21O (page E-9) contains species up to and including the Common poor-will, rerhaining species
have been reassigned to subgroup AV21OA.
Group AV222 (page E-10) contains species up to and including Harris’ sparrow, the rock wren and
canyon wren have been reassigned to subgroup AV222A and the burrowing owl has been redesignated as
group 322A (i.e. changed from an insectivore to a carnivore).

At.mendix E. Page E-17, Table E-5, Tro~hic CateEorv
The correct spelling of the parenthetic contents for the Detritivore code is saprophagous.

Appendix E, Page E-18, Table E-6
More current taxonomic nomenclature for several native INEEL grasses and chenopods has been adopted
since this manual was issued.
The correct taxonomic spelling for the third species from the bottom of the Dominant Species column is
I[ochia scoparia.

Appendix E, Page E-26, 2“dParagraph, line 3
Change “to” to “the”:
“... .SLERAS is the identification of. . ...”

5

. .–..—- .-— . .. . . . .. . .., ..,. ,.. . .... . .— .. .-— —— - .- .—



. . . .——— .—— . .,.- — —

INEEL

No

L

Phase ERA Approach (1995)

wReview Existing Site
Characterization Data

Ecological Screening
Assessments 1Phase 1

Conduct needed
studies

I

OU 10-04 Baseline Ecological
Risk Assessment

No

o
End

4 I I

‘~ Remedial Risk
Assessment

1Phase 2

Figure I Phased approach to ecological risk assessmentat the INHZ.

Phase 3

Phase 4

6



5
lNEL-9J/ol 90

Revision O

Guidance Manualfor Conducting Screening Level
Ecological Risk Assessments at the INEL

Principal Investigators:
R. L. VanHorn
N. L. Hampton

R. C. Morris

-.

Published June 1995

Idaho National Engineering Laboratory
Lockheed Martin Idaho Technologies

Environmental Restoration
Idaho Falls, Idaho 83415

,

Prepared for the
U.S. Department of Energy

Assistant Secretary for the Office of Environmental Management
Under DOE Idaho Operations Office

Contract DE-AC07-941D13223



———— ____ _



ABSTRACT

This document presents reference material for conducting screening level
ecological risk assessments (SLEIUS) for the waste area groups (WAGS) at the Idaho
National Engineering Laboratory. Included in this document are discussions of the
objectives of and processes for conducting SLER4S. The Environmental Protection
Agency ecological risk assessment framework is closely folIowed. Guidance for site
characterization, stressor characterization, ecological effects, pathways of contaminant
migration, the conceptual site model, assessment endpoints, measurement endpoints,
analysis guidance, and risk characterization are included.
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GLOSSARY

Assessment Endpoint Aquantitative orquantifiable eWr~sion of theentironmental value
considered to be at risk in a risk analysis. Examples include a 25% or greater reduction in
gamefish biomass or local extinction of an avian species (Suter, 1993).

Baseline El&% The baseline ERA will use both the information gathered during the screening
level ERA and the results of the data collection effort recommended by the screening level
ERA to assess the present risks posed by the unremediated site. The baseline EM will
not evaluate accident scenarios that might cause a release to the environment.

Bioaccumulatiom The net accumulation of a chemical by an organism as a result of uptake from
all routes of exposure (Suter 1993).

Bioconcentratiom The net accumulation of a chemical directly from aqueous solution by an .
aquatic organism (Suter, 1993).

Biornagnificatiorx The tendency of some chemicals to accumulate to higher concentrations at
higher levels in the food web through dietary accumulation (Suter, 1993).

Ecological Risk Assessment (ERA) The “process that evaluates the likelihood that undesirable
ecological effects may occur or are occurring as a result of exposure to one or more
stressors” (EPA 1992a).

Functional Group: A group of species similar in biological characteristics and potential
contamination pathways, and defined by the following shared characteristics: taxon (class),
feeding habitat, and loafing habitat.

Indicatoc A characteristic of the environment that provides evidence of the occurrence or
magnitude of exposure or effects. Formal expressions of the results of measuring an
indicator are referred to as measurement endpoints. Abundance, yield, and age/weight
ratios are indicators of population production. A low cholinesterase level is an indicator of
exposure to cholinesterase-inhibiting pesticides (Suter, 1993).

Measurement Endpointi A quantitative summary of the results of a biological monitoring study, a
toxicity test, or other activity intended to reveal the effects of a hazard. Examples include
catch per unit effort, standing crop, and LC~O(Suter, 1993).

Measurement Species Those species for which measurement endpoint data are obtained.

Operable Unih A discrete portion of a WAG consisting of one or many release sites considered
together for assessment and cleanup activities.

Rislc The probabil~ty of adverse consequences. In the case of ecological risk ass~sment, the
concern is with adverse consequences to ecosystems caused by human activities.



Note Formally, risk is defined as a probability distribution function for
consequences. In simple cases, only one consequence measure is of interest
(e.g., the steady state concentration of a specified contaminant at a given
location). In more general cases, several measures of adverse impact must be
treated; risk is then the joint distribution function over all of these measures.
Unlike earlier definitions of risk, this definition does not multiply probabilities
and consequences to find the mean (average) consequence; such an operation
masks differences between high probability/low consequence and low
probability/high consequence scenarios (these are often treated quite
differently by decision makers).

Site-wide ERA Site-wide ERA is the result of integrating the risk from each WAG across the
INEL.

Stresscm A physical, chemical, or biological entity that can induce an adverse response.

T/E (Species): Threatened/endangered species as defined by the U.S. Fish and
Wildlife Service.

WAG-wide EI& WAG-wide risk is the result of integrating the risk from each operable unit (as
defined in the Federal Facility Agreement and Consent Order) within a WAG.

xiv



AEc

BLM

BORAX

CERCLA

COPC

DDPs

DOE

EBR-I

EBSL

ECOLIT

EPA

ERA

ERIS

FFA/co

IEDMS

INEL

NCP

NPL

NRDA

NRTS

Ou

RI/FS

ACRONYMS

Atomic Energy Commission

applicable or relevant and appropriate requirements

U.S. Bureau of Land Management

Boiling Water Reactor Experiment

Comprehensive Environmental Response, Compensation, and Liability Act

contaminant of potential concern

decision documentation packages

U.S. Department of Energy

Experimental Breeder Reactor I

ecologically-based screening level

Ecological Literature Database

U.S. Environmental Protection Agency

Ecological Risk Assessment

Environmental Restoration Information System

Federal Facilities Agreement and Consent Order

Integrated Environmental Data Management System

Idaho National Engineering Laboratory

National Oil and Hazardous Substances Pollution Contingency Plan

National Priorities List

natural resource damage assessment

National Reactor Test Station

operable unit

remedial investigation/feasibility study

xv

.—.. -:’7-- ,- — ----, -------



. .

SAM Superfund Amendments and Reauthorization Act

SLERA Screening Level Ecological Risk Assessment

SLQ screening level quotient

TBcs requirements to be considered

T/E threatened and endangered

WAG waste area group

xvi



Guidance Manualfor Conducting Screening Level
Ecological RiskAssessments at the INEL

1. INTRODUCTION

R. L. VanHorn, N. L. Hampton, T. A. Bensen, C. S. Staley

The INEL is a Department of Energy (DOE) facility as defined in Section 101(9) of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
42 U.S.C. 9601(9). This facility has been devoted to nuclear energy research and related activities
since its establishment in 1949. In the process of fulfilling this mission, wastes were generated,
including radioactive and hazardous materials. Most materials were effectively treated, stored, or
otherwise disposed ofi however, some release of contaminants to the environment has occurred
(DOE-ID 1994).

The INEL was listed by the U.S. Environmental Protection Agency (EPA) on the National
Priorities List (NPL), November 21, 1989. In December 1988, the EPA directed that “thorough
and consistent” ecological assessments should be performed at all Superfund sites (EPA 1988).
This directive was based on the language in CERCLA mandating remediation of hazardous waste
sites to protect human health, as well as the environment. The National Oil and Hazardous
Substances Pollution Contingency Plan (NCP), which implements CERCL~ requires that
baseline risk assessments characterize the current and potential threats to human health and the
environment [40 CFR Part 300.430(d)(4)] and specifies that environmental risk evaluations “assess
threats to the environment, especially sensitive habitats and critical habitats of species protected
under the Endangered Species Act” [40 CFR Part 300.430(e)(2)(i)(G)].

Ecological risk assessment (ERA) is the evaluation of the likelihood that undesirable
ecological effects may occur or are occurring as a result of exposure to one or more stressors
(where “stressor” refers to any physical, chemical, or biological entity that can induce an adverse
effect) (EPA 1992a). It has been shown that protecting human health does not always result in
protecting ecosystem integrity (Hegner 1994). Therefore, it is important that the INEL
adequately address the possibility of risk to ecological receptors. The methodology presented in
this manual was developed to conduct screening level ecological risk assessment (SLERA) for the
INEL. The approach emphasizes limiting the number of contaminants to be addressed in a
baseline identi~ing those sites contributing to ecological risk, and producing comparable results
for multiple assessments. It is also important to recognize that this guidance was developed
specifically for use at INEL and may not be applicable to other sites.

1.1 Objectives

The overall objective of this manual is to provide site-specific guidance for performing a
SLERA for each waste area group (WAG) at the a INEL. The development of a single guidance
manual for performing SLEIL4S at each INEL WAG is logical for several reasons. First, the
macro-scale ecological characteristics of the INEL are fairly homogeneous, consisting primarily of
sagebrush steppe, so evaluation of each WAG can be similar. Second, the ERA process is
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relatively new, and the models, methods, and data used are not yet standardized. This guidance
provides a standard approach for the INEL that will eliminate duplication of effort and be cost
effective. Finally, the guidance manual will help ensure that the results obtained are
comprehensive.

SLERAS at the INEL will use existing information to screen contaminated areas by
identi~ng the sites and contaminants that could potentz”allypose a risk to the ecological
components at each WAG. It is stressed that the approach presented in this manual is not
intended to directly measure risk as such, SLERAS are not true risk assessments. Rather, the
goal of SLERAS is to answer the question, “Does a given site/contaminant pose a potential risk to
ecological receptors, or does the site/contaminant present low likelihood for potential risk?”
SLER#M are prerequisites to ERAs, allowing subsequent EIL4s to be focused on those important
sites and contaminants at each WAG. Furthermore, SLERAS will identi~ sites and contaminants
for which data are lacking or inadequate to perform an EIU.

1.2 Manual Organization

Each segment in this manual is designed to provide support to the SLERA activity in
numerous ways. The main body of the document is a source of methodology and provides specific
guidance for the performance of SLERAS. The appendices are designed as reference sources
providing site-specific information in support of the INEL SLERA process.

Section 1 introduces the manual and provides a brief discussion the justification for
development of the methodology. It presents regulatory drivers for performing ERAs, the
scientific approach that is the basis of the guidance, and a general description of the INEL.
Section 2 provides an overview of the baseline ERA processes and objectives, and relates this to
the SLERA processes. It also discusses the limitations and boundary conditions that are assumed
in the SLERA methodology.

Section 3 presents the actual methodology and guidance for conducting a WAG SLERA at
the INEL. This section provides specific guidance concerning the information that should be
contained in each SLERA. Whenever possible and appropriate, INEL-specific examples are
presented. Discussions of the strengths and weaknesses of each step of the methodology are also
included.

Several detailed appendices are included as references to this document. These include
appendices that provide detailed information on the ecosystem at the INEL, the database
developed in support of the guidance manual, the ERIS contaminant database, examples of
toxicity reference value (TRV) development, and the background correlation study performed for
the SLERAs-

Appendix I presents a case study performed to provide lessons learned during the
development of the SLERA methodology. Although the study does not specifically follow the
finalized approach, inclusion of a case study provided a prototype for the WAG-wide SLERA.
The manual development was guided and benefitted by performance of this case study. The study

1-2



is intended to be used for reference only, since the finalized screening methodolo~=presented in
the main guidance differs significantly.

1.3 Regulatory Framework

Risk management and ecological assessment goals and policies are constructed primarily
around federal mandates (including those that regulate hazardous waste cleanup and those that
protect natural resources) and are supported by scientific principles. The primary regulatory
driver for performing ERA at the INEL is CERCLA as amended by the Superfund Amendments
and Reauthorization Act (SARA) of 1986. Additional regulatory drivers are within a set of
applicable or relevant and appropriate requirements (ARARs), which entail consideration of
numerous federal and state laws and regulations concerning natural resource preservation and
protection when evaluating possible response actions.

Section 121(d) (2(A) of CERCLA requires that Superfund remedial actions at hazardous
waste sites meet AIURs such as federal and state standards, requirements, criteria, or limitations
(EPA 1989b; 1989c). In addition to protecting human health, these AR4Rs are aimed at
protecting ecological resources and public interest in those resources. ARARs to be considered
in ERA include, but are not limited to, the Endangered Species Act of 1973 as reauthorized in
1988, the Migratory Bird Treaty Act of 1972, and the Fish and Wildlife Conservation Act of 1980
(EPA 1989b; 1989c). These mandates help to protect resource values that are important to the
general public, such as aesthetic (scenery), economic (timber or grazing allotments), or
recreational (game species) importance. Efforts such as ERA are expended to fulfill the goals of
these regulations.

1.4 Ecological Framework

ERA is a process for identi~ing ecosystem components at risk, addressing spatial and
temporal constraints, assessing stressor effects, and calculating risk. Three ecosystem-level
indicators of viabili~ or integrity provide the foundation for assessing stressor effects: (a) diversity

(composition), (b) productivity (function), and (c) habitat preservation (structure) (Chapman
1991; Ness 1990). These indicators are the basis for a suite of goals that can be used to evaluate
risk to valuable ecological resources at the INEL from chemical and physical stressors, including

● Protection of threatened and endangered (T/E) individuals and populations

● Protection of critical habitats

● Protection of abundance and diversity of native species

● Protection of primary productivity

● Protection of habitat structure

● Protection of natural succession.



These criteria serve as the foundation for relating assessment endpoints to ecosystem-level
effects through the ERA process. ERAs for individual sites will incorporate an approach
designed to identi~ and evaluate threatened ecological components in terms of these criteria.

The EPA Framework (EPA 1992a) states that to be meaningful and effective, ERAs must be
scientifically valid as well as relevant to regulatory needs and public concerns. From a scientific
viewpoint, the ecological effects and routes of exposure must be examined so that important
impacts and transport pathways are not overlooked, and reasonable estimates are made of health
and environmental effects.

Examination of effects at all biological/ecological levels must be considered in ERA, since
environmental stresses will be expressed in different ways at different levels of organization
(Ness 1990). In addition, the “biological significance of an effect is a function of its implications
for the next higher level of biological organization” (EPA 1989a). To ensure that potential effects
are evaluated for all ecological levels, the ERA process draws from the fundamental concepts of
ecological organization (Scheiner et al. 1993):

ECOSYSTEM

I
COMMUNITY

I
GUILD

I
POPULATION

I
INDMDUAL

A SLERA is not intended to assess ecosystem integrity. Rather, it is a prelimina~
assessment, intended to focus ERA on contaminants of potential concern and the ecological
components most likely to demonstrate adverse effects as a result of exposure to those
contaminants. The methodology presented in this manual emphasizes an approach for evaluating
all ecological receptors at the individual level to reduce the possibility that important ecological
effects may be overlooked. The results of the SLERA are designed to support assessment of
higher level ecological effects in subsequent screening or baseline assessments.

1.5 Existing Guidance for Conducting Ecological Risk Assessments

The development of SLERA guidance for the INEL was based on the EPA’s Framework@
Ecological Risk Assessment (EPA 1992a). This framework was developed in 1992 as a first step in
a long-term program for developing guidelines for ecological risk assessment. Supplementary to
its framework, EPA has addressed in documents (e.g., EPA 1989b) and bulletins the need for
specific guidance for applying ERAs to CERCLA sites. The bulletin series, titled “Environmental
Compliance Office (ECO) Update,” includes several publications to date (EPA 1991a; 1991b;
1992q 1992d; 1992e), which provide broad guidance for specific tasks within the ERA process.
Additional material pertinent to ERA at sites affected by SARA is presented in EPA (1989a).
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National and regional aspeck of the Superfund Human Health Evaluation Manual (EPA 1989b;
1989c) are also relevant to EIU4.

The U.S. Department of Energy (DOE) has recognized the usefulness of ERA in programs
at DOE facilities and has published the Policy Framework and Implementation Plan for using
Ecological Risk Assessment at DOE Facilities “(DOE 1993) to incorporate ERA throughout the
DOE complex. The DOE Framework states that ecological risk assessment is a promising tool
that the DOE can use to meet its legal, institutional, and policy commitments to ecological
resources. This framework proposes that DOE adopt the EPA framework as its primary means
for providing technical information on past, present, and future risks to ecological resources
across the DOE complex. However, the DOE Framework also states:

“The more detailed EPA methodology will require years to develop, so the current
framework does not yet provide guidance on how the risk assessment process should be
applied to ecological systems. For example, it does not discuss whether the model
should be applied to ecosystems in their entirety, parts of ecosystems (e.g., individual
habitats, endangered species), or both. It also does not discuss the measurement
endpoints (e.g., changes in numbers of species, changes in abundance, changes in
primary productivity, or changes in energy flow) that should be targeted when risk
assessments are conducted. Therefore, the EPA process should be considered a generic
paradigm for the conduct of ecological risk assessments rather than prescriptive
guidance.”

Consequently, this screening level manual incorporates information from both the EPA
Framework (EPA 1992a) and the DOE Framework (DOE 1993) to develop a site-specific
methodology for SLERA at the INEL.

1.6 INEL Description

1.6.1 INEL History

The INEL is a DOE facility that has been devoted to nuclear energy research and related
activities since being established in 1949. The INEL was originally designated as the National
Reactor Testing Station (NRTS) by the U.S. Atomic Energy Commission (AEC). The NRTS
provided an isolated location where nuclear reactors and support facilities could be built and
tested. In 1974, the NRTS was redesignated as the INEL to reflect the broad scope of
engineering activities taking place. Today, research, training, and production activities related to
defense and non-defense programs are conducted at the INEL. Approximately 95% of the INEL
has been controlled by DOE (formerly the AEC) for over 40 years. The remaining 5% includes
public highways crossing the Site, the Naval Reactors Facility, and the Experimental Breeder
Reactor I (EBR-1) historic landmark.

Before the INEL was established, the land was under control of the U.S. Bu{eau of Land
Management (BLM). The land was withdrawn from the public domain through a series of public
land orders in 1946, 1949, and 1950. Until then, the area was used primarily as rangeland. From
1,200 to 1,400 km2 (470 to 550 mi2) around the perimeter of the INEL are open to grazing
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through permits administered through the BLM; however, since 1957, the central portion of the
INEL [approximately 1,385 km2 (535 mi2)] has been maintained as a grazing exclusion area.
Other areas of the Site have been used as bombing and gunnery ranges, and some areas have
been cleared for large projects [approximately 700 km2 (270 mi2)]. Despite these disturbances,
much of the INEL has been excluded from public access and therefore has been left relatively
undisturbed.

In 1972, the DOE established the INEL as a National Environmental Research Park. It is
the second largest of seven such Parks and is one of two which contain sagebrush steppe
ecosystems. The primary purpose of the Research Parks is to provide outdoor laboratories where
scientists may study undisturbed ecosystems and the impacts of energy development on them. A
secondary purpose of the Research Park network is to provide education about the natural
environment and environmental issues.

1.6.2 INEL Location and Description

The INEL occupies 2,300 km2 (890 mi2) on the northwestern portion of the eastern Snake
River Plain in southeastern Idaho (Figure l-l). It is nearly 63 km (39 mi) long from north to
south and about 58 km (36 mi) wide in its broadest southern portion. Mountain ranges bordering
the INEL on the north and west are the Lost River Range, the Lemhi Range, and the
Beaverhead Mountains. The INEL is surrounded by agricultural lands, U.S. Forest Service lands,
and BLM lands managed as rangeland. Irrigated farmlands exist adjacent to approximately 25%
of the INEL boundary. Crops grown on these lands include alfalfa, wheat, and potatoes. These
areas also provide food and water resources for some INEL wildlife.

In the western and northern portions of the INEL, intermittently flowing waters from the Big
Lost River, the Little Lost River, and Birch Creek flow to the Lost River Sinks in the northwest
portion of the INEL. Water evaporates and infiltrates into the Snake River Plain Aquifer at the
sinks. Much of the water is diverted for irrigation and power production before reaching the
INEL and the waters only flow onto the site when there is sufficient snowpack runoff. Nineteen
ninety-three was the first year since 1986 when sufficient runoff existed for the Big Lost River to
flow onto the INEL and this occurred for only a few weeks. However, prior to 1986, flows in the
section of the Big Lost River on the INEL were a regular, seasonal occurrence (spring). Major
surface water drainages do not flow off the INEL.

1.6.3 INEL Waste Area Groups Description

INEL hazardous waste sites have been systematically divided into smaller, more manageable
waste areas (i.e., WAGS) through a Federal Facilities Agreement and Consent Order (FFA/CO)
between the EPA, State of Idaho, and DOE-ID in December 1991. The FFA/CO divides the
INEL into 10 WAGS to facilitate environmental remediation efforts. WAGS 1 through 9
generally correspond to U.S. DOE-INEL operational facilities, while WAG 10 corresponds to
overall concerns associated with the Snake River Plain Aquifer and those surface and subsurface
areas not included in the bounds of the facility-specific WAGS (EPA 1991c). Within a WAG, the
multiple locations, or sites, of contamination (also known as “potential release site”) are grouped
together by similar contamination problems or boundaries and called operable units (OUS). Sites
range in size from large facilities to small rubble piles and also include pits, percolation ponds,
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landfills, septic systems, injection wells, trench=, andabandonedtanb. Locations of WAGsl
through 9 at the INEL are shown on Figure 1-1. SLERAs will be performed for individual
WAGs, with each SLERA considering all OUS (hence, all stressors).

1.6.3.1 WAG 1 Description. WAG 1 consists of several subareas at Test Area North
(TAN) including the Technical Support Facility (TSF), Water Reactor Research Test Facility
(WRRTF), Loss-of-Fluid Test Facilily (LOFT), Initial Engine Test Facility (IET) and Specific
Manufacturing Capability Facility (SMC).

The TSF consists of facilities for handling, storage, examination, and research and
development of spent nuclear fuel. The Process Experimental Pilot Plant (PREPP) is also
located at TSF.

The IET was designed as a testing location for the nuclear jet engines developed in the
1950s and early 60s and has been abandoned. It still includes some sites being investigated under
the FFA/CO (EPA 1991d).

LOFT and SMC are contiguous facilities west of TSF that consist of structures built for
those two operations and old buildings from the Aircraft Nuclear Propulsion program. LOFT is a
facility constructed for nuclear reactor tests that has been decommissioned. SMC is an active
facility manufacturing components for a U.S. Department of Defense (DOD) non-nuclear
weapons system.

WRRTF facility consists of two building that have supported several non-nuclear tests,
mainly for simulation and testing water systems used in reactors.

Potential release sites at WAG 1 include underground storage tanks, spills, disposal sites,
pits, ponds, waste disposal systems, rubble disposal sites, and injection well(s). Hazardous,
radioactive, and mixed waste exist at those sites. WAG 1 is divided into 10 OUS consisting of
71 sites. Possible contaminants include asbestos, petroleum products, acids and bases, and
radionuclides.

1.6.3.2 WAG 2 Description. WAG 2 is the Test Reactor &ea (TRA). This facility was
designed to study the effects of radiation on materials, fuels, and equipment. The Advanced Test
Reactor (ATR) is the only large reactor operational within TRA. It is designed to produce a
neutron flux that allows simulation of long-duration radiation effects on materials and fuels. It
also produces isotopes for use in medicine, research, and industry.

Potential release sites associated with various facilities at TRA include leaching ponds,
underground storage tanks, rubble piles, cooling towers, an injection well, french drains, and
assorted spills where hazardous and radioactive wastes may exist. WAG 2 is divided into 10 OUS
consisting of 51 potential release sites. Possible contaminants include petroleum products, acids,
bases, PCBS, radionuclides, and heavy metals.

1.6.3.3 WAG 3 Description. WAG 3 is the Idaho Chemical Processing Plant (ICPP) that
houses reprocessing facilities for federal government defense and research spent fuel. Facilities at
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ICPP include spent fuel storage and reprocessing areas, a waste solidification area and related
waste storage bins, remote analytical laboratories, and a coal-fired steam generating plant.

Potential release sites associated with various facilities at ICPP include sumps, ponds, and
injection wells, spills, and tank farm storage of hazardous substances. Potential contaminants
include organics, radionuclides, metals, corrosive+ petroleum wastes, and mixed wastes. WAG 3 is
divided into 14 OUS consisting of 83 potential rele~e sites.

1.6.3.4 WAG 4 Descr@fion. WAG 4 is the Central Facilities Area (CFA). Services for all
of the INEL are headquartered here, including, environmental laboratories, security, fire
protection, medical facilities, communications systems, warehouses, a cafeteria, vehicle and
equipment pools, bus system, and laundry.

Potential release sites include spills, underground storage tanks, the INEL landfill, ponds,
leach fields, and leach pits. This WAG is divided into 13 OUS with 29 potential release sites.
Potential contaminants include solvents, PCBS, asbestos, radionuclides, unexploded ordnance,
heavy metals, and construction debris.

7.6.3.5 WAG5 Description. WAG 5 consists of the Power Burst Facility (PBF) and the
Auxilia~ Reactor Area (A&4). PBF is located in an area originally constructed for the Special
Power Excursion Reactor Tests (SPERT). The four SPERT reactors, built in the late 50s, have
been removed and the facilities have undergone partial or complete decontamination and
decommissioning (D&D). The PBF reactor is still operational and is currently in standby mode.
Four groupings of buildings are designated as the AR& These facilities supported various
activities including the operation of test reactors. All the reactors have been removed and the
facility has undergone partial or complete D&D.

Potential release sites include tanks, evaporation ponds, percolation ponds, leach fields, pits,
and dry wells. This WAG is divided into 13 OUS with 48 potential release sites. Potential
contaminants are petroleum products, hazardous waste, radionuclides, metals, radioactively
contaminated soil, rubble, and debris.

1.6.3.6 WAG 6 Description. WAG 6 includes the EBR-I and the Boiling Water Reactor
Experiment (BORAX) areas. These areas were both constructed to house test reactors and have
since been decommissioned. EBR-I is now a national historic landmark. The BORAX area
housed five reactors, but many of the facilities have been dismantled or moved, and no operations
(other than monitoring) take place in the area.

Potential release sites include the BORAX-I burial site (grouped under WAG 5), a trash
dump, fuel oil tanks, septic tanks and a leach pond. The WAG is divided into five OUS with 21
potential release sites. Potential contaminants from past operations are organic and inorganic
chemicals, radionuclides, and metals.

1.6.3.7 WAG 7 Description. WAG 7 is the Radioactive Waste Manageme~t Complex
(RWMC). The RWMC was established in 1952 as a controlled area for disposal of solid
radioactive wastes generated by DOE operations at. the INEL and other DOE sites. The primary
RWMC site is the Subsurface Disposal Area (SDA), including numerous pits, trenches, and vaults
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containing wastes, as well as a large pad where waste was placed above grade and covered. The
Transuranic Storage Area (TSA) within the RWMC has been used since the early 1970s for
retrievable storage of transuranic waste on earthen-covered pads and in facilities.

The WAG is divided in 14 OUS including the air, groundwater, and surface-water pathways,
as well as the vadose zone for both radionuclide/metals and organics.

7.6.3.8 WAG 8 Description. WAG 8 is the Naval Reactors Facility (NRF), operated by
Westinghouse Electric Corporation for the DOE Naval Reactors Program. This facility contains
prototype Naval reactors used for research and development and for training of Naval personnel.
The NRF also contains the Expended Core Facility, which supports research and development
efforts on reactor materials by preparation and examination of irradiation test specimens and
irradiated Naval reactor fuel.

Potential sites include landfills, old spills, wastewater disposal systems (e.g., ponds, ditches,
basins, drains, and drain fields) and storage areas. The WAG is divided into nine OUS with
76 potential release sites.

1.6.3.9 WAG9 Description. WAG 9 is the Argonne National Laboratory-West (ANL-W)
complex. ANL-W operates the Experimental Breeder Reactor II, the first pool-type liquid-metal
reactor. The complex also has four other reactors and two fuel examination facilities.

Potential sites include tanks and wastewater handling/disposal systems such as ditches, ponds,
pits, and drains. The WAG consists of four OUS with 37 potential release sites.

1.6.3.10 WAG 10 Description. WAG 10 includes areas in and around the INEL that
cannot otherwise be addressed on a WAG-specific basis. These include the regional Snake River
Plain Aquifer and surface disposal sites and ponds identified at the INEL but which are not
included in other WAGS. The boundaries of WAG 10 are INEL boundaries or beyond, as
necessa~, to encompass real or potential impacts from INEL activities. WAG 10 consists of
12 specifically identified and seven generally identified sites divided into seven OUS. Specific sites
at WAG 10 include, among others, the Liquid Corrosive Chemical Disposal Area located between
WAGS 6 and 7, the Organic Moderated Reactor Experiment leach pond located between WAGS
4 and 5, former ordnance areas (including the old Naval Ordnance Disposal Area) located at
numerous sites on the INEL, and miscellaneous radionuclide-contaminated soil sites.
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2. SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT

R. L VanHorn, N. L. Hampton, T. A. Bensen, C. S. Staley

This SLEW guidance manual was developed based on the approach shown in Figure 2-1.
The approach incorporated data evaluation and a case study to assist in the development of the
SLEW guidance manual. Therefore, knowledge gained from developing the case study and
assimilating the data early in the investigation could be used to refine initial objectives and guide
subsequent work on the screening level manual. A SLERA for each WAG at the INEL will be
performed based on the methodology developed in this manual. As shown in Figure 2-1, the
need for a more detailed ERA is dependent on the results of the SLERA. EIL4.s, where
necessa~, will be completed as part of comprehensive remedial investigation/feasibility studies
(RI/FS) for selected WAGS.

Input from a Biological Technical Assistance Group (BTAG) is recommended by EPA
(1992e) and should be used throughout the ERA process (Figure 2-l). BTAG members should
represent a variety of discipline-s, including wildlife biology, soil science, wildlife toxicology,
ecolo~, geology, hydrology, risk assessment, and wetland science. In an advisory and review
capacity, the BTAG serves several essential functions to ensure adequate consideration of
ecological issues at Superfund sites. These functions include initial site review, assistance in work
scope development, review of contractor qualifications and performance, review of interim and
final products, evaluation of remedial alternatives, and advice on remedial decisions, remedial
design, and remedial actions (EPA 1991a).

The EPA Framework (EPA 1992a) stresses the importance of a stepwise approach to ERA
at Superfund sites. These steps include the problem formulation, analysis, and risk
characterization (Figure 2-2). The EPA Framework (EPA 1992a) very generally discusses each of
these steps based on the needs of a baseline ERA The approach presented for SLER4 parallels
the three steps of the ER4 framework. This section presents a brief discussion on the risk
assessment processes as they relate to a baseline ERA and then summarizes the approach as
developed for the SLERA. The guidance specific to SLEW for these steps is presented in
Section 3.

2.1 Objectives and Directives of an Ecological Risk Assessment

The general goals of a baseline ERA are to:

● Contribute information and analysis that will aid in the remedial decision-making
process

● Inform risk managers and the public of the magnitude and significance of ecological
risks at the site, and

,
● Enhance the credibility of the entire baseline risk assessment by ensuring that risks to

nonhuman receptors are evaluated.
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SLERAS are the first step toward attaining these baseline ERA goals. Specifically, SLERAS
will identi~ those sites/OUs at the INEL that could potentially pose a risk to ecological receptors
(including sites needing additional data), while eliminating other sites which pose no or low
likelihood of risk. SLERA methodology is a semi-quantitative approach and does not actually
quanti~ risk. Those sites identified by SLERAS as posing potential risk will be evaluated in
greater detail (i.e., risks will be quantified) in subsequent ElMs. The baseline ERA will be
completed during the comprehensive RIIFS for selected sites.

The general SLERA objectives are to:

● Identi& contaminants of potential concern (COPCk) (if any) at each WAG that
contribute an unacceptable ecological risk and identi~ sites within the WAG that
contribute to this risk. It is possible, using this screening level methodology, that a
WAG may be completely eliminated as a contributor to unacceptable ecological risk.

● Identi~ data and/or monitoring that will be required to perform a baseline EW if the
potential for ecological risk is found through the screening level process.

SLERAS will be conducted at the INEL in accordance with specific federal regulations and
other A.IURs, as well as in a scientifically valid manner. Consideration of regulatory drivers and
adherence to ecological principles ensures that SLElL4s will address all important ecological
concerns.

2.2 Problem Formulation

“Problem formulation includes a preliminary characterization of exposure and effects, as well
as examination of scientific data and data needs, policy and regulatory issues, and site-specific
factors to define the feasibility, scope, and objectives for the ecological risk assessment”
(EPA 1992a).

The activities performed in the problem formulation are highly interactive and interrelated.
The problem formulation directs the level of detail and information that will be needed to
complete the assessment and ultimately results in a conceptual site model that describes how a
given stressor might affect the ecological components in the environment.

The primary difference between an ERA and a SLERA is the level of detail at which
selected components are addressed. In general, SLERA modeling is much more simplistic than
that required for a baseline ERA. For example, spatial distribution of contaminants at a WAG
may be modeled at high resolution for an Em while very little of this type of analysis is
appropriate for a SLERA.

2.2.1 Ecosystem Characterization

For SLEW as in Em ecosystem characterization includes defining the assessment area,
describing the types and abundance of different flora and fauna species and their trophic
relationships, and describing any abiotic factors that may be important to the assessment (e.g.,
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climate, topography, soil). The prima~ difference is the level of detail that is necessary to fulfill
the objectives of the risk assessment.

In an E% detailed spatial and temporal scale are necessary to define the landscape that the
assessment will encompass. As stated in EPA (1992b), spatial scale “delineates the area over
which the stress is operative and within which direct ecological effects may occur. Indirect
ecological effects may greatly expand the spatial scale required for the assessment.” Temporal
scale is also defined as “the expected duration for the stress, the time-scale for expression of
direct and indirect ecological effects, and the time for the ecosystem to recover once the stress is
removed” (EPA 1992b). Spatial scale for SLERA is confined to an area which has been defined
using existing contaminant sample data. SLERA addresses only current conditions. As a result,
temporal considerations for ecological effects are primarily deferred to the analysis and are
incorporated in the calculation of exposure.

Ecosystem characterization, and problem formulation in general, is aided by the large amount
of data describing the ecosystem and the stressors at the INEL. DOE-ID supported ecological
research has been conducted at the INEL for over 40 years. These studies include investigations
of the basic ecology of the species inhabiting INEL, the exposure of these species to
contaminants, and the fate and transport of contaminants. Although much of this research has
been limited to addressing specific problems unique to the INEL.

A unique aspect of the SLERA process presented in this guidance is the use of “functional
grouping” for ecological components. The primary purpose for this approach is to take advantage
of existing data from one or more species within the group to address potential effects to the
group as a whole. In addition, functional grouping introduces a consistent, systematic approach to
defining SLERA assessment and measurement endpoints and a simplifies the process of
identi~ing and screening numerous species. It also provides a repeatable method for focusing the
assessment on components at highest potential for exposure to contaminants and allows explicit
interpretation of assessment results. The process is applied in all steps of the SLERA. SLERA
guidance for applying functional grouping is presented in Section 3.2.3.2.

2.2.2 Stressor characterization

DOE (1993) defines a stressor as “any physical, chemical, or biological entity that can induce
and adverse response.” Chemical stressors include a variety of organic and inorganic substances.
Physical stressors include extremes of natural conditions and habitat alteration or destruction.
Biological stressors can include introduced species that compete for resources, or overuse of a
habitat by a introduced or native species.

The DOE Framework (DOE 1993) proposes a holistic approach that would execute an
“umbrella” ERA for the major combinations of ecological resources and stressors. However,
because SLERAS at the INEL are CERCLA-driven, emphasis will be placed on the chemical
stressors. While behavioral modifications resulting from both contaminant and physical stressors
may affect assumptions regarding receptor exposure, these concepts are outside the scope of
SLERA. Physical and biological stressors will not be addressed in the SLERA guidance.
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For the SLEW identification of the COPCS and the development of a concentration for
contaminated media will be a major focus. This approach necessitates compiling sample data
collected for human health risk assessment and developing a database for use for the SLERA
Large amounts of data are available from sampling at the INEL and will require screening to
focus the assessment on those contaminants potentially posing a risk. This is discussed in detailed
in Section 3.

2.2.3 Ecological Effects

Ecological effects in the overall context of ecological risk relates to the adverse (toxic)
effects possible to the ecosystem due to exposure to a contaminant. There may also be positive,
or no effects as a result of exposure, but these are not generally considered in an assessment.
According to EPA (1989c), a toxicity assessment includes (a) gathering qualitative and
quantitative toxicity information for the substance being evaluated, (b) identifying exposure
periods for which toxicity values are necessa~, (c) determining toxicity values for noncarcinogenic
effects, and (d) determining toxicity value for carcinogenic effects. Relevant sources of ecological
effects data are summarized in the problem formulation stage of the ERA process. These sources
of information include field observation, field tests, laboratory tests, and chemical structure-activity
relationships. Information on ecological effects can help focus the assessment on specific stressors
and on ecological components that should be evaluated (EPA 1992a). To support this activity,
available ecological literature is reviewed and analyzed for information important to developing
the conceptual site model.

2.2.4 Pathway/Exposure Models

An exposure analysis can become extremely complex. This complexity is based on the
possibility of qualitatively examining the spatial and temporal relationships in conjunction with
quanti~ing the exposure. In assessing the spatial scale of the interaction between the stressor
and potential receptor, the physical extent of the contaminant and the ranging behavior of the
potential receptor must be determined. An effect is possible only if the stressor and the
potentially affected ecological component overlap in time and space. Assessing the temporal scale
of the interaction between stressors and target ecosystem components must take into
consideration the time necessary for the contaminant or physical stressor to reach the target
component, whether the exposure is acute or chronic and whether the effects occur immediately
or are delayed.

The models supporting the SLERA exposure analysis include a food web model, a
pathways/exposure model, and a conceptual site model. For the SLER~ major pathways of
exposure are identified and evaluated. These pathways generally include surface and subsurface
soil, surface water, and sediments. Typically, four direct exposure routes are considered in
ecological risk assessments, as they are in human health risk assessments. These routes are (a)
ingestion (soil and water), (b) inhalation, (c) dermal contact, and (d) for radionuclides only,
external exposure. Indirect exposures resulting from transfer of contaminants from prey to
predator are also incorporated in the exposure analysis. For vegetation exposure Assessment,
analysis of root uptake and leaf absorption k required.
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Due to the nature of the contamination at the INEL, it is anticipated that these models will
generally account for most of the potential risk to the ecosystem from a WAG. However,
consideration of potential effects for other exposure routes may be required depending on the
COPC, the functional group at risk, and the site characteristics. Volatile organic compounds
present at buried waste sites at the INEL, for example, may re@ire consideration of both dermal
contact and inhalation exposure routes. Groundwater pathways have also been eliminated from
consideration for several reasons. Primarily, they are considered to have no receptors of concern
for which effects can be readily observed or measured. However, groundwater maybe evaluated
as part of the baseline ERA

2.2.5 Conceptual Site Model

Simplistically, the conceptual site model combines the ecological and contaminant
characteristics of the ecosystem (i.e., the food web and pathways/exposure models) being analyzed
to develop exposure scenarios for use in assessing the risk at the site. The EPA Framework
(1992a) states that for chemical stressom, the exposure scenario usually involves consideration of
the sources, environmental transport, partitioning of the chemical among various environmental
media, chemical/biological transformation or speciation processes, and identification of potential
routes of exposure (e.g., ingestion).

In the SLERA process, the creation of a conceptual site model involves integrating one or
more generic pathways/exposure models and receptors with indirect exposure effects (prey
consumption). This step provides an indication of the risk as the situation at the site currently
exists.

In ERAs, it is possible for conceptual site modeling to encompass great detail of the
interactions of receptors and potential stressors in the environment. Generally, the major focus
of the conceptual model is the development of a series of working hypotheses regarding how the
stressor might affect ecological components of the natural environment (NRC 1986).
Realistically, only those hypotheses that are considered most likely to contribute to risk are
selected for further evaluation in the analysis phase. Professional judgment is needed to
determine the detail necessary to evaluate the risk and to select the most appropriate risk
hypotheses. It is important to document the selection rationale (EPA 1992b).

2.2.6 Assessment and Measurement Endpoints

Assessment endpoints are “formal expressions of the actual environmental values that are to
be protected” (Suter 1989). The considerations that must be incorporated to produce appropriate
assessment endpoints include (EPA 1992a):

● Policy goals and societal values

● Ecological relevance

● Susceptibility to the stressor

● Accessibility to prediction and measurement.
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In an Em emphasis is generally placed on assessment endpoints that are defined in terms
of societal, as well as biological, relevance. As a consequence, assessment endpoints are often
limited to species or other ecosystem components that are highly valued by both the public and
decision-makers. However, these highly valued components of the ecosystem do not necessarily
have sufficient biological relevance in terms of the risks being assessed (Suter 1993).
Establishment of intermediate linkages between the stressor and appropriate endpoints is often
complicated, and assessment endpoints are diftlcult to define. Professional judgement plays an
important role in the selection of assessment and measurement endpoints (EPA 1992a).

For SLEW definition of assessment endpoints is much more simplistic. SLEIL4 endpoints
are not intended to reflect ecosystem integrity, nor are they to be used to set remedial clean-up
levels. Rather, SLERA endpoints are intended to identify contaminants of concern and the
ecological receptors that have the greatest potential for being adversely affected through exposure
to those contaminants. Only ecological relevance and regulatog criteria [i.e., consideration of
threatened and endangered (T/E) species] are used to define endpoints, and an effects-based
approach is applied to interpret assessment results in terms ofi

● Potential effects to WAG T/E individuals and populations

● Potential effects to WAG biota (functional groups)

● Potential effects to WAG critical habitats.

ERA endpoint definitions are summarized in the EPA Framework (EPA 1992a) and
discussed in detail by Suter (1989; 1992 1993). These documents emphasize the distinction
between assessment and measurement endpoints.

A measurement endpoint is “a quantitative expression of an observed or measured effect of
the hazard; it is a measurable environmental characteristic that is related to the valued
characteristic chosen as an assessment endpoint” (Suter 1989).

For SLEF@ contaminant effects for ecological components are not measured directly.
Rather, measurement endpoints are defined as the input values for exposure models used to
develop ecologically-based screening levels (EBSLS). EBSLS are then used as benchmark criteria
for screening (see Section 3.3.1). Identification of existing data that can be used to model
exposures for functional groups or other ecological components is the prima~ method by which
SLERA measurement endpoints values are derived.

2.3 Analysis

The EPA Framework (EPA 1992a) states that the analysis phase of the ERA consists of (a)
the exposure assessment (characterization of exposure), and (b) the ecological effects analysis.
The exposure assessment involves using the information gathered during the problem formulation
phase (i.e., contaminant migration and pathways model and stressor characterizati~n) to identify
actual or potential exposure routes to ecological receptors, and evaluate the magnitude of
exposure to those receptors. In the exposure assessment, exposure concentrations are estimated
for each contaminant, for each exposure pathway, and for each receptor. This exposure
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information is then used in conjunction with toxicological information to calculate a dose to the
ecosystem (functional group) to determine any ecological effects.

The primary difference between an ERA and a SLERA is the level of conservatism used.
Simplified conservative assumptions are made concerning the exposure routes and evaluation of
the magnitude of exposure of the receptor to contamination. For example, the conservative
assumption that exposure duration (ED) is 1.0 for ecological receptors in the analysis, that are
year round residents and 0.5 for ecological receptom that are summer residents is made in the
exposure assessment in the SLERA (Section 3.3.1.3). In an Em the ED would be more
realistically and less conservatively modeled. For SLEW this section will be referred to as the
“screening analysis” rather than “risk analysis” (Section 3.3).

2.3.1 Exposure Assessment

The ERA exposure assessment is used to determine (qualitatively and quantitatively) the
magnitude, frequenq, duration, and routes of exposure (i.e., the dose to the receptor). The
stressor characterization and the ecosystem characterization performed during the analysis phase
of the ERA provide the basis for the exposure analysis and profile (EPA 1992a). These processes
are generally conducted concurrently.

Using information obtained from the exposure assessment, the exposure profile quantifies the
magnitude and spatial and temporal patterns of exposure for the scenarios developed during
problem formulation and seines as input to the risk characterization phase. The exposure profile
is only effective when its results are compatible with the stressor-response profile. For example,
appraisals of potential acute effects of chemical exposure may be averaged over short time periods
to account for short-term pulsed stressor events. It is important that characterizations for chronic
stressors account for both long-term, low-level exposure and possible shorter term, higher level
contact that may elicit similar adverse chronic effects.

2.3.1.1 Sfressof Characterization. The contaminant fate and transport through the
terrestrial and aquatic environments for the contaminants that have been identified in the
problem formulation are discussed here. During the analysis phase, these contaminants are
thoroughly discussed to obtain a complete picture of their movement and activity in the
environment. This information combined with the ecological effects analysis provides an effective
picture of the potential movement of the COPC through the ecosystem and allow for an adequate
characterization of the risk. Once the COPCS dominant environmental pathways and fate
processes are understood quantitatively, a much clearer picture emerges of the nature of the
contamination issue, the behavior of the chemical, and how conditions may be modified to reduce
concentration, and hence reduce exposure (Suter 1993).

For the SLEW a limited fate and transport section will be included. Characterization of
the stressor as a value representing the amount of contaminant present in a medium is a major
focus of the SLERA. This characterization necessitates compiling sample data that has been
collected on the site for human health risk assessment and developing a database ~or conducting
the SLERA. This effort is discussed in detail in Section 3.
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2.3.1.2 Ecosystem Characterization. The ecosystem characterization performed as part
the problem formulation is the basis for further analysis of the ecosystem characterization
conducted for the exposure assessment. In particular, the spatial and temporal distributions of the
ecological components are characterized, and the ecosystem attributes that influence the
distribution and nature of the stressor are considered (EPA 1992a).

The exposure assessment ideally combines the spatial and temporal distributions of both the
ecological components (receptors) and the stressors. The temporal and spatial scales used to
evaluate the stressor need to be compatible with the characteristics of the ecological component
of interest. A temporal scale may encompass the lifespan of a species, a particular life stage, or a
particular cycle (e.g., the long-term succession of a forest community). A spatial scale may
encompass a forest, a lake, a watershed, or an entire region. Strexsor timing relative to organism
life stage and activity patterns can greatly influence the occurrence of adverse effects. Even
short-term events may be significant if they coincide with critical life stages. Periods of
reproductive activity may be especially important because early life stages often are more sensitive
to stressors, and adults also may be more vulnerable at this time.

For SLERA purposes, both the temporal and spatial analyses will be simplified as discussed
in Section 3. The receptors are assumed to be exposed to stressors to the maximum extent,
perhaps beyond what is actually expected (for example, assuming that a raptor captures 100% of
its prey from a contaminated site, and that all the prey are exposed to maximum contaminant
concentrations). It is assumed that for all contaminants there are potential pathways to ecological
receptors since sites or contaminants with no potential pathway (e.g., diesel fuel in perched water)
are eliminated from further analysis. A conservative toxicity reference value (TRV) approach will
be used to quantitatively model the exposure. The formula presented in this guidance for use in
the SLERA (Section 3.3.2), is appropriate for terrestrial pathways and direct ingestion of abiotic
media.

2.3.2 Effects Assessment

The purpose of the effects (or, stressor-response) assessment is to characterize the toxicity of
stressors to selected ecological receptors. The relationship between stressors and ecological
effects elicited is quantified, in this assessment as cause-and-effect relationships are evaluated, and
a stressor-response profile is developed. This stressor-response profile is used as input to risk
characterization.

The type of effects data that are evaluated depends largely on the nature of the stressor and
the ecological component under evaluation (EPA 1992a). Effects elicited by a stressor may range
from mortality and reproductive impairment in individuals and populations to disruptions in
community and ecosystem function such as primary productivity.

In a SLERA the effects assessment (i.e., stressor/response relationship is reduced to a
threshold concentration or dose below which exposures can be assumed to be safe. Simple
extrapolations of critical exposure levels (QCEs) are usually adequate. Site-specific data should
be used whenever possible. Whichever source is used to develop QCEs, the primary reference
should be obtained when possible to fully review and interpret the data as presented by the
authors of the original study.
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2.3.3 Stressor-Response Profile

In Em the results of the characterization of ecological effects are summarized in a
stressor-response profile that describes the stressor-response relationship, any extrapolations and
additional analyses conducted, and evidence of causality (e.g., field effkcts data).

Ideally, the stressor-response relationship will relate the magnitude, duration, frequency, and
timing of exposure in the study setting to the magnitude of effects. For practical reasons, the
results of stressor-response curves are often summarized as one reference point, for instance, a
48-hour LC50 Although useful, such values provide no information about the slope or shape of
the stressor-response curve. When the entire curve is used, or when points on the curve are
identified, the difference in magnitude of effect at different exposure levels can be reflected in
risk characterization.

It is important to clearly describe and quantitatively estimate the assumptions and
uncertainties involved in the evaluation, when possible. Examples include variability in ecological
characteristics and responses and uncertainties in the test system and extrapolations. The
description and analysis of uncertainty in characterization of ecological effects are combined with
uncertainty analyses for the other ecological risk assessment elements during risk characterization.

However, this type of analysis is beyond the scope of a SLERA since the results are
summarized as one reference point as discussed above. The stressor-response profile is not
presented.

2.4 Risk Characterization

The final step of EM risk characterization, involves the evaluation of the likelihood of
adverse effects occurring as a result of exposure to stressors (EPA 1992a). Risk characterization
in SLEW includes two major steps: risk estimation and risk description. This section
summarizes the uncertainties identified during all phases of the SLEW Supporting information
in the form of a weight-of-evidence discussion is also presented. The results of the SLEW are
then discussed with the risk manager.

Differences in risk characterization for EM and SLERA are substantial. Risk estimation
for SLERA incorporates a hazard quotient method to identi~ those contaminants that potentially
could cause an adverse effect to ecological receptors. These contaminants will then be carried
into the ERA The screening-level evaluation includes a qualitative discussion of the
uncertainties inherent in the assessment. The evaluation of potential risk is basically a summary
of the results of the hazard quotient analysis. It is beyond the scope of the SLEW to include a
weight-of-evidence assessment and an interpretation of the ecological significance of the results.
Consequently, this section will be referred to as the screening level evaluation rather than “risk
characterization.”

2.4.1 Risk Estimation
,

The risk estimation phase of ERA compares the exposure and stressor-response profiles as
well as estimates and summarizes the associated uncertainties (EPA 1992a). The results of the
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exposure and effects assessments are integrated to obtain an estimate of the level of effects that
will result from the exposure. The uncertainty analysis identifies and if possible, quantifies the
uncertainty in the assessment (EPA 1992a).

2.4.1.1 Integration of Stressor-Response and Exposure Profiles. There are three
general approaches to integrating stressor-response and exposure profiles: (1) comparing single
effect and exposure values, (2) comparing distributions of effects and exposure, and (3)
conducting simulation modeling. The first approach is used for SLERA. Any of these
integrations requires that the dynamics of exposure and effects be expressed in terms of common
dimensions (Suter 1993).

Comparing single effect and exposure values. One commonly used method for determining
risks is the “quotient method,” i.e., ratios of dosage to appropriate effects. These ratios are
termed “hazard quotients” (HQs) or screening level quotients (SLQS). The quotient method is an
appropriate means of identi~ing COPCS in a risk assessment. There are analogous uses discussed
for human health effects (EPA 1989c). Generally, a quotient less than the risk target, implies low
likelihood for adverse effects from that contaminant. Correct usage of the quotient method is
highly dependent on professional judgment, particularly in instances when the quotient
approaches the risk target.

The quotient approach is useful for a number of reasons. In addition to allowing summation
of effects, the approach also enables the determination of relative risk from the suite of
contaminants under consideration, and to carry higher risk COPCS through to more detailed risk
assessment, while dropping those with low risk. Furthermore, they can be used to prioritize
actions (e.g., more sample analyses or site measurements) according to relative risk.

Greater insight into the magnitude of the effects expected at various levels of exposure can
be obtained by evaluating the full stressor-response curve instead of a single point and by
considering the frequency, timing, and duration of the exposure. This is the next logical step if
contaminants with quotients greater than risk target are identified.

Comparing distributions of effects and exposure. This approach examines the overlap in
distributions of effects and exposure. Risk is quantified by the degree of overlap between the two
distributions. This method requires sufficient data amenable to statistical treatment.

Conducting simulation modeling. Simulation models, which integrate the stressor-response
and exposure profiles, can estimate the probability that effects will occur as a result of exposure.
This estimation is accomplished by error analysis using Monte Carlo simulation to propagate the
uncertainties associated with the model parameters through the model. The product is a
probability distribution of outcomes. Most simulation modeling has been directed at population
and ecosystem level effects, where test data are scarce.

2.4.1.2 Uncertainly. The ERA uncertainty analysis identifies and, to the ex}ent possible,
quantifies the uncertainty in problem formulation, analysis, and risk characterization (EPA 1992a).
The uncertainties from each of these phases of the process are carried through as part of the
total uncertainty of the risk assessment. The product of the uncertainty analysis is an evaluation
of the impact of the uncertainties on the overall assessment and, when feasible, a description of
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the ways in which uncertainty could be reduced. For SLEW assessment uncertainties are
qualitively described and addressed. The major sources of uncertainty are discussed in the
following paragraphs.

Conceptual Model Formulation. The conceptual model forms the foundation of the analysis
phase and development of exposure and stressor-response profiles. If incorrect assumptions are
made during conceptual model development about the potential effects of a stressor, the
environments impacted, or the species residing within those systems, then the final risk assessment
is flawed.

Information and Data. Incomplete data or information can be an important contributor to
uncertainty. Life history data or fundamental understanding of some natural processes within an
ecosystem may be lacking. Resources (time and/or money) frequently are inadequate to resolve
these data gaps. In these cases, professional judgement and judicial use of assumptions are critical
for the completion of the assessment.

Natural Variability. Natural variability is a basic characteristic of stressors and ecological
components, as well as the factors influencing their distribution (e.g., weather, nutrient
availability). Natural variability can be acknowledged and described but not reduced.

Error. Errors can be introduced through experimental design or through procedures used for
measurement and sampling. Such errors can be reduced by adhering to protocols for quality
assurance and quality control. Uncertainty in the development and use of models can be reduced
through sensitivity analyses, “benchmarking,” or comparison to similar models, and field validation.

The use of distributors and simulation modeling is beyond the level of a SLERA and is more
applicable to an ERA. For SLERAS, the quotient method will be used as an indication of risk.
A ratio of EBSLS to the concentration of the contaminant in a media will be determined. This
ratio is called the screening level quotient (SLQ) and will be used to characterize the potential
risk to the ecosystem at an WAG. The quotient method is an appropriate means of identi~ng
COPCS.

For a SLERA, conservative assumptions are used throughout the risk assessment. For those
sites and COPCS not screened out in the SLERA, more in-depth analysis with more realistic
assumptions is warranted for subsequent assessments to present a truer picture of ecological risk.

2.4.2 Risk Description

The

1.

2.

.- -—— —

description of risk has two prima~ elements:

Ecological risk summary, which summarizes the results of the risk estimation and
uncertainty analysis and assesses the confidence in the risk estimates through a
discussion of the weight-of-evidenc~ and

Interpretation of ecological significance, which
identified risks to the assessment endpoint.
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The risk summary cannot be reduced to a “yes or no” answer; that is, a contaminated medium
is either a potential risk to a given ecological endpoint, or has no or low likelihood of risk. It is
important to describe the risk to the risk manager with a weight-of-evidence discussion. The
weight-of-evidence discussion provides the risk manager with insight about the confidence of the
conclusions of the risk assessment by presenting the positive and negative aspects of the data,
including uncertainties identified throughout the process. The following are suggested
(EPA 1992) for inclusion in a weight-of-evidence discussion:

● Sufficiency and quality of data–Are data sufficient to support the findings of the
assessment? Data validity (e.g., adherence to protocols, having sufficient replications)
is an important consideration.

● Corroborative information-Supplemental information relevant to conclusions reached
in the assessment.

● Evidence of causality–The degree of correlation between the presence of a stressor
and some adverse effect.

The interpretation of ecological significance defines the types and extent of anticipated
effects from risk estimates. It is a critical link between the estimation of risks and the
communication of assessment results. The interpretation step relies on professional judgment and
may emphasize different aspects including the nature and magnitude of the effects, the spatial and
temporal patterns of the effects, and the potential for recovery once a stressor is removed.

Nature and Magnitude of the Effects. The relative significance of different effects may
require additional interpretation, especially when changes in assessment or measurement
endpoints are observed or predicted. For example, if a risk assessment is concerned with the
effects of stressors on several ecosystems in an area (such as a sagebrush steppe and wetland), it
is important to discuss the types of effects associated with each ecosystem and where the greatest
impact is likely to occur.

The extent of an effect will depend on its ecological context. For example, a decline in the
reproductive rate may have little effect on a population that reproduces rapidly, but it may
significantly reduce the numbers of a population that reproduces slowly. Population-dependent
and independent factors in the ecosystem also may influence the expression of the effect.

It is important to consider both the magnitude and the likelihood of the effect occurring. In
some cases, the likelihood of exposure to a stressor may be low, but the effect from the exposure
would be severe. For example, large pesticide spills may not be common, but if a spill occurs, can
cause great harm to ecologically sensitive areas.

Spatial and Temporal Patterns of the Effects. The spatial and temporal distributions of the
effect are important considerations in interpreting ecological significance. The size of the area
where the stressor is likely to occur is a primary consideration when evaluating the spatial pattern
of effects. A stressor distributed over a larger area has a greater potential to affect more
organisms than one confined to a small area. However, a stressor that adversely affects small
areas can have devastating effects if those areas provide critical resources for certain species. In
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addition, adverse effects to a resource that is small in scale (e.g., a sagegrouse Iek) may have a
small spatial effect but may significantly degrade the resource because of its overall scarcity.

The duration of any effect depends on the persistence of the stressor as well as how often
the stressor is likely to occur in the environment. Even short-term effects can be severe if such
exposure occurs during critical life stages of organisms.

Reeovery Potential. A discussion of the recovery potential may be an important part of risk
description. The need for such an evaluation will depend on the objective of the assessment and
the assessment endpoints. Evaluation of the recovery potential may require additional analyses,
and will depend on the nature, duration, and extent of the stressor.

Depending on the assessment objectives, all of the above elements maybe used to place the
risks into the broader ecological context. This discussion may consider the consequences of the
effects on other ecological components that were not specifically addressed in the assessment.
For example, an assessment that focused on the decline of small mammal populations may include
a discussion of the broader ecological role of small mammals, such as being a food base for
raptors and predatory mammals. In this way, the potential effects on the community that depends
on small mammals can be brought out in risk characterization.

2.4.3 Discussion Between the Risk Assessor and Risk Manager

Risk characterization concludes the risk assessment process and provides the basis for
discussions between the risk assessor and risk manager, providing input to regulatory decision-
making. These discussions should ensure that the results of the risk assessment are clearly and
fully presented and provide an opportunity for the risk manager to ask for any necessary
clarification. Proper presentation of the risk assessment is essential to reduce the chance of over-
or under-interpretation of the results. In order for the risk manager to evaluate the full range of
possibilities contained in the risk assessment, it is important that the risk assessor provide the
following types of information:

●

●

●

●

●

●

The goal of the risk assessment

The connection between the measurement and assessment endpoints;

The magnitude and extent of the effect, including spatial and temporal considerations
and, if possible, recovery potential;

The assumptions used and the uncertainties encountered during the risk assessment;

A summary profile of the degrees of risk as well as a weight-of-evidence analysis; and

The incremental risk from stressors other than those already under corqideration (if
possible).
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The results of the risk assessment feed into the risk management process, where they are
used along with other inputs defined in EPA statutes, such as social and economic concerns, to
evaluate risk management options.

In addition, based on the discussions between the risk assessor and risk manager, follow-on
activities to the risk assessment may be identified, including monitoring studies, to veri~ the
predictions of the risk assessment, or the collection of additional data to reduce the uncertainties
in the risk assessment. While a detailed discussion of the risk management process is beyond the
scope of this report, consideration of the basic principles of ecological risk assessment described
here will contribute to a final product that is both credible and germane to the needs of the risk
manager.

For the SLEW a much more simplified approach to both the risk description and the
discussion with the risk managers is appropriate. The risk description and discussion sections will
generally be combined and for each WAG, the risk description will be simply a brief discussion of
the results of the SLERA and their interpretation. In order for the WAG manager to evaluate
the full range of possibilities contained in the SLEW it is important that this section review the
results based on the goals of the assessment.

The process of selecting sites of concern should be briefly summarized. Those sites that do
not have accessible data for evaluation for the SLERA will be summarized as shown in Table 6-3.
The risk summary will identify where more site information may be obtained if this is known.
Some discussion on how additional site information should be used subsequent to this preliminary
SLERA should be included. The results of the risk estimation should be discussed in terms of the
SLQS. Any uncertainty that may result in either an over or under conservatism in determining
the SLQS should be briefly reviewed in this section.

Finally, the risk assessor should communicate the results to the risk manager. The SLERA
discussion should include information concerning the adequacy of sampling of the sites of concern
and the results of the hazard quotient analysis. If the assessment endpoints were not attained
(e.g., all SLQS are not less than the risk target), then the risk assessment will continue into an
ERA. The decision points for the risk manager include

1. The sites at the WAG have been adequately sampled, and based on this sampling, it
was determined that there are no risks of adverse effects to receptors. Therefore,
there is no need for additional sampling, assessment, or remedial actions.

2. The sampling is not adequate to make a determination, and/or it was determined that
potential risks exist. When the sites are inadequately sampled, the risk manager will
decide whether to collect additional data and update the SLERA or incorporate the
new data in an ERA If potential risk has been shown and the sampling has been
adequate, then the process becomes an ERA
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3. SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT GUIDANCE

R. L VanHorn, N. L Hampton, E. J. Mooney,
H. A. Hattemer-Frey, R. Brewer, S. C. Peterson, T. A. Bensen

This section provides specific information on the components that should be included as part
of each WAG-wide SLERA. Due to the complexity and amount of material in the risk
assessment, an executive summary should be included in addition to the information discussed in
the following sections.

3.1 Introduction Guidance

Each WAG SLERA will be a stand-alone document. Therefore, it is necessary to provide a
general introduction to the process, the objectives, the scope and organization, and the statuto~
and regulatory basis of the SLERA.

3.1.1 SLERA Objectives

As discussed in Section 2.1, the primary objectives of the SLERA include (a) the
identification of those WAG sites and contaminants of potential concern (COPCS) that may
contribute to potential ecological risk and (b) identification of data gaps. These should be
reiterated in the SLEW to clearly convey the goals of individual WAG SLERAS. The specific
SLEW objectives are to:

● Identi$ those contaminants of potential concern (COPCS) that may contribute to a
potential ecological risk

● Identi& those sites that contribute to this potential risk

● Indicate those sites requiring additional data and/or monitoring for finalization of the
SLERA or performance of the baseline ERA-

3.1.2 Scope and Organization

The scope and organization of the SLERA should be clearly defined. The basis of the
SLERA process should be discussed by stressing the importance of the EPA’s (1992a) stepwise
approach. A brief overview of each of these steps as used in the SLERA process should be
included. The identification of data gaps is an important part of the SLEW process. The
approach used to identi~ data gaps should be briefly discussed as necessary. A basic introduction
to the strategy for transitioning from SLERA to ERA may also be included. This section should
be used to include any specific information regarding scope and organization of the SLEW that
may be deemed necessary as part of the SLERA-

,
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3.1.3 Statutory/Regulatory Basis

Each SLERA should include a discussion of the statutory and regulatory basis of ERA. This
discussion should include a brief history of the regulatory background such as the history behind
the addition of the INEL to the NPL and reference to the FFA/CO agreement. This information
is provided in some detail in Sections 1.3 and 1.4 of this document. Some discussion of the
statuto~ basis for SLEIL4s should also be included such as the federal and state laws and
regulations that aid in the current remedial investigation/feasibility study (RUES) process as it is
proceeding at the INEL. These are termed ARARs or requirements to be considered (TBCk).
Appendix A presents requirements that maybe applicable for most WAGS, but each WAG-wide
SLEW ARAR discussion will be tailored as necessary.

3.2 Problem Formulation Guidance

The problem formulation process begins with a general description of the site and a
characterization of the WAG and the ecosystem at risk. Next, the potential stressors to the
ecosystem are identified and their ecological effects discussed. The migration pathways of the
identified stressors are qualitatively modeled, and the potentially affected components of the
ecosystem are identified. The relationship between the stressors, exposure pathways, and
ecosystem at risk is then assimilated into the conceptual ecological site model. Assessment and
measurement endpoints are then defined and summarized.

3.2.1 Waste Area Group Description

A general WAG overview is required for each SLERA. This description should include the
activities occurring at the WAG, including the OUS and the individual sites within an OU.
Descriptions should include the facility, its history and location, and facility operations. Potential
release sites associated with the facility’s operations are discussed, and the OUS at the WAG are
listed. The possible contaminants are also broadly identified, e.g., PCBS, radionuclides, and heavy
metals. Further discussion of the processes in which waste is generated is also included to provide
some insight about the potential release sites. In addition, if deemed necessary, some discussion
concerning the regulatory status (e.g., Track 1, Track 2, RI/FS) of each OU should be provided.

OUS and sites can be summarized as shown on Table 3-1. Detailed discussion of sites and
OUS can be included in an appendix. A second table summarizing those sites passing the initial
screening (sites of concern) should provide additional detail such as the size of individual sites,
contaminants present and the affected medium. An example is presented on Table 3-2. This
table can be generated from results of the initial site review conducted as part of the SLERA
stressor characterization (Section 4.3.1.1). This information is presented in the introductory
section of the SLERA to allow readers to quickly determine which WAG sites were included in
the SLERA analysis.

Most of the information needed to construct tables for this section is available from the
INEL geographic information system (GIS). As an additional aid, a color-coded map of individual
WAGS showing both OUS and sites addressed by the SLEFL4 and those that were screened from
the analysis can be generated on INEL’s GIS. An example map depicting WAG 2 OUS and sites
is shown in Figure 3-1.
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Table 3-1. Example operable units and site descriptions.

Ou Site code Site description TraclP INb Justification for elimination

X-ol XXX-02 Paint Shop Ditch

X-02 XXX-14 Inactive Gasoline
Tank

.

XXX-17 Inactive Gasoline
Tank

XXX-18 Inactive Gasoline
Tank at

XXX-21 Inactive Tank, North
Side of MTR-643

xxx-22 Inactive Diesel Fuel
Tank

X-04 XXX-09 Spills at Loading
Dock

xxx-34 North Storage Area

XXX619 PCB Spill

XXX-626 PCB Spill

T1

T1

T1

T1

T1

T1

T2

T2

m

T2

x

Tank removed. No or minimal soil
contamination, contaminated soil
removed. No source.

Tank removed. No or minimal soil
contamination; contaminated soil
removed. No source.

Tank removed. No or minimal soil
contamination; contaminated soil
removed. No source.

Tank removed. No or minimal soil
contamination; contaminated soil
removed. No source.

Tank removed. No or minimal soil
contamination; contaminated soil
removed. No source.

Historical spills of small amounts
of low hazard oils and volatiles.
No were reported. No source.

x

x

x

a. CERCLA process tracks: NA no action; initial investigation determined sites were uncontaminated
and no source present T1 = Track 1; ‘El = Track 2, U = Interim Action; RI = RI/FS

b. Sites marked with “X”were not screened out in SLERA initial site review.
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Table 3-2. Example WAG operable units and sites of concern.

Size

Ou Site code Sites within operable unit (ftz) COPCS Contaminated medium Comments

X-ol

X-04

X-OS

X-07

X-09

x-lo

X-13

XXX-02

xxx-34

XXX-619

XXX-626

XXX-653

XXX-15

XXX-16

XXX-19

XXX-653

XXX-36

XXX-38

xxx-39

XXX-08

XXX-13

XXX-03B

xXX-06

Paint Shop Ditch

North Storage Area

PCB Spill

PCB Spill

PCB Spill

Hot Waste Tanks #2, #3, #4

Inactive Radioactive Contaminated Tank

Rad Tanks 1 and 2 Replaced by Tanka 1, 2,
3,8C4

Chromium-Contaminated Soil

CoolingTower Basin

CoolingTower

cooling Tower

Cold Waste Disposal Pond

Final SewageLeach Ponds (2)

Warm Waste Pond (Sediments)

Comprehensive RI/FS including Chemi=l
Waste Pond

1973

134,000

135

215

700

961

120

700

11,380

10,290

7,904

219,656

33,714

na

62,132

Metals, PCBS

PCBS
Aroclor 1260

PCBS
&oclor 1260

PCBS
Aroclor 1260

Metals, organic+
radionucIides

As, Hg, U-234,
U-238

Possible
radioactive
contamination

cr+3

cr+6

cr+6

cr+6

Barium, gamma
rad, possible
Vocs

alpha, beta,
gamma rad;
metals, organics

Radioactive
contamination
beneath 1 ft.
clean soil

Surface, subsurface soil

Surface, Subsurfacesoil

Surface Soil

Surface Soil

Surface Soil

Subsurface Soil

Subsurface Soil

Subsurface Soil

Surface Soil

Surface Soil

Surface Soil

Surface Soil

Sediments

Sediments

Subsurface Soil
(Sediments)

Subsurface soil, surface soil, sediments
and surface water

Concentrations below human risk-
based Ievelsbut need to be evaluated
for ecological risk

This site is being evaluated under OUS
2-13/10-06

Top 2 ft of soil cIeaned up to below
25 ppm

PCBS @ 24 ppm 4 ft belowground

Low surface contamination of PCBS

Possible contamination @ 4 m below
ground

Soil contamination @ 21.3 m below
ground

Possible soil contamination from
broken 4 inch drain line @ 23 m
below ground

Cr contaminated soil

Cr contaminated soil

Cr contaminated soil

Cr contaminated soil

Contaminated sediments available to
emlogical receptors

Contaminated sediments available to
ecological receptots

Site remediated in 1994. Samples
taken prior to remcdiation are
included in analysisas soil.

These sites will need to be addressed
for ecologicalrisk at the time of the
Commehensive Rf/FS
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Figure 3-1. Example map depicting waste area group OUSand sites of contamination,





3.2.2 Previous Investigations

The purpose of reviewing previous ecological and contaminant studies is to identi~ and
locate WAG-specific data that may be used to support the SLERA. These data can be used to
support both problem formulation, exposure analysis, and interpretation of ecological effects for
SLERA risk characterization. In particular, ecological data for individual species are required for
SLEW exposure assessment and calculation of EBSLS (Section 3). Data input for the model
includes dietary habits and preference, seasonal presence, home range, and body size (weight).
Other supportive data includes information addre+ng species habitat, behavior, distribution, and
population status and/or trends. Both ecological and contaminant data can be used to support
confirmation of suspected site contaminant effects. Existing sample data (for example, soil surface
and subsurface data) can also be used to support the definition of the size and configuration ,of
the assessment area.

Considerable information has resulted from basic research and site characterization studies
that is relevant to SLERAS (and ERAs in general) at the INEL. The Radioecology and Ecology
Program at the Radiological and Environmental Sciences Laboratory (RESL) [programs recently
transferred to the Environmental Science and Research Foundation (the Foundation) in Idaho
Falls, ID] performed extensive research in terrestrial ecology and radioecology on the INEL,
resulting in over 300 publications (Morris 1994). The Foundation serves as the point of contact
between DOE-ID and the U.S. Fish and Wildlife Service for issues regarding Threatened or
Endangered Species on the INEL. On behalf of DOE-ID, the Foundation solicits from the U.S.
Fish and Wildlife Service every 6 months an updated list of T&E species. The Service consults
with the Idaho Department of Fish and Game’s Computerized Data Center and subsequently
provides a list for the INEL that includes T&E species plus candidate species and others
recognized as sensitive by other agencies. Copies of the most recent list are available from the
Foundation. The Lockheed Idaho Environmental Assessment Technologies Group has performed
some ecological research in support of the GIS. Other sources include the hydrogeologic
research performed at the INEL by the U.S. Geological Survey (USGS) and the atmospheric and
climatological data collected by the National Oceanic and Atmospheric Administration (NOAA).
Previously, this information was not organized in a manner that facilitates the development of
ERAs.

As part of the screening level EM manual, the development of the Ecological Literature
Database (ECOLIT) was initiated to improve the accessibility and utility of this information. This
database is discussed in detail in Appendix B. From the ECOLIT database, it is possible to
compile those previous investigations that relate to the INEL in general as well as those that are
WAG-specific. In addition to the ECOLIT database, a literature evaluation of pertinent data
sources has been conducted (Appendix D). This review includes a short summary of many JNEL
references. The WAG-wide SLERAS should use these literature reference sources when
characterizing the ecosystem potentially at risk The sources reviewed in support of the individual
SLERAS should be summarized in a separate section of the document. Table 3-3 presents an
example summary of a WAG literature review. This is a portion of an existing table that has
been completed as part of the SLERA process and can be tailored for other WA&. Those
investigations that are applicable for use in the WAG SLEW are highlighted. The complete
table appears in Appendix B. It maybe useful to include pertinent summaries obtained from
ECOLIT as an appendix to the SLERA.
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Table 3-3. Example investigations conductd at the INEL (shadd studies are examples applicable to ICPP).

Applicability DataReported

Problem Risk Study Topic Contaminants Susceptibility Biological Tissue
m_r------- Frmnmlminn Analvds Chsmsaization Arm %secies Addressed Habitat Diet to Contaminant Resounse Coocmltratio

soil

Arthur, 1982 x x x RWMC/ Cmsmdwheatgmss Pu-238 Terrestrial x
SDA Russian thistle Pu-239,24G

Am-241
3NBI. Vmdmmlma.,:.;.&ur&gyieej~d * x x . .’. .,,Yn

Arthur, Markham, Groves, Keller, x x RWMC/ Deermouse Terrestrial x
sndHslford,1986 TSA,SDA @d’S ksnmmu rat

Arthur, Markhsm, Grnves, and x x RWMCI Deermouse Radionuclides
Keller, 1987 S13A

ArdW and Gates, 1988 x ML”’ RmSghimmdqe ?.hWeEkmeasB
mfsck.~acknw)k ‘R&2Ekmenii

$#dE2ittima “
Arthur snd Jsnke, 1986 x x x RWMC/ Small msmmsls Radionudides Termsoizd

SDA Avifsuna

,&rtfmrand Markham, W$2a x x ‘IRA* cop% R@iom&m Temssrkd
RWMC .< ,.
N2A ,:, ~’,.

i%rtfmr@ Markham~~~~ x x TR& ~~s JkMdEscidaTen@rid
Wh&/ (@’O$e

xi
..~ ,.,: ,. ,

RISaikltIwie. ,.
%@ ‘ :,’., ;, .,,, ,.

Arthur snd MsJkham, 1983 x’ x RWMC/ Soil Plutonium Terrestrial
“.-. .

tititittk
M- WA?
oTd’6kWi&roOrat
weieRllt&r#$tm?31W

fifey, Bowtsmn,snd Markham 1982 x x x ICPP Rabbit I-129/f-in Tem#risd Xm x x(?)
Groves snd Keller, 1986 x x RWMU Small ~S crestedWhestgra%

SDA Russian thktle

I Sag&mush



3.2.3 Ecosystem Characterization

A wide range of properties should be considered during the ecosystem characterization
portion of problem formulation, including ecosystem structure (i.e., type and abundance of flora
and fauna species), trophic-level relationships of flora/fauna species, ecosystem function (i.e.,
energy source and pathways of utilization, and nutrient processing), as well as abiotic components
such as climate, topography, and soil. “Knowledge of the ecosystem potentially at risk can help
identi~ ecological components that may be affected and stressor-ecosystem interactions relevant
to developing exposure scenarios. Also, knowledge of the types and patterns of historical
disturbances may be helpful in predicting ecological responses to stressors” (EPA 1992a).

General information regarding ecological properties specific to the INEL is provided in this
section, while additional information is included in Appendix D, Ecological Components of the
INEL. The risk assessor can refer to this appendix and tailor the information to the specific
WAG being assessed.

3.2.3.1 Definlflon of Assessment Area. For SLERA analysis, an area within which
ecological components may receive exposure to contaminants, or an assessment area, must be
defined. The size of the WAG assessment area is critical input to the exposure model and must
be calculated before analysis can be completed. Because the SLERA is primarily a
contaminant-driven analysis, existing data for surface and subsurface contamination can be used to
define the areal extent of contamination. Scientists at RESL have routinely collected data for
sites on and off the INEL to monitor deposition of radionuclides in soil and soil background
concentrations. These data have been summarized and reviewed, and isopleths for several
radionuclides including CS-137 and Sr-90 have been developed for most facilities (Jessmore et al.
1994).

These data can be used to determine a source-to-background distance using the WAG
center as the generalized source of contamination. The above/below background transition can
be defined by the surface soil contamination data (or subsurface contamination, if data are
available) and contaminant isopleths. For cases in which isopleth delineation is not supported by
adequate sampling, an ecological buffer of one-half the source-to-background distance is added to
define the outer extent of the assessment area. This ecological buffer is intended to ensure
calculation of maximum exposure for species whose home ranges overlap areas of above and
below background contaminant levels. Where a circular configuration is appropriate (i.e.,
encompasses all OUS and sample locations where above background levels were detected), this
dimension may serve as the radius of the assessment area. For elliptical or irregular polygon
configurations, additional source-to-background dimensions must be determined. Only sampling
points above background levels are used to calculate a contaminant concentration for the
assessment area (Section 3.2.4).

Some WAG-specific soil data and aerial gamma survey isopleths can be accessed from the
ERIS database. A map delineating the assessment area and a calculation of size can be produced
using the INEL GIS.

3.2.3.2 Ecological Organization of Biotic Components. Because all components of an
ecosystem cannot be measured, and a single species is unlikely to serve as a surrogate for all other
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species, a small number of endpoints must integrate the effects of the stressor being assessed. To
accomplish this, the concept of “functional groups” has been incorporated into the SLEW
process.

Functional groups, as defined for INEL SLEW are subjective assemblages of species
sharing similar characteristics. Functional grouping can be applied for all biotic ecosystem
components, including vegetation, wildlife, insects, and microorganisms. The criteria for grouping
individuals for the SLERAs resulted in a structural organization that allows use of surrogate
measurements or groups of individual measurements to represent larger components of the
ecosystem. Groups of species having similarities that are defined in terms of SLERA goals have
been constructed for INEL biota to assess the effects of stressors on INEL ecosystem
components.

Species characteristics including dietary preference (trophic level) and breeding and feeding
locations were used to construct functional groups for INEL species. The primaty division
between individual groups was based on taxonomic categories for INEL species including birds,
mammals, reptiles, amphibians, fishes, and insects. This separation is required to extrapolate
toxicological effects from one species to another within the same functional group. Individual
groups were assigned a unique identifier consisting of a one- or two-letter code to indicate taxon
(A= amphibians, AV = birds, M = mammals, and R = reptiles, I = insects), and a three-digit
number derived from the combination of trophic category and feeding habitat codes (see
Appendix E, Section 1.1). For example, AV122 represents the group of seed-eating bird species
whose feeding habitat is the terrestrial surface and/or understory. A subset of functional groups
developed for an example WAG is shown in Table 3-4. A complete list of INEL functional
groups and a detailed discussion of the methods used in developing functional groups for
individual WAGs is given in Appendix E.

The primary purpose for functional grouping is to take advantage of existing data from one
or more species within the group. It is assumed, based on the knowledge concerning the
behavior, habitat, diet, etc., of the species within a group, that these data can be applied to
address the potential for risk to the group as a whole. It is unlikely that sufficient ecological and
toxicological data will be found for a single species to allow its use as an indicator for a group. It
is much more likely that, within a group, consumption rates can be identified for several members,
toxicity values for a few members, and concentration values for other members. Species within a
functional group, as defined for SLEW are assumed to have potential for exposure through the
same pathways. Therefore, measurement data for several species are combined to address
assessment endpoints defined in terms of functional groups.

A second objective of functional grouping is to introduce a consistent, systematic approach
to defining SLERA assessment and measurement endpoints. The use of functional grouping
simplifies the process of identifying and screening numerous species associated with WAG
ecosystems and allows a repeatable method for focusing future assessments on components at
highest potential for exposure to contaminants. In addition, the concept can be carried
throughout the ERA process, from problem formulation to screening-level evaluation. The
process is intended to reduce the subjectivity associated with contaminant specific endpoint
selection, and to allow evaluation of all potential receptors by risk assessors.
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Table 3-4. Example wildlife functional groups (adapted from Short 1982).

class Functional Common name Trophi& Feedin&’ Non-feedin&
Group Code Categoq Habitat Index Habitat Index

AMPHIBIA A232 Great Baain Spadefoot
Toad

AVES AV122 House Sparrow

Lark Sparrow

Rosy Finch

Mourning Dove

Rufous Hummingbird

House Finch

Snow Bunting

WMALIA M122 Mule Deer

White-tailed Jackrabbit

Western Harvest Mouse

Pronghom

Black-tailedJackrabbit

REPTILIA R322 Desert Striped
Whipsnake

Gopher Snake

Western Rattlesnake

Western Garter Snake

Western Racer

2

1

1

1

1

1

1

1

1

1

1

1

1

3

3

3

3

3

3.2

2.2

2.2

22

2.2

2.2

22

2.2

22

2.2

22

22

2.2

22

22

2.2

2.2

2.2

a. 1 = Herbivore, 2 = Insectivore,3 = Carnivore, 4 = Omnivore,5 = Detntivore

b. 1.0 AIR
2.0 TERRESTRIAL

2.1 Vegetation canopy
2.2 Surface/underStory
2.3 Subsurface
2.4 Vertical habitat

3,0 TERRESTRIAIJAQUATICINTERFACE
3.1 Vegetation canopy
3,2 Surface/undemtory
3.3 Subsurface
3.4 Vertical habitat

4.0 AQUATIC
4.1 Surface water
4.1 Water mlumn
4.2 Bottom

3.3

2

2.1

21

21

21

21

2.1

22

Z2

22

22

22

23

23

2.3

23

2.3



WAG fictional groups are screened against possible routes of contaminant exposure to
focus the SLEM on ecological components that appear in WAG contaminant pathways (see
Section 3.2.5). Those groups not appearing in a pathway of contaminant exposure are eliminated
from further consideration in the assessment. The groups identified as having potential for
exposure are the basis for defining assessment endpoints and are combined with the WAG
pathway models to produce the site conceptual model (Section 3.2.6). The process results in a
suite of SLERA assessment endpoints that are defined in terms of potential risk to functional
groups within those pathways, as well as potential risk to those individual components specified
for regulatory compliance (e.g., T/E species). Measurement endpoints are then defined to meet
the input requirements for the WAG ecological components that will be modeled in the analysis.
Assessment and measurement endpoints are discussed in Sections 3.2.7 and 3.2.8.

A detailed discussion of the development and application of functional grouping for the
SLERA process is presented in Appendix E.

3.2.3.3 Biotic Components. Once the assessment area has been defined, identification of
the biotic and abiotic components that maybe at potential for risk from exposure to WAG
contaminants can be characterized. The concept of functional grouping should be incorporated
into discussions and descriptions for these components (i.e., flora and fauna) to assist in the
analysis stages of the SLERA process.

The INEL is located in a cool desert ecosystem characterized by shrub-steppe vegetative
communities. The flora and fauna are typical of the northern Great Basin and Columbia Plateau
region (comprehensive species lists are given in Appendix D) [for further information regarding
regional ecological components, see West (1983)]. The surface of the INEL is low rolling
sagebrush flats with several prominent volcanic buttes and numerous basalt flows that provide
important habitat for small and large mammals, reptiles, and some raptors. The shrub-steppe
communities are dominated by sagebrush and provide habitat for sagebrush community species,
such as sage grouse, pronghorn, and sage sparrows. Rabbitbrush, grasses and forbs, salt desert
shrubs, and exotic~eed species comprise other communities. Juniper woodlands occur near the
buttes and in the northwest portion of the INEL, these woodlands provide important habitat for
raptors and large mammals. Limited riparian communities exist along intermittently flowing
waters. See Figure 1-1 in Section 1 for a map depicting specific physical features of the INEL,
such as the Big Lost River and nearby mountain ranges and buttes.

Flora of the INEL has been mapped using spectral data and combined into 15 vegetative
cover classes (Kramber et al. 1992). The INEL vegetation map, presented in Figure 3-2, shows
these cover classes, as well as classes defined for facilities, and shadows. These cover classes have
been grouped further into eight classes (functional groups), for use in the INEL SLERAS as
described on Table 3-5. Sections of the INEL vegetation map can be produced on a larger scale
(e.g., WAG size) using the INEL GIS system. Specific information regarding INEL flora can be
found in Appendix D and should be tailored for individual SLER4S based on the unique
characteristics at each WAG. The vegetation map can be combined with other GIS data sets to
produce more detailed maps depicting soils, topography, etc.

Numerous animal species have been observed on the INEL including two amphibian, six fish,
10 reptile, 184 birds, and 37 mammal species. A comprehensive species list is provided in
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INEL Vegetation Map
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Figure 3-2. Vegetation map of the INELshowing 15coverclasses.





Table 3-5. SLEW vegetation cover classes.

SLEW vegetation
coverclass INELvegetationcoverclassea Dominantspecks

Juniper

Grasslands

Juniperwoodlands Junijwu.s osteospenna
Atiemiria ti”dentatassp.
Leptodaq!onpungens

Steppe L.qmus cinereus
BasinWildrye Descurainiasophia
Grassland Sisymbrium altirsimum

Agropyrondasytachyum
Artemi$iamifentatassp.

Eiymus elymoides

wyomingensi.s

wyomingensis

Sagebrush/rabbhbrush Sagebrush-steppe off lava
Sagebrush-winterfat
Sagebrush-rabbitbrush

Chrjsothamnus viscidiflom.s

Artemiriam“dentatassp. wyomingemis

Chrysothamnus viicidi~otu.s
Bromustectorum
Siymbriumaltissimum
(lryzopsirhymenoides

Sagebrush-steppe on lava

Playa-bareground/
disturbed areas

Salt Desert Scrub

Lava

Wetland

Sagebrush-steppe on lava Artemi.siam“dentatassp. wyomingensis
Ory.mpsis hymenoides
Chtysothamnusviscidifloms

Playa-bareground/gravel borrow pits Kochiascopan”a
Old fields, disturbed areas, seedings Salsola kali

Artemisiam“dentatassp. wyom”ngensis
Chrysothamnusviscidijloms

Salt Desert Scrub Amplexconfertifolia
Amplernutallii
Amplexcanescens
Ceratoideshznata

Sage, Low sage, rabbitbrush on Lava Artemkiatn”dentatassp.wyomingensis
Lava Ch~sothamnusnaureosus

Wetlands Eleochar& palu.strk
Typha Iatifolia
Agropyron smithii



Appendix D. Although efforts have been made to make the list as complete as possible, not all
species may be may be represented. The size and diversity of INEL habitats is so great that less
commonly occurring species may have been overlooked by the surveys supporting Appendix D. A
WAG species list incorporating the functional grouping concept and similar in format to Table 3-4
should be included in the WAG ecological characterization. Information to support identification
of which species potentially occur at a WAG can be obtained from literature as discussed in
Section 3.2.2. In addition, a matrix matching SLERA vegetation classes with associated wildlife
functional groups is given on Table 3-6. The matrix can be used in conjunction with the WAG
vegetation map to identitj functional groups that may be present at the numerous contaminant
sites within individual WAGS This alternative method may be more appropriate for a screening
level assessment, since a quick and simple species inventory can be made by identi&ing the
vegetation communities and habitats (terrestrial and aquatic) within the assessment area and
including functional groups associated with those habitats in the analysis. Because the SLERA
analysis addresses potential effects to functional groups, identification of all individual species
(other than T/E and C2) actually present in the assessment area is not critical.

Aquatic and terrestrial invertebrates are important links in dietary exposure for wildlife, and
also may function as good indicatom for contaminant exposure in soil, aquatic systems and
vegetation uptake. Comprehensive species lists, distributions and population data are unavailable
for INEL terrestrial and aquatic invertebrates and as a consequence, these organisms cannot be
adequately characterized as part of the SLERA problem formulation but should be mentioned
since they will be addressed in the analysis. Lack of information for ecological components
important to the SLERA (as well as ERA) must be identified as data gaps.

Microflora and microfauna (algae, bacteria, fungi, etc.) form extensive and critical
communities in arid ecosystems. Given the magnitude of mass and energy that cycles through the
microbial biomass and the importance of their associations with plant species, they are
communities that should be addressed in the ERA process. However, the microbiology of
shrub-steppe ecosystems is not well understood, and while work has been conducted in other arid
ecosystems, detailed sitewide data describing the distribution and activities of microorganisms at
the INEL are not available. These organisms also cannot be adequately characterized and
represent additional potential SLERA/ERA data gaps.

A comprehensive list of T/E and sensitive plant and animal species that may be found on the
INEL is given on Table 3-7. Potential risks to T/E and C2 species must be individually addressed
in the SLEW, however, to prevent confusion, it is suggested that Table 3-7 be included in its
entirety. Those species pertinent to the individual WAG may be highlighted as shown. Since
status for some species may change over time, it will be necessary to update Table 3-7 for
SLERAS conducted subsequent to the issuance of this manual.

Habitats critical to T/E species potentially present in the WAG assessment area should
identified and characterized. Critical habitats that may be found on the INEL are listed on
Table 3-8.

be

3.2.3.4 Food Web Mode/. A food web model for each WAG ecosystem is the culmination
of the effort expended to identih the flora and fauna within a WAG assessment area. The
purpose of this model is to identi~ the relationships between the flora and fauna found in the
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Table 3-6. Summary of INEL Functional Groups Associated with SLERA Vegetation Types.

Habitat typeb

Functional groups 1234 5 6 7 8 9

AV232

AV121

AV122

AV132

AV142

AV143

AV21O

AV221

AV222

AV232

AV233

AV241

AV242

AV31O

AV322

AV333

AV342

AV422

AV432

AV433

AV422

M121

M122

M122A

M123

M132

M21O

A21OA

M222

M322

M422

M422A

R222

R322

xxx

x

xxx

x

x

xx

xx

xx

x x

x x

xxx

xxx

xxx

xxx

x

x x

Xxxx x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

xxxx

xx

x x

xx

xx

x

xxx

xx

x x

xxx

xxx

x x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Xxxx

Xxxx

Xxxx xxx

Xxxx xxx

Xxxx xxx

Xxxx xxx

Xxxx xxx*

x

x

x

x

x

x

x

x

x

x

x

x

a. Individual species for each functional group are listed in Table E-4, Appendix E.

b. 1 = Juniper woodlands, 2 = Grasslands, 3 = Sagebrush/Rabbitbrush, 4 = Salt Desert Shrub, s =
Sagebrush-Steppe on Lava, 6 = Lava, 7 = Wetlands, 8 = Playa, bareground/disturbed areas (not
completed), 9 = Facilities. See Table 3-5 for cover class descn ions. Small (x) = where appropriate
habitat emts (e.g., wetland species frequent facility waste pond
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Table 3-7. Threatened and endangered speeie+ special species of concern and sensitive species that maybe
found on the INEL.a T/E and C12sDecies to be addressed bv WAG SLEFL% are in bold

Regulatory Status
Federal State BLM Usme INPS

Common names Scientific name Statusb Statusb statusb Statusb Statusb

m
Lemhimilkvetch

Painted milkvetch
Plains milkvetch
Wlngcd+eeci evening primrose

Nipple cactus
Spreading gilia

King’s bladderpod
Tree-like oxythea
Inconspicuous phaeelia~d
Puzzling Halimolobosd
~
Peregrinefaloxt
Merlin
Gyrfalcon
Bald eagle
Fmr@nous hawt
BlackTern
NorthernpygmyOWIC
Burruwingowl
Commonloon
Amerieanwhitepelican
Great egret
whitG!2cedIbis
Long-billedcurlew
Iqgerhead shrike
Northerngoshawk
Swainson’shawk
TrumpeterSwan
Sharptailedgrouse
BorealOW1
Flammulatedowl
Mammals
Pygmyrabbit
Townsend’swesternbig-earedbat
Merriam’sshrew
Long-earedmyotis
small-footedmyotis
Westernpipistrellec
Fringedmyotisc
CaliforniaMyotisc
Reptilesand Amphibians
Ringnecksnakec
Nightsnakec
Insects
Idahopointheadedgrasshoppcrc

Astragalus aqw”lonius
Astragalus ceramieus var.apus
Astragalus g“lviflonu
Canukonia pterospenna
Colyphantha missouriensis
Ipomopsis (Gilia) polychzdon
Lesquerella kingii var.cobrensis
Ckytheca dendroidea
Phacelia inconspicua
HaIhnoIobos pwpltztn var.perplexa

F~o PC=@WS
Falco COhlmbWl”US

FaIco rusticolus
HMaeetus kUWCO@ldlLS

BilteQn?gds

adidonias /u”&r

GIaucidium gnoma
Alhe?lecWkubia
Gavia immer
Pelicanus erythrorhynchos
Cosmerodius albus
Plegad& Chihi
Numeruks americanus
Lunius lhabvicianw
Accipder @
Buteo swainsoni
Cygnus buccina.tor
Tympanuchus phasianellus
AegoIius fimereus

Otus jikmmeolus

BmchyUglU (Sylvikgus) &hOem’&
Pfecotlls tow?wndii
Sorex mem”ami

Myotis evotk
iU@s subu.LltW
PipistreI1ushesperus
Myods thysanodes
Myotis calijomicus

Diadophis punctatus
Hypsiglena torquata

Acrolophitus punchellus

3C
NL
NL
NL
NL

NL
C2
—

LB
NL
NL
LE
C2
C2

C2
—
—

(2
3C
C2
C2
—
C2
C2
—
—

C2
C2
—
C2
C2
NL

—

NL
—

C2

—

Ssc

E

Ssc
E
Ssc
—

Ssc
—

Ssc
Ssc
Ssc
—

NL
s

Ssc

Ssc
Ssc

Ssc
Ssc
s
—
—

Ssc
Ssc
Ssc

Ssc
—

Ssc

s
—

s
s
—

s
—

s
s

—

s
s
—

s
—
—

s
—
—
—
—

s
—

s
s

s
s
—

—

—
—
—
—
—

s
s

.

s

s

—
—
—
—

—

—
—

—
—
—

—
—
—

s

s
s
s
s

—

s
—

—

—
—

—

s
M
3
s
M
2
M
s
s
M
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Table 2-7. (continued).
Regulato~Status

Federal State BLM USFS= INPs
Commonnames Scientificname Statusb Statilsb statusb Statusb Statusb

~
Shortheadsetdpinc Cottusconjiuus Ssc – –

a. This fist was compiled from the U.S. Fiih and WildlifeSenfiee (USFWS) (letter dated Januaxy24, 1995) the Idaho Department of Fuh and Game
CcmsewationData Center threatened, endangered, and sensitiveapmiea for the State of Idaho (Mmeley and Groves 1992) and RESL documentation
for the INEL (Reynolds 1994 Reynolds et al. 19S6).
b. StatISSCod& S=sensitivq 2=State Priority ~ 3e=no longer mnsidered for Iistin&M= State monitor speei~ NL=not fiit@ I= State Priority 1;
LE=listed endangered; E=endangered; SSC=spmies of special mneem; and C2=CategoV 2 (defined in Moseley and Groves, 1992). BLM=Bureau
of Land Managemen$ INPS=Idaho Native Plant .%eiety.
c. No documented sightings at the INEL, however,the rangea of these species overlap the INEL and are included as possibilitiesto be mnsidered for
field surveys.
d. Rant updates resulting from Idaho State SensitiveSpeeiea meeting (BLM, USFWS, INPS, USFS) - (INPS 1995)
e, United States Forest Semfice(USFS) Region 4

Table 3-8. Sensitive habitats potentially occurring on the INEL (CFR,1982).

Sensitive Habitata

Critical habitat for a Federal designated endangered or threatened species [as defined in 50 CFR 424.02
(CFR, 1982a)].

Habitat known to be used by Federal designated or proposed endangered or threatened species.

National Preserve

Federal land designated for protection of natural ecosystems

Terrestrial areas utilized for breeding by large or dense aggregations of animals

Habitat known to be used by State designated endangered or threatened speck

Habitat known to be used by species under review as to it’s Federal endangered or threatened status

State-designated areas, pursuant to Clean Water Act, for protection or maintenance of aquatic life.

State land designated for wildlife or game management

Particular areas, relatively small in size, important to maintenance of unique biotic communities

, Wetlands [from table 4-24,40 CFR Part 300 Appendix A (CFR, 1982)]

a. List compiled from 40 CFR Part 300, Appendix ~ Table 4-23.

-...—- ~, ,,y. ,.,,.:,,-.,,,.: .f-77T.2T-”m’w?”3.w?.”-
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assessment area. A food web model illustrates the complex system of trophic levels by which
matter and energy flow among the biotic components. It is comprised of many food chains that
mesh, with links leading from producers through an array of primary and seconda~ consumers
(Smith 1990). Producers support numerous primary consumers (plant consumers) who support
many higher consumers (i.e., plant and animal consumers). Through the food web model, the
trophic relationships within the ecosystem are identified so that the ecological risk assessor can
define potential contamination pathways (see Section 3.2.5 and Calabrese and Baldwin 1993) and
estimate the transfer of contaminants through each trophic level in the ecosystem and the change
in tissue concentrations of each animal with different source terms via an abiotic medium (e.g.,
soil, sediment).

The food web models generated to support SLER4S are of particular value in identifying
indirect effects of contaminant exposure to species that comprise upper trophic levels, which is
important to producing the SLERA pathways/exposure and conceptual site models (Sections 3.2.5
and 3.2.6). Figure 3-3 shows a simplified INEL food web model. This model can be refined for
individual WAG use (e.g., omission of aquatic components for sites having no surface water).

3.2.3.5 Abiotic components. Topography, hydrology, geology, soil, and climatic conditions
in the WAG assessment area have significant impact on transport, fate, and effects for
environmental contaminants. A general characterization of the WAG landscape should be
provided as background for interpretation of potential effects identified in the SLERA analysis.
Geological and hydrological features of the INEL are summarized in Nate et al. (1972, 1975).

A characterization of soils present in the WAG assessment area should be included as part
of this section. A coarse scale soils map can be produced using data currently available on the
INEL GIS and overlain on individual WAG vegetation maps as shown in Figure 3-4. Soil physical
and chemical properties or detailed soil profile data are not generally available, since in-depth
mapping has not been performed in most areas of the INEL.

A brief description of WAG climatic condition including annual precipitation, temperature
ranges, and wind patterns should be provided as part of the site characterization write-up.

3.2.4 Chemical Stressor identification and Characterization

The WAG SLERAS will be chiefly concerned with chemical stressors since, as discussed
previously, SLERA at the INEL is CERCLA-driven. This section discusses the methodology that
will be used to summarize and classi~ a list of WAG contaminants that will be screened against
toxicology benchmarks. The methodology recommended will utilize the large body of data
available from the human health risk assessment activities at the INEL. This data is a result of
the sampling performed for sites identified in the FFA/CO since 1991. The screening process will
use a stepwise approach as shown in Figure 3-5 that includes five steps:

● Screening for sites of potential concern (Section 3.2.4.1)

● Initial review of contaminant data (Section

● Frequency of detection (Section 3.2.4.3)
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● Background screening (Section 3.2.4.4)

● Other criteria (Section 3.2.4.5).

The initial site review is performed as part of the site characterization. Only the sample data
from the sites of concern identified in this process will be included in the analysis.

3.2.4.1 Screening for Sites of Potential Concern. Sites within each WAG have been
identified as part of the FFA/CO. Some of these sites can be eliminated based on prior cleanup
activities and/or lack of exposure routes to the ecosystem. Only the sample data from the sites of
concern identified in this process will be included in the analysis. This screening is usually done
as part of the site characterization (Section 3.2.1). Table 3-1 shows an example list of sites that
have been identified as present at the WAG by the FFA/CO process. This table has one column
that marks whether a site should be included in the assessment, and the next column presents the
justification for removing the site. Table 3-2 is an example of the presentation of the WAG
operable units and sites of concern that will be assessed.

3.2.4.2 Mial Review of Contaminant Data. The primary source of contaminant data
available is the Integrated Environmental Data Management System (IEDMS). This database was
developed by the INEL to be used in the Environmental Restoration Information System (ERIS).
INEL data stored on IEDMS is strictly managed, ensuring that analysis data, methods, and data
validation qualifiers for all organic, inorganic, and radiological data are consistent. The data
contained in IDEMS is readily accessible and is therefore the primary data source for the SLERA
analysis.

The samples included in the IEDMS are not commonly identified by site number.
Appendix F discusses the process of relating the sample data entered to the actual site that it
represents. Every site at the WAG will not have data stored in the IEDMS. For these sites,
values from the maximum concentration data base will be used to provide a limited but validated
data set. The maximum database was developed as a task for the site-wide SLERA and the
WAG-wide cumulative risk assessments for the comprehensive remedial investigation/feasibility
study (RI/FS) risk assessment. This is discussed briefly in Appendix B. For all sites identified in
the FFA/CO, the maximum concentration of each contaminant was identified. This database is
also on ERIS and is applicable for use for the WAG SLERAS. This maximum value will be used
in the assessment when necessary and representing a conservative estimate of the contamination
present at that site. The source of data used in the analysis for each site of concern should be
identified as shown in Table 3-9.

Laboratory blanks, quality control samples, and other non-applicable samples are included in
the IEDMS. The data were screened to eliminate these samples. Appendix G identifies those
flags that are present in the IEDMS and indicate those flags that represent a laboratory blank,
quality control, or data of questionable quality so that they can be easily eliminated. The quality
control data entered in the IEDMS database was used to quali~ the field data. me elimination
of the quality control data is solely for determining an average concentration. The EPA protocol
(1989c) will used as the basis for the eliminating samples.
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Table 3-9. Rample of a WAG operable units and sites of concern and the sources of
contaminant data.

IEDMS Maximum
Ou’ Sitecode Siteswithinoperableunit TraclP fromERIS database Comments

X-ol

X-04

X-OS

X-07

X-09

x-lo

X-13

XXX-02

xxx-34

XXX-619

xxx-626

xxx-653

XXX-15

XXX-16

XXX-19

xxx-653

XXX-36

XXX-38

xxx-39

XXX-08

XXX-13

XXX-03B

XXX-06

XXX PaintShopDitch(XXX-606)

XXXNorthStorageArea

XXXPCB Spillat XXX-619

XXXPCB Spillat XXX-626

XXXPCB Spillat XXX-653

XXXHot WasteTanks#2, #3,
#4 at XXX-713

XXXInactiveRad. Contaminated
Tankat XXX-614

XXXRad Tanks1 and 2 at XXX
630,ReplacedbyTanks1,2,3, &
4

XXX-653Chromium-
ContaminatedSoil

XXXETR CoolingTowerBasin
(XXX-751)

XXXATR CoolingTower
(XXX-771)

XXXMTR CoolingTowerN of
XXX-607

XXX ColdWasteDisposalPond
(XXX-702)

XXXFinalSewageLeachPonds
(2) byXXX-732

XXX WarmWastePond
(Sediments)

WAG2 ComprehensiveRI/FS
including XXXChemicalWaste
Pond (XXX-701)

a. State in CERCLAprocessas follows

T1 x

T2

T2 x

T2 x

T2 x

T2 x

T2 x

‘n x

T2

T2

T2

T2

T2

T2 x

IA x

RI x

No datab

x

No datab

No datab

x Soilsampledata
onl~ no water
data available

Soilsampledata
onl~ no water
data available

See notec

No action. Qualitativeriskassessmentshowsthat the maximum-exposedindividualis exposedto an acceptablylow
riskwithan acceptableamountof uncertainty.
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Table 3-9. (continued).

IEDMS Maximum
Ou Sitecode Siteswithinoperab[eunit TracF fromERIS database Comments

T1 = Trackl. Enoughdata probablyexiststojusti~a decisionforthe OU. Ifmorethan minimalfield
characterizationis required,the Track1shouldbe reclassified.Track1studiesare generallyexpectedto
resuk in a no-further-actiondetermination.

T2 = Track2. Insu~cientdamareavailabletomakea decisionconcerningthelevel ofriskor to selector
designa remedy. Flelddata collectionmaybenec-~to pr@deeecisionmatingdata.

IA = InterimAction. Aclear, unacceptableriskispresentedbythe site. Data are sufficientto performa
qualitativeriskassessment,which(a) showsan unacceptableriskand requiresan expedited remedial
action,(b) is basedon identifiabletechnology,and (c)willnot interferewitha finalremedialaction.

RI = Remedial investigation/feasibility study. Most or all data are available to make a preliminary decision
concerning risk and to evaluate alternative remedial actions. A remedial investigation/feasibilitystudy
(RI/FS)is selectedwhenthe OU posesa possibterisk(genera[[ygreaterthan 10-6)and remedia[action
maybe required.

b. These sites cannot be excluded based on present information, but data are not available to perform anaIyses.

c. The XXX Warm-Wastepondhas been remediated. The data sampling performed after the remediation is not

availableat this time. The sediment data sampled prior to the remediation was included in the analysisas soiI.

The data were screened based on ecological considerations. Perched water and soil samples
taken at a depth greater than 3 m were eliminated from the analysis since there is no pathway to
the terrestrial ecosystem. The use of the 3-m depth is considered conservative based on a
comparison of rooting depths of native plant species and burrowing depth of native faunal species
that showed the maximum reported depth of penetration was 270 cm for the harvester ant (Loehr
et al. 1994). Sagebrush rooting depths have been found to 225 cm (Reynolds and Laundre 1988),
and the Townsend’s ground squirrel burrowing depths have been found to 200 cm (McKenzie et
al. 1982). For this same reason, groundwater well samples were eliminated.

The data in IEDMS represent sampling performed for diverse purposes and, as a result,
there is great variation in the depths and medium. The soil data must be grouped into surface
and subsurface soil, surface water, and sediment. The soil data must be segregated into surface
and subsurface groupings based on the sample depth. Any soil sample taken from between the
surface and 0.15 m (0.5 ft) deep is considered a surface soil sample, and any sample from 0.15 m
to 3 m (0.5 to 10 ft) deep is considered a subsurface soil sample.

The data from both sources will be combined for each contaminant by medium (i.e., surface
and subsurface soil, surface water, and sediment). This combined data base is used for the
subsequent screening activity. The combined data base will be presented in an SLERA appendix.

3.2.4.3 Frequency of Detection. The range and frequency of detection (FOD) was
calculated for each contaminant within each medium. The FOD was determined as the number
of samples in which a contaminant was positively detected (no “U” qualifier) divided by the total

3-28



number of samples analyzed for that chemical. If the FOD was less than 5%, it was eliminated
from consideration unless there was some indication of a localized area of contamination (hot
spot). The Risk Assessment Guidance for Superfund (EPA 1989c) states that hot spots may have
a significant impact on direct contact exposures. The sampling plan should consider
characterization of hot spots through extensive sampling, field screening, visual observations, or a
combination of the above. INEL sites identified by the FFA/CO have been extensively sampled
for human health risk assessments. For SLEIQ it is assumed that hot spots have been
adequately identified and sampled. This may underestimate the potential risk posed by certain
contaminants.

If the FOD was greater than 5%, then the contaminant remained in the subsequent
screening activity. Non-detect contaminant samples for contaminants that remain as a concern
throughout the screening activity will be included in the assessment at one-half the detection
level.

3.2.4.4 Background Screening. Background concentrations are consistently a problem
for risk assessments. Locating areas that are uncontaminated offsite and are representative of the
onsite situation may be problematic. It is also difficult to collect enough representative offisite
samples to differentiate from low levels of contamination onsite.

There have been more data collected for characterization of background in soil than any
..

other medium at the INEL. Unfortunately, data have been collected as part of several studies
and detection limits and sampling methods are inconsistent. For this guidance, soil background
data were examined to determine if a correlation between these studies existed. This effort is
presented in detail in Appendix G. The correlation information maybe useful in a baseline risk
assessment, but is not useful at a screening level. Subsequent efforts at the INEL analyzed the
soil background studies available (e.g., Anderson 1992, Martin et al. 1992, and Berry et al. 1994),
and developed a background for soils to be used at the INEL (Rood et al. 1995). This study will
be used for the SLERAS.

Surface water background data for a few radionuclides can be obtained from a recently
published review (Amiro and Zach 1993). Background data for sediments are not typically
available for the man-made waste ponds located on the INEL. In this case, soil background
concentrations will be used for screening.

Sample concentrations for each contaminant by medium should be obtained and compared
to the site background values to obtain a frequency of exceedance (FOE). The contaminants that
exceed the INEL site-specific background at a low frequency (less than 5f%o) or have maximum
concentrations less than the 95% upper tolerance limit will be eliminated from consideration.

3.2.4.5 Other Criteria. A number of contaminants maybe eliminated from consideration
by comparison to risk based criteria, reference values (also called benchmark values), or other
criteria. Reference values include ambient water quality criteria, which is the allowable amount of
a contaminant in water (generally for human health). The literature should be searched for
ambient water quality criteria for the protection of aquatic life that may be available for
contaminants at the INEL. These may be regulatory levels or values from research results that
have documented biological effects. Depending on the medium and the contaminant, there may
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or may not be sources of ecologically-based criteria. An additional screening may be desirable if a
common constituent (e.g. a naturally occurring element) of the medium was not eliminated based
on the background screening but has a low FOD (i.e., one out of 11 over site-specific
background). These can be compared to regional values if available. For example, the USGS
(Schacklette and Boerngen 1984) provides concentrations for common soil constituents on a
regional and national basis. This second screening can be justified for a common constituent of a
medium, based on a small FOD (although still above the criteria), combined with low toxicity
and/or identification of the chemical as an essential element. If ecologically-based criteria are not
available, it is possible, based on professional judgement, to use human health based criteria (i.e.,
the ambient water criteria). If human health criteria are used it is necessary to discuss the
uncertainty involved, for it is possible to both over or under estimate the potential risk to
receptors. Tables 3-10 and 3-11 are examples of screening criteria for surface water and
sediments.

It may be possible to eliminate other contaminants based on low toxicity, low concentrations,
and/or uncertain soil concentrations. The rationale and summary of this process should be well
documented in an appendix.

3.2.4.6 Summary of Contaminants. The final group of samples should be averaged across
each medium for each contaminant. Non detects will be included in the average as one-half the
detection value. As presented in Table 3-12 the following information should be summarized for
the finalized data: the FOD, minimum value, maximum value, average, and FOE for each
medium at an WAG. Minimum or maximum values that are within the detection limit of the
instrumentation should be identified. Since most of the sampling that has been done for the
human health risk assessments has been very biased to contaminated sites, the average across the
WAG is assumed to be a conservative estimate. The use of an average concentration for
screening is considered a conservative representative of the types of exposure that an ecological
receptor would receive at a WAG. As part of the CERCLA process the sites at each WAG
identified in the FFA/CO, were sampled (biased) based on the known and/or suspected history of
contamination. These areas are a small proportion of the assessment area. For example, at
WAG 2 only four out of the 1,009 hectares that comprised the assessment area determined for
the SLERA are considered contaminated. Therefore, the use of an average across the assessment
area is considered a conservative measure of the concentration of the contaminant. If a potential
risk is indicated by this conservative analysis, then weighted averages may be used in the baseline.

Within a WAG, there are attractive habitats for certain native species and some species that
would not be natural inhabitants of the area. Those areas that are most attractive to certain
species of wildlife include the pond areas and the irrigated lawns surrounding the facilities. Since
the irrigated lawn areas are used by the human occupants of the site, these areas are generally
not contaminated. Therefore, their attractiveness to certain ecological receptors should not pose
additional risk from contaminants. The ponds will be averaged separately (as surface water and
sediment). These averages should be representative of the actual potential exposure.
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Table 3-10. Sediments contaminant concentrations compared to ecological criteria for a waste pond.’

Frequency of Frequency of Frequencyof
Exceedance Exceedance USEPA Exceedanceof

WDNR of WDNR NOAA ER-L NOAA ER-L Interim USEPA
Chemical Guidelinesb Guidelines Concentrationsc Guidelines Criteriad Criteria

Radionuclides (pCi/g)

Arnericium-241 NA NA NA NA NA NA

a. From case study (Appendix l).

b. From: Bennett and Cabbage (1991). Valumshown arereferenm conmntrations estimated using theequilibrium partitioning approach by
WDNR, normalized for OC.

c. From: Long and Morgan (1990). Values shown are the ER-L, defined as the lower 10 percentile of concentrations observed or predicted to
WI be associated with biological effects. Note that the data used to estimate ER-L are principally from marine and estuarine environments.&l
~~

d. From: EPA (19919. Values shown are derived from water criteria using the equilibrium partitioning approach, and normalized for OC.

Key:

EPA = U.S. Environmental Protection Agency
ER-L = Effects Range Low
IAEA = International Atomic Energy Agency
NA = Not available
NOAA = National Oceanic and Atmospheric Administration
Oc = Organic carbon
pCi/g = PiCoCuries per gram

/.lglg - = Micrograms per gram
WDNR = Wisconsin Department of Natural Resources

,.



Table 3-11. Surface water contaminant concentration compared to ecological criteria for the
waste pond.a

EPA Ambient Frequency of EPA Ambient Frequenq of
Water Quality Exceedance of Water Quality Exceedance of

Chemical Chronic Criteriab Chronic AWQC Acute Criteriab Acute AWOC

Metals (mg/1)

Chromium (VI) 11 0/3 16 0/3

Radionuclides (.uCi/mL)

Cesium-137 NA NA NA NA

Others

Chloride (@L) 230,0Q0 15/15 860,000 15/15

a. From case study (Appendix I).

b. From: U.S. Environmental Protection Ageney, 1986, Quality Criteria for Water, EPA/440/5-86-OOl, Office of
Water Regulations and Standards, U.S. Government Printing Office, Washington, DC, as updated. Values are the
freshwater acute and chronic criteria for the protection

Key:

AWQC = AmbientWaterQualityCriteria
mg/L . Milligramsper liter
NA = Not available
j_tCi/mL = MicroCuriesper milliliter
/@- = Microgramsper liter

of aquaticlifeunlessotherwisenoted.

Table 3-12. Example of the summary of data by medium (i.e., soil).

Ranges
Background

Chemical FOD Average Minimum Mtimum Concentration FOE

Metals @#g)

Aluminum 24I24 11,5C!Q 2,920 13,400 12,800 1/24

Radionuctide(PCtiG)

Americium-241 5/5 2.3 0.072 4 0.005 5/5

Organics(@g)

1,1-Dichoroethene V-25 0.005 0.005 0.005 na na

,
na = not available

Key pCtig = Picocuriesper gram
Pw = Micrograms/gram
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Berms and other facility structures may or may not be attractive to certain species of small
mammaIs for habitat and/or the plantings of crested wheatgrass may or may not be attractive for
feeding. In general, monoculture plantings have smaller populations than the surrounding natural
areas. Small mammals studied appear to use both the native (uncontaminated site) and planted
sites (possible contaminated) for habitat and feeding, and therefore a good estimate of the
potential exposure would be the average between these areas. Species other than small mammals
generally have a larger home range and their usage of a small contaminated area would be
limited.

Finally, the possibility exists that an individual small mammal will be exposed 100% of the
time to the maximum level of contamination. In this situation, this methodology would
underestimate the risk to the maximally exposed individual. Although the guidance proposes to
use the risk to an individual as a method to screen for risk to the population, the maximum
potential risk to an individual is difficuh to quantify and is not as important as a reasonably
conservative estimate of the exposure to the average individual of the population.

3.2.4.7 Uncertainty Associated with Initial Screening of Contaminants. The
uncertainties involved in measuring chemical concentrations in environmental media can be
substantial and should be discussed in this section. Sources of uncertainty in environmental
sampling and analysis include handling procedures; sampling location, number, and density,
selection of contaminants; analyte extraction; sample dilution; analytical detection limits;
measurement errors; and handling of non-detects; analyte interference; and instrument limitations.
Even with strict quality assurance and control measures, there is no assurance that the
environmental samples taken are fully representative of the site. These uncertainties are expected
to have a low to moderate potential to over- or under-estimate risk.

3.2.4.8 Potential Problems. Several site-specific problems must be addressed to provide a
consistent methodology to be used for each WAG.

First, considerable contaminant data of varying quality is available. Most of these data were
collected as part of the CERCLA investigations discussed in the FFA/CO. The FFA/CO process
first categorized each site into an OU. These sites were then processed to identi~ appropriate
remedial action decisions for the various OUS at the INEL. There are five levels of activity in
which a site can be placed using this process. These activities include, in increasing levels of
action: no action sites, Track 1, Track 2, Interim Action, and RI/FS sites. Since 1991, many of the
OUS at the INEL have been investigated using this process. Depending on the level of activity
assigned to a site, the amount and quality level of data can vary.

Second, after compilation, the data must be analyzed from the ecological risk perspective.
This analysis may be more difficult than expected since most of the contaminant data on the
INEL have been collected with a bias toward human risk assessment. For example, extensive data
exist on groundwater contamination, which is of little consequence to ecological receptors in the
absence of humans (pumping). More important, the ERA process may require revisiting sites that
have already been resolved previously as having no or a slight potential to adversely affect human
health.
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Third, a large amount of additional data is available with varying levels of quality and
usability. These data have been collected for various reasons, e.g., to meet environmental
monitoring requirements to establish pre-operational baselines for facilities, to determine regional
background concentrations of contaminants, or to estimate the extent of contamination of the
environment caused by the operation of INEL facilities. These data were used to develop the
maximum database as discussed in Appendix B. It may be necessary to revisit these data in the
baseline ERA

As discussed in the Bunker Hill ERA (EPA 1991d), two points should be considered before
chemicals can be eliminated from the list:

● Standards, criteria, or concentrations derived from toxicity reference values may be
smaller than the sample detection limit; thus, the chemical may not be detected in the
sample, but may be present at levels considered toxic.

● Detection limits varied among sampling events. Some contaminant concentrations
detected in one sampling event may not have been detected in samples from a different
sampling event with different detection limits.

It will be assumed that the site sampling was directed at those contaminants identified at the
site and therefore the detection limits were adequate. For those contaminants where half the
detection limit is greater than the average sample concentration, the use of half the detection
limit in the average will be conservative. The analyst will need to be aware that these points may
need to be addressed further.

3.2.5 Pathways of Contaminant Migration and Exposure

The contaminant migration and pathways model is a major focus of Em It incorporates
source and receptor identification, contamination release mechanisms, and contaminant
environmental transport. The model takes into account direct exposure to terrestrial species
through the identification of exposure pathways, and indirect exposure through ingestion of
contaminated prey. Table 3-13 Ikts typical contaminant sources, media, and release mechanisms.

Characterization of receptors for individual WAGS is a critical part of the problem
formulation process. This section of the SLERA focuses the assessment on those functional
groups most likely to be at risk to stressor effects. The WAG contaminants of concern and their
movement through the media are conceptualized in the pathway model. ~osure routes
identified by the model are then used to determine what communities and organisms are at
highest potential for direct exposure to those media. The process results in the addition of
receptors to the SLER4 pathways and exposure models and ultimately, the production of the
conceptual site model.

Three generic SLERA pathways/exposure models have been developed to represent the
primary INEL contaminant sources, media and exposure scenarios:

● A subsurface storage and disposal she model (subsurface soil)
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Table 3-13. Typical release sources, receiving media, and release mechanisms (adapted horn
EPA 1989c).

Release Source Release Mechanism ReceivingMedium

Surfacewastes-ponds,pits,spills Volatilization Air
Contaminated surface water
Contaminated surface soil
Contaminated wetlands
Contaminated subsurface soil

Contaminated surface soil Surface runoff

Spills Episodic overland flow

Contaminated groundwater Ground-water seepage

Surface or buried wastes Leaching
Contaminated soil

Surfaceor buriedwaste Leaching
Contaminatedsurfacesoil Surfacerunoff
Pondoverflow Episodicoverlandflow
Spills,leaking containers Fugitive dust generation/deposition
Contaminated subsurface soil Tracking
Waste piles

Surface water

Groundwater

SurfaceSoil

Buriedwaste Leaching SubsurfaceSoil
Volatilization

Surface wastes-ponds, pits, spills Surface runoff Sediment
Contaminated surface soil Episodic overland flow
Contaminated groundwater Groundwater seepage

Leaching

Contaminated soil, surface water, sediment, Uptake (direct contact, ingestion, Biota
groundwater, or air inhalation, mechanicaldisplacement
Other biota

● A waste treatment pond model (surface water and sediments)

● A contaminated surface site model (surface soil).

These models are presented in Figures 3-6, 3-7, and 3-8. The models incorporate primary
release mechanisms for general groups of INEL contaminants (i.e., radionuclides, organi~) and.
metals) including wind suspension, run-off, volatilization, leaching, and infiltration (DOE 1993).
Transport pathways include volatilization from soils or water into air, leaching from soils or
sediments into surface water or groundwater, translocation or particulate transport via air or
water. The SLER4S will most often assess the potential risk from these types of waste sites;
however, development of models to address additional sources of contamination maybe required.

The WAG sites and contaminants of concern and their associated contaminated media
identified in the stressor characterization serve as the basis for determining the appropriate
pathways of migration and exposure scenarios (models) to be implemented in the SLERA
analysis.
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No formal transport and fate modeling is conducted for SLERA. Instead, behavior of
contaminants is qualitatively reviewed in the analysis (Section 3.3). The appropriate pathways for
evaluating individual contaminant behavior in the medium of interest are selected and applicable
exposure routes identified. This information is then used to identi~ potential receptors.

One or more of the generic models will be required for the SLERA depending on the
characteristics of the WAG sites of concern. Separate subsections should be included for each
model addressed in the analysis. Discussions about each model should include the various
pathways a contaminant may take and the routes through which biota may be exposed to site
contamination. Typically, four exposure routes are considered in ecological risk assessments, as
they are in human health risk assessments. These routes are (a) ingestion (soil, water, and biota),
(b) inhalation, (c) dermal contact and (d) for radionuclides only, external exposure. However,
potential effects for some exposure routes may be minor (dermal contact) compared to others
(soil ingestion) for some contaminants. If a route of exposure for which the risk is assumed to be
small or nonexistent is eliminated, the decision to eliminate this route should be well documented
in the section. For receptors consuming prey species that have been directly exposed, an indirect
exposure is assumed.

Once appropriate models are identified, ecological receptors for the associated exposure
models must be identified. SLER4 receptor characterization incorporates the functional grouping
concept discussed in Section 3.2.3.2 (methods in Appendix E) to reduce the requirement for
evaluation of potential contaminant exposure for individual species.

The objectives of receptor characterization include:

● Identification of ecological components that will form the framework for defining
assessment endpoints and constructing the site conceptual model

● Elimination of ecological components that do not appear in the exposure pathways.

Characterization of contaminant receptors for a WAG begins with the contaminated media
and routes of exposure identified using the pathways models discussed above. Functional groups
associated with the WAG assessment area (see Section 3.4.3.1) are screened against possible
routes of contaminant exposure to focus the SLERA on those groups that appear in WAG
contaminant pathways. Functional groups not appearing in a pathway of contaminant exposure
are eliminated from further consideration in the assessment. Functional groups identified as
having potential for exposure are used as the basis for defining assessment endpoints and are
combined with the WAG pathway model to produce the site conceptual model. All INEL
functional groups have been evaluated for their potential exposure to contamination through
dietary and physical routes for all three generic pathways/exposure models (Figures 3-6,3-7, and
3-8). Primary exposure pathways for each group have been derived by interpreting the dietary
and physical habits for the species associated with that group (see Section 2.1 in Appendix E).
Table 3-14 lists the primary media and INEL functional groups (receptors) having potential for
exposure through the routes indicated.

,

Functional groups for WAG biota can be screened for potential exposure to each route
identified in a pathway model by consulting Table 3-14. The resulting list of ecological receptors
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Table 3-14. Summary of Exposure Pathways and Associated INEL Functional Groups.

Expe6trremedium Exposure route Potential receptors (functional groups)a

Subsurfacesoil Ingestion(dietary) AV22~ M121,M12~ MKZ3,M222,M322,M422,
(Direct) M422&R22Z R322,A232,terrestrialinvertebrates,

microorganisms,individualplantspeeies

Physicalcontact AV22~ M121, M12~ MK23,M222, M322, M42~
M42~ R222, R322, A232

Inhalation Not addressedin SLERA

Physicalcontact

Surface soil (Direct) Ingestion (dietary) AVl~ AV~ AV22~ AV32& AV422, M121, Ml=
Ml% MK23,M222, M322, M422, M422& R222, R32&
A23~ terrestrial invertebrates, microorganisms, individual
plant species

AV122, AV21O,AV31O,AV322, AV422, M121, M122,
M12~ MK?3,M132, M222, M322, M422, M422& IZ222,
R322, terrestrial invertebrates, microorganisms, individual
plant species

Inhalation Not addressed in SLERA

Vegetation (Direct) Ingestion AV121, AV122, AV132, AV142, AV143, AV422, AV432,
M122, M12~ M123, M132, M422, phytophagous insects

Physicalcontact AV121,AV122,AV132,AV142,AV21O,AV222,AV22~
AV233,AV241,AV24~AV310,AV322,AV333,AV342,
AV422,AV432,AV433,AV442,M121,M122,M12~
M123, M21O,terrestrial invertebrates, individualplant
species

Surface water (Direct) Ingestion (dietaty) AV121, AV122, AV132, AV142, AV143, AV21O,AV221,
AV22~ AV222, AV232, AV233, AV241, AV242, AV310,
AV322, AV333, AV342, AV422, AV432, AV433, AV442,
M121, M122, M12& M2104 M222, M322, M422,
M422& R222, R322, A232, aquatic microfauna

Physicalcontact AV132%AV142, AV143, AV232, AV233, AV241, AV242,
AV333, AV432, AV433, AV442, M123, M132, M210,
M132, A232, aquatic microflora/fauna

Sediments (Direct) Ingestion (dietary) AV132, AV233, AV242, AV333, AV432, AV433, AV442,
M132, A232, benthic invertebrates

Physical contact AV143, AV232, AV2C33,AV242, AV333, AV432%AV433,
AV442, benthic invertebrates

Physical contact AV143, AV232, AV233, AV242, AV333, AV432, AV433,
AV442, benthic invertebrates

Inhalation Not addressed in SLERA

Prey (Indirect) Ingestion A232, AV210, AV221, AV222, AV22~ AV232, AV233,
AV241, AV242, AV3 10, AV322, AV333, AV342, AV422,
AV432, AV433, AV442, M2Nl& M21O, M222, M322,
M422, M422& R222, R322, entomophagous, zoophagous,
and saprophagous insects

a. Individual species associated with these groups are listed on Table E-4.
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should be incorporated with the contaminant and pathways models write-up, including summarized
results and tables similar to those presented here. The information contained in this section will
serve as an important reference for SLEW endpoint definition and development of the
conceptual site. A detailed discussion of the methods and summary documentation is given in
Appendix E.

3.2.6 The Conceptual Site Model

Development of the conceptual site model is based on the food web and appropriate
pathways/exposure models identified in Section 3.2.5. Simplistically, the conceptual site model
combines the ecological and contaminant characteristics of the ecosystem being analyzed to
develop exposure scenarios for use in assessing the risk at the site. The model integrates all
direct exposure pathway models identified for the WAG with indirect exposure scenarios (i.e.,
prey consumption).

The basic components of the model are contaminant sources, pathways (including release
mechanisms and environmental transport routes), and exposure scenarios (which link the
receptors to the source). The conceptual model integrates receptors identified in the receptor
characterization process with the pathway model to produce an overall summary of exposure for
the ecosystem and serves as input to the analysis phase of the assessment (EPA 1992a).

Conceptual site models can be presented in one of two formats:

● An evaluation model that is a flow chart analysis depicting the movement of
contaminants from source to receptor

b An illustrative model that depicts the site, source, affected media, and receptors with
arrows indicating contaminant movement through the environment (see Figure 3-9).

An example of a conceptual site model is shown in Figure 3-9. This model incorporates all
three major INEL pathway models (surface soil, subsurface soil, and surface water).

3.2.7 Assessment Endpoints

This section provides guidance for use of appropriate assessment endpoints for each WAG
SLEW Assessment endpoints are “formal expressions of the actual environmental values that
are to be protected” (Suter 1989). For Em assessment endpoints are the focus for risk
characterization and link the measurement endpoints to risk management goals (EPA 1992a).

Criteria for ERA assessment endpoints encompass biological relevancy policy goals and
societal values, susceptibility to the contaminant, and consideration of measurability and
predictability (EPA 1992a; Suter 1993). However, SLERA assessment endpoints are not intended
to reflect ecosystem integrity or to be used to set remedial cleanup levels. The p~mary objective
of the SLERA is to identify COPCs and levels of those contaminants that represent potential risk
to WAG ecological components, and toxic effects to biota as a result of exposure to a
contaminant are of prima~ concern. The considerations incorporated to produce appropriate
SLERA assessment endpoints include (EPA 1992a):
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● Ecological relevance

● Policy goals and regulato~ requirements.

Suggested assessment endpoints have been developed for WAG SLERAS and are presented
on Table 3-15. These assessment endpoints are focused on the protection of INEL biota
represented by functional groups and T/E species identified in the re~ptor characterization
process (Section 3.5.2) as having potential for exposure to contaminants. Additional endpoints
may be required to address individual WAG issues (e.g., existence of critical habitat within the

,.

assessment area).

It is beyond the scope of SLERA to quanti~ risk, so an ecologically-based screening level
(EBSL) has been applied to establish the potential for WAG contaminants to contribute to
ecological risk to ecological components. A screening level quotient (SLQ) is used to indicate
whether or not a potential for adverse effects exists. The development and application of SLQS
for SLERA analyses are discussed in Section 3.4.

Assessment endpoints for each SLERA should be presented in a format similar to
Table 3-15. Documentation for this section requires a brief discussion of how the results of the
screening-level evaluation can be related to the assessment endpoints.

3.2.8 Measurement Endpoints

This section of the SLERA is the culmination of the problem formulation phase of the
assessment. The purpose of measurement endpoints is to explicitly define the measures that will
be used to attain WAG assessment endpoints.

A measurement endpoint is “a quantitative expression of an observed or measured effect of
the hazard; it is a measurable environmental characteristic that is related to the valued
characteristic chosen as an assessment endpoint” (Suter 1989). For INEL SLERA, ecological
components are not surveyed or measured directly. Rather, these assessments are performed
using only existing data. Consequently, measurement endpoints for INEL SLEIMs are defined as
the model input values required to calculate TRVS, EBSLS, and ultimately an SLQ.

Table 3-16 presents an example summary of SLERA assessment and measurement
endpoints. Average contaminant concentration in the media of interest is a pre-defined
measurement endpoint since it is required as input for calculating SLQS (Section 3.4). Some
measurement endpoints are also pre-defined by the input values required for calculation of
EBSLS (see Section 3.3.1.3). These exposure parameters include dietary composition, home
range, temporal and spatial habitat use data (site use factors and exposure duration), soil ingestion
rate, food digestion rate, and body weights and for plants, uptake factors.

Measurement endpoints supporting the development of TRVS (Section 3.3.1.3) maybe
defined during the assessment depending on the availability of toxicity effects data’. For example,
LD50 values maybe available for some species (measurement species), whereas NOAELS or
LOAELS maybe available for others.
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Table 3-15. Summary of SLERA assessment endpoints (Suter, 1993).

Hazard/policy goal WAG SLERA endpoint Indicator of
effectsa

No unacceptable reductions to

INEL T/E individuals and
populations as a result of
exposure to organic, inorganic,
and radionuclide contamination

No unacceptable reductions
INEL T/E individuals and
populations as a result of
physical stressors.

No unacceptable reductions
abundance and diversity of

to

to

INEL native biota as a result of
exposure to organic, inorganic,
and radionuclide contamination

No unacceptable reductions to

abundance and diversity of
INEL native biota as a result of
physical stressors.

No indication of possible adverse
effects to T/E individuals and
populations as a result of contaminant
exposure peregrine falcon, bald eagle,
northern goshawk, ferruginous hawk,
loggerhead shrike, white-faced ibis,
black tern, trumpeter swan, pygmy
rabbit, and Townsend’s big-eared bat
individuals and populations (Functional
Groups AV31O, AV322, AV233,
AV21O, M122~ and M21OA).

Not addressed by SLERA

No indication of possible adverse
effects to WAG native vegetation
communities as a result of contaminant
exposure.

No indication of possible adverse
effects to WAG wildlife populations as
a result of contaminant exposure
(represented by functional groups
identified in the site conceptual model:
waterfowl, smali mammals, large
mammals, song birds, raptors, top
predators, invertebrates).

Not addressed by SLERA

SLQ z risk target

NIA

SLQ z risk target

SLQ z risk target

N/A

a. SLQ - screening level quotient. See Risk Estimation, Section 3.4.1.
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Table 3-16. Summary of SLERA assessment and measurement endpoints (Suter 1993).

WAG assessment WAG measurement Functional group Measurement speciesb
endpoint endpoints Emlogical component (other groups represented) (TRV/EBSL) Example INEL group members

No indication of possible
effects to T/E individuals
and populations as a
result of contaminant
exposure peregrine
falcon, fermginous hawk
bald eagle, loggerhead
shrike, northern
goshawk,pygmyrabbit,
and Townsend’sbig-
eared bat (SLQ <risk
target)

Pygmyrabbit M122A(M123)

AV31O

Rat, mouse/meadowvole
(M122A), deer mouse
Chicken. mshawk. American

Pygmyrabbit

Peregrine falcon, northern goshawk
‘concentrations

TRVs
NOAEh

Peregrine falcon,
northern goshawk kestref/r&&ailed hawk

%~%?goahaw~kerican
kestref/r&&tailedhawk

LOAEb
QEti
Adjustment factors

EBSIS
Dietaty components
Home range
Site use factors
Exposure duration
Soil ingestion rate
Food digestion rate
Body weight

Fermginous hawk,
loggerhead shnke, bald
eagle
Townsend’swestern big-
cared bat

AV322 Ferruginous hawk Ioggerhcxidshrik~
bald eagle .

Townsend’swestern big-eared bat
(AV322)

M21OA(M21O)

Average contaminant soil
concentrations

Plant uptake factors
TRVS (equivalent to EBSL)

VegetationNo indication of possible
effects to WAG native
vegetation communities
as a result of
contaminant exposure
(SLQ<risk target)

No indication of possible
effects to WAG wildlife
populations as a result of
contaminant exposure
(represented by
functional groups
identified in the site
conceptual modeh water-
fowl,small mammals,
large mammals, song
birds, raptors, top
predators, invertebrates)
(SLQ<risk target)

Bush beans, crop plants Sagebrush, bunchgrass

Average contaminant soil
concentrations

TRVs

Small mammals M422, M122A(M222,
M123)

Rat, mouse/meadowvole
(M122A), deer mouse

Deer mouse, least chipntun~ montane
vole, nuttall’s cottontail, bushy-tailed
woodrat, ord’a kangaroo rat
Coyote, long-tailed weaselNOAELS

LOAELS
Mammalian camivorel

omnivore
Mammalian herbivores

Avian carnivores

Avian herbivore

M42~ M322

M121 (M122)

AV322

AV122 (AV122)

Rat, mouse, dog, cat, mink/fox

Rat, mouse, mule deer/
pmnghom
Goshawk, American keatrcf/
red-tailed hawk (AV322)
Chicken, pheasant, quail,
passennes/sharp-tailed and
ruffed grouse
Chicken, pheasant, quail,
passennes/American robin,
cliff swallow
Chicken, pheasant, quail
passerine
None located
None located/Westem racer

P&mghom antelopeAdjustment factors
EBSLa

Dietaty components
Home range
Site use factom
Exposure duration
Soil ingestion rate
Food digestion rate
Body weight

American kestrel, northern harrier

Sage grouse, rock dove, mourning
dwe

Avian insectivore AV210,AV222 (AV210&
AV221,AV222A)

AV422

Cliff swallow,barn swallow,american
robin, brewer’s sparrow, western
meadowlark .
Black-billedmagpieAvian carnivore/omnivore

Mammalian insectivore
Reptiles

Invertebrates

M21OA M21O)
$R222, R 22

Townsend’awestern big-eared bat
Sagebrush lizard, short-homed lizard,
western rattlesnake, gopher snake
N/AUnidentified

a. Measurement endpointa are discussed in Section 3.2.8.
COPC - contaminants of potential concern.
TRV - threshold reference value
NOAEL -no observed adverse-effects-level
LOAEL - Iowesbobsetved-adveme-effects-lmel
EBSL - health-based screening level

b. Data for measurement species are discussed in detail in Section 3.3.



All species within WAG functional groups identified as receptors for WAG contaminants
(Section 3.2.5) qual@ as representative species for which existing toxicological or ecological data
may seine as input to assessment models. All threatened and/or endangered (T/E) and C2 species
potentially present at the WAG assessment area must be individually addressed by the SLERA.
This is accomplished by applying an additional factor of conservatism to the exposure/effects
calculations for these species (Section 3.3.2.1).

A discussion specifying SLEW measurement endpoints and how they are incorporated in
the analysis should be presented in this section. In addition, a table similar to Table 3-16 should
be included to summarize SLERA endpoints, ecological components addressed by the analysis
(functional groups) and measurement species.

3.3 Screening Analysis Guidance

The SLERA analysis consists of a (1) exposure assessment and (2) ecological effects analysis.
In the exposure assessment, exposure concentrations are estimated for each contaminant, for each
exposure pathway, and for each receptor. Exposure information is used in conjunction with the
ecological effects assessment to evaluate the potential ecological risk to the ecosystem during the
risk characterization. The activities necessa~ to perform the analysis are highly integrated and
are generally performed interactively. Therefore, the guidance presented here can be modified to
more appropriately fit each individual WAG SLERA.

3.3.1 Exposure Assessment

The SLERA exposure assessment quantitatively determines the magnitude and routes of
exposure. The information gathered during the problem formulation directs the analysis phase of
the SLERA and provides the basis for calculating an indication of risk. Important issues to
present in this section include:

● Stressor characterization

● Ecosystem parameters

● Estimation of exposure for all functional groups and T/E or candidate species.

These issues are presented as subsections within this guidance. Again, it is not necessary to
follow the organization presented, but it is more important that each of these issues are discussed
within the SLEW

3.3.1.1 Stressor Characterization. This section involves the summarization of the
stressor characterization information compiled during the problem formulation stage [i.e.,
exposure point concentrations (EPGs)] and a qualitative analysis of the contaminant transport and
fate in the environment.
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Exposure Point Concentrations

During the stressor characterization performed as part of the problem formulation phase of
the SLEW an average concentration will be calculated for each contaminant in each media.
These are the EPCS that will be used during the analysis phase. The EPCS can be summarized
initially for all media as shown in Table 3-17 and presented with the calculations (as discussed
later).

The use of average concentrations for the SLEW as discussed in Section 3.2.4, to calculate
EPCS is conservative since the sampling at each WAG will be biased towards those areas
identified in the FFA/CO as having been contaminated. This approach results in estimated
exposure doses that are most likely higher than the actual doses received by ecological receptors
at the site. This methodology is especially appropriate for surface and subsurface soil
contamination. However, if the variation in any media is large for a particular contaminant, the
analyst is cautioned to investigate this in more detail. This finding might necessitate the
presentation of a breakdown of averages by sites within the WAG with an analysis of the spatial
distribution of the contaminant. Since this type of analysis is generally more appropriate to Em
the contaminant should be maintained as an COPC and addressed in the subsequent ERA

This methodology is also appropriate for contaminated water sources but must be used with
caution. Water sources may have particular appeal for certain organisms in the INEL ecosystem.
The analyst should be aware that in certain circumstances it maybe more appropriate to use an
upperbound estimate for calculating exposure. In most situations, the average will be appropriate
since waste water sites are limited (usually one to a WAG) and generally well sampled. The area
of influence is assumed to encompass drinking water use by species over the total assessment
area.

Chtamhant Transport and Fate

The contaminants previously identified in the stressor characterization effort associated with
the problem formulation phase of the SLERA process will be discussed in this section. During
the analysis phase, these contaminants are more thoroughly discussed to obtain a complete picture
of their movement and activity in the environment using a fate and transport model. Where the
contaminant is a radionuclide, information on the half-life and decay mechanism will be included.

In this section, each SLEW will present a literature review and discussion on the transport
and fate of each contaminant in the environment. The objective is to gather the available data
concerning the contaminant concentrations (or discharge rates where appropriate), with the
information on the state of the environment and to look at the rates at which the contaminant is
degraded and/or transported from place to place, and how long the contaminant is anticipated to
reside in the environment in question. This includes any available information on studies
concerning the behavior of a contaminant in the biota (e.g., movement through the foodweb or
accumulation in certain tissues). This information combined with the ecological effects assessment
will provide an effective picture of the potential movement of this chemical through the
ecosystem and allow for an adequate characterization of the risk.
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Table 3-17. Example of presentation of exposure point concentrations for all medium.

Surface Surface Subsurface
water Sediment Soil Soil

Average Average Average Average
Contaminant concentration N concentration N concentration N concentration N

Chromium NP NP 240.3 /.@g 14 156.8/@g 6

Am-241 NP - NP — 21.0 /Jci/g 17 15.0 pcdg 14

Key

N= Number of samples.
NP = Contaminant not present in this medium.

The output from this type of literature review will be a written discussion. These writeups
will contain the following information: The contaminant movement and fate through the biota
(e.g., in the case of strontium it is closely related to calcium and barium and will follow the
calcium route through food chains from environment to organism) and the abiotic ecosystem (e.g.,
soil) and relate this where possible to the site-specific characteristics at the INEL. The sources of
the contaminate on the site should be discussed in this section. This includes documenting other
anthropogenic sources for some contaminants (for example, it is informative to discuss the fact
that Sr-90 has been released to the atmosphere and dispersed world-wide due to above-ground
nuclear detonations).

3.3.1.2 Ecosystem Parameters. The ecosystem characterization that was performed as
part of Section 2.1 of the problem formulation will be the basis for the development of the
ecosystem parameters performed as part of the analysis. In this section, the functional groups
that are potentially at risk are identified. To perform the SLEW it is necessary to provide input
parameters for the exposure assessment and use conservative assumptions whenever necessary.
These parameters will directly support the SLERA exposure analysis. The EPA Wildlife Factors
Exposure Handbook (EPA 1993) is an excellent source for this type of information.

The ecosystem characterization presented in this section of the analysis phase should include
the following subsections:

● Temporal and spatial characteristics

● Ingestion rates

● Body weight and diet

● Food-chain exposure calculations.

3-50



Temporal and SpatiaI Characteristics

The ecological components’ temporal characteristics complicates the evaluation of exposure.
For example, food preferences, food and water consumption rates, reproductive cycles, seasonal
activities, and age of species at exposure can all contribute to the complexity of this issue. Ideally,
all these factors would be considered in a detailed risk assessment. For performing screening-
level exposure analysis, a simple unitless exposure duration (ED) factor will be calculated.

ED = fraction of the year receptor spent in the assessment area.

An ED value will be developed for functional groups that have been identified in the
problem formulation as having potential exposure to contamination. An ED value of 1.0 should
be used for any functional group that contains year-round residents of the WAG assessment area,
and a conservative value between O and 1.0 will be used for those groups containing migratory
species based on the fraction of the year spent in the region (generally 0.50). This information
will be developed first from any site-specific information available and secondly from available
literature. If data are not available for any of the functional group members, a conservative
assumption should be used and a value of 1.0 input into the exposure analysis. To ensure
conservatism, the highest ED for any member within a functional group is chosen to represent the
group as a whole. This information should be presented as shown in Table 3-18.

Once the assessment area has been delineated, the ecological components’ spatial
characteristics also complicate the evaluation of exposure. Simplistically, this means that a
functional group consisting of species with comparatively large home ranges (i.e., pronghorn in
mammalian herbivore - M122) compared to the area of contamination will be potentially exposed
less than a receptor with a functional group consisting of species w.th comparatively small home
ranges (i.e., pygmy rabbit in mammaliadherbivores - M122A). For performing the exposure
analysis for screening, a site use factor (SUF) will be develop for each receptor species.

SUF = assessment area (acres)/area of home range (acres).

SUF values for all applicable functional groups must be developed. An SUF value of 1
should be used for those functional groups containing only species whose home range is 100%
within the WAG assessment area. A value from O to 1.0 should be developed for those species
with a home range larger than the WAG assessment area. The species with the largest SUF is
used to represent the functional group. For example, if the assessment area is estimated to be
1,000 ha, and the home range for the mammalian omnivores (M422A) is determined to be
6,400 ha, a SUF of 0.16 results. Incorporation of the SUF adjusts the exposure estimates to
account for the estimated time the receptor spends on the site. The less time spent on the site,
the lower the exposure.

This information should be developed first from any site-specific information available and
secondly from available literature. If data are not available for a particular receptor, a
conservative assumption should be used and a value of 1.0 input into the exposure analysis.
When using the functional grouping methodology, it will be necessary to use the species within
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Table 3-18. Presentation of parameters for analysis.

IR w Home range
Functional groups PP Pv P.Y SUF ED (kgfday) (kg) (Ha)

Avian herbivo~ (AV122)

Avian insectivores (AV21O)

Avian insectivores (AV222)

Avian carnivores (AV31O)

Avian carnivores (AV322)

Avian omnivores (AV422)

Mammalian herbivores (M122)

Small mammals/herbivores (M122A)

Mammalian insectivores (M210)

Mammalian carnivores (M322)

Small mamtnals/omnivores (M422)

Mammalian omnivorm (M422A)

Reptiles insectivores (R222)

Reptiles carnivores (R322)

0.00E+OO
—

9.80E-01

9.80E-01

9.90E-01

0.00E+OO

0.00E+OO

9.72E-01

9.80E-01

9.72E-01

9.80E-01

9,80E-01

9.90E-01 1.00E-02

0.00E+OO

0.00E+OO

0.00E+OO

9.46E-01

9.76E-01
—

0.00E+OO

0.00E-01

0.00E+OO

0.00E+OO

0.00E+OO

2.00E-02

200E-02

1.00E-02

5.40E-O&

2.40E-0~

2.80E-0#

200E-02

2.80E-O@

2.00E-02

2.00E-02

1.00E+OO

MOE-WI

1.00E+OO

4.54E-01

1.00E+OO

1.00E+OO

9.86E-01

1.00E+OO

1.00E+OO

I.00E+OO

1.00E+OO

1.56E-01

I.00E+OO

1.00E+OO

1.00E+OO

I.00E+OO

2.50E-01

1.00E+OO

250E-01

1.00E+OO

1.00E+OO

1.00E+OO

1.00E+OO

100E+OO

1.00E+OO

I.ooe+oo

1.00E-WO

1.00E+OO

1.27E-02

6.49E-03

1.75E-02

5.06E-02

9.95E-03

3.73E-02

1.95E+O0

7.61E-03

1.69E-03

283E-02

3.88E-03

8.72E-01

5.00E-03

5.00E-03

1.94E-Ole

267E-0#

8.6oE-02g

1.36E+Ol#

1.38E-Olg

209E-01~

5.85E+Oli

8.50E&

l.10E-0#

3.40E-Oli

2.30E-02g

2.20E-f-Oli

251 E-Olj

251E-OIj

1.56E+Ole

4.40E-Olg

2.23E+O#

2.02Ei-02g

1.02E-t-0~

8.00E-02C
—

1.42E+-Oli

1.28E-Olg

6.48E+03i

3.00E+@’

3.00E+@”

WAG assessment area = 1000 Ha
Threatened and Endangered Species - valueswould be the same as th~ functionalgroup categories listed above with three in parentheses followingthe name.w

b Peregrine Falcon (AV310) hggerhead Shrike (AV322)
N Northern Goshawk(AV31O) PygmyRabbit (h4122A)

Bald Eagle (AV322) Townsend’sBig-earedBat (M210)
Fermginous Hawk(AV322)

Abbreviations
PP = Wrcetstageof diet represented by prey ingested (unitless)
Pv = percentage of diet represented by vegetation ingested (unitless)
Ps = percentage of diet represented by soil ingested (unities-s)
SUF = site use factor (total WAG assessment area (ha) dividedby home range (ha)) (unities.s)
ED = exposureduration (fraction of year spent in the affected area) (unitless)
IR = ingestionrate (derived using allometric equations based on body weight (kg/day)
w= receptor-specificbody weight (kg)

. informationnot available
Sources
a. Where informationdid not existin the literaturem wil ing=tion rat= for temeatrial~lota, Mii ingetion rata were a$sumedto be 2% of the food ingestionrate forall burrowing
mammafsand birds who consume whole terrestrial prey and 1% for all other receptors.
b. Arthur and Gates (1988)
c. EPA (1993)value for meadowvole
d. EPA (1993)vahsefor red fox
e. Hoover and Wllfa(1987) mean vaIue for sharp-tailed and ruffed grouse
f. Dunning (1993)
g. EPA (1993) actual speciesvalue
h. Johnagard (1990)
i. Burt and Gtxx?senheider(1980)
j. EPA (1993b)value for racer
k. Hoover and WIIfa(198’7)



that group with the smallest home range to ensure conservatism. This information should be
presented as shown in Table 3-18.

The SUF is applied simplistically for use in the SLEW For receptors, such as large
herbaceous grazers (e.g., pronghorn), this approach is appropriate and conservative. For
receptors that may have specific habitat requirements and are drawn to certain ecotypes, it may
not be conservative enough. As discussed in Section 3.2.4.6, the WAGS are generally surrounded
by a fairly uniform habitat of sagebrush steppe, although there are attractive habitats (e.g. lawns)
for certain native species, and for some species that would not be natural inhabitants of the area.
Irrigated lawn areas that would definitely prove attractive to some wildlife, are for human use and
are generally not contaminated. Waste pond$ are attractive to wildlife but the contaminant
concentrations are averaged separately for that pathway, are assumed to be that average
throughout the WAG assessment area, and the use of area is assumed to be 100% for year round
species and 50% for seasonal. Subsequently, these values should be conservative. The
uncertainty in this approach will be discussed in more detail at the end of this section.

Ingestion Rates

The ingestion of contaminants can occur from many of the normal activities of a receptor
within a functional group. This includes ingestion of food, water, and soil. The calculation of the
amount of food, water, and soil consumed by a receptor and the relationship of this value to the
exposure is highly variable. Generally, the ingestion rate for a receptor is not available, and if
available, is complicated by the effects of season, availability of forage and water, age, dietary
habits, and individual variation as well as many other factors. Therefore, this section of each
SLERA should contain a discussion concerning the methods, assumptions, and uncertainties
associated with the development of these ingestion rates. In addition, where possible, any
relevant literature should be discussed, and any site-specific studies should be included.

Beyer et al. (1994) state that many wildlife species ingest soil while feeding and that knowing
ingestion rates may be important for studies of environmental contaminants. There have been
many studies performed (Beyer et al. 1994; Fries et al. 1982; Mayland et al. 1975; Russell et al.
1985) and some that are INEL-specific (Arthur and Gates 1988); however, actual ingestion rates
are known for only a few species and most soil ingestion estimates are approximate. For each
SLER~ site-specific soil ingestion should be used if available.

Suter (1993) provides a fairly detailed discussion on this topic and states that both the
conversions between diet and dose and interspecies conversions of food and water consumption
require size and consumption-rate data. To the extent possible, these data should come from site-
specific studies, but generic literature values are usually used. In the absence of site-specific,
species-specific data, allometric regression models can be used as shown in Tables 3-19 and 3-20.
There are other methods available and can be used as applicable in the SLERA process. For
INEL SLER~ all food items should be considered dry to ensure conservatism.

Body Weight and Diet

It is also necessary to determine an average body weight and the percent of diet that is
up of vegetation, and/or prey items for each functional group. This information is shown in
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Table 3-19. Examples of allometric regression models of food and water consumption’.

Model type Equation

Dry diet F = 0.049 V@-W’
c = 0.093 WO”75M

Wet diet F = ().054 J@.9451

c = 0.090 wl”~

a. Based on food consumption (F) in kg/day and water consumption (C) in L/day as functions of body
weight (W) in kg, derived from data for various mammals, based on direct measurements from captive
animals (ECAO, 1987).

Table 3-20. Examples of allometric regression models of feeding rates for wildlife.’

Group Equation

All eutherians
Rodentsb
Herbivores

All birds
Passerine
Desert birds
Sea birds

Herbivores
Insectivores

Eutherian mammaIs

F = (0.235 BWO-822)*lE-3
F = (0.583 B@585) *lE-3
F = (0.577 BI@727) *lE-3

Birds

F = (0.648 BW’O-G51)*lE-3
F = (0.398 BWO-850)*lE-3
F = (1.11 BWO-M5)*lE-3
F = (0.495 BWO-704)*lE-3

Iguanid lizards

F = (0.019 B@.wl) *lE-3
F = (0.013 BWO”773)*lE-3

a. From Nagy (1987) based on field metabolic rate. Where body weight (BW) is in grams and feeding
rate (F) is in kg/d of dry matter (the lE-3 is a conversion factor to convert grams to kilograms).

b. A slight modification of this equation was made to correct typographical errors in the original report
(personal communication K Nagy, 1995).
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Table 3-18. This necessitates again finding either site-specific or specit%-specific information in
the literature to develop these values for use in the risk assessment. It is necessary to cite any
sources used for this information. In the absence of site specific or literature-based data, it is
appropriate to use conservative assumptions for the SLERA. When using the functional group
methodology, this would include using the smallest body weight of the species represented by the
functional group for conservatism. This should be stated in this section, and the decision should
be based on the ecological risk assessor’s knowledge of a particular functional group and its
associated species.

Food-Chain Exposure Calculations

The uptake of contaminants in the terrestrial food chain can be calculated. These
contaminant-specific factors are referred to in the literature as uptake factors or plant uptake
factors (PUFS) for plants and food-chain transfer coefficients or factors for wildlife. The PUF is
the plant tissue concentration of the contaminant divided by the soil or sediment concentration.
The food-chain transfer factor is the animal tissue concentration of a contaminant divided by the
concentration in its food. These factors will be developed fmt from site-specific data or from the
general literature if possible. Data on chemical concentrations in wild animals, as opposed to
domestic or laboratory animals, should be used when available. Hanford has produced the
Ecotom”cityLiterature Review of Selected Hanford Site Contaminants (Driver 1994). This report
states that food chain transport information is generally lacking for desert or sagebrush-steppe
organisms. In addition, it is shown that these values tend to be highly site-specific, due to the
effects that biological and physiochemical factors may have on contaminant bioavailability and
toxicity. Table 3-21 presents an example of the development of PUF values for both terrestrial
and aquatic plants. To estimate the tissue levels of contaminants in prey items of wildlife, the
PUF was multiplied by the transfer factors to derive a “bioaccumulation factor” (BAF), which is
the concentration of a contaminant in the tissues of an animal divided by the soil or sediment
concentration. The BAF accounts for all ingestion exposure routes. For example, the BAF for
an herbivorous small mammal is the PUF times the plant-to-herbivore transfer coefllcient.
Multiplying the small mammal BAF times the concentration of a contaminant in soil provides an
estimate of the tissue levels of the contaminant in small mammals. This tissue level may then be
used to estimate exposure for the carnivore/omnivore functional groups that are predators of
small mammals. This method for developing BAFs should be used with care and for situations
where there are established steady state conditions. Table 3-22 presents an example of the
development of food-chain transfer factors for non-radiological contaminants. Table 3-23 presents
the development of BAFs for used in the exposure analysis. Site-specific PUFS should be used
whenever possible. Element specific PUFS are available from Baes et al. (1984). Baes et al.

(1984) give preference to studies that reported the steady-state concentration of metals in plants
at edible maturity, various soil properties are not considered, and data for numerous plant species
(both animal feeds and those consumed by humans) are combined. Since root uptake is a
complex process that depends on various soil properties (e.g., pH, cation exchange capacity, and
organic matter content) as well as the element and type of plant involved. The PUF for some
organics can be estimated using the geometric mean regression equation developed by Travis and
Arms (1988).

,
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Table 3-21. Example table showing plant uptake factors.

Uptake
Habitat Contaminant facto~ Remark Reference

Terrestrial Chromium 0.CQ75 Vegetative parts Baeset al. 1984

PCE 1.22 Calculated from log ~w Travis and Arms 198S

Aquatic Chromium 0.26 Sediment tomacrophyteu take factor.
1’

Hoffman et al. 1990
Calculated by dividingtota chromium in
macrophytw by total chromium in sedimen~
value ISan average for cattail, bulrush, and
pondweed.

a. Dry weight basiq (plant DW concentration)/(soilor sediment DW concentration).

Note PCE = Tetrachloroethane

Table 3-22. Example food-chain transfer factors for wildlife nonradiological contaminants.

Functional Transfer
Group Contaminant Factorsa Remark Reference

Mammalian Chromium Determined )n Taylor (1990) as
Herbivores 0.008 feeding studies
(M122) with cotton rats fi$16~ ‘lsler

PCE Calculated from Travis and Arms
log ~W and an

[)
1988 ; Suter

1.6E4 assumed muscle- 1993 for tissue
tissue moisture moisture
content of 5490

a. Dry weight basis; (tissue DW concentration)/(feed DW concentration).
DW = Dry weight
PCE = Tetrachloroethene

Table 3-23. Example of the development of bioaccumulation factors for nonradiological
contaminants.

Food-Chain
Contaminant PUF Update Factor BAI?

Chromium (total) 0.0075 .008 0.00006
—

Chromium (VI) 0.0075 .008 0.00006

PCE 1.22 1.6x104 0.000195

a. Mammal BAF derived by multiplying plant to herbivore transfer factor by plant uptake factor.

PUF = Plant uptake factor
BAF = Bioaccumulation factor
PCE = Tetrachloroethene
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In the exposure analysis, the following equation will yield the concentration of contaminant
in the prey item.

CP = CS x BAF

where

CP = Concentration in prey item ingested (mg/kg)

Cs = Concentration of contaminant in soil (mg/kg)

BAF = Contaminant-specific bioaccumulation factor (unitless).

The concentration of contaminant in vegetation (CV) can be estimated

= CS x PUF

(1)

using the equation:

(2)

where

Cv = Concentration in vegetation (mg/kg)

Cs = Concentration of contaminant in soil (mg/kg)

PUF = Contaminant-specific plant uptake factor (unitIess).

For discussion of food-chain transfer factors for radionuclides, it is more appropriate to refer
to a concentration factor (Cl?). An example of the presentation of CFS is shown in Table 3-24.
Note that to develop site-specific CFS as shown in Table 3-24, it was necessary to use studies that
were developed for different purposes. This greatly extends the actual use of the studies cited,
and the values should be used with extreme caution.

Uncertainty in the Selection of Ecosystem Parameters

The selection of most sensitive receptor parameters from each functional group used in the
risk assessment is designed to ensure that each functional group identified as potentially at risk in
the problem formulation is conservatively evaluated. The functional grouping approach assumes
that members of a group will be similarly exposed to site-related contaminants. The use of
selected species parameters, within the functional group, for input parameters is expected to
provide sufficient data to assess the general condition of the ecosystem and to be adequately
protective of the majority of species within the group. In addition, T/E species are included on
the list of receptors for which parameters are developed.

For functional groups with small mammals (M122, M122A and M422) having relatively small
home ranges, SUF is set to 1. This implies that, given the small home range of the receptor
relative to the assessment area, it is likely that the receptor would spend 100% of its life onsite.
Uncertainty associated with using the entire assessment area exists, since this assumption implies
that the entire site is contaminated at levels equal to the mean concentrations found in the soil
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Table 3-24. Example of the concentration factors (CFS) for Sr-90.

Concentration
Functional group factoF Remark Reference

Vegetation 1.11 Calculated by dividing the
Sr-90 concentration in
crested wheatgrass by the
Sr-90 concentration in soil.
Plant and soil data from
INEL site.

Mammalian/
omnivores/(M122A)

Mammalian herbivores
(M122)

1.07

1.54

1.0

Mouse carcass/soil CF.
Calculated by dividing the
Sr-90 concentration in deer
mouse carcass from a
background site by the Sr-90
levels in background soils
surrounding the INEL site.

Antelope carcass/soil CF.
Calculated by dividing the
Sr-90 activity in pronghorn
bone ash from a background
site by the Sr-90 activity in
soil from the site. The
resulting CF was adjusted to
a whole carcass CF by
multiplying by 0.08. The
animals body composition
was assumed to be 8%
skeleton and 92$%soft
tissues.

Bird carcass/soil CF.
Conservative assumption

a. Dry weight basis (tissue DW concentration)/(soil DW concentration)

BAF = Bioaccumulation factor
DW = Dry weight
INEL = Idaho National Engineering Laboratory
Sr-90 = Strontium-90

Arthur (1982)

Arthur et. al., (1987)
for mouse tissue data;
Arthur and Markham
(1983) for soil data.

Markham and Halford
(1980) for Sr-90 data).

None. No Sr-90 tissue
data are available for
raptors on or near the
INEL site.

Taken from the case study (Appendix I).
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samples. Since it is likely that the entire assessment area is not equally contaminated, this
assumption could substantially affect the exposure estimates. While use of a smaller area would
decrease the exposure time, a larger assessment area is recommended to ensure Consewatism.

Use of PUFS to estimate plant concentrations is easy to use and requires minimum data
inputs (i.e., the measured or estimated concentration of metal in soil and a PUF taken from the
literature). Although preference should be given to studies that reported the steady-state
concentration of metals in plants at edible maturity, various soil properties are not considered,
and data for numerous plant species (both animal feeds and those consumed by humans) are
combined. Since root uptake of metals is a complex process that depends on various soil
properties (e.g., pH, cation exchange capacity, and organic matter content) as well as the metal
and type of plant involved, the use of generic or crop-specific PUFS taken from the literature or
developed from allometric equations may not accurately estimate the concentration of metals in
plants for all environmental conditions and species that may occur on the assessment area.

There is a great deal of uncertainty associated with the BAFs and CFS. Very few of the
food-chain transfer factors necessary to develop these values are available in the scientific
literature, since they must be both contaminant- and receptor-specific. In the absence of site-
specific information for the calculation of BAFs and CFS, a value of 1.0 can be assumed for all
contaminants and functional groups if data are not available. This assumption could result in an
over- or under-estimation of the exposure to the contaminan~ and the magnitude of error cannot
be quantified. Travis and Arms (1988) report BAFs for contaminants to beef and milk, many of
these are less than 1 for the cmtaminants at the INEL. If the terrestrial receptors of concern
accumulate other contaminants in a similar way and to a comparable degree as beef and dairy
cattle, the use of a BAF (or CF) of 1 for all contaminants and receptors would overestimate the
exposure. This is unlikely since there is some indication of BAFs greater than one for
contaminants known to be present at the INEL. For example, there is evidence of a high
bioconcentration in some plant and animal species. An example is the Chernobyl fallout in
Sweden, where some contaminants reached sixfold higher concentrations in certain animals
(IAEA 1992). For these contaminants, a CF value of 1.0 would greatly underestimate the
exposure.

The exposure assessment also incorporates the percentage of soil ingested by each
representative of the functional groups. Although food ingestion rates have the greatest effect on
intake estimates, soil ingestion rates could also influence intake rates. Where information does
not exist in the literature on soil ingestion rates for terrestrial biota, soil ingestion rates can be
assumed to be 2% of the food ingestion rate for all burrowing mammals and birds who consume
whole terrestrial prey and l~o for all other species. Estimating’ the percent soil ingested may over-
or under-estimate the exposure.

Each SLERA should include a discussion of the uncertainty that maybe present in the
ecological parameters developed for use in the analysis. This should be brief but include some
indication of whether the assumptions made will over- or under-estimate the parameter and how
this could potentially affect the exposure assessment. ,

3.3.7.3 Exposure Ana/ysis. This section will summarize the information compiled during
the problem formulation as part of the exposure pathways and conceptual modeling. The
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characterization of the environmental media and contaminants is performed as part of the
problem formulation phase of the EIU4. For SLEW it is assumed that for all contaminants,
there are potential pathways to ecological receptom. This is because those sites or contaminants
with no potential pathway (e.g., diesel fuel in perched water) are eliminated from further analysis
early in the SLERA process. This information can be presented as a review with a brief
discussion. This review should include a discussion of the pathways identified, the functional
groups potentially exposed, and review the assumptions that will be made concerning the endpoint
species.

For screening purposes, receptors are assumed to be exposed to stressors to the maximum
extent, perhaps beyond what is actually expected (for example, assuming that a raptor captures
100% of its prey from a contaminated site, and that all the prey are exposed to maximum
contaminant concentrations). This is similar to the human risk assessment concept of the
“maximally exposed individual,” a hypothetical individual who is assumed to live and grow his own
food at a location of maximum exposure to a stressor. This conservative approach helps assure
that a potentially important contaminant will not be eliminated from future evaluations.

The analyses for exposure to nonradiological and radiological contaminants are presented in
the next sections. Radionuclides, due to the potential external dose, must be analyzed in a
different manner from the nonradionuclides.

Exposure Formulas for Nonradiological Contaminants

The total exposure of each of the wildlife receptors to nonradiological contaminant was
calculated as the sum of the dietary, soil (or sediment), and drinking water exposure estimates:

(3)

where

EE,Ot,l = Estimated exposure from ingestion of food, soil, and water (mg/kg
body weight-day)

EE,OiU~O~ = Estimated exposure from ingestion of food and soil (mg/kg body
weight-day)

‘%aler
= Estimated exposure from ingestion of water (mg/kg body weight-

day).

The equation for estimated exposure from soil and food ingestion is

EE~OilVOOd=
[(PPxCP) + (PVXCV) + (PSXCS)] x IR X ED X SUF

BW
(4)

where
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. . . . .

EE~Oil/fOOd

PP

CP

Pv

Cv

Ps

Cs

IR

ED .

BW

SUF

Estimated exposure from all ingestion of food and soil (mg/kg body
weight-day)

Percentage of diet represented by prey ingested (unitless)

Concentration of contaminant in prey item ingested (mgikg)

Percentage of diet represented by vegetation ingested (unitless)

Concentration of contaminant in vegetation ingested (mg/kg)

Percentage of diet represented by soil/sediment ingested (unitless)

Concentration of contaminant in soil/sediment ingested (mg/kg)

Ingestion rate (kg/day)

Exposure duration (fraction of year spent in the assessment area)
(unitless)

Receptor-specific body weight (kg)

Site use factor (unitless).

Using Equations 1 and 2, Equation 5 can be rewritten as

EE~Oil~OOd=
[(PPxCSXBAF) + (PVxCSxPU~ + (PSXCS)] X IR X ED X SUF

“ BW

where

PP

Cs

BAF

Pv

PUF

Ps

IR

ED

(5)

Percentage of diet represented by prey ingested (unitless)

Concentration of contaminant in soil (mg/kg)

Contaminant-specific bioaccumulation factor (unitless)

Percentage of diet represented by vegetation ingested (unitless)

Contaminant-specific plant uptake factor (unitless)

Percentage of diet represented by soil/sediment ingested (unitless)

Ingestion rate (kg/day)
,

Exposure duration (fractioxi of year spent in the assessment area) (unitless)
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BW = Receptor-specific body weight (kg)

SUF = Site use factor (unitless).

When a surface water exposure pathway exists, exposure estimates due to ingestion of
surface water for each receptor must be included in the exposure assessment. The equation for
estimating exposure for drinking water is

EEWolw =CXEPC

where

(6)

‘Rater = Estimated exposure from drinking water ingestion (mg/day)

c= Water consumption (liters/day) as function of body weight in kilograms (see
Table 3-18)

EPC = Exposure point concentration of surface water (mg/iiter).

Exposure Formulas for Radioactive Contaminants

The IAEA report (IAEA 1992) states that there is little doubt that radionuclides in the
environment can produce doses to certain organisms similar to or even substantially higher than
doses to people living in and deriving sustenance from the same environment. Therefore, the risk
of effects for natural biota (discounting variations in radiosensitivity, life span, etc.) would appear
to be as high, or higher than that for humans. However, there is a basic difference in the manner
that risk assessment for humans is performed. For humans, the risk assessment is directed at the
individual, while other species are viewed and valued more as populations than as individuals.

The assumption will be made that radionuclides emitting alpha and beta particles will not
present a external dose risk since the basic rule of thumb (Sclein 1992) is that it requires an alpha
particle of at least 7.5 MeV or a beta particle of at least 70 keV to penetrate a protective layer of
skin (0.07 mm thick). Therefore, only the internal dose for these emitters will be assessed.
Gamma emitters can produce a dose rate to tissues from both external and internal exposure and
will be included in both assessments. Radionuclides can potentially cause both internal and
external exposure since they emit particles with different energies and characteristics.

Exiemal Dose

The rule of thumb calculation for external dose (Shleien 1992) is recommended for SLERA
to calculate the external dose to tissue. The following equation is used to calculate the dose rate
to tissue in an infinite medium uniformly contaminated by a gamma emittec
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DR&ml = 2“1ZC
P

(7)

External radiation dose estimate (rad/hour)

Average decay energy (MeV)

The concentration of the radionuclide (pCi/cm3)

The density of the medium (g/cm3).

The average energy per disintegration is assumed to be 100% of the gamma emitters. This
is assumed to be a conservative estimate of the dose to burrowing functional groups. Exposure to
nonburrowing functional groups is assumed to be 50% (a hemisphere).

Ihtemal Dose

Internal radiation exposure dose estimates should be calculated using the approach
presented by IAEA (1992). The technical report (IAEA 1992) provides valuable information on
the estimated doses to both plants and animals under current radiation protection standards. The
dose estimates in this technical report (IAEA 1992) have been calculated for three different
scenarios: (1) controlled releases of radionuclides to the atmosphere, (2) controlled releases of
radionuclides to a freshwater aquatic system, and (3) uncontrolled releases of radionuclides from a
shallow land nuclear waste repository. The last scenario is considered applicable for use with
contaminated media at the INEL and it is recommended the SLERA analysis use the equations
presented in this paper to calculate radiation dose estimates. It is also important to review the
information found in the technical report (IAEA 1992) during the SLERA analysis phase, since
some simplifying (and conservative) assumptions concerning decay energy and absorption are
presented.

For terrestrial receptors (either plant or animal), the dose from radionuclide contaminants is
estimated by assuming the internal radiation dose estimate (calculated from the steady-state whole
body concentration) is equivalent to the steady-state concentration of radionuclides in
reproductive organs. The equation of interest is

DRh,mQi =
TC x E x FA x 3200 ciiskiay-pCi

6.24x109 MeVlg-Gy

where

DRinle~,l = Internal radiation dose estimate (Gy/day)

TC = Tissue radionuclides concentration (pCi/g)

E = Average decay energy (MeV/dis)
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FA = Fraction of decay energy absorbed (unitless).

Since tissue levels (TCS) for radionuclides are derived by multiplying the concentration of
radionuclide in soil by a radionuclide-specific concentration factor (Cl?) for all terrestrial animals
or terrestrial plants, Equation (12) can be rewritten as

DR-l =
CS x CF x ADE x FA x 3200 dk/day-pC’i

(9)

where

6.24z109 MeV/g-Gy
.,

Internal radiation dose estimate (Gy/day)

Concentration of contaminant in soil ingested (pCi/g)

CF =

ADE =

FA =

Concentration factor (unitless)

Average decay energy (MeV/dis)

Fraction of decay energy absorbed (unities.s).

Assumptions used in the calculation of the ADE values were (a) for B or a radiations from a
radionuclide the FA was set equal to 1 (1OO$ZO)and (b) for y the FA was set equal to 0.3 (30%).
Only emissions with an intensity of 1% or greater were considered, and Auger and conversion
electrons were not considered. The ADE values were calculated using the following equation
(Kocher 1981):

(lo)

ADE = Average disintegration energy (MeV/dis)

Yi = Yield or intensity

Ei = Energy of radiation, for B = average energy.

Table 3-25 presents an example of the calculation of exposure
groups.

dosage to selected functional

3.3.1.4 Development of Eco/ogica//y-Based Screening Levels. Development of
ecologically-based screening levels (EBSLS) for contaminated media at each WAG allows a
rational, consistent approach for (1) screening of sites that may require further investigation or
remedial action, and (2) prioritization of sites based on comparison of concentrations of
contaminants with EBSLS. It also allows inclusion of additional data as sites are subsequently
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Table 3-25. Example table showing the estimated exposure dose to functional groups for
radionuclide (Sr-90).

Level in Internal
food or soils Td dose ratee

Functional group (pCi/kg) c~ SW EDC (Pcfig) (Gy/day)

Vegetation 534,000 1.11 1 1 592,740 5.94E-05

Mammalian/omnivores 592,740 0.006 1 1 3,556 3.57E-07
(M122A)

Avian carnivores (AV31O) 3,556 0.003 1 1 10.7 1.07E-09

Mammalian herbivores (M122) 592,740 0.006 0.5 1 1,778 1.78E-07

a. For those functional groups representing vegetation the value is the level in soi~ for the functional groups representing
herbivores and omnivores the value is the level in plant.$ for functional groups representing predators the value is the level in
small mammals.

.

b. CF = concentration factor. For functional groups representing vegetation the value is the plant uptake facto~ for the
other functional groups the value is the food chain transfer factor.

c. SUF = site use factor, ED = exposure duration. See Table 3-19.

d. Tissue concentration = TC. The concentration in soil or food times the concentration factor times the site use factor
times the exposure duration.

e. See text for explanation of calculationof internal dose rate from prey concentration.

sampled. It is a basic modification of the equations previously presented and is the recommended
method for those WAGS that have not yet sampled all the sites identified in the FFA/CO.

The approach includes the following elements: compilation of ecological-based toxicity
criteria to generate appropriate toxicity reference values (TRVs); rearrangement of exposure
equations to calculate EBSLS in media from target intakes and default exposure assumptions;
development of general (site-wide) EBSLS for each functional group by contaminant using best
available estimates for species-specific exposure parameters and TRVS these general EBSLS are
modified for application at a WAG by dividing by the WI?); calculation of screening level
quotients (SLQS; the ratio of [contaminant] to EBSL) for each contaminant; and evaluation of
risks from multiple contaminants. Since conservative assumptions are inherent in the process of
EBSL development, if no exceedance occurs and the existence of multiple contaminants does not
appear to be a contributor to potential risk, then the contaminant can be eliminated from further
consideration as potential sources of risk to the receptors. Exceedance of the EBSLS indicate
that further investigation of potential risks to ecological receptors is warranted, depending on the
magnitude of the exceedance, the uncertain~ involved in TRV and EBSL development, and other
considerations. If EBSL.S are used in the SLERA for a WAG, the results of this effort need to
be presented as shown in Table 3-26. Summarization of the EBSL provides a useful tool that can
be incorporated into further SLERA work as applicable.
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be presented as shown in Table 3-26. Summarization of the E13SL provides a useful tool that can
be incorporated into further SLEW work as applicable.

EBSL Formulas fw Nonnzb@ical Contaminants

The following example is presented to show the development of EBSL.a for screening against
nonradiological soil contamination concentrations. The toxicity quotient (TQ), which represents a
quantitative method for evaluating potential adverse impacts to exposed populations, is defined as

where

TQ =

EE =

TRv =’

Toxicity quotient (unitless)

Estimated exposure (mg/kg body weight-day)

Contaminant-specific toxicity reference value (mg/kg-day).

Thus, solving for the concentration of the nonradionuclide contaminant in the soil (CS) and
assuming that when TQ equals 1 that EE~OiI= TRV, the equation becomes

EBSL~oil=
TRV X BW

[(PP x BAF) + (PV X PUF) + PS] X IR X ED

where

EBSL,Oil

TRv

PP

Pv

Ps

IR

ED

BW

INEL-specific ecologically-based screening level for non-radiological
contaminants in soil (mg/kg)

Toxicity reference value (mg/kg-day)

Percentage of diet represented by prey ingested (unitless)

Percentage of diet represented by vegetation ingested (unitless)

Percentage of diet represented by soil ingested (unitless)

Ingestion rate (kg/day)

Exposure duration (fraction of year spent in the assessment area)
(unitless)

Receptor-specific body weight (kg).

(11)

(12)
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Table 3-26. Example table showing the calculated EBSLS for nonradionuclides (mg/kg) for a
WAG with assessment area of 1000 ha.

Functionalgroups Antimony ChromiumVI ChromiumIII Mercmy

Avian herbivores (AV122)

Avian insectivores(AV21O)

Avian insectivores(AV222)

Avian carnivores (AV31O)

Avian carnivores (AV322)

Avian omnivores (AV422)

Mammalian herbivores (M122) 2.50E+01

Mammalian$erbivores (M122A) 2.04E+01

Mammalian insectivores(M21O) 2.14E+01

Mammalian carnivores (M322) 1.20E+O0

Mammalian/omnivores(M422) 2.37E+O0

Mammalian omnivores (M422A) 1.62E+01

Reptile#mseetivores (R222)

Reptiles/carnivores(R322)

Peregrine Falcon and Northern Goshawk —
(AV312)a

Bald Eagle, Ferruginous Hawk, and —
Loggerhead Shrike (AV322)a

PygmyRabbit (M122A)a 1.02E+01

Townsend’sbig-eared bat (M210)a 1.07E +01

2.37E+03

4.45E+03

230E+02

5.41E+01

5.05E+01

5.1OE+OO

2.44E+03

3.50E+03

3.45E+03

6.05E+03

2.90E+03

5.77E+02

2.71E+01

253E+01

1.75E+03

1.72E+03

1.79E+05

2.60E+05

6.05E+03

6.85E+04

216E+05

9.23E+05

1.30E+05

3.03E+03

1.87E-01

2.OIE-01

1.60E-01

1.07E+O0

9.98E-01

2.13E-02

7.40E+O0

3.84E-01

4.00E-01

4.80E-I-01

1.84E-01

6.47E+02

5.35E-01

1.99E-01

1.92E-01

2.00E-01

a. A factor of 2 was included in the calculationof the WAG-specificEBSL for these T/E species.

Note A dash (-) indicates that the ecosystemparameters were not available to calculate the EBSL for this timctional
group/contaminant combination.

EBSL Formuks for Radiological Conhvninunts

The same concept used to develop the EBSLS formulas for nonradionclides can be used for
radionuclides. In this case, TQs are defined as:

where
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TQ = Toxicity quotient (unitless)

DR = Estimated dose rate (rad/hour)

TRv = Toxicity reference value (rad/hour).

12&rruzl EBSL

First solving for radionuclide concentration (C) and assuming that when TQ equals 1, then
DR = TRV, Equation (7) becomes

(c x lo6pci/pci) + (1.68 g/cm3) = (TRV x f’ x 106@/@i) (14)
(2.12 x E x 1.68 g/czn3)

where

c= The concentration of the radionuclide (pCi/cm3)

TRv = Toxicity reference value (rad/hour)

P
= The density of the medium (1.68 g/cm3)

E= Average decay energy (MeV).

The density of the medium is eliminated, on the right side of the equation and the
concentration of the radionuclide is converted from uCi to pCi by multiplying by a factor of 106.
Next, the equation is simplified, and the left side of the equation becomes the EBSL. In other
words the concentration of radionuclide in the soil that results when the TQ = 1. The EBSL
equation for external dose becomes

EBSL&ml= (TRVmmal x @pCiluCi) + 2.12 x E (15)

where

EBSLti~~,l = Ecologically-based screening level value for external dose (pCi/g)

TRv = Toxicity reference value (rad/hour)

E = The average gamma energy per disintegration (MeV).

Ih.temal EBSL

Solving for the concentration of radionuclide in soil (C) and setting DR = TRV in
Equation (9), the concentration for radiological contaminants in soil is redefined as an EBSL for
internal dose
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EBSLh,ml=
TRV x 6.24x109 MeVlg-Gy

CF x ED x ADE x FA x 3200 disJday-pCi
(16)

where

EBS~nt,m,l =

TRv =

CF =

ED =

ADE =

FA =

Ecological based screening level for radionuclides in soil (pCi/g)

Toxicity reference value (Gy/day)

Concentration factor (unitless)

Exposure duration (unitless)

Average decay energy (MeV/dis)

Fraction of decay energy absorbed (unitless).

3.3.2 Effects Assessment

The purpose of the effects (or, stressor-response) assessment is to characterize the toxicity
of stressors to selected measurement endpoints. In this section effects of the contaminants on
those functional groups identified as potential receptors will be quantified as TRVS. This process
relies on professional judgment, especially when few data are available or when choices among
several sources of data are required. If available data are inadequate, this will be identified as a
data gap and will be addressed in the screening evaluation.

There are numerous sources of these data, including

PrimaV literature sources (veterinary science literature, journal articles, and scientific
publications)

Registry of Toxic Effects of Chemical Substances

Hazardous Substances Database

Integrated Risk Information System

Agency for Toxic Substances and Disease Registry

Phytotox Database

Aquatic Information Retrieval

Chemical Evaluation Search and Retrieval System
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● Fish and Wildlife Service Contaminant Hazard Reviews

● Fish and Wildlife Service Contaminant Data Source.

Whichever source is used, the primary reference should be obtained to fully review and
interpret the data as presented by the authors of the original study. This information should be
documented for the SLERA

The effects of chronic irradiation were discussed in the IAEA report (IAEA 1992). In this
report, it was concluded that irradiation at chronic dose rates of 1 and 10 mGy/d or less does not
appear likely to cause observable changes in terrestrial animal and plant populations, respectively.
These values can therefore be conservatively used as the TRV values for animals and plants at
the INEL.

For other nonradiological contaminants, the derivation of TRVS from quantified critical
exposures (QCEs) will often involve various extrapolations. Extrapolations commonly used
include those between species, between responses from laboratory to field, and from field to field
(Table 3-27). Differences in responses among taxa depend on many factors, including physiology,
metabolism, resource utilization, and life histo~ strategy. The relationship between responses
also depends on many factors, including the mechanism of action and internal distribution of the
stressor within the organism. When extrapolating between different laboratory and field settings,
important considerations include differences in the physical environment and organism behavior
that will alter exposure, interactions with other stressors, and interactions with other ecological
components.

Depending on available data and endpoints, various factors are used to derive TRVS from

QCEs in order to adjust quotients to account for uncertainty and extrapolation. This allows for a
certain conservatism to be included in the assessment. There are various methods that are
applicable to this task. This guidance presents one method that is applicable for use in an
SLERA.

The method for performing exposure
elements:

assessment for non radionuclides consists of three

● Selecting quantified critical exposure (QCE) levels

● Developing adjustment factors (AFs)

● Developing TRVS.

A TRV is defined as a dose for a receptor taxon (including sensitive subgroups such as taxa
under regulatory protection) that is likely to be without appreciable risk of deleterious effects
from chronic exposure. Application of toxicity data derived from surrogate species introduces
uncertainty into the risk assessment. The magnitude of this uncertainty depends lzirgely upon
(1) the degree of taxonomic difference between the key and test species, (2) the conditions under
which the toxicity data are obtained, and (3) the endpoint of interest [e.g., chronic lowest-
observed-adverse-effect-level (LOAEL) or no-observed-adverse-effect-level (NOAEL)] and the

3-70



Table 3-27. Extrapolations and other analyses relating measurement and assessment endpoints.a

Extrapolation Example

Between taxa From bluegill sunfish mortality to rainbow
trout mortality

Between responses From bobwhite quail LC50 to bobwhite quail
NOEL

.
From laboratory to field From mouse mortality under laboratory

conditions to mouse mortality in the field

From field to field From reduced invertebrate community
diversity in one stream to another stream

Analysis Example

Indirect effects Relating removal of long-leaf pine to reduced
populations of red-cockaded woodpecker

Higher organization levels Relating reduced individual fecundity to
reduced population size

Spatial and Temporal Scales Evaluation of the loss of a specific wetland
used by migratory birds in relation to the
larger scale habitat requirements of the
species

Recovery Relating short-term mortali~ to long-term
depauperation

a. Source EPA 1992b.

endpoint measured (e.g., death). Uncertainties associated with extrapolation of toxicity
information from literature to site conditions can therefore be oftlet by applying AFs to the
endpoint values identified in the literature.

Information in the literature on the toxicity of contaminants to native INEL plants is limited.
T’RVS can be taken directly from Suter et al. (1993a), and no AF values need to be assigned.
The values presented in that paper are toxicological benchmarks for screening potential
contaminants of concern for effects on terrestrial plants in soil. These values are for those
contaminants potentially associated with U.S. Department of Energy (DOE) sites and were,
therefore, appropriately used in the calculations for the INEL.

The approach for TRV derivation for nonradionuclides for faunal functional ,&oups, and
recommended for use for SLEW was developed by Ludwig et al. (1994) for use at the Roclq
Mountain Arsenal Superfund site in Commerce City, CO, and is generally based on the EPA
reference dose approach as modified by Lewis et al. (1990). It is predicated on the development
and application of AFs, which are intended to explicitly account for variations and uncertainties in
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the data and necessa~ extrapolations from it. The types of variation and extrapolation
uncertainties explicitly quantified are

● Variation in sensitivity among the members of a receptor population

● Uncertainty in extrapolating data from one taxon to another

● Uncertainty in using various effect levels to estimate no-effect levels in receptors

● The inability of any single study to adequately address all possible adverse outcomes in
a wild receptor population.

The approach of Ludwig et al. (1994) offers several distinct advantages. By carefully
identifying the specific types of adjustments needed in the extrapolation, this method permits
maximum resolution of what each adjustment is intended to achieve. It emphasizes consensual,
data-quality-based development of values for specific AFs rather than defaulting to arbitrary
factors. It clearly discriminates between “best estimates” of the values of individual factors and
adjustment for overall uncertainty, including the uncertainty associated with the AFs themselves.

3.3.2.1 Selecting QCES. TRV development is initiated by reviewing the available
toxicological literature and relevant data bases for each contaminant and receptor to identi~
QCES from the best available study. Studies considering nonlethal endpoints and reporting
NOAELS are selected, if available; those reflecting reproductive competence are most preferred
as such endpoints are considered to best reflect the population-level impacts of greatest concern
in ERA.

●

●

●

The following criteria are used to select QCES:

Experimental taxa should be as similar as possible to receptors at INEL site(s), both

physiologically and ecologically. With respect to body size, feeding and behavioral
habits, anatomy, and physiology, the surrogate species should be matched as closely as
possible to the receptors. When available, toxicity information on sheep, pigs, and cows
should be selected.

Test exposure route and medium should be similar to that expected for receptors in the
field. For most of the receptors at INEL, exposure media are limited to soil and
dietary items (both animal and vegetable). Liquid intake is largely in the form of
metabolic water. Dietary laboratory studies are therefore the most appropriate models
for extrapolation. Gavage and drinking water studies will be considered if necessary,
but reduce confidence in the applicability of the study.

Long-term (preferably lifetime) exposures should be used, as they are closest to

exposure patterns occurring in the field. It should be noted that although chronic
exposure studies over longer periods of time are generally the most ecologically
representative, some discretion should be used in selecting lifetime stud$x The life
expectancy of a laboratory mouse probably far exceeds that of its relative in the field.
Therefore, effects that occur after a year of exposure to that species (for example, liver
necrosis) may not be as ecologically significant as shorter term effects on reproduction.
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● Experimental endpoints should represent ecologically significant effects at the
population level. In general, loss of a few individuals of a species is unlikely to
significantly diminish the viability of the population or disrupt the community or
ecosystem of which it is a part. As a result, the fundamental unit for ecological risk
assessment is generally the population rather than the individual, with the exception of
threatened and endangered species (EPA 1992a). In general, the most appropriate
endpoints for ecological risk assessment are reproduction, neurological function, and
growth and development. For species under reWlatory protection, TRVs are based on
the most sensitive nonlethal endpoints referring specifically to individuals.

● Doses within the NOAEL-LOAEL bracket should be identified. If these data are not
available, the following dose levels (in decreasing order of preference) maybe used
chronic-nonlethal-adverse-effect-level > no-effect-level > hank-effect-level (including
lethality). ‘I’he definition of adversity requires considered analysis of the potential
ecological significance of the effects reported. For example, elevated liver weight or
enzyme induction could represent an adaptive response rather than toxic injury.

● Studies should be of high quality, defined as complete in design, with adequate
numbers of subjects and dose levels, lifetime duration, explicit analysis of experimental
uncertainty, clear results, and well-justified conclusions.

If a single study cannot be selected (e.g., where only acute exposure, lethal endpoint studies
are available), then an average of several studies of similar quality using the same or closely
similar species may be used. In averaging, extreme outliers (defined as greater than two standard
deviations away from the mean) are excluded. Where similar endpoints are observed in more
than one study of similar quality, the lowest QCE should be used.

3.3.2.2 Developing AFs. Six AFs for extrapolation from experimental studies to field
exposures at INEL are defined for:

I =

R=

Qi =

Q2 =

Q3 =

u=

Intrataxon variability

Intertaxon variability

Risk assessor’s certainty that the contaminant actually causes the critical effect in
the receptor, and that it is an ecologically significant effect

Extrapolation from short- to long-term exposure durations

Extrapolation across endpoint types to estimate a NOAEL

Any residual uncertainty in the data evaluation process and estimation of other
Al% based on data quality, study design, and known but otherwise ,unaccounted
for extrapolation issues
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M= Correction of differences in metal bioavailability between QCE studies where
soluble salts are administered via drinking water and INEL exposure conditions
(i.e., metal species are encountered in soil and dietaq items).

Values for these AFs are set based on the quality of the selected study in particular, and of
the data base in general. Other potentially influential factors include the ecological circumstances
of the receptor, regulatory criteria and standards, background contaminant levels, and protection
status. To prevent needless overestimation of risk, the maximal AF product (all AFs multiplied
together) is scaled to the overall extrapolation error observed in experimental studies designed
specifically to determine the uncertainty in such extrapolations. Bamthouse et al. (1990)
quantified the range of maximal uncertainty necessa~ to permit extrapolation of various kinds of
toxicity data for various taxa of finfish at the population level. The types of toxicity data used
included studies involving particular species of interest and other species, for acute, partial life-
cycle, and full life-cycle exposures. The range of maximal uncertainty varied with the type of data
used, and ranged from approximately 200 to 400 (Bamthouse et al. 1990). It is assumed that the
degree of variability observed among fish taxa is similar to that occurring among other vertebrate
taxa.

Based on a systematic review of all available information (Ludwig et al. 1994), a simple,
relative scale is developed consisting of “low,“ “medium,” and “high” rankings for each AF, with
adjustments made of the basis of specific inherent uncertainty or variability in the particular
extrapolations. The quantitative valuation of this scale is designed to be constrained by an upper
bound in the range of 200 to 400, and use the most plausible values for each AF.

Values for these AFs and a brief description of criteria for their use are presented in
Table A-1. Values for all AFs except QI and M are set at 1 (“low”), 2 (“medium”), and 3 (“high),
with lower values generally representing greater confidence that the QCES correspond well with
“safe” doses for receptors. The factor Ql, which expresses the degree of certainty that the
experimental effect will not occur in the field or is not of ecological significance, runs on a
positive scale equivalent where 0.1 represents high certainty that the effect either does not occur
in the receptor or is ecologically irrelevant, 0.5 represents moderate certainty that the effect does
not occur or is irrelevant, and 1 represents reasonable certainty that the effect will occur in the
receptor species and is ecologically significant. The medium of exposure factor M is set at 1 if the
medium of exposure in the QCE study is similar to field exposure media at this site (i.e., primarily
food and soil ingestion). However, because a number of toxicological studies for metals used
soluble salts in drinking water as a means of exposure, and both the contaminant species and
exposure matrix tend to maximize metal absorption (e.g., Steele et al. 1990; Griffin and Turck
1991; Witmer et al. 1991), M is set at 0.5 to conservatively represent the significantly lower
bioavailability of the metal species associated with soils and dieta~ items in the natural
environment. Thus, the maximum product of the seven AR is 243. This AF maximum represents
the extent to which valid extrapolation of the data can be applied across experimental protocols
or among taxa. More detailed information on the definition and valuation of these factors is
available in Ludwig et al. (1994). .

3.3.2.3. Developing TRVS. The third element in ecological effects assessment is the
derivation of TRVS. TRVS will be derived for each functional group by selecting the
experimental study with the most appropriate QCE for that chemical and assigning numeric values
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for all AFs to account for uncertainties associated with extrapolation across species and exposure
conditions.

Itkpossible thatseveral studifi areavailable foramntaminant. These may beofequal
quality but for different test organisms. When this occurs, it will be necessary to choose from
several TRVS for each functional group. The following criteria should be used for SLEW when
a test organism and functional group members are in the same taxonomic order and trophic
category (R= 1), the corresponding TRV will be chosen for that functional group. Otherwise, the
minimum TRV for each contaminant will be chosen from those developed. An example of this
process is shown in Appendix H.

The algorithm

T“v = *(17)

where

QCE =

AF=

used for deriving a TRV is:

quantified critical endpoint

[I] x [R] X [Ql] X [Q~ X [Q3] X [U] X [M].

The TRVS that are developed during the analysis are used to develop the EBSL.S as
discussed previously. The TRVS can be presented for each functional group and contaminant as
shown in Table 3-28. Appendix H will present this process of TRV development through the
development of screening level quotients (SLQS).

3.4 Screening Evaluation Guidance

The final phase of risk assessment, risk characterization, involves the evaluation of the
likelihood of adverse effects occurring as a result of exposure to stressors. Risk characterization
includes two major steps: risk estimation and risk description. In the risk estimation, the SLERA
for each WAG will summarize the COPCS that had an indication of potential risk based on a
screening level quotient (SLQ). In the risk description, this potential risk will be discussed and
any FFA/CO sites that could not be adequately characterized will be presented.

3.4.1 Risk Estimation

A screening level quotient (SLQ) will be used to indicate risk to the ecosystem. SLQS are
derived for all contaminants and functional groups/17E species identified in as present at an
WAG. If data are not available to derive TRVS or EBSL input data (body weights, home ranges,
percent intake of vegetable, prey, or soil) can not be located, no EBSL can be derived for that
contaminant and/or functional group/lV3 species. Thus, no SLQ can be =timatf+. These data
gaps are indicated as blanks on the associated summary tables. Pathways not considered in the

exposure assessment should also be indicated. SLQS are calculated using the following equation:
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Table 3-32. Toxicity reference values (TRVS) for functional group.

Functionalgroups Antimony Chromium VI Chromium III Mercury

Avian herbwores (AV122)

Avian insectivores(AV21O)

Avian insectivores(AV222)

Avian carnivores (AV310)

Avian carnivores (AV322)

Avian omnivores (AV422)

Mammalian herbivores (M122)

Mammalian herbivorcx (M122A)

Mammalian insectivores(M21O)

Mammalian carnivores (M322)

Mammalian/omnivores(M422)

Mammalian omnivores (M422A)

Reptiles/insectivores(R222)

Reptiles/carnivores(R322)

P1ants

2.00E-01

4.00E-01

LOOE-01

4.00E-01

1.00E-01

5.00E+OO

Note _ means emsystem parameters not available.

SLQ = &

2.70E+O0

9.1OE-O1

9.1OE-O1

9.1OE-O1

9.1OE-O1

9.1OE-O1

4.90E+O0

9.80E+O0

1.00E-01

9.80E+O0

1.00E-01

1.20E+01

3.60E+02

7.30E+02

L60E+02

7.30E+02

1.60E+02

I.1OE-O2

3.80E-03

3.80E-03

1.80E-02

1.80E-02

3.80E-03

2.20E-01

3.1OE-O2

4.00E+OO

3.1OE-O2

4.00E+OO

2.50E+01 3.00E-01

(18)

where

SLQ = Screening level quotient

Cs = Average concentration of contaminant in soil (mg/kg or pci/g)

EBSL = Minimum ecological-based screening level (mg/kg or pci/g).

A SLQ less than the risk factor (usually 1 for nonradionuclides and 0.1 for radionuclides)
implies no effect from that contaminant. Tables 3-29 and 3-30 present examples of presentation
of the SLQS for several media for both a selection of functional groups and T/E species.

The SLQS could be summed across the pathways by functional group and/or ,T/E species. It
is important to consider additive effects for all pathways and COPCS, so it is useful to sum SLQS
across pathways and contaminants; the total of SLQS could be termed the total SLQ (TSLQ). A
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Table 3-29. fiample ofscreening level quotienfi for WAG finctional&oups.

Functional group

Contaminant Media AV122 AV21O AV222 AV310 AV422 M122 M210 M322 M422 R222

Nonradionudides

Chromium VI Surface soil 1.27E-04 na

Subsurface 5.06E-05 na
soil

Surface
water

Sediment

Chromium 111 Surface soil na na
(total)

Subsurface na na
soil

Surface
water

Sediment

Mercuty Surfsee soil 1.39E+02 na

Subsurface 8.56E+O0 na
soil

Surface
water

Sediment

Radionuelidm

na

na

na

na

na

na

AM-241 Surface soil 5.87E-02 5.87E-02 1.47E-02

Subsurface 3.07E-03 3.07E-03 7.69E-04
soil

Surface
water

Sediment

5.55E-03 5.88E-02 1.23E-04 na

222E-03 235E-02 4.92E-05 na

na na 4.08E-04 na

na na 3.18E-04 na

2.43E+01 1.22E-I-03 3.51E+O0 na

L50E+O0 7.51E+01 2.16E-01 na

na 1.03E-04 na

na 4.14E-05 na

1.07E-03 3.38E-04 na

8.32E-04 264E-04 na

5.42E-01 1.41E+02 na

3.33E-02 8.70E+O0 na

2.66E-02 5.87E-02 5.79E-02 5.87E-02 5.87E-02 5.87E-02 5.87E-02

1.39E-03 3.07E-03 3.03E-03 3.07E-03 3.07E-03 3.07E-03 3.07E-03

Note na = data not availabl~ blanks indicate exposure pathwaynot at this WAG.
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Table 3-30. Example of screening level quotients for a WAG T/E species.

Peregrine Bald eagle,
falcon and ferruginous hawk,
northern and loggerhead

Contaminant Media goshawk shrike Pygmy rabbit

Nonradionuclides

Chromium

Chromium III
(total)

Mercury

Radionuclides

kn-241

Surface soil 1.llE-02

Subsurface 4.44E-03
soil

Surface water

Sediment

Surface soil na

Subsurface na
soil

Surface water

Sediment

Surface soil 4.86E+01

Subsurface 3.00E+OO
soil

Surface water

Sediment

Surface soil 5.32E-02

Subsurface 2.78E-03
soil

Surface water

Sediment

1.19E-02 1.71E-04

4.76E-03 6.36E-05

na

na

5.22E+01

3.20E+O0

2.94E-02

Note: na = not availabl~ blanks indicate exposure pathway not at this WAG

5.62E-04

4.38E-04

1.35E+02

8.34E+O0

1.17E-01

6.14E-03
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TSLQ greater than some risk factor (again traditionally one) would imply a possible effect from
all contaminants and all pathways combined.

The advantages of using a TSLQ approach is that it allows the summation of effects, the
determination of relative risk from a suite of contaminants under consideration, and the
propagation of higher risk contaminants through to more detailed risk assessment, while dropping
those with low risk Furthermore, one can prioritize actions (e.g., more sample analyses or site
measurements) according to relative risk

The disadvantages of a TSLQ approach is that it assumes that effects horn contaminants are
additive. It is more likely that some effects will be additive and still other effects maybe
synergistic (either positively or negatively). Little is known about synergism of contaminant
effects. Strictly speaking, summing contaminant effects may only be appropriate when the
contaminants affect the same target organ. Additionally at the INEL, there are two classes of
contaminants, non-radiological or radiological contaminants that can cause different effects in
exposed populations. Effects from the non-radioactive metals and organics are expected to cause
systemic toxicity (although some are also carcinogens), while the effect associated with exposure
to ionizing radiation is typically cancer. This may also be true of other classes of contaminants.
The effects of the uncertainty inherent in the summation of SLQS should be discussed.

For multiple contaminants, especially radionuclides, it is re~mmended to set the target SLQ
to I/n, where n is the number of contaminants of concern. This approach would be more
conservative than strictly adding the SLQS but it still does not address the possible synergistic
behavior of a group of contaminants in a given receptor.

It is important to discuss the TSLQS in the WAG SLERA results if it is applicable, but it
will be difficult to actually determine their meaning. The correct usage of any quotient method is
highly dependent on professional judgment, particularly in instances when the quotient
approaches the risk target.

3.4.2 Risk Description and Sum&ary

For each WAG, the risk description will be simply a brief discussion of the results of the
SLERA and their interpretation. In order for the WAG manager to evaluate the full range of
possibilities contained in the SLEIQ it is important that this section review the results based on
the goals of the assessment. The goals of the SLERA are to identi~ any FFA/CO sites that are
not adequately characterized, to identi~ the COPCS that are contributing to potential risk, and to
identi~ data gaps.

The process of selecting sites of concern should be briefly summarized. Those sites that do
not have accessible data for evaluation for the SLERA will be summarized as shown in
Table 3-31. The risk summary will identi~ where more site information maybe obtained if this is
known. Some discussion on how additional site information should be used subsequent to this
preliminary SLERA should be included.

The results of the risk estimation should be discussed in terms of the SLQS. This would
include a brief overview of the functional groups and T/E species at potential risk and should be
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Table 3-31. WAG sites needing further evaluation.

IEDMS Maximum Further evaluationis
OU Sitemde Siteswithinouerableunit TracP fromERIS database neeessary

X47 xxx-653

XXX-38

xxx-39

X49 XXX-08

XXX-13

X-10 XXX-03B

X-13 XXX-06

Chromium-Contaminated
Soil

CoolingTower

Cooling Tower

ColdWasteDisposalPond

Final Sewage Leach Ponds (2) by

Warm Waste Pond (Sediments)

ComprehensiveRI/FS including
Chemical Waste Pond

-n No datab

T2 No datab

T2 No datab

T2 x Soil sample data onl~
no water data available

T2 x Soil sample data only
no water data available

IA x

RI x

a. State in CERCLA process as follow T1 = Track 1; T2 = Track z IA = Interim Actio~ RI = Remedial
Investigation/FeasibilityStudy.

b. These sites cannot be excluded based on present information and data are not available in either IEDMS or the
Maximum database to perform screening.

directly related to the contaminants that are indicated as potential concern. This should be
presented as shown in Table 3-32. This table is a subset of Table 3-31 and 3-32 which includes
only those COPCS indicating potential risk (i.e., SLQ > risk target value). Any uncertainty that
may result in either an over- or under-consematism in determining the SLQS should be briefly
reviewed in this section.

The SLERA is a conservative screening level approach to provide a preliminarily assessment
of the potential risk to ecological receptors from contaminant sources at a WAG. To compensate
for potential uncertainties, the SLERA approach was developed to err on the side of
conservatism rather than result in a conclusion of nonrisk when a risk may exist. Subsequently,
uncertainties exist that could effect the estimation of true risk.

The principal sources of uncertainty lie within the development of an exposure assessment.
Uncertainties inherent in the exposure assessment are associated with estimation of receptor
ingestion rates, selection of acceptable screening level quotients, estimation of site usage by
receptors of concern, and estimation of plant uptake factors and bioaccumulation factors.
Additional uncertainties are associated with the description of site characteristics, the
determination of the nature and extent of contamination, and the derivation of toxicity reference
values. These factors will all influence the estimation of risk. When a potential risk is indicated,
a discussion should be included that will direct the WAG manager to the necessary steps to
eliminate some of the built-in over-conservatism and to reduce the uncertainty in the SLEW4.
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Table 3-32. Example of the summary of screening level quotients.

Mercury

Subsurface Surface
Surface soil soil water Sediment

Avian herbivores (AV122)

Avian insectivores (AV21O)

Avian insectivores (AV222)

Avian carnivores (AV31O)

Avian omnivores (AV422)

Mammalian herbivores (M122)

Mammalian insectivores
(M21O)

Mammalian carnivores (M322)

Mammalian/omnivores (M422)

Reptiles/insectivores (R222)

Peregrine Falcon & Northern
Goshawk

Bald Eagle, Ferruginous Hawk,
& Loggerhead Shrike

Pygmy Rabbit

1.39E+02

2.43E+01

1.22E+03

3.51E+O0

5.41E-01

1.41E+02

4.86E+01

5.20E+01

1.35E+02

8.56E+O0

1.50E+O0

7.52E+01

2.16E-01

3.33E-02

8.70E+O0

3.00E+OO

3.20E+O0

8.34E3+O0

Note —indicates ecological parameter data are not available. A blank indicates an exposure pathway
is not analyzed for this contaminant.

If all the WAG sites have not been adequately evaluated or if the assessment endpoints
were not attained (e.g., all SLQS are not less than the risk target value), then it is important to
state that no final management decision can be made using the SLERA at its present stage. A
discussion that presents the next steps in the SLERA/EIUl process and/or direction for
finalization of the SLERA process should be included.

3.4.3 Transition from SLERA to ERA

The primary purpose of the SLERA is to identi@ potential data gaps that could, if ,.

identified, be addressed in the individual WAG Comprehensive RI/FS Work Plans: It is
anticipated that the SLERA will be submitted as an appendix in the Work Plan. Only existing
data are used in SLERA exposure/effects calculations. Additional data collected since the
performance of the SLERA or identified by the SLERA would be incorporated/collected in order
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to complete the risk assessment. These data could be either from additional site characterization
or a more extensive review of existing data. Additionally, assumptions made in the SLERA would
be evaluated as part of transition to the ERA

Inherently conservative values were used in the SLERA in an effort to identi~ and
eliminate those sites that are accessible to ecological receptors and those contaminants that pose
little or no likelihood for risk to ecological receptors. This allows the ERA to focus on the site
and contaminants that have potential to adversely effect the environment. Once contaminants of
concern are identified, more realistic values for contaminant concentrations and exposure can be
developed. The SLERA used the potential risk to the individual to develop EBSLS for screening
purposes. For ERA (vs. human health risk assessment), risk to populations is of greater interest
and ecologically more important than that for individuals. This places a different emphasis on the
risk assessment and will be used in the ERA to provide a more ecologically based assessment.

The concern for cumulative risk should be considered in EM process. Certain receptom
(e.g., pronghom) have home ranges that include other INEL WAGS. It will be necessary to have
an INEL approach to cumulative ecological risk assessment at the WAG 10 level. This effort
should parallel the cumulative risk assessment effort being developed for human health.
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Appendix A

Identification of Applicable or Relevant and Appropriate
Requirements for Ecological Risk Assessment

M. L. Paarmann

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
[as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA) and other
statutes], requires the Environmental Protection Agency (EPA) to ensure the protection of the
environment in the selection of remedial alternatives, and assessment of the degree of cleanup
necessary. Section 121(d)(A) of CERCLA incorporates into law the CERCLA Compliance
Policy, which specifies that Superfund remedial action meet any federal and state standards,
requirements, criteria, or limitations that determined to be legally applicable or relevant and
appropriate requirements (ARARs) (EPA 1989a). Compliance with ARARS is a threshold
requirement that a remedial/restoration activity must meet in order to be eligible for selection as a
remedy.

The interim final CERCLA Corn@mce with Other Laws Manual (EPA 1989b), or AIUIRs
guidance, was developed to assist in the selection of onsite remedial actions that meet the
ARARs of the Resource Conservation and Recovery Act, Clean Water Act, Safe Drinking Water
Act, Clean Air Act, and other federal and state environmental laws, as required by CERCLA
section 121 (EPA, 1989a). Although there is no available guidance for determining ARARs
specifically for ecological risk assessment (ERA) a list of potential federal and state ARARs are
provided in the Table of Potential and Stale ARARs for the INEL (DOE-ID 1993). Other
documents of interest include the Federol Environmental Standards of Potential Importance to
Operations and Activities at US. Department of EnelW Sites (PNL 1993).

The determination that a requirement is relevant and appropriate is a two-step process:
1) determination if a requirements is relevant and 2) determination if a requirement is
appropriate. In general, this involves a comparison of a number of site-specific factors, including
the characteristics of the remedial action, the hazardous substances present at the site, or the
physical circumstances of the site, with those addressed in the statutory or regulatory
requirements. In some cases, a requirement may be relevant, but not appropriate, given site-
specific circumstances. The requirements may be either applicable or relevant and appropriate,
not both.

Applicable requirements are those cleanup standards, standards of control, and other
substantive requirements, criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location or other circumstance found at a CERCLA site. Only
those state standards that are identified by a state in a timely manner and that are more stringent
than federal requirements may be applicable. Applicable requirements are those that would have
to be complied with under the law regardless of CERCLA enforcement.
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Relevant and appropriate requirements are those substantive environmental protection
requirements promulgated under federal or state laws that, while not legally applicable to the
circumstances at the site or facility, address situations sufficiently similar so that their use is well
suited to the particular site. The determination of relevant and appropriate is not a legal
procedure as for applicable requirements, but relies upon professional judgement with regard to
the site-specific conditions and hazards.

ARARs are either chemical-, action-, or location-specific depending upon whether the
requirement is triggered by the presence or emission of a chemical, by a vulnerable or protected
location, or by a particular action:

● Chemical-specific: Risk-based numerical values or methodologies that establish an
acceptable amount of concentration of a contaminant in the ambient environment

● Action-specific: Technology or activity-based requirements for remedial/restoration
actions

● Location-specific: Restrictions place upon the concentration of hazardous substances
or the conduct of activity.

In certain circumstances, it may be desirable to list other state and local regulations,
advisories, or requirements that may not classi~ as ARARs, but may be pertinent to the
ecological assessment of the INEL. These items may become the “To Be Considered”
requirements (TBCS). TBCS are non-promulgated advisories or guidance issued by the federal or
state government that are not legally binding and do not have the status of potential ARARs.
However, in many circumstances, TBCS are considered along with ARARs as part of the site risk
assessment and may be used to determine the necessary level of cleanup for protection of health
or the environment.

Table A-1 provides a listing of all ARARs that generally apply to ecological risk assessment.
These were developed as a subset of those ARARs discussed in the Table of Potential Federal
and State ARARs for the INEL “(DOE-ID, 1993) and are very general in nature. It must be
stressed, as is stated in this document, that this table is only a tool to be used as a starting point
for ARARs identification. Since identification of ARARs must be done on a site-specific basis,
Table A-1 must be modified as necessary for each individual WAG screening level risk
assessment.
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Table A-1. Applicable or relevant and appropriate requirements (ARARs).

Resource Conservation
and Recovery Act (Groundwater
Protection Standards (federal and
state-equivalent

Federal Water Pollution Control Act/
Clean Water Act

Idaho Water Quality Standards and
Wastewater Treatment Requirements

Safe Drinking Water Act and
Regulations (Federal and/or State)

Nuclear Regulatory Standards for
Protection Against Radiation

State radiation protection standards

State radiation emission standards

Clean Water Act (federal)

Toxic Substances Control Act “

National Emission Standards for
Radionuclide Emissions from DOE
Facilities

EPA Radiation Protection Standards
for managing and disposing of spent
nuclear fuel, high-level, and
transuranic radioactive wastes

Clean Air Act

National Primary and Secondary
Ambient Air Quality Standards

42 USCA 7401-7642; Chemical specific
CFR 260-280 Action specific

Location specific

33 USCA 1251-1376 Action specific
Chemical specific 40
cm 100-149

Title 1, Chapter 2 Chemical specific
Action specific

Chemical specific

Chemical specific

Chemical specific

Chemical specific

Chemical specific

Chemical specific

Chemical specific

Chemical specific

Chemical specific

Chemic~l specific



Table A-1. (continued).

Guidance Document for the Cleanup
of Radiologically Contaminated Sites

Concentration Limits for Radioactive
Materials in Wastes and Air

Endangered Species Act

Threatened Fish and Wildlife

Migratory Bird Conservation Act

Migratory Bird Treaty Act

Fish and Wildlife Coordination Act

Biological Assessment

Designated Critical Habitats

List of Endangered and Threatened
Wildlife

Protection of Bald and Golden Eagles
Act

Eagles: General Restrictions

Cave Resources Protection Act

Idaho Fish and Wildlife

Wetlands Regulations

Wetlands Consemation
Protection of Wetlands
Protection of Floodplain

EPA/540/2-88/O02

10 CFR 10,20,40,60
61,72,960

16 USC 1531-1543

50 CFR 227.4

16 USC 715

16 USC 703

16 USC 661 et seq.

50 CFR 402.12

50 CFR 226

50 CFR 17.11,12

16 USC 1531

50 CFR 22.12

16 USC 756,757

33 Usc 1344

16 USC 4404; 40
CFR 6 Executive
order 11990;
Executive order
11988

Action specific

Action specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific

Location specific
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Table A-1. (continued).

RCRA treatment, storage, and Location specific
disposal (TSD) siting requirements

Clean Water Act, Section 404, Location specific

Wetlands protection

Protection of areas that are part of Location specific

the National Wildlife Refuge System

Wild and Scenic Rivers Act Location specific

National Historic Preservation Act Location specific

National Pollutant Discharge Location specific

Elimination System

Clean Air Act: National Emissions
Standards for Hazardous Air Location specific

Pollutants
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Ecological

Appendix B

Literature Database (ECOLIT)

B-1 . INTRODUCTION

P. D. Ritter, T. A. Bensen, S. M. Rood

There is considerable information available that maybe applicable to ecological risk
assessment (ERA) efforts at the Idaho National Engineering Laboratory (INEL). These data are
not always easily accessible and have not been organized in a manner that facilitates their use in
the performance of ERAs. To improve accessibility and utility of this information, the EW
Library database system, ECOLIT, was developed to provide a common database in which to

compile this information. In general, the types of data required for ERAs are (1) the
concentrations and physical/chemical distributions of contaminants in the environment, (2)
site-specific ecological data, particularly as needed to define the physical/temporal distribution of
plants and animals in the environment, and (3) the response of ecosystems or their parts to
exposure to contaminants. ECOLIT serves as an index of this information in the form of a
bibliographic database, and also provides access to any associated quantitative data sets and
geographic information system (GIS) data. The connection of bibliographic data, quantitative
data, and GIS data are particularly useful in ERA development.

B-1.1 Data Sources

The concentrations of radioactive materials in the environment on and around the INEL
have been measured in response to long-standing requirements for environmental surveillance
around nuclear facilities. Both the Department of Energy (DOE) and DOE contractor
organizations have responsibilities for conducting environmental measurements. Results of these
studies typically have been reported in DOE reports or DOE contractor reports. The availability
of these reports and associated supporting information varies considerably—in some cases, the
results of relevant research are only available as raw data with minimal documentation and “
distribution. In addition to the required environmental surveillance programs, the INEL has been
part of the federal research and development system since 1949, and has been designated a
National Environmental Research Park (NERP). As a result, a large body of ecological data has
been developed for the INEL providing a well-developed basis for evaluating ecological risks.

The Radioecology and Ecology Program at the DOES Radiological and Environmental
Sciences Laboratory (RESL), recently reorganized as the Environmental Science and Research
Foundation (ESRF), has performed extensive research in terrestrial ecology and radioecology on
the INEL. The research has resulted in over 300 publications including species lists, vegetation
maps, and results of research into the basic ecology and radioecology of the INEL. The
Lockheed Idaho Center for Integrated Environmental Technologies (CIET) has also conducted
ecological research that is applicable to INEL ERAs, and has provided substantial technical
support for development of ecological databases that are compatible with the INEL’s GIS. Other
sources of p@entially useful information include reports of hydrogeologic research performed at
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the INEL by the U.S. Geological Survey (USGS), and atmospheric and climatological data
collected by the National Oceanic and Atmospheric Administration (NOW). University
researchers and other basic research organizations are also potential sources for data.

B-2. SPECIFICATIONS FOR THE ECOLIT

RESL and CIET personnel were queried regarding the general functional requirements for
the ECOLIT. It was determined that the database should:

● Provide access control for data sets that are placed into the database

● Provide the best possible accessibility to the database for on- and off-site users

● Serve as a reliable archive for reference material

● Have fields for quality assurance information including references to quality control
sample data, as appropriate

● Provide extended fields for comments by the author/researcher concerning the
applicability and limitations of the study and data

● Have download capability to personal computer software for further processing of the
information.

Both the RESL and the CIET have made efforts to develop databases for ecological data.
These were examined to determine if the ECOLIT could be derived from an existing database.
After discussions with several database developers/users, the INEL Ecological Data Management
System (IEDMS) was selected as the best starting point for developing the bibliographic part of
the ECOLIT because

● The IEDMS was derived from the Research Parks System - Research Information
Relational Database Management System (RDBMS). The RDBMS was developed by
the RESL and the CIET, and meets the requirements of these two organizations with
regards to the types of data fields.

● The IEDMS implemented with Oracle software, which allows a great deal of flexibility
in controlling read/write access to data -- an advantage considering the potentially wide
variety of sources, QA levels, etc. that must be accommodated by the system,

● The IEDMS is compatible with the Environmental Restoration Information System
(ERIS), and acts as a bibliographic “front-end” for the datasets stored in ERIS. This
also provides access to the ERIS source lineage report tables, so that source lineage
data for GIS datasets can be included in a bibliographic data record or search.

● The IEDMS was developed for machines operating with UNIX, so users can access the
database through the INTERNET.
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The final structure of the bibliographic part of ECOLIT is summarized in the data entry forms
that are used to prepare information on reports or studies for input to the database. Figure B-1
is the data entry form (hardcopy) used for the dBase Vwersion of ECOLIT. The most significant
modifications to the IEDMS database are incorporation of (1) unlimited text fields for author and
reviewer comments concerning the report, (2) quality assurance/quality control data fields for each
record, (3) incorporation of fields for input and recovery of source lineage report information.

The field data portion of ECOLIT is designed to accommodate large data sets, e.g.,
population distribution data or contaminant distribution data. Each data set will contain an
identifier to associate it with a particular entry (or entries) in the bibliographic database. Each
data record can include location information (if available), and an estimate of the accuracy of the
location information. As appropriate, quality assurance data will be associated with the field data,
for each study.

B-3. ORGANIZATION OF ECOLIT

ECOLIT is a bibliographic database that also provides access to quantitative datasets
describing, for example, contaminant concentrations or population census data, and that may
include spatial coordinate data for GIS applications. ECOLIT can pro~de separation of the
bibliographic and quantitative sections. This is advantageous because:

● The ERA bibliographic database will serve as a reference source for researchers or risk
analysts performing literature searches, so its structure and contents should be
compatible with commonly available PC-DOS based bibliographic software

● Segregation of bibliographic and quantitative databases will ensure that adequate access
control can be maintained for researchers who agree to provide conditional access to
their field data.

Figure B-2 shows samples of the bibliographic data input screen for the ECOLIT database,
and Figure B-1 shows a listing of the bibliographic information fields that are defined for
ECOLIT. The input screens open into larger windows for extended text fields, and help menus
are available for each field. There are, several fields devoted to prompting the user for GIS
information and access to the ERIS source lineage report system through the ECOLIT input
screen.

Queries to ECOLIT are made using SQL*Ph.M commands (SQL stands for “Structured
Query Language”). Users may browse through the database and search for key words or
character strings in each field. Keyword searches are directly accessible through the ECOLIT
menu. More complex queries can be developed if required.

Table B-1 is a sample of a summary of information on previous investigations conducted at
the INEL compiled from ECOLIT. This table is useful for identi~ng studies that are applicable
to individual SLERAS.

,
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INEL Environmental Studies Documentation Sheet

(Screening Form)

Reviewer(s) : Date Reviewed:

Title:

Author (s)/Affiliation:

subject: (purpose/objective of study)

Annotation:

Key Words:

Spatial Scale of Data Collection:

Temporal Scale of Data Collection:

Duration of Data Collection: to

Data Were Collected:

Year: Months:

Year: Months :

Year: Months :

Year: Months:

Year: Months:

Year: Months:

Year: Months:

I. 2 3 4 5 6 7 8 9 J-CI ll_12_

1 2 3 4 5 6 7 8 9 ICI 11 12_

1 2 3 4 5 6 7 8 9 10_ll_12_

I. 2 3 4 5 6 7 8 9 10_ll_12_

1 2 3 4 5 6 7 8 9_10_ll_12_

1 2 3 4 5 6 7 8 9_10_ll_12_

1_2 3 4 5 6 7 8 9 10 ll_12_

Location of Study: (general geographic area or exact location if known)

Was Study Published?: Yes No

If yes, cite references:

Figure B-l. Data en~form used forthedB*eV versionofECOLIT..
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Data Information:

1. Data Collected:

Data l!voe Primary Data Secondaw Data Qualitative C)uantitative

Aquatic
Archeological

Fauna
Flora

Geological
Human

Hydrologic
Meteorological

Microbial
Seismic

Soils

Chemical
Analysis

Radiological
Analysis

Other

—,

List fauna species/species groups:

List primary flora species/communities:

2. Avai,labi.lity of source data:

a. Who owns the data and location?:

b. Are raw data from study available?:

Yes No Unknown.— ——

If yes, from where:

c. Are there any restrictions for its use?:

d. Format of data: (digital/paper)

Quality Assurance/Quality Control:

1. Was QA/QC part of sampling design?: & No_— —

2. If Yes what level of QA/Qc: A B c unknown_— — ——
Comments:

,

Figure B-1. (continued).
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~y additional comments regarding other information on the study:

GIS Compatibility of Data:

1.

2.

3.

4.

5.

6.

Are maps, location data, or coordinates associated with this study?:

NoMaps: Yes _ _ _ Unknown

Data: Yes No Unknown—— ——

what method was used to determine locations?: (survey, GPS, map)

What is the accuracy of the location data?:

In what form are the location data (map, text, digital)?:

Have location data been entered into a GIS?: Yes No

If yes:

Describe:

what is the availability?:

What software was used to process the data?

What format is data in?

What is the storage media?

Are there aerial photographs or satellite images associated with

Nostudy?: Yes

If yes:

Describe:

What is the availability?:

For digital image data:

What software was used to process the data?

What format is data in?

What is the storage media?

Figure B-l. (continued).
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Figure B-2

,

1

i

.- ~..— -.. .. . .. — .

. Sample of bibliographic data input screen for ECOLIT.’
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Table B-1. Previous investigations conducted at the INEL.

Applicability ; DataReported

Problem Risk Study \ Topic Contaminants
Reference

Susceptibility
Formulation Analysis Characterization Area

Biological Tissue
Species Addressed Habitat Diet toContaminant Responw Concentmtion

ArrrJcrson,1991 x x ICPP Vegetation
Wirdlife
Soil

Artimr, 1982 x x x RWMC/ Crested whetttgrass Pu-238 Terrestrial
SDA

x
Russian thistle Po-239,240

Am-241
Arthur,Connelly, Halford, and x JNEL Vertebratesurvey

Reynolds 1984
x

Arthur, Markham, Groves, Keller, x x RWMC/ Deer mouse
and Halford, 1986

Termtrial x
TSA, SDA ~dk kaogaroa rat

Arthur, Markham, Groves, and x x RWMCI Deer mouse Radiormclidcs
Keller, 1987 SDA

Arthurand Gates, 1988 x JNEL Prorrghom antelope Trace Elements
Black-toiled jackrabbit Toxic E1emerrts

Rad Elements
Arthur and Junke, 1986 x x x RWMC/ Small mammals Radionuclides Terrcso’iul

SDA Avifamra
Arthur and Morkham, 1982a x x TRA, coyotes Radionuclides Terrestrird

RWMC
SDA

Arthur and Markham, 1982b x x x TRA, Burrowing mammals RadiOnucMes Terrestrial x(?)
RWMCI COyOte

m SDA Wheatgmss
A Russian thistle
o Soil

Arthurand Morkhmn, 1983 x x RWMCI Soil Plutonium Terrestrial
SDA

Arthur and Markham, 1984 x x x RWMU Soil PO-21O Terrestrial
SDA

x
crestedwheatgrass
Deer mouse

BIom, Johnson, and Rope, 1991 x TRA Harvesterant CS-137 Soil Mourrd#krrwrial

c onnelly, 1982 x
CO-60

x x INEL Sa4 grouse Radionuclides Terrestrird/AQuatic
connelly andMarkham, 1983 x x x

x x x x(?)
TRA, ICPP, Sage grouse Radionuclides Terrestrial/Aquatic x(?) x(?)

RWMC,

.Craoz$tiauom, arm iwrmam, IYIY A A 1KA,Iu’s’Kaptors Kmlonucttrtcs AirKerrestrial
Craig, Craig, and Powers, 1985 : JNEL Long-caredowl Air
Evenson, 1981 x x

x
INEL Deer mouse I&iionuclitfes Terrcstrird x(?)

Filipovich, 1983 x
x

ARA
x(?)

Dcm mouse Terrestrial x
I Great Basin pocket mouse

Least chipmunk
Montane vole
Oral’skmrgmoorat
Western harvest mouse. Nortfremgrasshopper mouse
Sagebrush vole

Fralcy, Bowmmr,and Markham 1982 x x x ICPP Rabbit I-129/I-127 ‘rerrestird
Groves and Keller, 1986 x x

x (?) x x(?)
RWMC/ Small mammals Crested wheatmms

SDA Russian rhistl;
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Table B-l. (continued).

I
APfIlicabifity DataRepnrfedi

Problem Risk Study ; Topic
Reference Formulation

Contamimtnts
Analysis Charasteria”on ~

susceptibility Biological
Species

‘lissue
Addressed Habitat Diet to Cootaminorrt Response Cmramatiol

Hafford,1987 x TRA Small mammals
Halford, Millard, and Markham, 1981 x x

Ttansruaric Rod Terrestrial
IRA Duck

x
Rodionucficies Aquadc x

swan

Mcdlard
Northern pintail
Lesser Scaup
Common goldeneye
Buffkhmd

marora, Mursnam, ana wtute Iywb A x TRA Wing-clippedrnalfards CS-134 LiquidSildiOaCdVeWaStC
1-131 oond
CS-137 “
Ba-MO
Se-75
Co-58
Zrr-66

x x

m Co-67

A cr-51
+ Hotfordund Markh,~ 1978 x x TRA white-footed deer moose Terrestrird x

Least chiomunk
Oral’skaniaroorat

Halford and Markharw 1984 x TRA Malkud I-129/f-127
Haffordand Millard, 1978

AquaticJAir
x

x(?)
TRA

x(?)
Vertebmtefauna Lcaelringw

Howe and Flake, 1989 x
nd (Aquatic)

x INEL Mourning dove AqumicL4ir
fbrahim and Ctdp, 1989 x x TRA Net plankton PO-239 Aquadc

Susparded particulate PU-240
Sediment, Pu-238

Janke and Ardrur, 1985 x x RWMC/ Cottontail mbbit Rodionuclides Terscsriof
SDA, TSA I

Johnson, 1979 x JNEL Rabbits Terres&ial x
Black-tailedjackrabbit

T%ongbommtdope

Sheen
Cmie

Johnson and Hansen, 1979a x INEL Coyote Terrestrial
Johnson and Hansen, 1979b x

x
INEL coyote Terre.mial x

KoehlerondAnderson, 1991 x RWMC/ fleer mouse Temc.mial
I SDA MontarmvoIe

Oral’skangaroomt
Townsend’smaund squirrel

Kuzo, Finley, Wtdcker, and x x TRA Sediment Pu-238
Marfdrans,1987 .

Aquatic
Seston Pu-239,240
Periphytoa Am-241

Cm-242
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Table B-fl. (continued).

I
Applieabilky i DataRepotied 1

~
Problcm Risk Study Topic

Reference
Contaminants

Formulation Analysis Chnrncrerir.mien Area
Susceptibility Biological Tissue

Species Addressed Habitat Diet toCotrtmsrirtantResponse Concentration
Markham,1974 x x JNEL Radionuclides Terrestrial

Markham, 197B x x RWMC/ Small mammals Radionuclides Terrestrial
SDA Soil

x
CS-137
CO-60
Sr-90

Markham, Au[enrieth,and x x JNEL Prongbom antelope Radionuclirbx
Hoskinson, 1976

Terrestrial x

Markham, Puphal, and Filer, 1978 x x RWMCI Soil Pu-238 Terrestrial
SDA Deer mouse

x(?)
Pu-239
Am-241

Markham, Autenrie!b,and x ICPP PrOngbOrn Pu-238 Terrestrial x
Dickson, 1979 Pu-239,240 Atrnospberic

Markham, Halford, and Autenrietb, 1980 x x INEL Prorrgbomantelope Sr-9i3 Terrmtrial
Markham, Halford, Bib], and x x

x
INEL Protr.a,hornantelope 1-131 Terrestrial x x

Autenrieth, 1980
Mdhurrr, Halford, Amenrieth, and x ICPP Prongbom antelope Radionuclides

Dickson, 1982
Terrestrial x

Markham, Hakonson, Whieker, md x ICPP Muledeer 1-129 Ter-mstriaJ x (?) x(?) x
Morton, 1983

Markham, Holford, Rope, and x TRA Mallard Plutonium Aquatic/Air
KUZO,1988 Atnerieium

Cm
Strontium

Markhamand Halford, 1982 x x x TRA, ARA, Mourningdove Radionuclidm Terrestrial/Aquatic x x x
EBR-JS,
ICPP.

I LOti. I
NRF,”

RWMC
Markhamand HaIford, 1985 x x ICPP Pronghom CS-137 Terrestrial x

Atmospheric
Markham and Trost, 1986 x x INEL Mo~mhrgdove TerrestriaUAir x
McBride, French, Dab],and x x ~L Vegetation

Detmer, 1978
McGiff, 1985 x x R4EL Vegetation 1-129 Terrestrial x

Pr{nghom meat 1-127
Millard, 1986 x — Big sagebrush G-141 Terrestrial I

Wfi&-e (E. elimoides) CS-134
Millard, Fraley, and Maddrom, 1983 x x INEL Big sagebrush ce-141 Terrestrial

Bottlebrush ~S CS-134
Millard, Whicker, and Markham, 1990 x x x TRA BarnSWdlOW Radionuclides Elevated nesting (?)
Olson nndJeppesen, 1993 x x INEL Soils

Growth rate

Parmenter, 1985 x x — Coyotes H-3 Water Termstinl x x
Na-22

Petersen and Best 1986- x INEL Sage sparrow Terre.striol/Air x
Brewer’sSPOIIOW

Reynolds. 1991 x — Harvesterant Soil Mound~errestrial
Reynolds, ConneRy,Halford, and

—

x INEL Vertebratesurvey Notre
Arthur, 1986

Terrtmial
Aquatic

Rope, Anderson, and Xranrber,in press x x INEL Vegetation
Rope, Arthur, Craig, and Craig, 1988 x IF&I+ ICPP Big sagebmsh Nuoients Terrestrial x

BluegrassJMuttongrass Tram Elements
Bottlebrush mass
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The quantitative dataset portion of ECOLIT contains datasets (typically numerical) for
ecological studies, environmental measurement programs, etc. The types of information contained
in records in the quantitative information databases varies depending on whether contaminant
data or biotic data sets are considered. Because of the importance of defining the spatial
relationships between contaminants and receptors, a long-term objective of the ECOLIT is to
organize the data so that these spatial relationships can be revealed and investigated as easily as
possible, preferably by use of a GIS. This type of database is well-suited for supporting the ERA
process, and would also provide a powerful tool for future management of the site. Furthermore,
the GIS can be a valuable tool for presenting information to the public in an accessible and
understandable format.

B-4. DATA COLLECTION AND INPUT TO THE ECOLIT

Environmental contaminant concentration data have been gathered for various reasons, e.g.
to meet environmental monitoring requirements (currently, per DOE Order 5400.1 and
DOE/EH-0173T) to determine regional background concentrations of contaminants (currently,
per DOE/EH-0173T and DOE Order 5400.1), or to estimate the extent of contamination of the
environment caused by the operation of INEL facilities (currently, per DOE Order 5400.1, and
the Comprehensive Environmental Response, Compensation and Liability Act [CERCLA]).

In addition to its basic research-oriented Radioecology and Ecology program, the RESL has
had the responsibility for site-wide and off-site routine environmental radiological surveillance.
The results of this surveillance program have been presented in annual reports (available in
hardcopy only) and are an important source of information concerning the concentration of
radioactive materials in environmental media. INEL contractors also have conducted routine
radiological environmental surveillance, but the contractor’s routine programs are generally
restricted to coverage of areas within facility boundaries. INEL contractors have performed soil
sampling outside of facility fences at DOE-ID’s request. These programs included measurement
of radioactive materials and metals in soils.

In contrast to the availability of information concerning radioactive contaminants, there is
relatively little information concerning hazardous material contamination prior to DOES response
to CERCLA in the late 1980s. Since then, there has been a substantial effort to develop
comparable and consistently well-documented data sets for areas contaminated with hazardous
materials. Most of these data are produced through INEL contractor studies (rather than
DOE/RESL, the USGS, or other federal agency/agency contractors), and essentially all of the
data generated for CERCLA response is tracked using two database software systems, the
Environmental Restoration Information System (ERIS) and the INEL Environmental Data
Management System (IEDMS). These two databases capture the sampling and analysis
information required for developing sampling and analysis reports that are admissible as legal
evidence. These data are readily accessible for use in the performance of an ERA-

The primary limitation in the data gathered for CERCLA response is that information is
only available for the areas at or near potentially contaminated locations. There is a considerable
amount of data for locations on the INEL site that are unaffected by facility operations; however,
these data may not be usable for baseline comparison. There are relatively few data for
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concentrations of hazardous materials (particularly metals) in soils at locations off the INEL site.
All data must be reviewed to determine the quality level and applicability for use in an ERA.

B-4.1 Development of the Maximum Database

For screening purposes in the site-wide ecological risk assessment and the waste area group
(WAG)-wide cumulative risk assessments, as part of their comprehensive remedial investigation/
feasibility study risk assessment, concentrations of contaminants at sites identified in the Federal
Facili~ Agreement and Consent Order were collected. Two databases were generated in this
process. Of the two, the Maximum database is applicable for use in the SLERA.

Data collected were operable unit, site code, site dimensions, sampling date, date of disposal,
matrix sample with maximum detected concentration was collected from, contaminant, maximum
concentration and units, identification of any tentatively identified compounds, data flags, depth
sample with maximum concentration was detected, source(s) of information, and comments.
Sources for contaminant data for each site were sought according to a hierarchy as shown in
Table B-2. The Track 1 and Track 2 remediation decisions were reached using conservative
(“qualitative”) risk assessments. The decision documentation packages (DDPs) for each operable
unit list the maximum contaminant concentrations for that unit. For Track 1 sites, most DDPs
are complete, and it was usually not necessary to look further for contaminant data. Because of
the availability of Track 1 DDPs, they were the preferred source of information for initial data
gathering efforts. Track 2 sites may or may not have had scoping summary reports available or
finalized.

B-4.2 Chemical/Radiological Inventory Data for Facilities

The Chemical Inventory Tracking System (CITS) is used to track the location and inventory
of chemicals at all Lockheed Idaho-operated facilities. Robert Fox is the database manager. The
CITS operates using ORACLE software. Ron Likovitch and Chris Kent operate a similar
database. As of May 1994, there is no information concerning a comparable tracking program for
ANL-W.

Lockheed Idaho industrial hygiene operations organizations maintain Hazardous Agent
Invento~ databases for each facility area. This database does not contain quantities, but does
specify a broader range of hazardous materials than are on the SARA reportable list. The
industrial hygiene cognizant professional who is responsible for the database is Cheryl Floreen.
This database may not be of much use for the ERA, except to screen for the presence of
hazardous materials.

B-4.3 Sources of Toxicological Data

The selection of critical exposure levels begins with evaluation of effects data that are
relevant to the stressor. The numerous sources of these data and a brief description of their
contents is listed in Table B-3.
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Table B-2. Hierarchy of sources of contaminant data collect~d for the cumulative risk assessment.
i{
,.
. ~pe of site Primary source Seconda~ source Other sources7,
(
j

1
Track 1 Decision Documentation Environmental Restoration D&D tiles on confirmation sampling,

L Packages (DDPs)a project”files
!l!

,>,<
,,
),.

ij
..

:(.

x
,,,

.,.
,/

Track 2

Interim Action

RIFS

Scoping Track 2 Summary ERIS Databaseb
Reports

Proposed plans ERIS Databaseb

RIFS report ERIS Databaseb

Environmental Restoration project tiles;
D&D files on confirmation sampling

Environmental Restoration project files;
D&D files on confirmation sampling

Environmental Restoration project files;
D&D files on confirmation sampling
Proposed Plans

w a. Peak contaminant concentration values only.
G

b. ERIS containsfull data sets, with position information (position information are not yet available for all ERIS data, but will be backtit to the data).

1
i

.



Table B-2. Sources of toxicological information.

Primaty literaturesources(journalarticlesand scientificpublkadons)

Registiy of TcmicEffects of Chemical Substances (RTECS). This database include-s data from both animal studies and
human exposuresaddressingchemicaltoxicityand biomedicaleffects(i.e.,mutagenicity,carcinogenicity,skinand eyeirritation,
reproductive studies, and general toxicitystudies) for both acute and chronic exposures. It was developed and is updated
quarterly by the National Institute for OccupationalSafetyand Health. A drawback of this database is that data on exposure
duration, dose administered, or circumstancesthat resuked in exposure, are not included; therefore, source data (i.e., from
the literature) should be revieweddirectlyto ensure results are applicable to a particular ERA scenario. More than 118,700
chemicaIs.

Hazardous Substances Database (HSDB). This database is organized by chemical record, with nearly 4200 chemical
substance records contained in the tile. The file is being built, maintained, reviewed,and updated on the National Library
of Medicine’sToxicologyData Network (TOXNET), and co-supported by the Agency for Toxic Substances and Disease
Registry.

IntegratedRiskInformation S~tem (IRIS). This database was developed by EPA to assistwith quantifying heakh effects
in humans (though a majority of the data are obtained from animal studies). NOAEI...S,LOAELS,NOELS, and LOELS are
presented, along with a brief discussionof the studies (e.g., dose, exposure route, duration, frequency). IRIS is updated
monthly. More than 400 compounds.

Agency for ToxicSubstancesand Discs.wRegistry(ATSDR) ToxicologicalProfile Series. These profileswere developed for
hazardous substances (some 200, so far) found at EPA Superfund sites. Profiles include general toxicityinformation and
levels of exposure associated with lethality, cancer, genotoxicityjneurotoxicity, development and reproductive toxicity,
immunotoxicity, and systemic toxicity (i.e., liver, kidney, respirato~, cardiovascular, gastrointestinal, hematological,
musculoskeletal,and dermal/ocular effects). Health effects are presented for both acute and chronic exposure durations for
all exposure routes.

PhytotcmDatabase (PHYTOTOX). Data in PHYTOTOX were obtained from the open literature and compiled by the
Department of Microbiologyat the Universityof Oklahoma under sponsorship of EPA. The database includes effects of
both natural and syntheticcompounds administered to native,crop, and weed plant species. Data included are plant species,
chemical,dosage, application methods, effects noted, and bibliographicreferences.

AquaticInformation Retrieval (AQUIRE). Thisdatabase, developedbyEPA, contains information from worldwideliterature
(1970 - present) on toxicityof chemicalsto both freshwater and marine aquatic organisms,excludingmammals, birds, and
bacteria. Data on over 4,000 chemicals include both bioconcentration factors and toxicities,study protocols, experimental
details, results, and bibliographicreferences.

ChemicalEvaluation SearclIand Retrieval System(CESARS). Oil and Hazardous Materialsflechnical AssistanceDatabase
(OHM/TAD) Primary literature sources (journal articles and scientificpublications).

Fsh and W~dlifcSeMcc ContaminantH-d Reviews(R. Eisler,cd.). These are a series of reports reviewingand
summarizingthe literature on specific compounds to invertebrates and wildlife. Chemicals reviewed to date (5/94) are
arsenic, atrazine, cadmium, carbofuran, chlorpyrofos,chromium, diazinon,dioxins,Iead, mercury, mirex,pentachlorophenol,
PCBS,PAHs, selenium, tin, and toxaphene.
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Ecological

Appendix C

Literature and Data Evaluation

C-1 . INTRODUCTION

S. C. Peterson, R. Brewer, R. C. Morris

This report summarizes published and unpublished ecological research that is pertinent to
scoping and conducting ecological risk assessments (ERAs) for Waste Area Groups (WAGS) at
the Idaho National Engineering Laboratory (INEL). Numerous radioecological and descriptive
ecological studies have been conducted at the INEL since its establishment as the National
Reactor Testing Station in 1948 (Markham 1973; Reynolds and Markham 1987; Markham and
Reynolds 1991). Many of these studies were conducted for the INEL Radioecology and Ecology
Program, established in 1974, and represent the efforts of numerous scientists from academic
institutions, government agencies, and private-sector firms. The designation of the INEL as a
National Environmental Research Park (NERP) in 1975 provided a further impetus for
investigations. More than 300 research papers, dissertations and theses, technical reports, and
popular articles have been published on a broad array of ecological subjects. In addition,
radioecological monitoring studies have been conducted by the Radiological and Environmental
Sciences Laborato~ (RESL). Many of the RESL data are unpublished or are available only in
annual summary reports.

The results of published and unpublished radioecological and ecological research conducted
previously at the INEL are an important resource for personnel conducting ERAs for the WAGS.
Howeverj the previous investigations were primarily done to address specific research questions
and may have limited relevance to an ERA, or their relevance may not be immediately obvious to
risk assessors. Therefore, this literature evaluation was conducted to assemble, organize, and
summarize the available reports in a format useful for risk assessment of site-related
contamination. The literature and data evaluation is designed to be a companion document to
the Screening Level Ecological Risk Assessment Guidtince Manual and Case Study. The literature
and data evaluation is integral to the development of the manual [Ecology and Environment, Inc.,
1993], and is consistent with the current federal ecological risk assessment framework P.S.
Environmental Protection Agency (EPA) 1992, 1993].

C-1.1 Objectives

The main objectives of the ecological literature and data evaluation are to:

● Compile the existing information, and review and organize it in a manner useful to risk
assessors.

,

● Identi@ and evaluate potential stressors, pathways, and effects known to occur at the
site, and assess the contribution of existing ecological information to the weight-of-
evidence concerning potential ecological risks at the INEL.
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Because ERA relies upon a weight-of-evidence approach and ecological research has taken
place at the INEL for many years, this review of the available data is essential for realistic
planning and interpretation of risk assessments conducted for remedial investigations at the INEL.

C-1.2 Scope

The scope of the literature evaluation includes to published and unpublished results of
ecological research conducted at the INEL and covers a broad range of publications and data.
The ecological literature and data considered to be the most critical to ERA at the INEL are
emphasized. Because the preponderance of investigations at the site has focused on
radionuclides, the literature and data evaluation are likewise focused on this class of potential
stressors.

C-1.3 Technical Approach

The literature evaluation was accomplished in the following steps:

1. Published and unpublished reports of ecological research at the INEL were identified
and hard copies were obtained. The publication lists of Markham (1973), Reynolds and
Markham (1987), and Markham and Reynolds (1991) served as the basis for
identification of potentially relevant information. Hard copies of most of these
publications were obtained from the Radioecology and Ecology Group of RESL.

2. These publications were entered into a computerized bibliographic database. The
software selected for this was the PAPYRUS bibliographic software, Version 7.0.9
(Software Design 1993).

3. Publications were subjected to an initial review to prioritize them with regard to their
usefulness to the ERA process. Publications were classified as most useful, potentially
useful, or least useful, based on information contained in the title, abstract, key words,
or summary. Publications were considered most useful if they contained information
regarding potential stressors, pathways, or effects. In addition, emphasis was placed on
articles published in peer-reviewed journals, because this information is likely to be of
higher quality and credibility and, ~herefore, more usable for risk assessment.
Potentially useful publications contained information on site ecosystems that could
support characterization of the exposure setting or other supporting ecological
information. Many of these potentially useful publications are descriptive in nature.
Some are only indirectly related to assessing risks at the site, or their usefulness may
depend on site-specific considerations. The least useful publications had no obvious
relevance to the ERA process at the site or were judged to have critical deficiencies
and were not reviewed. This category also includes some of the more dated or obscure
reports and popular articles.

4. The most useful and potentially useful publications were subjected to a detailed review,
and pertinent information was summarized (Section C-2). In addition, the relevance of
each publication to each of the phases of ecological risk assessment is identified. The
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phases used here are outlined in EPA’s ecological risk assessment framework (EPA
1992) and include Problem Formulation, Analysis, and Risk Characterization.

5. Published and unpublished radioecological data were assembled and a preliminary risk
evaluation was conducted (Section C-3). The most useful publications identified in
Section C-2 provided the basis for this evaluation. The preliminary evaluation is
qualitative in nature and is based on an assessment of the extent of contamination and
published dose estimates for ecological receptors at the site. Major data gaps are also
identified.



C-2. PUBLICATION SUMMARIES

The following brief reviews summarize the pertinent information from published ecological
studies at the INEL. The publications classified as most useful for ERA are presented
alphabetically in Section C-2.1. Publications considered potentially useful are presented
alphabetically in Section C-2.2. Each document is listed by the author(s) and date. This method
allows easy cross-referencing with Tables C-1 and C-2 and with the electronic bibliographic
database.

Each of the publication summaries in Sections C-2.1 and C-2.2 consists of an abstract of the
publication. These abstracts were based to the extent possible on the author’s abstract or
summary, but information most relevant to ERA was also included or emphasized. In addition,
the usefulness of each publication to ERA is briefly described. Table C-1 provides a summary of
the applicability of INEL publications to various phases of the ERA process. The facilities and
waste management areas represented by each publication were also identified and are summarized
in Table C-2.

C-2.1 Publications Most Useful for Ecological Risk Assessment

Arthur (19S2). The concentrations of ‘8Pu, 239$240Pu,and 241Am in crested wheatgrass
(Agrcpyron ctitatmn [L.] Gaertn) and Russian thistle (Salsola lcali L.) growing on or near

the subsurface disposal area (SDA) were significantly greater than those in control

vegetation. However, the total inventory of radionuclides in she vegetation was not

significantly greater than in the control area. This lack of a significant difference between

the site and the control area was a result of the fact that 90% or more of the radioactivity in

137CS and concentrations of these radionuclides werevegetation was attributed to 90Sr and ,

not significantly elevated in vegetation at the site. Russian thistle concentrated more

radionuclides than crested wheatgrass, presumably as a result of its deeper rooting and

spreading growth characteristics. Radionuclide transport through vegetation was also

investigated and was not considered to be a major transport pathway at the site.

The data in this paper could be used by ecological risk assessors to calculate site-specific
238pu 239.240pu, 241~, 90Sr, and 137CS for the INEL site.soil-to-plant uptake factors for ,

Uptake factors would be calculated by dividing the average plant concentration of a nuclide
(picoCuries per gram [pCi/g] dry weight [DW]) by the nuclide’s average soil concentration
(pCi/g DW). Indeed, the data from this publication were used by E & E to calculate a site-
specific plant uptake factor for 90Sr for crested wheatgrass (see Appendix A, Case Study).

Arthur and Gates (19SS). Soil ingestion rates were estimated for the pronghorn (Antilocapra
mnericmza) and black-tailed jackrabbit (Lepus ca@micus). The mean soil intake rates for
pronghorn and jackrabbit were 4S.7 and 9.7 grams per day (g/d), respectively. Soil comprised
5.4% and 6.3%, respectively, of the pronghorn and jackrabbit total dry matter intake. For
both species, the estimated percentage of elemental intake attributable to soil was 75’% for
Na, Fe, V, and F and 10 to 50’% for Mn, Cr, Mg, Ni, K, and Zn. Vegetation consumption
resulted in greater than 9096 of the daily intake of Ca, Cu, and P.
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Table C-1. INEL publications and their applicability to ecological risk assessment.

Problem Risk
Publication Formulation Analysis Characterization

Abbott et al. (1991)

Anderson (1986)

Anderson and Holte (1981)

hderson and Marlette (1986)

&thur (1982)

Arthur and Gates (1988)

Arthur and Janke (1986)

Arthur and Markham (1982)

Arthur and Markham (1983)

Arthur and Markham (1984)

Arthur et al. (1984)

Arthur et al. (1986)

Arthur et al. (1987)

Blom et al. (1991a)

Blom et al. (1991b)

Cholewa and Henderson (1984)

Clark and Blom (1992)

Conneilyand Markham (1983)

Connellyet al. (1981)

Connellyet al. (1988)

Corn (1993)

Craig (1978)

Craig (1979)

Craig and Craig (1984)

Craig and Renn (1977)

Craig and Trost (1979)

Craig et al. (1979)

Craig et al. (1984)

Craig et al. (1985)

Craig et al. (1986)

Fraley et al. (1982)

French and Mhchell (1983)

Gates et al. (1985)

Genter (1986)

Gleason and Johnson (1985)

Groves and Keller (1983)

Groves and Keller (1986)

Guyer and Linder (1985a)

Guyer and Under (1985b)

x x

x x
x x

x x

x x

x x

x x

x

x

x

x

x
x
x

x

x

x

x

x

x

x
x
x
x
x

x

x

x

x

x

x

x

x

x

x
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x

x

x

x

x

x
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Table C-l. (continued).

Problem Risk
Publkation Formulation Analvsis Characterization

Ha[ford (1983)

Halford (1987)

Ha[ford and Markham (1978)

Halford and Markham (1984)

Halford and Millard (1978)

Halford et al. (1981)

Halford et al. (1982a)

Halford et al. (1982b)

Hironaka et al. (1983)

Howe and Flake (1988)

Howe and Flake (1989a)

Howe and Flake (1989b)

Ibrahim and Cuip (1989)

Janke and Arthur (1985)

Johnson and Anderson (1984)

Knick (1990)

Koehler and Anderson (1991)

Kuzo et al. (1984)

Laundre (1989a)

Laundre (1989b)

x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Linder and Sehman (1977) x

McCracken and Hansen (1982a) x

McCracken and Hansen (19S2b) x

McCracken and Hansen (1984) x

Markham (1974) x

Markham (1978) x

Markham and Halford (1982) x
Markham and Halford (1985) x
Markham and Trost (1986) x

Markham et al. (1978) x
Markham et al. (1979)

Markham et al. (1980a)

Markham et al. (1980b)

Markham et al. (1982)

Markham et al. (1983)

Markham et al. (1988)

Millard et al. (1983)

Millard et al. (1990)

x

x
x

x

x
x

x
x
x

x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x

x

x

x

x
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Table C-1. (continued).

Problem Risk
Publication Formulation Analysis Characterization

Mulliean (1986) x

Mullican and Keller (1986) x x

Mullican and Keller (1987) x

Reynolds (1979) x

Reynolds (1980)

Reynolds (1981)

Reynolds (1990)

Reynolds and Fraley (1989)

Reynolds and Laundre (1988)

Reynolds and Rich (1978)

Reynolds and Trost (1979)

Reynolds and Trost (1981)

Reynolds and Wakkinen (1987)

Reynolds et al. (1986)

Stafford et al. (1986)

Stauber et al. (1980)

x

x

x

x

x

x

x

x

x

x

x

Watson (1984) x x

Watson (1986) x x.

Woodruff and Keller (1982) x

Youtie et al. (1987) x

x

x

x

x

x

This article is s@tificant because ingestion of soil is an important exposure pathway for some

species of wildlife. The site-specific estimates of soil ingestion could be used as input

parameters for exposure assessment. The paper also provides referenced estimates of

average daily food ingestion rates for jackrabbits and pronghorn, which could be used for

estimating exposure through the food chain for these animals. Data provided for element

concentrations in plants (sagebrush and grass) and soil could be used to derive site-specific

plant uptake factors for certain elements.

Arthur and Janke (1986). Eighteen wildlife species were sampled for radionuclides from solid
waste storage and disposal areas at the Radioactive Waste Management Complex (RWMC)
over a 24-month period. Deer mice (Peronzyscus nzaniculatus) carcasses and hides had the

lWCS Zsspu, ~g,zqopu, and 241~). Thesehighest concentrations of radionuclides (gOSr, ,
concentrations were significantly higher than control values. Cottontail (Sylvalagus nuttallii)
carcasses also had 2JlAm levels above background. Horned lark (Erenzophila a@estris), sage.
grouse (Centrocercus urcphmianus), and mourning dove (Zenaida nzacroura)ltissue samples
did not have radionuclide concentrations above control levels, and all radionuclides except
‘lAm were below control levels in coyote feces.



Table C-2. Facilities and waste management areas represented by INEL publications.

Publication Facility or Waste Management Area

Abbott et al. (1991)

hderson (1986)

Anderson and Holte (1981)

hderson and Marlette (19S6)

Arthur (1982)

Arthur and Gates (1988)

Arthur and Janke (1986)

Arthur and Markham (1982)

Arthur and Markham (1983)

Arthur and Markham (1984)

Arthur et al. (1984)

Arthur et al. (1986)

Arthur et al. (1987)

Blom et al. (1991a)

Blom et al. (1991b)

Cholewa and Henderson (1984)

Clark and Blom (1992)

Connellyand Markham (1983)

Conneliyet al. (1981)

Connellyet al. (1988)

Corn (1993)

Craig (1978)

Craig (1979)

Craig and Craig (1984)

Craig and Renn (1977)

Craig and Trost (1979)

Craig et al. (1979)

Craig et al. (1984)

Craig et al. (1985)

Craig et al. (1986)

Fraley et al. (1982)

French and Mitchell (1983)

Gates et al. (1985)

Genter (1986)

Gleason and Johnson (1985)

Groves and Keller (1983)

Groves and Keller (1986)

Guyer and Linder (1985a)

Guyer and Linder (1985b)

Halford (1983)

INEL

INEL

INEL

INEL, PBF

RWMCLSDA

INEL

RWMCfES& RWMC/SDA

RWMC/SD& TRA

RWMC/SDA

RWMC/SDA

INEL

RWMCfllSA, RWMC/SDA

RWMC/SDA

INEL

TRA

INEL

INEL

CFA, TRA, ICPP, RWMC

INEL

INEL

INEL

INEL

INEL

INEL

INEL

INEL

ICPP, TRA

INEL

INEL

INEL

ICPP

INEL

INEL

INEL

INEL

RWMC/SDA

RWMC/SDA

INEL

INEL

TRA

c-lo



Table C-2. (continued).

Publication Facilityor Waste Management Area

Halford (1987)

Halford and Markham (1978)

Halford and Markham (1984)

Halford and Millard (1978)

Halford et al. (1981)

Halford et al. (1982a)

Halford et al. (1982b)

Hironaka et al. (1983)

Howe and Flake (1988)

Howe and Flake (1989a)

Howe and Flake (1989b)

Ibrahim and Culp (1989)

Janke and Arthur (1985)

Johnson and Anderson (1984)

Knick (1990)

Koehler and Anderson (1991)

Kuzo et al. (1984)

Laundre (1989a)

Laundre (1989b)

Linder and Sehman (1977)

McCracken and Hansen (1982a)

McCracken and Hansen ( 1982b)

McCracken and Hansen (1984)

Markham (1974)

Markham (1978)

Markham and Halford (1982)

Markham and Halford (198S)

Markham and Trost (1986)

Markham et al. (1978)

Markham et al. (1979)

Markham et al. (1980a)

Markham et al. (1980b)

Markham et al. (1982)

Markham et al. (1983)

Markham et al. (1988)

Millard et al. (1983)

Millard et al. (1990)

Mullican (1986)

c-1 1

TRA

TRA

INEL

INEL

INEL

INEL

RWMCflS& RWMC/SDA

INEL

INEL

RWMCISDA

TRA

INEL

INEL

INEL

INEL

INEL

INEL

INEL

RWMC/SDA

TRA, RWMC, ARA, TAN, LO~, NRF, ICPP,
EBR-11

ICPP

INEL

RWMC/SDA

ICPP, INEL

ICPP, INEL

INEL

ICPP

ICPP

TRA

INEL

TRA

INEL
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Table C-2. (continued).

Publication Facilityor WasteManagementArea

Mullican and Keller (1986)

Mullican and KelIer (1987).

Reynolds (1979)

Reynolds (1980)

Reynolds (1981)

Reynolds (1990)

ReynoIds and Fraley (1989)

Reynolds and Uundre (19SS)

Reynolds and Rich (1978)

Reynolds and Trost (1979)

Reynolds and Trost (1981)

Reynolds and Wakkinen ( 19S7)

Reynolds et al. (1986)

Shumar et al. (1982)

Stafford et al. (1986)

Stauber et al. (1980)

Watson (1984)

Watson (1986)

Woodruff and Keller (19S2)

RWMC

INEL

INEL

INEL

INEL

RWMC/SDA

RWMCI’SDA

INEL

INEL

INEL

INEL

INEL

INEL

INEL

INEL

INEL

INEL

INEL

Youtie et al.

—

Key

ANL =

ARA =
CFA =

EBR-H =
INEL =
ICPP =

LOIT =
NRF =
PBF =

RWMC =

SDA =
TAN =

TRA =
TSA =

(1987) INEL

Argonne National Laboratory.
Auxilia~ Reactor Area.
Central FacilitiesArea.
Experimental Breeder Reactor-II.
The publication was not WAG-speciticbut was conducted within the INEL boundaries.
Idaho Chemical Processing Plain.
Loss-of-FluidsTest Facili[y.
Naval Reactors Facility.
Power Burst Facility.
Radioactive Waste Management Complex.
Subsurface DisposalArea at [he RWMC.
Test Area North.
Test Reactor Area.
Transuranic Storage Area at the RWMC.
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This paper is a useful summary of the wildlife radionuclide research conducted at the SDA.
The data indicate the importance of small mammals as vectors for radionuclide uptake and
transport. On the other hand, the birds studied at the SDA do not appear to be receiving
significant radionuclide doses, although birds preying on small mammals were not investigated.
The information presented in this paper is particularly pertinent to identification of receptors
and pathways during Problem Formulation for sites containing buried nuclear waste. In
addition, the levels of radionuclide contamination reported for various wildlife species could
be useful during Analysis and Risk Characterization.

Arthur and Markham (1982). Coyote fecal samples were collected at two sites on the INEL and
at an offsite control area. One site was a liquid radioactive waste pond located at Test
Reactor Area (TM) and the other was a solid radioactive waste pit located at the
RWMC/SDA. The fecal samples of coyotes at TRA had elevated concentrations of 137Cs,
90Sr and ‘Pu versus controls. The increased radionuclide content of the fecal matter was
attributed to the coyotes’ drinking water from the waste pond and/or consuming small
mammals Elevated 2dlAm concentrations in coyote fecal samples collected at the.
RWMC/SDA were attributed to ingestion of small mammals. Export inventory calculations
indicated that 90Sr and 137Csaccounted for 8670, 9970, and 99% of the radionuclide inventory
estimates within a 6.3-km radius of each of the SDA, TR~ and control areas, respectively.
The results indicate that coyotes can be a transport vector for radionuclides from
contaminated sites, but they account for similar or lesser quantities of radionuclide export
than other transport sources such as waterfowl and vegetative uptake.

This paper provides important information on transfer of radionuclides through the food chain
at the INEL. The data could be used to develop food chain transfer coefficients or estimates
of contaminant transport by animal vectors at contaminated sites. The levels of contamination
in ecosystem components at TRA and RWMC have likely changed since this research was
conducted, however, as a result of remedial activities and other physical changes at these sites.

Arthur and Markham (1983). Over a 2-year period, small mammals excavated 12,450 kilograms
(kg) of soil to the 36-hectare (ha) surface of the SDA at the INEL. Elevated levels of ‘Pu,
‘9’xOPu and 241Amwere detected in the excavated soils. A total calculated inventory of 66
microCu’ries (pCi) (90Sr, 137~ Zsspu 23WdOpu,and 241ti), which was significantly greater

than the 20 pCi estimated to ~ccur i; excavated soils at a control area, was transported to the
surface by the excavations. The deer mouse (Peronzy.scusnwniculatus), Oral’s kangaroo rat
(D@odmny.s ordii), montane vole (Zi4icrotusnmntanus), Great Basin pocket mouse
(Perognathus pimms), and Townsend’s ground squirrel (S’enno@ilus townsendii) were the
most frequently occurring species. Northern pocket gophers (Tlmnonzy.s talpoides) were less
than l% of the species composition at the site but may have contributed significantly to the
radionuclide transport to the surface soils due to their large excavations.

This article demonstrates the importance of burrowing small mammals as vectors of
radionuclide transport at the SDA. The cap has been thickened in recent years, however, and
the extent of transport at the site has likely been decreased as a consequence.’ Even at the
time this study was conducted, it was concluded that small mammal excavations had not

. 137Csand 90Sr on the SDA soil surface. Transport of thedeposited appreciable quantities 01
transuranics 238Pu, 239.240Pu,and 24‘Am was more significant but was considered by the
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authors to be a relatively minor source compared to previous releases to surface soils from
flooding and subsequent wind transport at the site. The potential for burrowing small
mammals to transport contaminants from the subsurface at specific WAGS should be carefully
evaluated by risk assessors.

Arthur et al. (1984). This report presents a comprehensive list of the vertebrates occurring on
the INEL. Abundance, habitat use, and seasonal occurrence are described for each species.
According to the article, five fish, one amphibian, nine reptile, 159 bird, and 37 mammal
species have been recorded at the INEL. Some discussion of species of concern at the state
and federal level is also provided. In conjunction with Reynolds et al. (1986), this report is
useful for identi@ng endpoint species and for setting exposure parameters for wildlife.

Arthur et al. (1986). Deer mice and kangaroo rats [Diposonms ordii (Woodhouse)] were live-
trapped intermittently for 14 months after the cap was placed on the waste burial pit. Deer
mice were the most numerous. Thermoluminescent dosimeters (TLDs) were implanted in a
representative sample of the trapped small mammals, and 53% of the TLDs were recovered.
An estimated 49% of the deer mice and 20% of the kangaroo rats were exposed to areas of
buried waste and/or contaminated soil. Dose rates to small mammals on or near the waste
burial pit were significantly higher than those in a control area. Also, during the winter, dose
rates were higher and a higher percentage of the small mammals at the burial pit received
doses greater than control mammals. This was felt to be due to more time spent in the
subsurface soils during the colder months.

One objective of an ERA for a site contaminated with radionuclides is to calculate the
radiation dose rate to animals at the site. Because this publication presents measured
radiation dose rates to small mammals, it can be used as a “reality check by risk assessors
attempting to model radiation exposure to small mammals at the INEL site. It is important to
note that the radiation dose rates reported in this paper are combined dose rates for all
nuclides to which the receptors were exposed and are for the whole body, not for specific
tissues or organs. Risk assessors interested in the exposure of specific tissues to radionuclides
in small mammals should see Arthur et al. (1987).

Arthur et al. (1987). Concentrations of 90Sr (1.2 to 3,600 pci/g), 137~ (0.32 to 437 pCi/g), ‘Pu

(0.0006 to 0.12 pCi/g), 23~,2~opu (0.0006 m 0.12 pCi/g), and 241Am (below detection limit to
0.07 pCi/g) were determined in the carcasses (whole body gamma count) of deer mice
collected at the solid radioactive waste burial pit on the INEL. The concentrations were also
determined for lungs, gastrointestinal tracts, and hides of deer mice. Significantly higher
concentrations of radionuclides were found in the gastrointestinal tracts (137CS,238Pu,
‘91240pu, and 241fi), hides (238pu, and 239”240Pu), carcasses (137~, and ‘“Sr), and lungs

(Z8PU) of the deer mice from the burial pit versus controls. Both surface and subsurface soils
appeared to be responsible for the contamination of the mice. A total minimum inventory of
22.8 pCi of radioactivity was estimated to be contained in deer mice tissues over the entire
area of the burial pit, and 22.7 pCi of this was due to 90Sr and 137CS. An estimated 28.8 ~Ci
was deposited on the burial pit surface due to deer mice feces and 8.4 pCi wa; estimated to
be transported from the pit to the surrounding environs.
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This paper will appeal to risk assessors interested in the exposure of small mammals to
radionuclides at the INEL site. .The data on radionuclide activities in various tissues of deer
mice clearly show that radionuclides are not distributed uniformly in small mammals. For
example, ‘Sr activity in a deer mouse carcass was 10 to 100 times greater than in the lungs or
gastrointestinal tract, most likely as a result of the association of 90Sr with bone in the carcass.
This paper does not present radiation dose rates to deer mice, but the data on radionuclide
levels in tissues and carcass could be used to calculate the internal radiation dose rate from
radionuclides in the body. Risk assessors interested in the radiation dose rates received by
small mammals at the INEL site should see Arthur et al. (1986) and Halford and Markham
(1978).

Comelly and Markham (1983). Movements and radionuclide concentrations in the muscle and
gastrointestinal tract of sage grouse (Centrocercus urophashznus) summering near nuclear
facilities of the INEL were studied from 1977 to 1980. The majority of grouse were located
within 2 kilometers (km) of feeding areas on lawns surrounding the facilities during the
summer months but were not near the facilities after September or mid-November. The
grouse remained near the facilities for a mean number of 95 days/year (d/y). Mean
radionuclide concentrations in muscle (0.29 pCi/g; n = 29) and gastrointestinal tract
(0.80 pCi/g; ~ = 29) of sage grouse were higher at the TRA and Idaho Chemical Processing
Plant (ICPP) than at offsite control areas. 51Cr had the highest average concentration in the
gastrointestinal tract and 137CShad the highest average concentration in muscle tissue. Levels
of radionuclides in birds at the RWMC were not significantly higher than levels in control
birds.

This paper is important for risk assessors because sage grouse are identified as commonly
using facility lawns for feeding and loafing and are, therefore, potentially exposed to site
contaminants. However, the concentrations of radionuclides in sage grouse were generally
lower than those reported for waterfowl and mourning doves in the same areas. This was
likely a result of the greater use of TRA ponds by these other birds and the comparatively
greater summer home range of sage grouse. Potential exposure of sage grouse and other
birds should be evaluated on a site-specific basis during Problem Formulation.

Craig et al. (1979). Concentrations of gamma-emitting radionuclides were determined in young
from 17 nests of three species of raptor: American kestrel, long-eared owl, and marsh hawk.
The nests were located near ICPP or TRA. Food habits were determined by examination of
castings and prey remains found at the nests. Rodents captured near the TRA waste ponds
were also analyzed for gamma radiation. 137CShad the highest concentration of any
radionuclide. Northern harriers measured at 11 and 21 days of age had the most radionuclides
detected (9) at the highest levels (up to 87 pCi/g). The American kestrel also had several
radionuclides detected (8) with activity levels (up to 44 pCi/g) below those- found in harriers.
Long-eared owls monitored at 15 days of age had very few radionuclides detected (O to 1) and
had very low levels of activity (up to 0.4 pCi/g). Levels of radionuclides in the raptors’ prey
were approximately 4 to 290 times greater than the levels in the raptors at TRA. Doses to
raptors from internal gamma radiation were estimated to range from O to 0.1 millirems per day
(mrem/d). Based on these results, the authors suggest that raptors were exposed to
radionuclides through their prey. Concentrations in raptors were diluted relative to their prey,
most likely as a result of consumption of uncontaminated prey.
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This article is significant for risk assessors in that it provides data on radionuclide exposure for
raptors at the INEL and transfer through the terrestrial food chain.

Fraley et al. (1982). Thyroids were collected from four species of rabbits on and near the INEL
and analyzed for 1291and 1271. Fifty-nine of 63 rabbits collected from the INEL had
detectable concentrations of 1291;and the 1291/1271ratios for rabbits on the INEL, especially
the ICPP, were higher than those from control areas off the INEL. The highest 1291
concentration was 25 pCi/g and the highest 1291/1271ratio was 9.1 x 104. Only one control
rabbit had detectable 1291concentrations (13 pCi/g) and a ratio of 3.9 x 10-7. The highest
concentrations of iodine were in areas downwind from the ICPP.

Dose rates from the 1291in rabbit thyroids were calculated and ranged from 0.1 to

260 micrograms per year (pGy/y) for all rabbits with detectable concentrations of 1291on the

INEL. For rabbits collected within 10 km of the ICPP, the average dose rate was estimated

to be 24 pGy/y. These dose equivalent rates were considered negligible when compared to

the average background dose from terrestrial and cosmic radiation on the INEL or when

compared to human health standards.

This article contains useful information on exposure to 1291for herbivorous wildlife across the
INEL. Rabbits have a relatively small home range; therefore, the levels of 1291reported in
rabbit thyroids are good indicators of the spatial extent of contamination. This paper
establishes the ICPP as a source of radioactive iodine to the INEL terrestrial ecosystem. The
information in this paper could be useful at any stage of an ERA (e.g., identifying stressors
and endpoints, evaluating exposure, characterizing risks).

Groves and Keller (1983). Species composition, diversity, biomass, and densities of small mammal

populations were examined over a 15-month period in crested wheatgrass (Agropyron
cristaturn) and Russian thistle (Salsola kafi) on the SDA and on a sagebrush (Arternisia
tridentata) control area. The deer mouse (Peromyscus rnmziculatus) was the most numerous
species in all habitats. Species diversity was highest in the control sagebrush habitat, but
overall densities did not vary significantly between the three vegetation types or between the
waste burial pit area and control area.

Groves and Keller (19S6). The range of movements of small mammals on a radioactive waste
disposal area was measured. The maximum distance traveled by small mammals was approxi-
mately 50 meters (m). This suggests significant contamination from the site is not transported
far from the site.

Halford (1983). Deer mice, Oral’s kangaroo rats, western harvest mice (Reithrodontornys nzegalo-
tis), and Great Basin pocket mice were the most common small mammals at a liquid
radioactive waste disposal area cm the INEL. The number of small mammals was estimated to
be 3 l/ha and the average distance between consecutive captures for all species combined was
41 m and ranged from 7 to 201 m. Approximately 30% of the animals trapped within the
boundaries of the area were also captured outside of the boundaries. The total population

inventory of ‘8Pu, 23g12d0Pu,241Am, 2J2Cm, and 2q4Cmwas 44, 30, 19, 21, and <1 pCi,
respectively. It appeared that about one-third (35 pCi) of transuranics could be translocated
from the waste area by small mammals.

C-16



The information in this paper on the activities of ‘Pu, ‘91U0Pu, ‘lAm, ‘2Cm, and ‘Cm in
the carcass and tissues of small mammals has three potential uses for ecological risk assessors:
(a) to calculate site-specific bioaccumulation factors (BAFs) for rodents at the INEL site
(assuming soil activities of these nuclides have been measured); (b) as a “reality check” by risk
assessors modeling transfer of these nuclides in terrestrial food chains (i.e., small mammals
consume plant materials from the site and in turn are consumed by raptors and coyotes); and
(c) to calculate internal radiation dose rate. Other papers presenting information on
radionuclide levels in small mammals from the INEL Site include Arthur et al. (1987), Arthur
and Markham (1983), Halford and Markham (1978), and Markham et al. (1978).

Halford and Markham (1978). Small mammals were live trapped in a dry liquid radioactive waste

pond at the TRA and had TLDs implanted. Upon recapture, the TLDs were removed and
dose rates were determined. Deer mice (Peromy.scus numiculatus) were the most numerous
species trapped. All species captured on the site received significantly greater doses than
controls. The mean deer mouse dose equivalent rate was 160 mrem/day (range 7 to
982 mrem/day), which was 356 times the dose rate received by control deer mice. These dose
rates would result in a l-year lifetime average exposure of 58 rem with a maximum exposure
of 358 rem. Deer mice also had the highest radionuclide concentrations in whole body tissues.
The contribution of internal radionuclides to the measured dose was stated as negligible;
however, as whole body radionuclide counts increased, so did internal dose rates. This
indicates that the internal dose rate may become significant for the more highly exposed
individuals (> 100 pCi/g whole-body invento~).

Because this paper presents measured radiation dose rates to small mammals at the INEL, it
can be used as ,a “reality check” by risk assessors attempting to estimate small mammal
exposure to radionuclides. The paper presents the total whole-body radiation dose (as
measured by surgically implanted dosimeters) and the internal, whole-body radiation dose
(calculated from measured radionuclide activities in the body). The total whole-body dose was
considerably greater than the internal whole-body dose and, thus, suggests that deer mice,
kangaroo rats, and chipmunks at INEL receive a greater radiation dose from the surrounding
environment than from consumption of contaminated food. This observation should be
considered by risk assessors when estimating radiation doses to small mammals at the INEL.
A similar study on radiation dose rates received by small mammals at the INEL is described by
Arthur et al. (1986).

Halford and Markham (1984). Wild free-ranging waterfowl were collected from the liquid
radioactive waste pond at the TRA and on control areas to determine the 1291/1271ratios in
muscle tissue. Wing-clipped mallards were also released on test and control areas for from
2 to 156 days before collection and testing. The mean iodine ratios for wild waterfowl were
not significantly different between test and control areas. However, the wing-clipped
waterfowl iodine ratios from the waste pond were significantly higher than all the other tested
birds. Although there was no significant correlation between time spent on the waste pond
and iodine ratios, the authors felt it was the most likely reason for the higher iodine ratios in
wing-clipped mallards. The total whole-body dose from 1291ranged from 1.0 ~ 10-5 mrad for

control waterfowl to 3.0 x 10-5 mrad for waste pond waterfowl.



Halford et al. (1981). Wild waterfowl were collected from a liquid radioactive waste pond at the
INEL and analyzed for radionuclide content. Up to 29 radionuclides were found in body
tissues of the waterfowl. Eighty percent of the total radioactivity in the collected waterfowl
tissues was from radionuclides with half-lives less than 1 year. Those radionuclides with half-
lives of less than 15 hours were not detected due to their radioactive decay before analysis.
The highest sum of all radionuclide concentrations occurred in the gastrointestinal tract,
followed by feathers, liver, muscle, and skin. Certain radionuclides concentrated to a greater
extent in some of the tissues versus others and the total average radionuclide concentration in
wild waterfowl was 27,798 pCi/g fresh weight. 60Co and 137CSwere the only two radionuclides
detected in control waterfowl tissues at levels below 1 pCi/g.

The data in this paper on the activities of 29 gamma-emitting radionuclides in waterfowl have

three potential uses for ecological risk assessors: (a) to calculate site-specific BAFs for

waterfowl at the INEL site (assuming sediment and water activities of the nuclides have been

measured); (b) as a “reality check” by risk assessors modeling transfer of radionuclides to

waterfowl at the site; and (c) to calculate internal radiation dose rates. In addition, the paper

may be of use to human-health risk assessors because it estimates the radiation dose to a

human from consumption of contaminated waterfowl.

Halford et al. (1982a). 137CSand 134CSwere the two radionuclides most responsible for internal
and external doses to wild, free-ranging waterfowl from a liquid radioactive waste pond at the
INEL. Other contributors included 51Cr, 58C0, ‘°Co, ‘GZn, 75Se, and 1311. The lowest and
highest average internal doses for individual species were 330 mrad (range 1 to 1,300 mrad,
n = 6) for the lesser scaup (Ay[hya a/@is) and 2,000 mrad (range 40 to 4,000, g = 2) for the
American coot (Fufica anzericana), respectively. An average internal dose for all wild
waterfowl (700 mrad) was added to the ventral and dorsal external dose to get the average
total dose rate (1,900 mrad) for a wild waterfowl residing at the ponds for 6 days. Due to
modeling factors and other assumptions, these estimates likely overestimate the actual
exposure, possibly by a factor of five or more. Wing-clipped mallards held on the ponds for
43 to 145 days also had the internal, external, and total doses calculated. Waterfowl residing
on the ponds for 145 days were exposed to an average total dose of 32,145 mrad.

Because this publication presents measured radiation dose rates to waterfowl and radionuclide
activity in waterfowl muscle, it can be used as a “reality check” for risk assessors attempting to
model waterfowl exposure to radionuclides at the INEL site. It is interesting to note that
waterfowl contained higher radionuclide concentrations and received higher doses from
internal radionuclides than olher birds and small mammals studied near the liquid radioactive
waste disposal area (cf. Halford and Markham 197S).

Halford et al. (1982b). The biological elimination of nine gamma-emitting radioisotopes was
studied in wing-clipped mallards held on a liquid radioactive waste pond at the INEL. Whole-
body and feces-urine radioactivity counts were made for 51 days after the ducks were removed
from the pond, then they were dissected and tissue analyzed. Body burdens of nine
radionuclides were at an average of 90% of equilibrium with the radioactive w’aste pond water
after 68 days on the pond. The biological half-lives in the mallards were 10 days (lWCS),
10 days (1311),11 days (137CS),22 days (LqOBa),26 days (75Se), 32 days (58CO), 67 days (GGZn),
67 days (67CO), and S6 days (slCr). The gastrointestinal tract had the highest concentrations
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of radionuclides immediately after removal from the ponds, followed by the feathers, liver, and
muscle. After 51 days, the feathers had the highest concentrations followed by the liver,
muscle, and gut.

Ibrahirn and Culp (1989). Concentrations of ‘9Pu, 240Pu, and ‘Pu were determined in water,
net plankton, suspended particulate, and sediment at the TRA waste ponds. The oxidation
states of plutonium were also measured and found to be mostly PU+3 and PU+4, unlike larger
natural water bodies, which usually support plutonium in the +5 and +6 oxidation states.
The highest plutonium concentrations were found in net plankton, but sediments were found
to be the main reservoir for plutonium in the pond. The lowest plutonium concentrations
were in filtered water. This indicates that the plutonium is taken up by or bound to the
plankton in the water column before eventually settling to the bottom sediments where it
remains.

Janke and Arthur (1985). The authors studied the transport of radionuclides by cottontail rabbits
(Syhi@us nuttalli) from a solid radioactive waste disposal site at the INEL. The mean
movement distance for the rabbits was 90 m and the maximum distance by any one rabbit was
839 m. 90Sr and 137CSwere the most frequently detected radionuclides of eight detected
compounds (51Cr, 54Mn, 57C0, bOCo,90Sr, 13@ 137CS,and 140Ba). Six other gamma-emitting

40K 20ql 212Pb, 214Pb, and 214Bi)were not considered or measured in thisradionuclides (7Be, , ,
investigation because they were considered to occur naturally in the environment. Ninety-six
percent of the disposal area rabbit radionuclide body burden was due to 90Sr and 137CS. A
total of 11.2 nCi occurred in the rabbits from the disposal area and 13.2 nCi would have

occurred in a similar number of control rabbits. Given this low amount of radioactivity, it was

concluded that very little transport of radioactively would be facilitated by the rabbits.

Koehler and Anderson (1991). Habitat use and food selection data were collected for deer mice,
montane voles, Oral’s kangaroo rats, and Townsend’s ground squirrels at the INEL.
Significantly more captures occurred in the native sagebrush habitat than in areas planted in
crested wheatgrass or in disturbed sites, but over 30% of the captures were in the wheatgrass.
Voles and ground squirrels used the crested wheatgrass throughout the summer, while deer
mice and kangaroo rats used the grass heavily only after seed set.

The small mammal ecology studied during this paper is most useful for determining ecological
endpoints for an area based upon Lhe type of dominant vegetation present. This is an
important part of the problem formulation. A useful discussion of habitat use patterns could
help define the exposure models during the analysis phase of ERA.

Kuzo et al. (1984). The distribution and kinetics of 238pu 239,241pu,24\~, 242Crn,and 244Cm

were studied in abiotic and biotic components of test ~eactor leaching ponds located on the
INEL from June to July 1979. Highest transuranium concentrations were recorded for seston
and periphyton with lowest concentrations for filtered water. Concentration ratios for each
nuclide differed among components with highest values recorded for seston and periphyton
matrices (104 to 105) and lowest values for sediments (102 to 103). Concentra~ion ratios were
similar for all plankton types (104). For each component, plutonium isotope concentration
ratios were consistently higher than values for americium and curium nuclides. Intra-element
differences were observed for concentration ratios between the isotopes of plutonium
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“Cm > 242Cm). An in situ experiment(‘9’UOPu > ‘Pu) and also the isotopes of curium (
monitoring sorption of the five transuranium isotopes by soil resulted in continued nuclide
accumulation throughout a 15-day experiment with the overall soil nuclide concentrations
positively correlated with nuclide concentrations in filtered water and/or seston. Model
parameter estimates describing the fractional rates of increase were similar among ‘Pu,
‘lAm, 242Cm, and “Cm ranging from 4.4 to 0.59 x 10-3/h to 6.0 x 10-3/h. In contrast, this
value for ‘g~xoa, 1.3 x 10-3 was lower than for the other nuclides. Possible explanations for

the obsewed similarities and differences in the distribution and kinetics of the five
transuranium nuclides are discussed.

Markham (1974). Routine environmental monitoring results are presented for the air, soil,
surface water, and groundwater of the INEL in 1973. The data from onsite and nearby
community sampling locations were compared to background concentrations and the
applicable standards established by the U.S. Atomic Energy Agency. Some concentrations
radionuclides in air, soil, and surface water were above background concentrations but are
infrequent and generally near known source areas for radionuclides.

of

Markham (1978). Small mammals and soil samples were collected in 1972 and 1973 near the solid
radioactive waste disposal area at the INEL and tested for activation and fission radionuclides.
Levels of radioactivity in pooled deer mice tissues from the eastern perimeter of the area had ‘
the highest radioisotope concentrations in hides (2,026 pCi/g), gastrointestinal tracts
(415 pCi/g), lungs (86 pCi/g), and carcasses (145 pCi/g). Only 10 of approximately
95 mammals were responsible for these high levels. 137~, 60c0, and ‘“Srwere the most

frequently detected radionuclides in soils, but seven other radionuclides were also detected.
The average 137Csconcentration of 4-2 pCi/g (maximum 16.1 pCi/g) was nearly three times the
background concentration. Average bOCoconcentration (2.3 pCi/g; maximum 11.3 pCi/g) was

‘OSr (6 8 pCi/g; maximum 26 pCi/g) was 15 times300 times the background, and average .
background. These increased levels of radionuclides rapidly decreased to near background
concentrations at 350 m from the site.

Markham and Halford (1982). 137CSoccurred frequently in mourning dove (Zenaida nzacroura)
tissues from several areas on the INEL. The highest average concentrations in dove muscle
tissue were found at the TRA and ICPP at 15.85 pCi/g (1976) and at 3.24 pCi/g (1974),
respectively. Average radionuclide concentrations in the gastrointestinal tract of the doves
were found to be highest (41.1 pCi/g) at the TRA. Twenty other radionuclides were detected

13JCs 131I bOCo,and 51Cr were the most significant contributorsin dove tissues and, of these, , ,
to the total radiation dose for the dove.

This paper is of interest to risk assessors in that it documents mourning dove exposure to
radionuclides at seven INEL facilities [TRA, ICPP, RWMC, Test Area North (TAN),
Experimental Breeder Reactor-II (EBR-11), Auxiliary Reactor Area (ARA), and Naval
Reactors Facility (NRF)] as well as several other locations. According to the authors, the
radiation dose rates received by doves are similar to or less than the doses received by raptors,
deer mice, or barn swallows studied at the TRA and ICPP. The exposure rou’tes for doves at
various sites are discussed, including drinking and feeding.

reported for doves could be used to estimate the potential
raptors.
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Markham and Halford (1985). During 1975, additional prefilters and high-efficiency particulate
air (HEPA) filters were added to the existing air filtering system for atmospheric effluents
from the ICPP at the INEL. Prior to filter installation, the pronghorn muscle and liver
samples c@ected near the ICPP averaged 13 (0.57 pCi/g) and 18 (1.04 pCi/g) times,
respectively, of the 137CSconcentrations found in the same tissues of control animals (0.04 and

0.06 pCi/g for muscle and liver, respectively). Muscle and liver samples collected after filter
installation (0.05 and 0.07 pCi/g for muscle and liver, respectively) had only 2.5 times the 137Ck
concentrations found in control samples (0.02 and 0.03 pCi/g in muscle and liver, respectively).

Markham et al. (1978). From 1954 to 1970, transuranic waste from the Rocky Flats facility near
Golden, Colorado, was shipped to the INEL and buried in the SDA at the RWMC. Soil
samples collected near the SDA indicate that this storage has resulted in transuranic
contamination outside the SDA perimeter. Maximum concentrations in surface soils (O to ~
4 cm) occurred in the drainage depression near the perimeter of the SDA and were 2,048 nCi

“23gPu/m2. Contamination outside this drainage- zJ~pu/mz, and 32 ncl241Am/m2, 1,377 nCl
channel was lower and has primarily spread in the northeast-southwest directions. The
maximum distance from the SDA perimeter at which above background concentrations of
‘lAm, 239Pu, and 2WPUcould be detected was approximately 2,500, 2,400 and 1,000 m,
respectively. Surface water runoff in 1962 and 1969 and wind transport appear to be the
prima~ mechanisms that transported these rluclides out of the SDA. The vertical soil
migration of ‘Pu from O to 4 cm to the 4 to 8 cm depth was significantly greater than that
for ‘9Pu (P = 0.001). Hides and gastrointestinal tracts for deer mice (Permnyscus manicu-
/atus) from two of the four study areas had higher concentrations of transuranics than lungs or
carcass. Ingestion appeared to be a more important mechanism than inhalation in the intake
of transuranics into the deer mice. The 241Am/239Pu ratio in the carcass was significantly (P =
0.02) higher than the ratio in soil indicating a greater uptake of 241Am in deer mice. The data
indicated that ‘Pu, ‘9Pu, and 241Am may behave differently in the terrestrial environment.

Markham et al. (1979). Ratios of 23*Pu to 23g12q0Puin the lungs of pronghorn from the INEL
near the ICPP ranged from 0.7 to >3.5. These ratios were compared to those expected in
soils of natural fallout areas (0.13) and from one pronghorn collected from an offsite area
(0.15). The ratios from near the ICPP to up to 35 km away from the site (in predominant
wind direction) are higher than the expected values. The ‘Pu concentrations in the lungs
were calculated to correspond to an average annual dose of 0.1 mrad for lungs.

Markham et al. (1980a). Metacarpal bones were collected from pronghorn antelope (Antilocapra
amerkana) near a nuclear fuel reprocessing plant and adjacent areas in the INEL in
southeastern Idaho. Control bones were collected from offsite animals at high elevations.
Average concentrations in metacarpal were 9.6 pCi/g (ash) within 10 km of the ICPP, ~
4.0 pCi/g for animals on the remainder of the INEL, and 5.5 pCi/g for control animals. The
ICPP atmospheric releases of 90Sr appeared to have caused a significant (P <0.05) increase in
90Sr concentrations in pronghorn bones with 10 km of the ICPP as compared to bones of
other INEL pronghorn. However, the ICPP pronghorn bone 90Sr concentrations were not
statistically different from that occurring in bones of the control animals from higher
elevations. Antelope near the ICPP received approximately double the radiation doses to
bone compared to dose received by other ICPP sources which resulted in an estimated
average radiation dose of 40 mrad/yr to endosteal cells and 20 mrad/yr to active bone marrow.
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Markham et al. (1980b). 1311concentrations were determined in air, milk, and pronghorn
(Antilocapra anzerican) thyroids from southeastern Idaho during each year from 1972 to 1977.
Samples were collected in the vicinity of the INEL, which has 17 operating nuclear reactors, a
fuel reprocessing plant, and a nuclear waste management facility. Samples were also collected
from control areas. During the study, fallout occurred from five Peoples Republic of China
above-ground nuclear weapon detonations. All 1311detected in air and milk samples was

1311occurred in antelope thyroids duringattributed to fallout from the Chinese nuclear tests.
the five fallout periods and following at least one atmospheric release from facilities at the
INEL. Thyroids were the most sensitive indicators of 1311in the environment followed by
milk and then air. Maximum concentrations in thyroids, milk, and air were 400, 20, and
4 times higher, respectively, than their respective detection limits.

Markham et al. (1982). From 1972 to 1976, rumen, lung, muscle, and liver tissues from
pronghorn (Antilocapra mnericana) collected near the ICPP on the INEL, on adjacent INEL
areas, and on offsite control areas were analyzed for gamma-emitting radionuclides. Although

137Ckwas consistentlyup to 14 radionuclides appeared in pronghorn rumen contents, only
detected in muscle and liver samples. 137CSconcentrations in pronghorn muscle from near
(within 10 km) the ICPP averaged 384 pCi/kg and were higher than concentrations in other
onsite pronghorn (53 pCi/leg) and offsite controls (38 pCi/kg). Concentrations of 137CSin the
liver were slightly higher, and lung concentrations were much lower than muscle
concentrations. Radiation doses to pronghorn from radionuclides reported in this and other
studies were discussed in relation to the three study areas and are compared to doses
pronghorn received from naturally occurring radionuclides. Pronghorn appear to be useful
bioindicators of radionuclides in the environment.

Markham et al. (1983). Thyroids from mule deer (CMocoi)eus lzenzionus) were collected in New
Mexico, Colorado, Wyoming, and Idaho; and 1291/1271atom ratios were determined. 129n271
atom ratios were significantly (P <0.005) different among states. Ratios in Wyoming and
Idaho control thyroids were significantly larger than ratios in New Mexico and Colorado.
Fallout from past atmospheric nuclear tests at the Nevada Test Site is suggested as a possible
explanation for the differences in ratios. Average 1291/1271ratios in thyroids of other larger
mammals collected 54 km west and 116 km northeast of the INEL in southeastern Idaho were
up to 15 times greater than those found in control thyroid samples from Idaho. Atmospheric
effluents from the ICPP located on the INEL were likely responsible for the increased ratios
in animals collected in the INEL vicinity. 12gIin deer thyroids may be a sensitive indicator of
contaminants from nuclear fuel processing plants and atmospheric nuclear tests or accidents.

Markham et al. (1988). Concentrations ol’90Sr, 238Pu, ‘91240Pu, 241Am, ‘2Cm, and “Cm were
determined in tissues of mallard ducks (Arias platyrhynochos) maintained for 43 to 145 days on
radioactive leaching ponds at the TRA. Highest concentrations of transuranics occurred in
the gastrointestinal tract, followed closely by feathers. Approximately 75%, 18Y0,6Y0, and l?ZO
of the total transuranic activity in tissues analyzed were associated with the bone, feathers,
gastrointestinal tract, and liver, respectively. Concentrations in gastrointestinal tracts were
similar to concentrations in vegetation and insects in the littoral area of the p6nds. The
calculated total dose rate to the ducks l’rom both ‘OSr and the transuranic nuclides was
0.69 mGy/d, of which 99?6 was to the bone. Based upon average concentrations in
experimental ducks and on surveys of wilci waterfowl using this area, a conservative estimate
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of transuranic activity exported by wild ducks using the ponds during one year was 305 nci.
Similarly, the total amount of 90Sr exported in muscle, bone, and lung of wild ducks in one
year was 68.70 pCi.

Millard et aL (1983). Deposition velocities and retention times were obtained for submicron
aerosols of 141Ceand l~cs deposited in two cool desert plant species, big sagebrush
(Artenzisia tidentata) and bottlebrush grass (Szlanion hysti). Mean deposition velocities for
sagebrush were 0.18 cm/s (141Ce) and 0.13 cm/s (134CS). Species differences were significant;
however, nuclide differences were not significant. The loss of activity on the vegetation
consisted of two components. A rapid initial loss was found with effective half-times of
approximately 1 day (1 to 8 days for 141Ceand 0.6 day for lWCS) on sagebrush and
approximately 2 days (2.8 days for 141Ceand 2.3 days for lWCS) on grass. This was followed
by a slower, long-term loss with effective half-times ranging from 11 days for 141Ceand

141Ceand 11 days for15 days for 13Cs on grass.lWCS on sagebrush to 9 days for

Millard et al. (1990). Concentrations of radionuclides and potential effects on barn swallows were
examined at the TRA waste ponds. The swallows were found to feed on pond arthropods and
use contaminated mud for nest building. More than 20 radionuclides were detected in
immature and adult birds. 51Cr was found in the highest concentrations and 72% of the total
dose resulted from ‘Na. Total mortality rate of the swallows was not found to be different
from control populations, but the first clutch of young swallows was found to have lower
growth rates and lower body weights than controls. These depressed growth factors were not
found to be below the normal range of values, however, and could not be attributed to
exposure to radioactivity.

Reynolds et al. (1986). The relative abundance, habitat use, and seasonal occurrence are
reported for the 6 fish, 1 amphibian, 9 reptile, 164 bird, and 39 mammal species recorded on
the National Environmental Research Park in southeastern Idaho.

C-2.2 Publications Potentially Useful for
Ecological Risk Assessment

Abbott et al. (1991). The root depths and la~eral spread of two shrubs and four perennial grasses
were investigated in disturbed and undisturbed soil. The two shrubs were big sagebrush
(Artemisia t~iientata ssp. wymningensis) and green rabbitbrush (Ch-ysothanmus viscidifioms)
and the four grasses were crested wheatgrass (Agrcpyron ctitatunz L.), streambank wheatgrass
(Elymus lanceolatus), basin wildrye (L.eytnus cinereus), and bottlebrush squirreltail (EZymus
elynzoides). Big sagebrush roots extended the most in disturbed soil, down to maximum of
1.25 m below the ground surface and had a maximum lateral reach of 0.6 m. Green
rabbitbrush and basin wildrye roots extended the most in undisturbed soils down to 1.0 m.
Basin wildrye had the maximum lateral reach of 0.9 m in both soil types.

This article could be of interest in determining from which soil depth contaminant data should
be selected for use in the risk assessments, selecting the most appropriate measurements
species, and for assessing potential uptake 0[ contaminants from subsurface soils by various
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plants. These procedures are important in both the problem formulation and analysis phases
of ecological risk assessment.

Anderson (1986). Previously grazed sagebrush steppe plant communities of the INEL were
monitored from 1950 to 1983 with regard to the succession of plant species. Although
standard successional thought suggests a deterministic directional process from one species to
another until the climax community composition is reached, this research does not support
such a process. The total percent cover of shrubs and grasses varied over time but there was
no sequential replacement of one species by another, and no consistent directional change in
total cover or in the amount of cover provided by either shrubs or grasses. The results
suggest a variety of relatively stable communities each made up of similar species but in
different cover amounts. The continued dominance of the majority of plots by big sagebrush
(Arteznisia tridentata) and other stable characteristics of individual stands was attributed to
“inertia” imparted by longevity of individuals and/or colonization of openings by propagules.

This publication will be helpful in discussions of the ecology of the INEL during problem

formulations and may provide for a comparison to she-specific vegetation conditions during

the discussion of potential risks in the risk characterization phase of the assessment. Within

the risk characterization, this publication may help support the weight-of-evidence approach

frequently used for ERA.

Anderson and Holte (1981). Data from previously grazed permanent vegetation transects,
established at the INEL in 1950, indicate the total cover of shrubs and perennial grasses had
nearly doubled by 1975. This occurred after all grazing was halted within the transects in
1950. The percent cover of grasses increased exponentially over the 25-year study period, but
not at the expense of the shrub overstory. The population of big sagebrush was relatively
stable.

This paper provides potentially useful information on plant community composition of
relatively undisturbed areas of the INEL and long-term trends in vegetation change. This
information may be most useful in the problem formulation phase during the ecosystem
components and measurement species sections and in the risk characterization phase for
discussion and presentation of risks to vegetation at an area versus what vegetation is present
in undisturbed areas.

Anderson and Marlette (1986). The stability of crested wheatgrass stands at the INEL was
investigated. Wheatgrass can invade and displace native species from an area. Once crested
wheatgrass is established, especially as a monoculture, it becomes very difficult for native
species to reestablish themselves in the wheatgrass area. Given its competitive advantages and
higher reproductive rate, crested wheatgrass can displace many native species, especially in
disturbed areas.

This article may be of interest to risk assessors for disturbed sites dominated by crested
wheatgrass. It might be useful in the problem formulation phase or risk characterization
phase of an ERA.
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Arthur and Markham (1984). Polonium-210 concentrations were determined for soil (0.58 to
2.27 pCi/g), vegetation (0.06 to 4.90 pCi/g), deer mice carcasses (0.04 to 0.16 pCi/g), and deer
mice hides (0.01 to 0.31 pCi/g) at a solid radioactive waste disposal area on the INEL. These
values were compared to those from near a phosphate ore processing plant and from two
rural areas in southeastern Idaho. The 210Po concentrations at the waste disposal area were
similar to those found at the two rural areas but the concentrations in soils, hide, and
carcasses from near the phosphate ore processing plant were statistically significantly greater
than all the other sampling locations. No differences were found between any of the 210Po
concentrations in vegetation among any of the locations. Vegetation (bunchgrasses)/soil, deer
mouse carcass/soil, and deer mouse hide/soil concentration ratios were also calculated for each
of the sites. For the waste disposal area these values ranged from 0.39 to 0.43, 0.05 to 0.08,
and 0.01 to 0.14, respectively, for the vegetation, carcass, and hide.

This publication provides area specific and control (background) soil concentrations of 210Po,
which may be used for Contaminants of Potential Concern (COPC) identification in the
problem formulation. The area specific soil, vegetation, and carcass 210Po concentrations
could also be used to calculate exposure point concentrations in the “Exposure” section of the
analysis phase.

Blom et al. (1991a). Nest densities of harvester ants (Pogonomytmm salinus Olsen) varied from O
to 164/ha for different vegetation communities on the INEL. The highest mean nest density
was found on plots within juniper communities, but the greatest density for a single area was
found in sagebrush (Artemisia ttidentata wyomingensis) communities. The authors hypothesize
that soil characteristics may play a more important role than vegetation type in the
determination of nest densities. This document cites other investigations that indicate that
harvester ants may burrow to depths of 2.7 m below the ground surface.

Harvester ants may be important components of the ecosystem at some INEL hazardous
waste sites (see also Blom et al. 1991b) and may need to be considered as a contaminant
transport mechanism or measurement species in \he problem formulation phase. The
information in this paper may also help in the calculations of exposure during the analysis
phase.

Blom et al. (1991b). Geometric mean concentrations of *37CS(10 Bq/g) and bOCo(1.8 Bq/g) in
harvester ant mounds near (O to 6 m) the TRA liquid radioactive waste pond were higher
than in soils surrounding the mounds or in offsite mounds. Mounds are created from vertical
exhumation of soils by the ants as they build nests in the subsurface soil. The subsurface soil
became contaminated with radionuclides due to movement of radioactive wastes from the
ponds through adjacent soils. Erosion of contaminants from the mound to surrounding areas
was not apparent. However, the authors suggest that radionuclide transport from the mounds
cannot be ruled out, since colonies can persist up to 50 years and may undergo erosion by
wind and rain during this period. Redistribution of radionuclides could also occur as a result
of vertebrates digging in the mounds or due to harvester ant colony relocation.

These processes may be considered by risk assessors during problem formulation at those
INEL hazardous waste sites where ant density is high. The concentrations of radionuclides



detected during this investigation may also be useful in the exposure assessment of the
analysis phase of an ERA.

Cholewa and Henderson (1984). A 2-year study was conducted at the INEL regarding the
abundance, distribution, and habitat features of eight rare plant taxa. Astroga/us ceranzicus
Sheld var. apus Barneby was found to be common on the INEL and adjacent areas and was
recommended to be removed from further consideration at the federal level and placed on
Idaho’s Federal Watch List. Coryphanta tnissou~iensis (Sweet) Britt. & Rose was also
common but was recommended for retainment on Idaho’s State Watch List. Gymzosteris
nudicauks (H. & A.) Greene and (2rytheca dendroidea Nutt. were also recommended for
retention on the State Watch List. The remaining four taxa Astragalus g“lvifloms Sheld.,
Astragalu.s Icentrophyta Gray var. jessiae (Peck) Barneby, Gilia polycladon Torr., and
Lesquerella kingii S. Wats. var. cobrensi.s Roll. & Shaw were unexpectedly encountered and
recommended for the State Watch List.

Although this article is of potential use to risk assessors in characterizing the abundance and
distribution of rare plants on the INEL, the occurrence of rare plants at specific WAGS is not
discussed. It would appear, however, that based on the results of this investigation, no rare
plants occur at the INEL with potential for listing by the federal government. This
information should be considered during the problem formulation phase.

Clark and Blom (1992). A sage thrasher (Oreoscoptes tnontmzus) was observed feeding on a
mating swarm of harvester ants. The importance of the harvester ants and other insects of
the INEL as dietary items in passerine diets is discussed and several references are provided.

The main use of this publication for risk assessment. could be to help characterize diet and
food habits of birds during analysis.

Comelly et al. (1981). Fifty-one sage grouse breeding display areas (leks) had been located on
the INEL by 1981. Three of these leks were located on anthropogenically created clearings
and this may indicate the potential for proactive sage grouse management in areas where leks
are destroyed by anthropogenic or natural disturbances or where natural clearings are not
available.

This article confirms the presence of sage grouse leks on the INEL. This solidifies the
potential use of sage grouse as measurement species for ERA and presents information
important in problem formulation. The article may also support risk characterization in that it
provides some sage grouse management applications.

Ccmnellyet al. (1988). Sage grouse seasonal movements were monitored on and adjacent to the
INEL from the summer of 1977 to the fall of 19S3. The grouse moved as far as 82 km from
winter and breeding grounds to their summer mnge. Juveniles moved a mean distance of
14.9 km and adults moved a mean distance of 11.3 km. The seasonal movements did not
appear to be dictated by vegetation and may be along traditional routes. ‘
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The sage grouse movement patterns presented in this publication suggest the grouse maybe
present only in a particular area for short periods. This maybe helpful to know during
problem formulation and for calculation of exposure during the analyses phase.

Craig (1978). Raptors of the INEL were surveyed along vehicle routes during the nonbreeding
seasons from November 1974 to May 1976. The rough-legged hawk, American kestrel (Falco
sparverius), and golden eagle were the most abundant species, respectively. Northern harriers ,
(Circus cyaneu.s) and prairie falcons (Fa/co nzexicanus) were also locally abundant in
agricultural lands and river valleys, respectively.

The listings of abundance of the raptors will help in describing the ecosystem components and
choosing measurement species during the problem formulation phase.

Craig (1979). During the non-breeding season the most numerous raptors found on the INEL
were the rough-legged hawk, American kestrel, golden eagle, and prairie falcon. Northern
harrier, ferruginous hawk (Buteo regahl), red-tailed hawk (Buteo jnnaicensi.s), Swainson’s
hawk (Buleo swaitzsoni), great horned owl (Bubo virbituknus), short-eared owl (Asio
flanznzeus), merlin (Falco colunhti), Cooper’s hawk (Acc@ler coopetii), bald eagle
(Haliaeetus Zeucocephalus), and peregrine falcon (Fnlco peregn%us) were also observed on the
INEL. Nesting raptor species included American kestrel, long-eared owl (xlsio otus),
Ferruginous hawk, merlin, prairie falcon, red-tailed hawk, Swainson’s hawk, golden eagle, great
horned owl, and burrowing owl; but a decline occurred in the number of nesting ferruginous
hawks, golden eagles, and red-tailed hawks. The author provides brief ecological summaries
for each of the above species and discusses the apparent declines of some species.

The listings of abundance of the raptors will help in describing the ecosystem components and
choosing measurement species during the problem formulation phase.

Craig and Craig (1984). Large concentrations of golden eagles were located throughout the
INEL, and some of these birds roosted communally on power line structures. This paper may
be useful in describing the ecosystem components in the problem formulation phase.

Craig and Rem (1977). Two merlin nests were located in different areas of southeastern Idaho
near the INEL. Both pairs of merlins were utilizing old magpie nest structures. One of the
nests was revisited several times and prey remains near the nest included 18 mourning doves
(Zenmiia tnacroura), three horned larks (Eremophifa n@@-is), and two western meadowlarks
(Stumello neglects).

This investigation presents data pertinent to the problem formulation and analysis phases of
ERA. The presence of merlins on the INEL may be important in the ecosystem components
and measurement species sections. The characterization of prey items may also help calculate
exposure of the merlins and percent of diet made up by different prey species.

Craig and Trost (1979). Some nesting parameters were studied for populations of!American
kestrel and long-eared owl, which inhabit the INEL. Kestrels arrived at the INEL in late
March or early April and began incubating in early to mid-May. The eggs hatched in early
June and the young fledged in early July. Mean clutch size was 4.5 to 4.7 eggs, mean hatching
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rate was 3.7 to 4.0 eggs, and mean fledgling was 3.7 to 4.0 young. The majority of the diet for
the hatchlings was passerine prey. Long-eared owls are year around residents of the INEL,
however, migrants also appear during the nesting season. Egg laying may begin from late
April to late May and hatching dates were widely variable but the mean date was May 25 in
1976. The mean fledgling date was July 14 with most of the young staying in the nest for
21 days. The owls laid a mean of 3 and 5.3 eggs in 1975 and 1976, respectively, and of these
an average 2.3 and 4.2 young hatched. In 1976, 41% of the nests produced 4 to 5 fledglings.
Small mammals, especially pocket gophers and kangaroo rats, were the major food source.

The explanations of the ecology of kestrels and long-eared owls are helpful in understanding
the ecosystem components of the INEL during problem formulation. The dietary information
may allow construction of appropriate exposure models for the analysis phase, and the nesting
data may be used in the risk characterization for comparisons to off-INEL or area specific
data to determine if nesting parameters are normal.

Craig et al. (1984). The numbers of rough-legged hawks, ferruginous hawks, golden eagles, and
bald eagles increased over the period from 1974 to 1982 at the INEL. This increase was felt
to be related to the increase in the numbers of black-tailed jackrabbits over the same period.

This investigation helps to link the raptor populations to prey populations. It provides
information helpful in understanding the ecology of the INEL for description in the problem
formulation. It may also be useful during risk characterization for explaining uncertainties
(i.e., high numbers versus low numbers of raptors) associated with potential risks at the INEL.

Craig et al. (1985). Mammals made up 93.5% of the diet of long-eared owls at the INEL. The
authors identi~ the mammalian species and calculate the percent biomass each species
contributed toward the owls’ diet.

The percent biomass contributed to the owls’ diet by each species provides documented
evidence for the development of an exposure model for the owl. This would be most helpful
in the analysis phase of the risk assessment.

Craig et al. (1986)- The authors investigated the wintering habitats of golden eagles (Aquila
chymetos) and rough-legged hawks (Buleo /agopus) on and around the INEL. During the
winter of 1981 and 1982, 283 golden eagle locations and 626 rough-legged hawk locations
were plotted on vegetation maps of the INEL. The golden eagles preferred areas of native
vegetation where perches (power poles, [rces, rock outcropping) were present. Rough-
Iegged hawks were located in both native and agricultural areas but had a much higher
preference for agricultural areas. The habitat preferences of both species was felt to be
directly related to the presence of pre[erred prey species.

The description in this article of preferred area use by raptors would aid in the appropriate
selection of measurement species. This would be most helpful in the problem formulation
phase of the ERA.

French and Mitchell (1983). The trends of long-term vegetation changes were studied at the
INEL. Sixteen permanent vegetation plots were established between 1957 and 1959 and the



plant cover ofeach was documented. Thevegetation dynamics of the INELwas concluded to

be controlled by many aspects including long-term succession especially following grazing, fire,

and insect infestations, and short-term fluctuations due primarily to changing seasonal weather

patterns. The variations over a 25-year period were sufficient to mask obvious signs of

secondary succession. The shrub populations found at the INEL are relatively stable

regardless of the perturbations caused by climate or grazing. The herbaceous species respond

most to such disturbances and they were found to be most susceptible when subjected to

deteriorating environmental conditions and other anthropogenic factors such as grazing.

Finally, the contamination due to radionuclides did not appear to have any long-term effects
on vegetation.

The vegetation changes discussed in this publication provide insight into the ecology of the
INEL and would be most helpful in preparing the problem formulation. The information
presented may also be useful in understanding the risks presented by area contaminants and
might be discussed in the risk characterization phase.

Gates et al. (1985). A controlled burn area on the INEL apparently caused a change in the use
of breeding display arenas by sage grouse. Two known areas on or near the burn were
abandoned over a 2- to 3-year period after the burn, and a new third display area was
established. This new area was established by younger birds. It appears the established
display areas are dominated by a few males, and younger males may not be allowed to display.
This suggests a lack of new areas where the young males can emigrate to establish themselves.
When the fire cleared new areas suitable for displaying, they were utilized and appeared to
become the central displaying areas over a several year period. These findings have
management implications in that the creation of suitable new displaying areas may enhance
the breeding of younger birds and, therefore, the grouse populations.

This paper presents a description of the behavior of sage grouse under relatively natural
conditions. The management implications of the paper may be used in the risk
characterization phase to describe risk management strategies.

Genter (1986). The distribution and habitat selection of hibernating bats were investigated on
and near the INEL. Two species (Myotis Ieibii and P/ecotus townsendii) were located
hibernating in lava tube caves. Other bats known to inhabit the INEL during the summer
were not found during searches of the lava tubes during the winter.

The bats inhabiting the INEL throughout the year may have a higher potential for exposure
than those present only in the summer. This must be considered during the problem
formulation phase of the ERA.

Gleason and Johnson (19S5). The burrowing owls nesting on the INEL utilize holes dug by
badgers. The badgers create the burrows as they pursue small mammal prey. Since many
adequate burrows were not used by the owls and populations were not expanding, it was
assumed that the availability of nesting burrows was not a population limiting factor. The
burrowing owls fed mainly on the common small mammals found at the INEL but insects and
arachnids made up approximately 25% of the biomass of their diet.



This publication presents two areas of useful information. The nesting habits of the
burrowing owls may be most useful in determinations of ecological endpoints within the
problem formulation phase. The diet composition information could help define the exposure
models for the owl during the analysis phase of the ERA.

Guyer and Lmder (1985a). Short-horned lizards (Ph/yno.soma douglassi) and sagebrush lizards

(Scelopom graciosus) were studied in 1976 and 1977 with a mark-recapture study at the

INEL. The three age classes in each of the two species were young of the year, juvenile, and

adult. Approximately 14 individuals of each species were found per hectare. The survival of

the juveniles (0.80) and the adults (0.64) was high for the sagebrush lizard while only the adult

survivorship was high for the short-horned lizards (0.67). Female lizards of both species were

markedly larger than the males.

The known presence of these lizards is helpful for descriptions of the ecology of the INEL
and for selection of measurement species. Both of these aspects are important in the problem
formulation phase. The survivorship data may be helpful for risk characterization if detailed
ERA are necessary for an area.

Guyer and Liider (1985b). Short-horned lizards and the sagebrush lizards were active from mid-
April through late August at the INEL. Juvenile (approximately 1 year old) and young of the
year lizards of both species were more active in August after the seasonal peak activity
periods for the adults had passed. Peak daytime activity period for the lizards occurred
between 1200 and 1500 MST and the primary prey species of the lizards was ants.

The ecological information provided in this paper is useful for problem formulation. The diet
composition data for the lizards may also be useful for developing exposure models during the
analysis phase of the ERA.

HaUord (1987). Twenty-four (8 adult and 16 juvenile) pen-reared mallards (Arias pkz~rhyncos)
were wing-clipped and released onto a liquid radioactive waste pond at the INEL for 56 to
188 days. Nine radionuclides were detected consistently in the mallard’s tissues after residing
on the ponds. These were bOCo,blCr, b5Zn, 75Se, llOAg, 1311,134(2s,137CS,and 203Hg. No
adult/juvenile or time-related factors are provided nor are any concentrations given in the
publication.

The identification of nine radionuclides in the tissues of the mallards may help select the most
appropriate contaminants of potential concern (COPCS). The COPCS selection occurs in the
problem formulation phase of ERA.

Halford and Millard (1978). An inventory of the terrestrial vertebrate fauna and the seasonal
occurrence of each species was determined for the radioactive waste pond at the TRA. The
pond was found to be a food, water, and habitat source for many species. Three reptile,
11 mammal, and 94 bird species were identified over a 4-year period. The bull snake was the
only common reptile seen at the pond. The most abundant small mammal wa~ the deer
mouse. Mule deer were observed drinking from the pond on several occasions. Four raptor
species were seen at the pond. Northern harriers nested near the site each year of the study
and were common. Kestrels were the only other common raptor seen at the pond. Game
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birds frequenting the ponds included mourning doves, sage grouse, and waterfowl. Other

birds commonly using the pond area were killdeer, spotted sandpipers, and barn swallows.

The identification of species inhabiting the TRA waste ponds will be ve~ useful in
determining the ecosystems components and the ecological endpoints during the problem
formulation. The presence of these species at the TRA waste ponds also provides insight into
the species likely to be found at other WAGS with ponds.

~ona~ et m (1$)83). Quantitative techniques were used to define the sagebrush-grass habitat

types found in southern Idaho. Thirty-eight habitat types are described.

The definition of habitat types found in southeastern Idaho will help in preparing the
“Ecosystem Components” section. This section is part of the problem formulation phase of
ERA.

Howe and Flake (1988). Mourning doves at the INEL traveled up to 12.3 km from feeding and
loafing sites to watering and nest sites. However, the average maximum distances for up to
40 doves was 3.1 and 3.7 km to watering and nest sites, respectively. These relatively short
distances suggest mourning dove populations would be enhanced by the placement of
permanent watering areas at distances of approximately 6 km apart.

The presence of doves and their use of the INEL habitats will help define ecosystem
components and ecological endpoints in the problem formulation. The definition of distances
traveled by the doves will also provide important information for developing a dove exposure
model in the analysis phase of the ERA.

Howe and Flake (1989a). Mourning doves from the INEL use the man-made ponds for watering,
feeding, gritting, loafing, and courting. The use of the ponds by the doves peaked in the
morning (0800 until 1300 hrs) and evening within 30 minutes before and after sunset.
Monthly pond use did not vary greatly during the summer months and the average number of
mourning doves arriving daily at a pond varied from O to 80 birds and from 0.5 to 32.3 birds
when averaged over individual months.

This definition of use of man-made sands by doves at the INEL will be helpful while writing

the problem formulation phase for areas with ponds. Exposure models Cor the dove may also

be refined using these data. This data use supports the analysis phase.

Howe and Hake (1989b). Ground nesting mourning doves were studied on the INEL from 1983
to 1985. Nests located on the ground were difficult to locate; density on the INEL was 0.02
nests/ha. Of a total of 24 active nests, young doves fledged from 75% of the active nests, and
63% of the total number of nests found, over the 3-year study. Survival of the doves from
beginning of incubation to fledgling was 0.50. Peak hatching occurred the fourth week of
June, the third week of July, and the first two weeks of August. It appears the doves prefer
to nest on the ground under big sagebrush with a good deal of grass cover ne;rby,
surrounding the nest.
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Similar to the other Howe and Hake (19SS, 19S9a) investigations, this article supports the

problem formulation and analysis phases of ERA. This article also presents nesting success

data that may be useful in risk characterization.

Johnson and Andemon (1984). Diets of black-tailed jackrabbits and composition of plant
communities were compared among habitats that supported different densities of the rabbits.
The jackrabbits did not consume plants in proportion with the plants’ abundance within the
rabbits’ home range. The rabbits selectively fed on winterfat (Cer@oides Zanata) and
perennial grasses, which comprised 80% of the diets of the rabbits in all areas combined.
Forbs were also important at selected sites and made up a maximum of 23% of the rabbits’
diets at a given site. Distribution of rabbits in the summer of 1980 appeared related to the
relative cover of grasses at a given site. The type of grass did not seem to contribute to the
rabbits’ selection of habitats and it appears the rabbits may not nest in the grasslands as young
of the year were rarely seen during this investigation.

The rabbit distribution information presented will help in the appropriate selection of
ecological endpoints in the problem formulation. The diet composition data would be most
helpful in the development of exposure models in the analysis phase of an ERA.

Knick (1990). Bobcat (Felis rujh.s) population responses to exploitation and a decline in prey
populations were studied in southeastern Idaho from January 1982 to December 1985. None
of the studied bobcats produced young in either the hunted or the nonhunted populations
during the study but the hunted population had more yearlings. Annual survival rates were
also lower for the hunted population (0.49 versus 0.67). Black-tailed jackrabbits and
cottontails were the preferred prey of the bobcats; however, as the numbers of the rabbits
declined naturally during the course of the study, the bobcats began eating more small
mammals such as mice and voles. They also made more extra-territorial hunting forays. The
author suggests an area of 3 to 5 bobcat territories be used as a minimum refuge size to
adequately protect a viable population within the area.

This publication presents data that may be useful in the problem formulation, analysis, and
risk characterization phases of an ERA. Much of the data, however, would be most
appropriate for use in a detailed ERA.

Laundre (1989a). The burrows of least chipmunks (Tmnias nzinhnus) were studied at the INEL.
The investigated burrows were of similar depth (mean = 21.4 cm, range 17 to 31 cm) and
diameter (mean = 7.5 cm, range 6.5 to 8.7 cm), and had an average of 2.6 openings (range 2
to 4). The lengths of the burrows varied a great deal and some were a group of convoluted
tunnels, whereas others were nearly Iincar with little branching.

The depth of the burrows may be an important factor in the use of data. Soil contaminant
data taken from depths below the maximum burrow depths may not need to be considered for
the risk assessment. This is an important llctor of the problem formulation and analysis
phases if the ground squirrel is chosen as a measurement species-

Laundre (1989b). Horizontal and vertical burrow diameters of Townsend’s ground squirrels,
Wyoming ground squirrels (S’)e/W?Ophi/LfSelegdtzs), Oral’s kangaroo rats, montane voles, and
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deer mice were determined at the INEL. The burrows of all the small mammals were 1.2 to .
1.6 times wider than they were tall. Montane vole and deer mouse burrows were the smallest
with average horizontal diameters of 4.3 cm (range 1.1 to 7.3) and 6.1 cm (range 1.9 to 10.5),
respectively, and average vertical diameters of 3.4 cm (range 0.5 to 6.7) and 3.8 cm (range 1.5
to 5.2). The Townsend’s and Wyoming ground squirrels had the largest burrows with average
horizontal diameters of 8.0 cm (range 1.1 to 7.3) and 7.8 cm (range 2.4 to 12.3), respectively,
and average vertical diameters of 5.2 cm (range 4.3 to 6.4) and 5.6 cm (range 1.4 to 7.3). The
kangaroo rat burrows were of intermediate diameter with average horizontal diameter of
7.6 cm (range 5.7 to 13.2) and an average vertical diameter of 4.7 cm (range 3.7 to 7.3).
Burrow size corresponded directly with body size and the kangaroo rats and ground squirrels
were the strongest diggers that would not be influenced by soil properties as much as the
other species.

Similar to Laundre (1989a), the burrowing data for several species of small mammals may
determine the data to be used to develop exposure models. This information is useful in
problem formulation and analysis phases of ERA.

Linder and Sehman (1977). The only amphibian species found at the INEL was the Great Basin
spadefoot toad (Scuphiopus intetmontonus), which inhabits areas where standing water is
found for a considerable length of time. The sagebrush lizard (Scelopoms gracio.ws) and short
horned lizard (Phrynosoma douglassi) are common over the entire INEL during the summer.
The western skink (Eumeces skiltonianus) and leopard lizard (Crotaphytus wi.dizeni) are less
common and have restricted distribution. Four species of snake occur on the INEL. The
Great Basin gopher snake (pituophis melanoleucus) and the western rattlesnake (Crotalus
viridis) are widespread and abundant, while the western garter snake (Thamnophis elegans)
and desert striped whipsnake (Masticophis taeniatus) both have limited distributions.

The presence of amphibians and reptiles at the INEL is an important consideration for the
“Ecosystems Components” and “Ecological Endpoints” sections. Both of these sections are

found in the problem formulation phase.

McCracken and Hansen (1982a). The abundance of black-tailed jackrabbits and nuttall
cottontails was positively related to the biomass of herbaceous vegetation on the INEL.
Abundance of the jackrabbits was highest in areas with greater grass biomass, while cottontails
preferred a greater forb biomass and numerous rock outcrops. Grazing by livestock decreased
the abundance of rabbits in the area grazed.

This investigation may be useful in determining appropriate measurement species in the
problem formulation phase of an ERA. The dominant types of vegetation at an area may
determine which species is selected.

McCracken and Hansen (1982b). The food preferences of coyotes were significantly different
between seasons at the INEL. Nuttall cottontails, montane voles, and northern pocket
gophers made up the bulk of coyote foods. Other food items of significance i~cluded

Townsend ground squirrels, pygmy rabbits (Brachylagus idahoensis), plants, pronghorn

(Anlilocapra americmza), pocket mice, bushy-tailed woodrats (Neotoma cinereu.s), reptiles,
whitetail jackrabbits (Lepus townsendi), Cricetid mice, birds, and least chipmunks. Birds,
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Townsend ground squirrels, plant fragments, and bushy-tailed woodrats were eaten by coyotes

in all seasons. Reptiles were indicative of summer diets, pronghorn of fall diets, grasses of

winter diets, and whitetail jackrabbits of spring diets.

The food preferences of coyotes maybe important in the problem formulation phase for
selecting measurement species from several trophic levels. To build a conceptual ecological
exposure model for the risk assessment, it is important to tie each of the trophic levels
together and this article allows this. It also provides for selecting important exposure
pathways.

McCracken and Hansen (1984). The diets of black-tailed jackrabbits and nuttall cottontails were
estimated by examination of fecal pellet botanical composition. Two distinct feeding periods
were observed: spring-summer and fall-winter. Grasses (Agropyron spp.) and forbs (mainly
Eurotia Lumta) were most abundant in the pellets during the spring-summer period, and
shrubs were most abundant during the fall-winter period. The diversity of forage was greatest
during the spring-summer period. The use of different habitats by the two species reduces

competition between them and livestock grazing appeared to limit the population densities of

the rabbits.

This publication will help in the selection of measurement species and exposure pathways.
These two selections are part of the problem formulation phase.

Markham and Trost (1986). Mourning doves of the INEL commonly ate only 11 species of
plants. Of these Halogeton (Hnlogeton gfomeratus) and Indian ricegrass (0-yzo@,s
hymenoides) made up 48% of the doves’ diet. The remaining plant species included wheat
(Triticurn aestivuwz), barley (Hordhmz wlgwre), oats (Avena sntiva), pigweed (Anzm-anthus
glonzeratus), common vetch (P2cia spp.), collomia (collonzia spp.), barnyard grass (Echinochloa
cru.sgalli), Gromwell (Lithospennum n[drale), and cottonwood (Populus spp.). The presence of
cereal grains indicated the doves were leaving the INEL for some of their food requirements.
Grit was present in 63% of the crops and provided an average of 14% of the mass of the
contents.

The study of doves will aid in the selection of measurement endpoints and exposure pathways
within the problem formulation. The specific data regarding percentage of diet made up by
different vegetation and grit will be useful in the exposure assessment during the analysis
phase.

MuUican (1986). This publication documents the finding of Merriam’s shrew (Sorex nzerrz”ami)on
the INEL. Four specimens were collected from 1983 to 19S4 in Iongworth live traps.

This information will add to the “Ecosystem Components” section within the problem
formulation phase of ERA. The rarity of Merriam’s shrew at the INEL may also need to be
considered in the measurement species selection.

Mullican and Keller (1986). Populations of the sagebrush vole (Lemmlscus cu~tatus) were
monitored on three study plots in sagebrush steppe of southeastern Idaho over a 13-month
period. Average densities of the voles ranged from 4 to 16/ha. Sagebrush voles bred during
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winter after a period of population decline and prior to a population increase. Summer
median weights at sexual maturity were 14.6 g for males, 16.4 g for females, and did not differ
significantly. Evidence showed that sagebrush voles tagged with l~a occurred singly or in
pairs during the summer rather than in colonies as suggested by previous investigators. Food
habit analysis revealed that the most common food items in June and August were Castilleja
sp. and Lupinus sp., respectively.

This paper presents information pertinent to the “Ecosystem’s Components” and “Exposure
Pathways” sections and may be helpful for the selection of measurement species. Each of
these sections is important in problem formulation. Vole weight data, which is useful for
creating exposure models in the analysis phase, are also provided.

Mullican and Keller (1987). Burrows of the sagebrush vole were analyzed by injecting them with
expanding polyurethane foam. Average mean depth for four burrows was 12.5 cm. Tunnels
were wider than high and flat on the bottom. Three or four burrows were nearly linear, with
an average of five entrances. Burrows usually contained one nest made of sagebrush bark.
No middens or communal nests were found. The burrow structure in sagebrush habitat
suggests that sagebrush voles occur singly or in pairs rather than in colonies.

The burrow depths provided will aid in the selection of appropriate data. Soil contaminant
data below the maximum burrow depth would be unnecessary for calculations of exposure for
the vole if it were chosen as a measurement species. This information is most useful for the
problem formulation phase.

Reynolds (1979). Populations of reptiles were e~dmined in grazed and ungrazed habitats
dominated by sagebrush or by crested wheatgrass on the INEL in southeastern Idaho. The
sagebrush lizard and the short-horned lizard were the only species or reptiles encountered in
sufficient numbers to permit statistical analysis. Both of these species preferred sagebrush
habitats to areas dominated by crested wheatgrass. The sagebrush lizard was most abundant
in the native, ungrazed sagebrush habitat, and the short-horned lizard was most plentiful in
the sheep-grazed area dominated by big sagebrush.

The information provided in this investi~llion may be helpful in the “Ecosystem Components”
and “Ecological Endpoints” sections. Both of these sections are part of problem formulation.

Reynolds (1980). The deer mouse was the most commonly trapped small mammal in four study
areas dispersed across the INEL. They comprised 61 to 82% of the catch in each area. No
correlation was found between grazing intensities and densities of the deer mice, but the
lowest densities of deer mice were Cound at grazed sites. The highest densities were found in
sagebrush dominated areas. Western harvest mice were also found in the lowest densities at
grazed areas but preferred ungrazed grassland over sagebrush areas. Both least chipmunks
and northern grasshopper mice (Eutmnifls mitzinws) were found at similar densities in the
grazed and ungrazed grasslands; however, the chipmunks were restricted main~ to areas of
sagebrush. The grasshopper mice did not seem to prefer any one habitat and were the fourth
most abundant species trapped.
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The information provided in this article may be helpful in the “Ecosystem Components” and
“Ecological Endpoints” sections. Both of these sections are found in the problem formulation
phase of ERA.

Reynokis (1981). The author examined the territory size, mating success, nest placement, nest
development, and nesting success of the three passerine species restricted to the sagebrush
habitat in southeastern Idaho. Territories defended by male sage thrashers (Oreosco@es
montanus) were larger than those defended by either sage sparrows (Amphispiza belli) or
Brewer’s sparrows (Sptiella brewe@. All but one of the territorial sage thrashers (n = 19)
were successful in securing mates and nesting. Fifty-three percent of the territorial sage
sparrows (n = 30) and 23% of the displaying Brewer’s sparrows (n = 30) secured mates and
nested. Thrashers nested either on the ground below sagebrush or in the branches of
sagebrush plants. Brewer’s and sage sparrows nested only in the shrub canopy of sagebrush.
Average incubation and nesting periods (rounded to the nearest whole day) for the sage
thrasher, sage sparrow, and Brewer’s sparrow were 15 and 12 days, 14 and 10 days, and 11 and
9 days, respectively. Sage thrashers and sage sparrows had similar probability of nesting
success (0.45 and 0.40, respectively), while the Mayfield success rate for Brewer’s sparrows was
only 0.09. Male sage sparrows that attracted mates had established larger territories than
those that failed to mate. Brewer’s sparrows nested about 10 days later than the other
species, which may have resulted in their lower nesting success, since nest site requirements of
all species were similar.

The documented presence of these passerine species at the INEL will help to define the
ecosystem’s components and possibly the measurement species for the ERA. The territory
size may be useful for determining exposure models for the analysis phase, and the mating and
nesting success data may be useful for comparisons to other populations in the risk
characterization.

Reynolds (1990). The root masses of big sagebrush, Great Basin wild rye, Russian thistle,
streambank wheatgrass, and crested wheatgrass were determined at 20-cm depth increments
from plants grown in high clay content soils in cylindrical containers. All species had roots in
the deepest (100 to 120 cm) depth increment. Crested wheatgrass had the greatest average
total root mass (775 g). Results provided data for some scenarios for fate and effect models
for shallow-land burial of low-level radioactive waste in semi-arid environments.

If root mass can be correlated to contaminant translocation rate, this article may be useful in
selecting the appropriate vegetation measurement species and determining exposure pathways.
Each of these aspects is important in problem formulation.

Reynolds and Fraley (1989). Root depth and lateral spread were determined for five plant
species using radiotracers techniques. Depth data only were collected from two additional
species. Big sagebrush, the deepest rooted species examined, had roots extending to a depth
of 225 cm. Roots of Great Basin wildryc (Leymus cinereus), the deepest rooted grass, were
detected to 200 cm. The maximum lateral spread of both of these species wa~ 100 cm and
occurred at a depth of 40 cm.
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The root depth data are most helpful in the problem formulation phase in decisions of data
use (i.e., what depth of soil samples to use), selection of exposure pathways, and
determination of ecological endpoints.

Reynolds and Laundre (1988). Burrow volumes were determined in disturbed and undisturbed
soils for four species of rodents in southeastern Idaho. Comparisons were made between soil 1
types for the average volume and the proportion of the total volume of soil excavated from
10-cm increments for each species, and the relative number of burrows and proportion of total
soil removed from beneath the minimum thickness of soil covers over buried low-level
radioactive wastes. Burrows of montane voles (Microtus montmms) and deer mice
(Peromyscus maniculatus) rarely extended below 50 cm and neither volumes nor depths were
influenced by soil disturbance. Townsend’s ground squirrels (Spennophilus rownsendii) had
the deepest (up to 140 cm) and most voluminous burrows that, along with Oral’s kangaroo rat

(D@odomys ordii) burrows (up to 90 cm), were more prevalent beneath 50 cm in disturbed
soil.

The burrow depth and volume data are important in several aspects of the problem
formulation phase of ERA. The depths determine from which soil horizons the contaminant
data are gathered. The burrow volumes help determine the transport pathways. The burrow
depth and volumes information may also help in the selection of measurement species.

Reynolds and Rich (1978). The reproductive ecology of the sage thrasher (Oreoscopte.s montan-
US)was studied at the INEL. All nests were either in or under sagebrush and 21 of 34 nests
were on the ground. Sagebrush plants with nests in them were significantly taller than the
sagebrush plants with nests under them, but the average distance from the top of the
sagebrush plant to either a ground or ncmground nest was the same (66 cm). The thrashers
had an average territory size of 0.96 ha (range 0.64 to 1.64). The probability that an egg will
produce a fledgling was 0.46 over all the study areas. Average clutch size was 3.5, and
average number of young fledged was 2.6. First clutches were significantly larger (3.8 eggs)
than the second clutches (3.2 eggs).

The availability of reproductive data for the thrasher may aid in selection of measurement
species during the problem formulation. The home range data are useful for calculating
exposure models in the analysis phase and the survival and reproductive data may be helpful
in comparisons to other populations in the risk characterization phase.

Reynolds and Trost (1979). The species diversity and relative density of native vertebrates from
habitats dominated by sagebrush or crested wheatgrdss were determined and compared. The
species diversity of nesting birds and large mammals and the relative density of nesting birds,
nonnesting birds, reptiles, and both larger and small mammals were significantly lower in the
crested wheatgrass plantings than in sagebrush habitats.

The diversity and density of vertebrates should be considered in the selection of ecological
endpoints during problem formulation. The data may also provide for comparisons to data
from other areas during the risk charwtcrization phase.
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Reynolds and Trost (1981). Populations of nesting and nonnesting birds were examined and
compared in grazed and ungrazed habitats dominated by sagebrush and crested wheatgrass.
Sheep grazing in a sagebrush community did not alter the density or the diversity of nesting
bird populations. Planting a former sagebrush range with crested wheatgrass, with or without
grazing pressures, reduced the diversity and abundance of nesting species. More species and
individuals of migrant and nonnesting birds used the sagebrush habitats than the crested
wheatgrass plantings. Habitat selection by birds appears to be related to the vegetational
physiognomy rather than the floral composition of the habitat.

Similar to Reynolds and Trost (1979), this publication may be useful in problem formulation
and risk characterization.

Reynolds and Wakkinen (1987). Dimensions of the burrow systems for four small mammals
common to southeastern Idaho (Townsend’s ground squirrels, Oral’s kangaroo rats, montane
voles, and deer mice) were determined in undisturbed soils. The ground squirrels constructed
two distinct burrow systems: more than 120 cm deep and less than 60 cm deep. The deeper
systems were significantly longer and had larger volume than the shallower burrows and the
systems constructed by the other species. Burrow parameters for the kangaroo rats were
bimodal, suggesting deep and shallow burrows, but this was not demonstrated statistically. All
parameters for the rat burrows were similar to shallow ground squirrel burrows. Volumes of
both were significantly greater than volumes for deer mice and voles. A significant portion of
the variability of all parameters for voles and shallow ground squirrel burrows was explained
by the distribution of soil particle sizes, but equations based on these were only of limited
value in predicting burrow parameters.

Burrow dimensions are useful in determining the appropriate soil contaminant concentration
data to use during problem formulation. Volume calculations can also be used for
contaminant transport analysis.

Stafford et al. (1986). An insect survey was conducted on the INEL during the summers of 1981
to 1983. This publication presented an annotated checklist of the Coleptera collected.
Successful collecting methods, dates of adult occurrence, and relative abundance are given for
each species. Relevant biological information is also presented for some species.

Invertebrates are often difficult to include during ERA. This paper presents a listing of some
of the insect species found and may be used to consider important invertebrates in the
assessment during problem formulation.

Stauber et al. (1980). Sera from 104 adult and 42 fawn pronghorn antelope from southeastern
Idaho were tested against selected livestock pathogens. The numbers positive/numbers tested
(% positive) were as follows: bovine virus diarrhea–adults 2/102 (2), fawns 0/41 (0); infectious
bovine rhinotrachetis–adults 27/101 (27), fawns 9/42 (22); parainfluenza 3–adults 79/104 (76),
fawns 22/42 (52); bovine adenovirus 7–adul@ 42/103 (41), fawns 20/48 (48); b~vine
adenovirus 3—adults 11/32 (34), fawns 4/14 (23); Anaplasnm nwryjnale—adults 1/104 (l), fawns
1/42 (2). There are no reactors to brucellosis, bluetongue, or epizootic hemorrhagic disease.
The prevalence of reactors varied considerably for different locations and for different years.
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An increase in pathogen types and occurrences can indicate a stressed population. In this
regard, the data from the INEL could be compared to other areas in the risk characterization
phase.

Watson (1984). Rough-1egged hawks were found to switch from their preferred microtine prey to
road-kill or other carrion during the winter months when microtine rodents are less accessible
due to snow cover. This ability to switch prey likely keeps many of the rough-legged hawks
on the INEL during the winter, instead of migrating to other locations of more abundant or
easily captured prey.

The information contained in this paper should be considered in the problem formulation
during selection of small mammals and other measurement species. The changing diet may
also need to be accounted for in the exposure models in the analysis phase of ERA.

Watson (1986). The patterns of range use and range fidelity of rough-legged hawks were
monitored during 1982 and 1983 at the INEL. The hawks exhibited two major patterns of
range use. The first was represented by approximately 15% of the monitored population and
was characterized by extra-range movements among nonoverlapping ranges. Ranges of these
individuals were separated by 33 to 70 km. The second pattern was characterized by well
defined but variably sized home ranges. These ranges were influenced by the presence of
power poles, which were used as perches. Overlapping ranges were common and there
appeared to be little territoriality. Range fidelity was tested by marking birds and sighting
them in subsequent years. Six of eleven marked birds were seen on the INEL up to three
years after marking, indicating some extent of fidelity of the birds for the INEL.

This information provides insight into hawk behavior and provides a better understanding of
the hawks’ ecology for consideration in the problem formulation. The data on annual return
of the hawks to the INEL may be important in calculations of exposure during the analysis
phase.

Woodruff and Keller (1982). Data on dispersal, home range, and daily activity patterns were
collected during 11 months for 15 coyotes (Cmzi.sZa[rmzs)radio-collared on the INEL.
Dispersal distance ranged from O to 57 km for 10 juveniles. Mean home range with standard
error for four adult females was 45.9 Y 1.7 km2 by the ellipse method and 29.3 & 2.4 km2 by
the modified minimum area method. Home range of one adult male was 133.0 km2 and
80.6 km2 by the two methods, respectively. When more than 100 relocations were available,
the modified minimum area method appeared to estimate home range size more accurately.
During the summer, coyotes were most active near dawn and dusk. A period of general lack
of activity was noted from 1100 to 1500 MST. Analysis of 15-min interval f~es obtained over
a 24-hr period suggested that some areas within the home range received more intensive use
than others, particularly areas around resting points.

This investigation provides important data for calculating exposure of coyotes ~o area-specific
contaminants. These data should be considered for the analysis phase if coyotes are chosen as
a measurement species.
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Youtie et aL (1987). Insects inhabiting Great Basin wildrye (EZyMUScinereus Scribn. & Merr.)
were surveyed at two sites on the Snake River Plain in southern Idaho during 1982 and 1983.
Forty-six species of phytophagous insects were observed. In addition, eight parasitoid species
were reared from insect hosts in the plant culms and identified. Life stage, abundance, plant
part used, and study site were recorded for each insect species collected. Insect guilds at the
two sites were compared based on species presence determined by Sorensen’s similarity index.
Overall, 26 insect species were common to both sites, yielding a moderate similarity index of
0.62. The majority of the species that constitute the wildrye herbivore guilds were
oligophagous (restricted to grasses). Many of these insects feed on grain crops as well as
other native and introduced grasses. The relatively high diversity of phytophages on wildrye
may be due to its tall bunchgrass growth form, abundance within its habitat, broad geographic
range, and the large number of related species of grasses in the region.

Similar to Stafford et aL (1986), this article presents invertebrate information useful for better
understanding of the INEL ecology. This information may aid risk assessors during problem
formulation.
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C-3. QUALITATIVE RISK EVALUATION OF PREVIOUS
INVESTIGATIONS OF ANTHROPOGENIC RADIONUCLIDES

AT THE INEL

The purpose of this section is to describe the extent of contamination of natural systems on
the INEL by human-made or human-enhanced radionuclides. These include fission products,
neutron activation products, and transuranic radionuclides, all of which were created or artificially
enhanced in quantity by human activities. Natural radionuclides, in their natural concentrations,
are not considered.

To the extent possible, contamination trends are described and the potential consequences of
contamination for ecosystems are discussed. Where data are not available or too limited to
adequately discuss these concepts, the data gaps are identified and an assessment of their
significance is offered.

The primary sources of the data used in this section are the over 300 publications of the
Radioecology and Ecology Group of RESL (Markham 1973; Markham and Reynolds 1991) and
the Environmental Science and Research Foundation (Morris 1994). In addition, the INEL Site
Environmental Reports (e.g., Hoff et al. 1992), published annually by until 1992 by RESL and
subsequently by the Environmental Science and Research Foundation the periodic reports from the
Radioactive Waste Management Information System (e.g., Litteer et al. 1991) contain useful data.
Miscellaneous technical publications from the U.S. Geological Survey, the National Oceanic and
Atmospheric Administration, the U.S. Department of Energy, and a former INEL contractor were
also consulted. While the data presented here are primarily from published sources, nonpublished
data were used when available. For example. most of the soil data in this section are unpublished
data from RESL’S soil monitoring program.

C-3.1 Summary of Available Concentration Data

The data reviewed in this section were collected for a variety of purposes, usually related to a
specific research interest at a specific site facility. Except for the soil data from RESL, they do
not represent the results of a comprehensive survey of radioactive contamination in the
environment of the INEL. Where data are not reported for a given radionuclide concentration in
a given medium at a particular location, it does not necessarily mean that such contamination was
not present but only that it was not of interest to the investigators. Thus, while a great deal of
information is available, there may bi significant data gaps. These gaps will be discussed as they
appear. The potential data gaps are only tentatively identified at this time for purposes of
scoping the WAG-wide ERAs. It is recommended that screening-level ERAs be conducted for
each WAG to accomplish a more comprehensive identification and evaluation of data gaps.

For comparison among the data sets, the maximum reported 13T~ and ‘9$240pLIconcentrations

in soils will be used (the a spectra of 23gPu and 240Pu cannot be distinguished and these two

radionuclides are treated as one). These radionuclides in soils were emphasized bbcause soil data

exist for every facility from RESL’S soil monitoring program and because 137CS and ‘9’240Pu

represent the gamma-emitters and transuranics, respectively. Data for the other radionuclides are



provided in the tables; however, the approach taken for 13T~ and ~~,zoopu could be adopted fOr

other site contaminants.

The highest concentrations of both 137Csand ‘9T240PUexist in sediments from the TRA
radioactive waste pond. Comparisons of the soils data with these sediment data would be
misleading because of the different characteristics between pond sediments and surface soil such
as total organic carbon and grain size, and because the pond sediments are not exposed and
therefore are not subject to the aerobic conditions of surface soils. Each of these factors may
change the contaminant concentrations, and transport and fate between sediments and soils.
Therefore, comparisons of soils and sediments data are avoided.

The only data set with sufficient time duration to determine temporal and spatial trends at the
INEL is the RESL soil data. The samples from which these data were derived have been
collected as part of a routine surveillance program since about 1970. Permanent sampling grids
were established by RESL around nine facilities, and each grid is resampled approximately every
seven years on a rotating basis. Thus, all facilities have been sampled at least twice. Soil samples
are collected from two depths, O to 5 cm and 5 to 10 cm. The maximum distance from the facility
to which the O to 5-cm soil samples contain concentrations of 137CSor 239’240Pusignificantly
(t-test; u = 0.05) greater than 1 geometric standard deviation (GSD) above the median offsite
concentrations can be used to show the extent of contamination around each facility and whether
the contaminated area is changing over time. Changes in the contaminant concentrations of
either soil layer between the initial sampling and the most recent sampling at a given facility can
be assessed using a Kruskal-Wallis One-way Analysis of Variance test (a = 0.05). These tests
help determine the degree to which contaminant concentrations are changing over time.

If a facility has contaminated the surrounding environment, that contamination is not expected
to be evenly distributed around the facility. In general, because of the prevailing wind directions
on the INEL, contamination is expected to be t’ound at highest levels and farthest distances in the
northeast and southwest directions from the l’acilities.

C-3.1.1 Background Concentrations

Small concentrations of human-made or -enhanced radionuclides are found in environmental
media that have not been directly influenced by INEL operations or any other nuclear facility.
These background concentrations are due, in some cases, to natural generative processes (e.g., the
formation of 12gIin the upper atmosphere). The most common source for this contamination,
however, is world-wide fallout from nuclear weapons testing.

In general, background concentrations have been determined from samples taken from outside
the INEL boundaries. In certain cases, the investigators determined that onsite background
samples were available for their studies.

Background concentrations of fission products, neutron activation products, and transuranics
have been detected in soil, surface water, vegetation, small mammals, game mammals, coyote
feces, upland game birds, waterfowl, other birds, terrestrial invertebrates, and fainbow trout.
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The maximum background soil concentration of 137CSdetected by RESL was 3.0 pCi g-l.

maximum background concentration of 29*240Puin soils was 0.089 pCi g-l. Background soil
The

concentrations of 137CSand ‘9’XOPu were log-normally distributed with geometric means (GM) of
0.81 and 0.018 pCi g-l, and GSD of 2.0 and 2.2, respectively.

C-3.7.7. 7 Spatial and Ternpora/ Trends. Between 1970 and 1990, radioactive decay should
have resulted in a 37% decrease in surface soil concentrations of 137Cs. Such a decrease was not
observed in the soil data, possibly due to continuing inputs from foreign atmospheric weapons
tests and the Chernobyl accident. Because of its long half-life, no decrease was expected or
observed for 239,240pu.

No spatial trends were apparent in the offsite soil concentration data.

C-3. 7.7.2 Potential Data Gaps. No background data are available for radionuclide

concentrations in raptors, reptiles, or bats. These data could be necessary to determine the

significance of contamination that may be found in these organisms onsite. Some species of

raptors and bats at the INEL are classified by the federal government as Threatened and

Endangered (T&E) or C2 (considered for proposal as threatened or endangered) species

(Moseley and Groves 1992).

The background data cited by Hoff et al. (1992) for 137CSconcentration in game mammals is

six times that found in onsite animals. This finding implies a deficiency in the background data

because it is expected that the background concentrations should be less than or equal to onsite

concentrations. These data require further evaluation or additional investigation of radionuclides

in offsite mammals.

C-3.1.2 Idaho Chemical Processing Plant

The environment surrounding the ICPP has been contaminated with a variety of fission
products and transuranics. Studies of radioactive contamination from ICPP have been conducted
in soil, vegetation, rabbits, pronghorn, mourning doves, sage grouse, waterfowl, and fish from the
Big Lost River near ICPP.

In at least one case (Connelly and Markham 19S3), samples of sage grouse were collected
from the ICPPflRA area, and no attempt was made to discriminate between the two facilities.
Although not generally made explicit, this confounding of data from the two areas maybe
common for animal studies with some mobile species (e.g., birds or large mammals).

The maximum 137CSconcentration in soil near ICPP was reported as 54 pCi g-l. This is

approximately 794 of the 137Csconcentration of Stationary Low-Level Reactor No. 1 (SL-1) soils,
the most contaminated soil after TRA pond sediments. The maximum concentration of 137CSin
ICPP soils was 1.S times maximum background concentrations.

The maximum soil concentration of 23g’2d0Puin soil near ICPP was 0.073 pCi g-l, which is
approximately O.1% of that found in SDA surface soils (the highest concentration reported other”
than TRA pond sediments) and 829%of the maximum background.
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The nuclide 1291has been of particular interest at ICPP because it is a result of the fuel

dissolution process and is transported relatively long distances from the plant by atmospheric

processes. Studies of vegetation (McGiff 1985) and rabbit thyroids (Fraley et al. 1982) have

identified 1291contamination in these media greater than background out to 30 km from the

ICPP. 1291has been detected above background concentrations in pronghorn tissues site-wide

(Markham 1974) and as far offshe as Craters of the Moon National Monument and Monida Pass

(Markham et al. 1983).

C-3. 1.2.7 Spatia/ and Temporal Trends. 137CSk found in above background
concentrations out to a distance of greater than 2 km from the stack at ICPP. Background
concentrations were observed beyond about 10 km. No data are available for the intermediate
distances so the extent of the plume cannot be precisely determined. No evidence exists for a
change in the extent of the soil contamination plume but concentrations in the O- to 5-cm depth
decreased significantly between 1973 and 1979. During the same period, concentrations in the 5-
to 10-cm depth have increased, arguing for downward migration of soil contamination. Site-wide
concentrations of 137CSin the lower soil depth are about 18% of those in the surface soils.

With the exception of one sample, 239.240Puis found in background concentrations at all
distances from the stack at ICPP. A single above background concentration was observed at
1.7 km from the stack in 1989, the last sampling from the ICPP grid. All other samples, including
those from greater distances, were at background concentrations. This single concentration is
insufficient evidence to argue for an increase in plume size; however, ICPP will be sampled again
in 1996. Concentrations of 239.240Puremained constant in both soil depths between 1982 and

1989, indicating little vertical migration of plutonium. Site-wide concentrations of ‘91X0Pu in the
lower soil depth are negligible compared to those in the surface soils.

Because 1291is produced in the calcining process, it is reasonable to expect 1291concentrations
in the environment to increase in magnitude and extent when the calcining process is in

‘ 1291(1.6 x 107 y) and the strong affinity ofoperation. However, because of the long half-life ot
some chemical forms of iodine for organic [ractions of the soil, it may not be reasonable to expect
decreases in magnitude or extent of contamination when calcining stops. Studies are currently
under way to determine whether these arguments are valid. Similar arguments may apply for
some transuranic elements.

C-3. 1.2.2 Potential Data Gaps. Potentially significant data gaps exist in the ICPP data.
Limited vegetation and small mammal data arc available, particularly for the transuranics and
gamma-emitting radionuclides. These data are important because these two groups serve as the
base of the herbivore and carnivore food chains and because small mammals include one of
INEL’s C2 species (the pygmy rabbit). Raptors, other birds, and bats, all of which include C2
species, are not represented in the ICPP data. On the other hand, the data for game species that
are important for human food chain exposure are well represented. Soil samples were not
collected between about 2 to 10 km from the stack and these samples may be necessary to
determine the extent of the contaminant plume at ICPP.
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C-3.1.3 Subsurface Disposal Area

Transuranics, 90Sr and gamma-emitters have been detected in a variety of environmental
media at the SDA. T’ransuranics have been of particular interest because the SDA has been used
as a transuranic storage area.

Media that have been thoroughly investigated include soils, vegetation, small mammals, and
coyotes. In addition, a limited amount of work has been carried out on mourning doves, homed
larks, rattlesnakes, and terrestrial invertebrates. Contrary to the practice at most other facilities, a
significant amount of environmental research has been conducted by RESL within the boundaries
of the SDA and these data are reported here.

The maximum soil concentration of 137Cswas reported as 16 pCi g-l and was found at the
perimeter of the SDA (Markham 1978). This concentration is approximately 2% of the maximum
concentration reported for SL-1 soils but six times maximum background concentrations.

The maximum soil concentration of 23gS240PUat the SD~ found within the facility fence, was
reported to be 54 pCi g-l (Arthur and Markham 1983). This concentration was the highest
reported soil concentration among the studies reviewed here and was 600 times the maximum
background concentration.

C-3. 7.3.1 Spatial and Tempera/ Trends. The data for soils, vegetation, and, to a lesser
extent, small mammals at the SDA are quite comprehensive with respect to spatial extent and
radionuclide coverage. The transuranic elements ‘8Pu, 23g.240Pu,and 241Am have been detected
at above background concentrations in soils on the SDA and out to 1.0, 2.4, and 2.5 km,
respectively, from the SDA perimeter (Markham et al. 1978). In small mammals, above
background concentrations were detected out to about 350 m from the SDA fence. Highest
concentrations for soil and small mammals were found at the perimeter drainage area of the
SD* concentrations decreased with distance from the fence. Transport to the perimeter was
attributed to localized flooding, and transport beyond that point resulted from windblown
materials. Similar conclusions have been drawn for gpmma-ernitters in soils and small mammals
(Markham 1978).

The 1978 RESL soil sampling data show concentrations above background of 137CSout to
about 42 m from the SDA fence. In 1985, no soil samples outside the SDA fence had

137CS This finding implies a possible decrease inconcentrations above background of .
contamination levels from the SDA and might be attributed to the addition of extra soil layers on
portions of the SDA since 1978 (Arthur et al. 1986) as well as decay of the 137CStransported off
the SDA by flood waters in the 1960s. Although the increase in 137CScontamination of the 5- to
10-cm soil layer is not statistically significant, downward migration of 137CSmay also have
contributed to the decrease in surface soil contamination.

. 239.2q0Puwere found to a distance of 94 m from theConcentrations above background 01
SDA fence in 1978 and 43 m from the fence in 1985. Combined with the Markhdm et al. (1978)
data, which were based on samples collected in 1973, the soil contaminant plume appears to have
decreased in extent over a 12-year period. This apparent decrease cannot be attributed to decay
because of the long half-life of the nuclides involved. There is some indication that the downward
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migration of ‘9’UOPU may be responsible for this decrease because concentrations in the 5- to
10-cm layer were higher in 1985 than in 1978, but too few data exist to make firm conclusions.

C-3. 7.3.2 Potential Data Gaps. No data are available for radioactive contamination of
game mammals, raptors, or bats near the SDA. All of these could be relatively important data
gaps; game mammals are important for assessing human food chain transport and raptors and bats
for assessing potential doses to T&E or C2 species. Data are limited for birds in general and this
gap limits the ability to determine potential doses to loggerhead shrikes, a C2 species. Further
transuranic analyses of soil samples from the 5 to 10-cm soil layer would help to determine
whether downward migration of transuranics is responsible for the apparent decrease in the extent
of the transuranic contamination plume.

C-3.1.4 Stationary Low-Level Reactor No. 1 Area

All the available data for environmental contamination at the SL-1 facility (except the RESL
soil data) are from two studies (Arthur et al. 19S3; Markham and Halford 1982).
Gamma-emitters were investigated in soils, small mammals, coyote feces, mourning doves, and
terrestrial invertebrates. In addition, transuranics were measured in soils by RESL.

137(2,swas the most common radionuclide detected with a maximum detected concentration of
700 pCl g-l in soils (Arthur et al. 1983). This concentration is the largest for soil reported in the
studies reviewed here (other than TRA pond sediments, which are 4 times greater) and is
240 times the maximum background soil concentration.

The maximum soil concentration of ‘3g-240Puat SL-1 was 0.046 pCi g-l. This concentration is
about 0.09% of the maximum contamination at the SDA and about half the maximum
background.

C-3. 1.4.7 Spatial and Tempera/ Trends. The RESL soil data from the Auxiliary Reactor
Area (ARA)/SL-l area were sampled from a radial grid centered on ARA-11. SL-1 is located
about 600 m from ARA-11 in a downwind direction and a small peak is observable in these data at
this location. Thus, while SL-1 contributes to the RESL data for this area, the focus of the data
is ARA.

In 1977, surface soils at ARA were contaminated with 137Csat above background
concentrations out to 1.5 km from the center, the farthest distance at which samples were taken.
In 1985, the extent of the contamination was 1.0 km, also the farthest distance at which samples
were taken. These data indicate that the true extent of the plume is unknown.

‘ 239.240Puwere detected in 1977 at 0.1 km from ARA-11.Above background concentrations of
This location was not sampled in 1985 so no elevated concentrations were detected that year. No
expansion of the 239.240Puconcentration plume is evident.

C-3. 1.4.2 Potenfia/ Data Gaps. No data exist for the SL-1 waste disposal a~ea for
vegetation, game mammals, raptors, bats, or reptiles; and limited data are available for other
media. Although these data gaps might be important, the relatively small area and lack of
continued operations at SL-1 make them lCSSlikely to be significant. On the other hand, the high
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soil concentration of 137Csmay indicate that further work should be done to determine the
potential for spread of this contamination. The extent of the contaminant plume should be
defined by sampling soils at greater distances from ARA-H than have been previously sampled.

C-3.1.5 Test Reactor Area

The contamination of environmental media near TRA has been intensively studied. Gamma-
emitting and transuranic radionuclides have been detected in soils; sediment, vegetation, and
water from the radioactive waste percolation pond; small mammals; coyote feces; raptors; upland
game birds; waterfowl; and barn swallows. Almost all studies at the TRA have been focused on
the currently inactive radioactive waste percolation ponds.

The sediments of the radioactive waste percolation ponds at TRA are the most contaminated
soils in the studies reported here. The mean concentration of 137Csin barn swallow nests made

with TRA pond sediments was 2500 pCi g-l. The mean concentration of 239’240Puin TRA pond
sediments was 43 pCi g-1. However, as noted above, comparison of these values with values for
terrestrial soils has a high degree of uncertainty. The maximum soil 137Csand ‘9y240Pu
concentrations found in the RESL surveys of the area surrounding the TRA were 220 and
0.065 pCi g-l, respectively. For 137Cs this value is 32% of the maximum soil concentration found

‘ 239’240pu, this represents O.1% of the maximum at theat SL-1 and 75 times background. For
SDA and 73% of background.

C-3. 1.5.7 Spatial and Temporal Trends. 137CSwas found in elevated concentrations in

surface soils out to 750, 280, and 600 m in 1976, 1983, and 1990, respectively. Thus, there is no
evidence for a regular pattern of expansion or contraction of the plume size during the 14 years it
was studied. A statistically significant increase in average 137CSconcentration occurred within the
5- to 10-cm soil layer between 1976 and 1983, indicating that downward migration was occurring.

The surface soil concentration of zsg2xOpuwas determined in only one year (1976) and is,

therefore, insufficient to determine temporal trends. Above background concentrations were
found out to 28 m from the fence.

Few TRA data sets allow estimation of spatial trends in media other than soil. Craig et al.
(1979) found decreasing concentrations of raciioactivity in raptors with distance from the ~
probably due to decreasing contamination of the prey. The authors estimated that the maximum
distance at which radionuclides from the TRA/lCpp complex could be detected in nestling raptors
was 3.5 km.

C-3. 7.5.2 Potential Data Gaps. The data set from the TRA is the most complete set in
this review with respect to the variety of environmental media sampled. In spite of the large
amount of data a potentially significant data gap exists. No data are available in these studies for
contamination of terrestrial vegetation near TRA. Thus, no data are available at this site for the
base of the terrestrial food chain. ,

The radioactive waste percolation pond has been the focus of most of the studies at TRA
because it has probably been the most significant source of contamination. However, remediation
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activities are currently underway for the pcmd, which is being replaced with a lined evaporation
pond. Thus, the data currently available may not be applicable to future operations at TRA-

Studies of the waterfowl using the new pond will begin as soon as it is completed. Studies of
the terrestrial environment surrounding the pond will be necessary to determine the potential
impact of the new pond on radioactive contamination of the environment.

C-3.1.6 Miscellaneous Locations

Limited amounts of data are available for other on- and offsite locations that have been

influenced by INEL operations. These locations include Argonne National Laboratory-West

(ANL-W), the Boiling Water Reactor Experiment/Experimental Breeder Reactor

(BONBR-1) area, the Central Facilities Area (CFA), the NRF, the area surrounding the

Waste Reduction Operations Complex (WROC) [formerly Waste Experimental Reduction Facility

(WERF)], TAN, and various other locations on- and offsite.

Radionuclides detected at these locations include 129190Sr, gamma-emitters, and transuranics.
The media include soils from the RESL surveys, game m~mmals, upland game birds, and
waterfowl.

The maximum detected soil concentration of 137CSwas 120 pCi g-l found in soils from the

area surrounding the NRF. This concentration is 17% of the maximum concentration at SL-1 and

40 times background concentrations. The maximum detected soil concentration of 239,240pu was

0.041 pCi g-l, from a survey of soils near all lkcilities. This value is 0.08% of the maximum
concentration at the SDA and 45% of maximum background. The maximum soil concentrations
of 137Csand ‘9*240Pu detected in a survey conducted near all facilities onsite were 24 and
0.076 pCi g-l, respectively (Markham 1974).

C-3. 1.6.1 Spatial and Tempera/ Trends. Soils surrounding ANL-W and Power Burst
Facility (PBF)/Special Power Excursion Reactor Test (SPERT)/WROC (formerly WERF) do not
contain concentrations of 137CSor 239’2q0Puat above background levels.

At the NRF, 137Cswas found in above background concentrations out to 14 and 9 m in 1980
and 1988, respectively. The small difference between the concentrations at these locations and
the small distances involved do not provide sullicicnt evidence for a change in the size of the
contaminant plume. There was no analysis for 239.2q0Puin any year at NRF.

Soils surrounding facilities at TAN have not contained above background concentrations of
239~240Pu in any measurement year since the first RE.SL measurements in 1976. In 1976, 137CSwas

not detected in above background levels either. However, in that year, samples were taken only
from around the Loss-of-Fluid Test (LO~) Facility. In 1981 and 1989, sampling was expanded
to the areas surrounding the Initial Engineering Test Facility (IET), the Water Reactor Research
Test Facility (WRRTF), and the Technical Services Facility (TSF), all at TAN. This additional

137Csto a distance of 24 m from thesampling has found above background concentrations of
fence surrounding the TSF. Apparently no change in the extent of the plume occurred between
1981 and 1988.
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In most cases, spatial or temporal trends cannot be determined for environmental media other
than soils.

C-3. 7.6.2 Potential Data Gaps. Substantial data gaps appear to exist for the facilities
grouped together under this heading. The only cases where data are sufficient to determine
current contamination are soils, gamma-emitters in waterfowl, and 137Csin mourning doves.
Surveys of the environment surrounding these facilities would allow determination of the potential
for harmful contaminant levels surrounding these facilities.

C-3.2 Summary of Extent of Contamination

C-3.2.1 Spatial Extent of Contamination

The farthest distance from any facility to which 137Csor ‘9’240Pu contamination was found at
above background levels in soils was greater than 2 km but less than 10 km. This situation was
found at ICPP. Using the most recent values for the maximum extent of the plumes around the
nine facilities examined in this report, and assuming that each plume is an ellipse with the short’
axis half the length of the long axis, the total contaminated area onsite is approximately 160 km2.
This area is approximately 7% of the total area of the INEL.

Evidence exists that contamination from INEL facilities, particularly ICPP, extends much
farther. As indicated in Section C-3.1.2, 1291has been detected in vegetation and mammal
thyroids at great distances from the ICPP including areas well offsite. The source of this
contamination and the mechanism of transport have not been conclusively demonstrated, but it is
presumed to be wind-borne contamination from ICPP (Markham 1974; Fraley et al. 1982;
Markham et al. 1983; McGiff 1985).

C-3.2.2 Potential forContaminantMigration

No evidence exists for increases in the horizontal extent of contaminant plumes from any
facility on the INEL. There is evidence, however, for vety slow downward migration of 137CS,
probably due to transport by water. This process is undoubtedly slow because of the tendency of
137Csto bind strongly to soils (Whicker and Schultz 1982), and the concentration is expected to
decrease rapidly and in a nonlinear manner with depth. The concentration of 137CSin the 5 to
10-cm soil layer is approximately 18% of that in the O to 5-cm soil layer.

Although the evidence is slight, radioactively may potentially be transported away from
contaminated areas by animals. Morris et al. (in preparation) reported a potential for
18,036 waterfowl y-l using INEL ponds to transport 162 pCi y-l (12 pCi g-l y-l) of gamma-emitting
radioactivity offsite. Seventy-seven percent of that activity was 137CS. Waterfowl transport is
likely to be the most important single source of ofkite transport of radioactivity from the INEL
by biota (Hoff et al. 1991). However, this small amount of radioactivity, added to the soil when a
waterfowl dies and decays offsite, is not likely to add significantly to the background soil



concentration of 137Cs(Hoff et al. 1991). Thus, biotic transport of radioactivity offsite is not
likely a concern at the INEL.

C-3.3 Preliminary Qualitative Ecological Risk Evaluation

When discussing the potential for risks to ecological receptors, it is important to distinguish
between harm to individuals and harm to populations. In most cases, biologists are primarily
concerned about harm to populations. For most populations, large numbers of individuals can
suffer morbidity or mortality without affecting the viability of the population of which they are
members. However, in the case of T&E species, where the viability of the population is already
in question, harm to individuals becomes an important issue.

Because of the limited data available, it is difficult to determine the potential for harm to
individuals of INEL’s T&E and C2 species from radioactive contaminants in the INEL
environment. For some of the T&E or C2 species on the INEL, data about distribution and
home range size are insufficient to determine whether the species are potentially exposed to high
levels of contamination. Projects are under way to pro~ide such information for ferruginous
hawks and Townsend’s big-eared bats. Some limited distribution data are available for bald eagles
and loggerhead shrikes from winter eagle counts and breeding bird sumeys, respectively; but these
data are not comprehensive. One study has been published on the ecology of pygmy rabbits on
the site (Wilde 1978), but the distribution data in the study are very limited and dated.

In addition, data about contamination of the prey base (for the carnivores) or the individuals
themselves are limited or nonexistent. Good (albeit dated) data are available for contamination
of small mammals from the SDA, SL-1, and the TRA radioactive waste percolation pond.
However, no data are available for small mammal contamination from other areas. No data are
available for contamination of the prey base of loggerhead shrikes and very limited data are
available for contamination of the prey base of Townsend’s big-eared bats.

On the basis of these limited data, one must conclude that all of INEL’s T&E or C2 species
are potentially exposed to above background levels of radioactive contamination. It is unlikely
but possible because of potential bioconcentration that bald eagles and ferruginous hawks
consume harmful concentrations of radioactive contaminants in their prey. No conclusions of this
nature are possible for loggerhead shrikes, Townsend’s big-eared bats, or pygmy rabbits.

Doses received by individual organisms provide a basis for determining the potential for harm
to populations. A number of authors have calculated or estimated doses to ecological receptors
from internal and external contamination received at the INEL (Craig et al. 1979; Fraley et al.
1982; Halford et al. 1982; Markham and Halford 1982; Markham et al. 1982; Halford and
Markham 1984; Halford 1987; Halford 1987b; Markham et al. 1988; Morris 1993; Morris et al. in
preparation).

Halford and Markham (1978) found that some maximally exposed small mammals inhabiting
the TRA radioactive waste pond basin received doses that had been found to reduce life
expectancy in earlier studies (French et al. 1969). Arthur et al. (1986) found similar results for
small mammals at the SDA. In neither of these studies were the doses sufficient to cause
observable population effects.
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Millard et al. (1990) observed a statistically significant difference in growth rate between barn
swallow nestlings expos”ed to contaminated sediments from the TRA radioactive waste percolation
pond and control birds. However, the difference could not be definitely attributed to their
exposure.

Evenson (1981) found statistically significant differences in several physiological parameters
between deer mice inhabiting the TRA radioactive waste percolation pond basin, the SD~ and
control areas. The conclusion was that levels of radiation exposure were too low to cause somatic
changes in the mice.

The above four were the only studies to report potential individual effects on organisms
receiving radiation dose from INEL activities. In no case were the observed effects expressed as
somatic changes in the organisms.

Some of the radiation dose estimates derived from field investigations at the INEL are
provided in Table C-3. To evaluate the potential for impacts to populations of these receptors
(or others at the site that maybe similarly exposed), dose rate estimates were compared to
radiological effects thresholds established by the IAEA (1992). These criteria vary among
taxonomic groups but, in general, 1 mGy/d is considered” by the IAEA (1992) to be the lowest
chronic dose rate that could adversely affect animal or plant populations. This dose rate has been
marginally exceeded in a few cases at the INEL (e.g., deer mice at SDA and ~ mallards and
barn swallows at TRA), but in most cases the dose rate estimates are less than 1 mGy/d. % a
result of interim remedial activities at the SDA and TRA sites, it is likely that exposure of wildlife
to radionuclides has decreased subsequent to the studies reviewed in Table C-3: Therefore, for
species that have been investigated at the INEL, the available data indicate radiation dose rates
to individual organisms are likely to be too low to cause population level effects. Based on the
concentrations of radionuclides observed in media throughout the site, this is likely the case for
most populations of wildlife. Comprehensive screening-level ecological risk assessments, such as
the example provided in the Case Study, are required to evaluate this hypothesis.

C-3.4 Conclusions

The data examined in this report indicate that little potential exists for harm to populations of
plants and wildlife from radioactive contamina~ion of the environment on the INEL. However,
past levels of contamination have existed in some areas that could have been sufficient to cause
physiological changes and reduced life expectancy in individuals of some species. Whether
harmful exposure is occurring now is the subjecl of current and planned investigations and risk
assessments.

Little evidence is available that contamination from the INEL is spreading beyond currently
contaminated areas. Further information needs to be collected relative to 1291concentrations in
various media both on- and offsite to determine the source and means of transport of this
radionuclide. ,

In some areas and for some media, insufficient data may be available to adequately determine
environmental levels of contamination. In addition, insufficient data may be available to
determine the potential [or harmful levels of contamination in some of INEL’s T&E or C2
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species. This lack of data could make conclusions about the potential for harm to these species
difficult. Therefore, it is recommended that planning for verification and monitoring activities
should be initiated to address the potential data gaps identified in this report.
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Table C-3. Radiation dose rate estimates from INEL field studies~

RadiationDoseRates Exposure
Receptor (Gy/day) Duration Location Methods Reference

Mallard -- ..

(Anus platyrhynchos)

Mallard

(Anm p!myrhynchos)

I)ccr mouse
(Pcromyscns mmticulotm)

~ Oral’skangaroo rat
~ (Dipodomys ordii)
w

Deer mouse (Pero}ny.rcus
moniculatus)

Oral’skangaroo rat
(D~odomys ordii)

Least chipmunk (Efmnrim

minim(s)

Pronghorn (Antilocnprn
anrericanf7)

.

Internal 1.87 x 10+ Gy/day
Average external 1.12 x 194 Gy/day
Total 1.31 x 10-3Gy/day

Internal 5.86 x 10-4Gy/day
Average external 8.15 x 104 Gy/day
Total 1.40 x 10-3Gylday

3.64 X 10-3 & 2.66 X 10-2(SD)

9.90 X 10-5 k 6.72X 10-4 (SD)

9.10 X 104 to 2.79 X 10-3

3.0 x 105 to 7.0 x 10-5

6.0 X 10-5to 7.0 X 10-5

8.2 x 10-9to 5.5 X 10-8

4.1 x 10-7to 1.1 x 10-6

1.9 x 10-7to 5.5 x 10-7

2.7 X 10-9

75 days TRA radioactive
leachingponds

145 days TRA radioactive

leaching ponds

Annual
average
exposure

Annual
average
exposure

21 to 57 days

~
29 to 54 days

20 to 31 days

NA

SDA

SDA

TRA radioactive
leachingponds

TRA radioactive
leachingponds

TRA radioactive
leachingponds

INEL

NA INEL

NA INEL

NA INEL

Birds were wing clipped and released
on the TRA radioactive leaching
ponds. Whole-body internal dose was
calculated from measured tissue
concentrations. External dose was
measured by implanted dosimeters.

Birds were wing clipped and released
on the TRA radioactive leaching
ponds. Whole-body internal dose was
calculated from measured tissue
concentrations. External dose was
measured by implanted dosimeters.

Whole-body dose to mice was
measured with surgicallyimplanted
dosimeter packets.

Whole-body dose to rats was measured
with surgicallyimplanted dosimeter
packels.

Whole-body dose was measured with
surgicallyimplanted dosimeter packets.

Whole-body dose was measured with
surgicallyimplanted dosimeter packets.

Whole-body dose was measured with
surgicallyimplanted dosimeter packets.

Whole-body dose rate from 137CSin
muscle for animals collected on the
INEL site.

Average dose to bone-endosteal cells
from 90Sr in bone for animals collected
on the INEL site.

Average dose to active bone marrow
from ,90Srin bone for animals collected
on the INEL site.

Average dose to lung tissuefrom
plutonium nuclides in the lungs for
animals collected on the INEL site.

Halford et al. (1982)

Halford et al. (1982)

Arthur et al. (1986)

Arthur et al. (19S6)

Ha[ford and Markham
(1978)

Halford and Markham
(1978)

Ha[ford and Markham
(1978)

Markham et al. (1982)

Markham et al. (1982)

Markham et al. (1982)

Markham et al. (1982)
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Table C-3. (continued).

RadiationDoseRates Exposure
Receptor (~lday) Duration Location Methods Reference

9.3 x 10-’ to 9.9 x 10-’ INEL Average dose to the thyroid from 131I Markham et al. (1982)

1.6 X 10-7to 8.2 X 10-7

1.1 x 10-7to 5.5 x 10-7

4.1x 10-7

13arnswallow(llintndo 2.19x 10-4
17isyic(l)

4.30 x 10-3

S.40 x 10-4

2.2x 10-3

1.1 x 10”6

4.0 x 10-7

1.0x 10-7

NA

NA

NA

NA

Breeding
season

Breeding
season

Pre-hatch

I

Pre-hatch

1974to 1977

1974to 1976

1974to 1975

a. Dose rates reported inother units were converted to Gy/day for comparability.

INEL

INEL

INEL

TRA radioactive
leaching ponds

TRA radioactive

leaching ponds

TRA radioactive

leaching ponds

Near the TRA
radioactive leaching
ponds

TRA

ICPP

RWMC

in the thyroid for animals collected on
the INEL site.

Average dose to the thyroid from 1291
in the thyroid for animals collected on
the INEL site,

Average dose to the rumen from
nuclides in the rumen for animals
collectedon the INEL site.

Average whole-bodydose from
naturally occurring 40K in muscle tissue
foranimalson theINEL site.

Internal whole-body dose calculated

from measured radionuclide activities
in bird tissues.

Dose to ~he thyroid from 131I in the
thyroid.

External dose to whole eggs measured
by dosimeters in the nest.

External whole-body dose to nestlings
measured by dosimeters in the nest.

Internal dose to mourning doves from

137Cs in muscle.

Internal dose to mourning doves from
137Csin muscle.

Internal dose to mourning doves from---
13”’C5in muscle.

Markham et al. (1982)

Markham et al. (1982)

Markham et al. (1982)

Millardet al. (IWO)

Millardet al. (1990)

Millard et al. (1990)

Millardet al. (1990)

Markham and Halford
(1982)

Markham and Halford
(1982)

Markham and Halford
(1982)

b. SD = Standard deviation.
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Attachment I

Radionuclide Contaminant Data for the INEL

R. C. Morris

C-I* I * INTRODUCTION

The purpose of this attachment is to describe the extent of contamination of natural systems
on the INEL by human-made or human-enhanced radionuclides. These include fission products,
neutron activation products, and transuranic radionuclides, all of which were created or artificially
enhanced in quantity by human activities. Natural radionuclides, in their natural concentrations,
are not considered.

To the extent possible, contamination trends will be described and the potential
consequences of contamination for human and nonhuman portions of the ecosystem will be
discussed. Where data are not available or are too limited to adequately discuss these concepts,
the data gaps will be described and an assessment of their significance will be offered.

The primary sources of the data used in this section are the more than 300 publications of
the Radioecology and Ecology Group of RESL (Markham 1973; Markham and Reynolds 1991).
In addition, the INEL Site Environmental Reports (e.g., Hoff et al. 1992), published annually by
RESL, and the periodic reports from the Radioactive Waste Management Information System
(e.g., Litteer et al. 1991) contain useful data. Miscellaneous technical publications from the U.S.
Geological Survey (USGS); the National Oceanic and Atmospheric Administration; DOE, and a
former INEL contractor were also consulted. While the data presented here are primarily from
published sources, nonpublished data were used when available. For example, most of the soil
data in this attachment are unpublished data from RESL’S soil monitoring program.

C-l-1.1 Summary of Available Information

The current information about offsite concentrations of human-made or -enhanced
radionuclides and onsite data for human-made or -enhanced radionuclide contamination in
environmental media are summarized. These data are discussed on a facility-by-facility basis,
reflecting the way the data were collected. With the exception of the SDA, all media were
sampled outside facility fences.

The data in these tables were collected for a variety of purposes, usually related to a specific
research interest at a specific site facility. Except for the soil data from RESL, they do not
represent the results of a comprehensive survey of radioactive contamination in the environment
of the INEL. Where data are not reported for a given radionuclide concentration in a given
medium at a particular location, it does not necessarily mean that such contamination was not
present, but only that it was not of interest to the investigators. Thus, while a great deal of
information is available, significant data gaps exist. These gaps will be discussed as they appear.



For comparison between the data sets, the maximum reported 137Csand ‘9’UOPu
concentrations in soils will be used. (The ccspectra of ‘9Pu and ‘OPu cannot be distinguished
and these two radionuclides are treated as one.) Soil data exist for every facility because of
RESL’S soil monitoring program and these two radionuclides represent the gamma-emitters and
transuranics, respectively.

The highest concentrations of both 137Csand ‘9m0Pu exist in sediments from the TRA
radioactive waste pond. However, comparisons with these sediments would be misleading because
of the different characteristics between pond sediments and surface soil and because the pond
sediments will not be exposed. Further, the pond in question has been drained and the sediments
have been buried. Therefore, comparisons with these sediments are avoided.

The only data set with sufficient time duration to determine temporal and spatial trends is

the RESL soil data. The samples from which these data were derived have been collected as part

of a routine suweillance program since about 1970. Permanent sampling grids were established

around nine facilities and each grid is resampled approximately every seven years on a rotating

basis. Thus, all facilities have been sampled at least twice. Soil samples are collected from two

depths: O to 5 cm and 5 to 10 cm. The maximum distance to which the O to 5-cm soil samples
contain concentrations of 137Gs or 239E40Pu were approximately log-normally distributed with

significantly (t-test; a =0.05) greater than 1 GSD above the median offshe concentrations is used

to show how far contamination has spread from each facility and whether the contaminated area

is changing in extent over time. Changes in the contaminant concentrations of either soil layer

between the initial sampling and the most recent sampling at a given facility were assessed using a

Kruskal-Wallis One-Way Analysis of Variance test (a =0.05). These tests help determine the

degree to which contaminant concentrations are changing over time.

If a facility has contaminated the surrounding environment, that contamination is not
expected to be evenly distributed around the facility. In general, because of the prevailing wind
directions on the INEL, contamination will be found at highest levels and farthest distances
northeast and southwest of the facilities.

C-l-1.1.2 Background (T’able C-1.1)

Small concentrations of human-made or -enhanced radionuclides are found in environmental
media that have not been directly influenced by INEL operations or any other nuclear facility.
These background concentrations are due, in some cases, to natural generative processes (e.g., the
formation of 1291in the upper atmosphere)- The most common source for this contamination,
however, is worldwide fallout from nuclear weapons testing.

In general, background concentrations have been determined from samples taken from
outside the INEL boundaries. In certain cases, the investigators determined that onsite
background samples were available for their studies and these data are included in this report.

Background concentrations of fission products, neutron activation products, and transuranics
have been detected in soil, surface water, vegetation, small
feces, upland game birds, waterfowl, other birds, terrestrial
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mammals, game mammals, coyote
invertebrates, and rainbow trout.



Table C-1.1. Background concentrations of radionuclides in various environmental media on or

near the INEL but distant from facilities. Data are ranges unless otherwise noted.

Medium or Levels

hcation Nuclides (pCi g-l) References

Soil

Surface or 9osr

excavated by small 95Nb

mammals 137CS

144ce

~Pu
239puc

241~

Other yd

Offsite 9oc&.

137~

238pu
239puC
241~

Offsite, <10-cm 7Be

depth 90&

95Nb

95.-Zr

106RU

l~sb

134~

137~

144ce

238pu
23!)puc
241~

Other yd

Offsite ant mounds 60c0

137~

NDa -1.3

ND -0.20

0.30 -2.6

0.89b

ND -0.0089

ND -0.089

ND -0.017

ND

0.22-0.41’

0.54- l.oe

0.00030-0.0011’

0.017-0.035’

0.0030-0.0081’

ND -1.2

ND -8.9

ND -0.10

ND -0.20

ND -0.20

ND -0.23

ND -0.71

0.07(-) -3.0

ND -0.89

ND -0.022

ND -0.089

ND -0.027

ND

ND
o.o~7 - l.z~

Water

Arthur (1982)

Arthur and Markham

(1983)

Arthur et al. (1983)

Markham (1974)

Markham (1978)

Hoff et al. (1991)

Unpublished data from

RESL, 1971 to 1990

Blom et al. (1991)

Big Lost River 3H ND Unpublished data from

near MacKay 137& ND USGS

Gross LX ND

Gross ~ ND

Other yd ND

Bh-ch Creek near 3H ND

Blue Dome
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Table C-1.l. (continued).

Medium or Levels

Location Nuclides (pCi g-’) References

Lhtle Lost River 3H ND Unpublished data from

near Howe USGS

Mud Lake 3H ND Unpublished data from

USGS

Snake River 3H ND Markham (1974)

Gross a ND

Gross D ND

Vcgcbdtion

Crested 9osr

wheatgrass 137CS

238pu

239puc

241~

Pronghorn rumen 54Mn

contents %Nb

95zr

103Ru

106RU

l~sb

137~

140La

141ce

144ce

Other yd

Russian thistle 60c0

9osr

137~

23Spu

239puc

241~

Sagebrush and 1291~

grasses

0.15-0.41 Arthur (1982)

ND -0.38

ND -0.00051

0.0010-0.0020

ND -0.0010

ND -0.070 Markham et al. (1982)

ND -11

ND -8.4

ND -0.27

ND -1.5

ND -0.27

ND -1.5

ND -0.32

ND -1.0

ND -6.8

ND

1.0 -1.5

0.15 -1.1

ND -0.59

0.0010-0.0.0020

0.00049-0.0016

ND -0.00070

ND - 2.1 X10-6 McGiff (1985)

Arthur (1982)

Markham (1976)

Small Mdmmals

Cottontail !lOsr 0.30-0.65 Janke and Arthur (1985)
137~ ND -0.38
23spu ND -0.0081
239puc 0.000s 1-0.0030
241/4m ND -0.0030
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Table C-1.1. (continued).

Medium or Levels

Location Nuclides (pCi g-l) References

Deer mice 90& ND -6.2 Arthur et al. (1983)
137Q ND -15 Arthur et al. (1987)
238pu 0.00020-0.041
239puc 0.0020-0.92
241~ ND -0.70

Other yd ND

Pocket mice 137~ 0.30-25 Arthur et al. (1983)

Rabbit thyroids 1291g ND - 3.9x10-7 Fraley et al. (1982)

Game Mammals

Pronghorn muscle 54Mn ND -0.010 Markham (1974)

and liver 60c0 ND -0.059 Markham et al. (1976)
103Ru ND -0.038 Markham et al. (1982)
1291g,h 9.6x10-g t 8.0x10$ Hoff et al. (1992)
137~ ND -0.15

Other yd ND

Pronghorn bone 9oc.r 5.4 & 1.41’ Markham et al. (1976)

ash

Pronghorn bone 90& 1.9-19 Markham and Halford

ash 238pu ND (1980)
Markham et al. (1979)

Pronghorn thyroids 12@ 1.5X10-8- 7.1 X10-7 Markham et al. (1983)

Predaloiy Mdmmals

Coyote feces 60co
90!&.
106RU
137Q
238pu
239puc

241%
242cm
244(-m

Other yd

ND -0.20 Arthur and Markham

0.70 -1.2 (1982)
9.5~ Arthur et al. (1983)

ND -1.8

ND -0.0089

ND -0.010

ND -0.0049

ND -0.0070

ND -0.0059

ND

,
Upland Game Birds

Mourning doves 51cr ND -11 Markham and Halford
137CS ND -7.0 (1982)

Other yd ND
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Table C-1.1. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

Sage grouse GI gSNb ND -0.70 Connelly and Markham
95zr ND -0.70 (1983)
103Ru ND -0.59
137CS ND -0.20
141ce ND -0.81
144ce ND -1.5
Other yd ND

Sage grouse 103Ru ND -0.30 Connelly and Markham
muscle 106RU ND -1.5 (1983)

137~ ND -0.41
Other yd ND

Waterfowl

Mallard bone 90&

=Pu
239puc
241~
242cm
244cm

Mallard soft tissues 90&

238,239puc

241~

242,244cm

Waterfowl 137Q
60c0

Other yd

Waterfowl (whole All yd
body)

Waterfowl muscle 1291~

0.19-89
0.0073-0.026
0.0097-0.032

ND -0.011
ND

0.0086-0.016

().022 -0.18

ND

ND
ND

< l.oi

< l.oi

ND

ND

4.6 X1O-7 - 3.1 X1O-6

Other Birds

Markham et al. (1988)

Markham et al. (1988)

Halford et al. (1981)

Morris et al. (in
preparation)

Halford and Markham
(1984)

Horned Lark 137CS 0.21 & 2.5h Arthur and Janke (1986)

Immature barn 137CS o.54b Millard et al. (1990)

swallows
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Table C-1.1. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

Terrestrial Invertebrates

Composite 9osr o.7d Arthur and Janke (1986)
137~ 1.5-12 Arthur et al. (1983)
238,239puc ND”
241~ ND-
Other yd ND

Fish

Rainbow trout in 137(3 ND Overton and Johnson
Big Lost River . (1976)
above Arco

a.

b.

c.

d.

e.

f.

/3

h,

i.

j.

Not detected. Detection limits varied between studies.

Maximum.

Assumed to include both 239Pu and 240Pu.

Samples were analyzed by gamma scan.

95?%confidence interval on the geometric mean.

Range of geometric means.

Atoms 1291(atoms 1271)-1.

Mean k 1 standard deviation.

Mean only. No error reported.

Only one sample measured.

‘ 137CSdetected by RESL was 3.0 pCi g-l.The maximum background soil concentration 01
The maximum background concentration of 23g”z40Puin soils was 0.089 pCi g-l. Background soil
concentrations of 137CSand 23gn40Puwere log-normally distributed with GM of 0.81 and 0.018 pci

g-l, and GSD of 2.0 and 2.2, respectively.

C-1-l. 7.2.7 Trends. Between 1970 and 1990, radioactive decay should have resulted in a
37% decrease in surface soil concentrations of 137CS. Such a decrease was not ob~erved in the

soil data (Figure C-1.1), possibly due to continuing inputs from foreign atmospheric weapons tests
and the Chernobyl accident. Because of its long half-life, no decrease was expected or obsewed
for ‘91M0Pu (Figure C-1.2).
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No spatial trends were apparent in the offsite soil concentration data.

C-1-l. 7.2.2 Data Gaps. No background data are available for radionuclide concentrations
in raptors, reptiles, or bats. These data are necessary to determine the significance of
contamination that may be found in these organisms onsite. Some species of raptors and bats are
Threatened and Endangered (T&E) or C2 (being considered for proposal as threatened or
endangered; Moseley and Groves 1992) species.

The background data cited by Hoff et al. (1992) for 137Csconcentration in game mammals is
six times that found in onsite animals. This implies a deficiency in the background data
is expected that the background concentrations should be less than or equal to onsite
concentrations. These data should be updated.

C-i-1.1.3 Idaho Chemical Processing Plant Table C-1.2)

because it

The environment surrounding the ICPP has been contaminated with a variety of fission
products and transuranics. Studies of radioactive contamination from ICPP have been conducted
in soil, vegetation, rabbits, pronghorn, mourning doves, sage grouse, waterfowl, and fish from the
Big Lost River near ICPP.

In at least one case, the sage grouse study (Connelly and Markham 1983), samples were
collected from the ICPP~ area and no attempt was made to discriminate between the two
facilities. Although not generally made explicit, this confounding of data from the two areas may
be common for animal studies with some mobile species (e.g., birds or large mammals).

The maximum 137C.sconcentration in soil near ICPP was reported as 54 pCi g-l. This is
approximately 7% of the 137Csconcentration of SL-1 soils, the most contaminated soil after TRA

pond sediments. The maximum concentration of 137Csin ICPP soils was 1.8 times maximum
background concentrations (Table C-1.1).

The maximum soil concentration of 239’UOPuin soil near ICPP was 0.073 pCi g-l, which is
approximately O.1% of that found in SDA surface soils (the highest concentration reported other
than TRA pond sediments) and 82% of the maximum background (Table C-1.1).

The nuclide 12gIhas been of particular interest at ICPP because it is a result of the fuel
dissolution process and is transported relatively long distances from the plant by atmospheric
processes. Studies of vegetation (McGiff 1985) and rabbit thyroids (Fraley and Bowman 1982)
have identified 12gIcontamination in these media greater than background out to 30 km from the
ICPP. Iodine-129 has been detected above background concentrations in pronghorn tissues
site-wide (Markham 1974) and as far offsite as Craters of the Moon National Monument and
Monida Pass (Markham et al. 1983).
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Table C-1.2. Radioactive contamination of various environmental media near the ICPP at the
INEL. Data are ranges unless otherwise noted.

Levels

Medium Nuclides (pCi g-’) References

soil

Area surrounding 7Be
ICPP, <10-cm 54Mn

depth 60~
9ocJr
~SNb
95zr
106RU
lzssb
134~
137~
144ce
238pu
239pub
241~

Other Yc

NDa -0.81 Unpublished data from

ND -0.25 RESL, 1971 to 1989
ND -5.7
ND -27

ND -0.20
ND -0.20
ND -0.57
ND -0.81
ND -0.59
ND -54

ND -0.89
ND -0.37

ND -0.073
ND -0.035

ND

Vegetation

Sagebrush and lzgId

grasses <31 km
from ICPP

Pronghorn rumen 60c0

contents s1O km 95zr

from ICPP gSNb
106RU
l~sb
134CS
137~
140Ba
140La
141ce
144ce
154EU

Other yc

1.8x10-5 - 1.4x10-3 McGiff (1985)

ND -0.43 Markham et al. (1982)
ND -1.0
ND -1.8
ND -54
ND -4.1

.ND- 1.1 “
ND -24

ND -0.18
ND -0.18
ND -0.97
ND -2.2

ND -0.43
ND

Small Mammals

Rabbit 1291d ND -9.1 X1O4 Fraley et al. (1982)

thyroids <30 km
from ICPP

.

(ldme Mdmmals

.Pronghorn lungs 23Spu 0.00062’ Markham et al. (1976)

c 10 km from ICPP 239pub 0.00060” Markham et al. (1979)
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Table C-1.2. (continued).

Levels
Medium Nuclides (pCi g-’) References

Pronghorn muscle 60c0

and liver s1O km 65zn

from ICPP 134~
137CS

‘Pu
Other y’

Pronghorn bone ash 90Sr

s1O km from ICPP Z3apu

ND -0.10 Markham et al. (1976)
ND -0.035 Markham et al. (1982)
ND -0.15
ND -2.6
ND -2.0

ND

1.4-46 Markham et al. (1976)
ND -0.017 Markham et al. (1979)

Unland Game Birds

Mourning dove GI 51cr

60c0

95Nb

106RU

l~sb

1311

134(=s

137CS

Other y’

Mourning dove 51cr

muscle 60c0

134c~

137~

Other yc

Sage grouse GI at 51cr

TRA and ICPP 54Mn
58c0
60c0
65zn
75se
!?sNb
95-Zr
103Ru
134CS
137(=s
140La
141ce
144ce
203Hg

Other yc

ND -27
ND -1.2

ND -0.59
ND -54
ND -4.9
ND -15
ND -9.5
ND -140

ND

ND -0.49
ND -8.4

ND -0.70
ND -12

ND

ND -540
ND -0.70
ND -0.10
ND -25
ND -13
ND -4.6
ND -1.8
ND -1.1

ND -0.89
ND -27
ND -110
ND -0.59
ND -2.2
ND -7.0

ND -0.59
ND

Markham and Halford

(1982)

Markham and Halford
(1982)

Connelly and Markham
(1983)
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Table C-1.2. (continued).

Levels
Medium Nuclides (pCi g-l) References

Upland Game Birds

Sage grouse muscle ‘Na
at TRA and ICPP 54Mn

60c0
65zn
75se
%Nb
103Ru
134CS
137~
140)3a
203Hg

Other y’

ND -3.8 Connelly and Markham
ND -0.30 (1983)
ND -1.9
ND -1.5
ND -1.4

ND -0.20
ND -0.41
ND -5.7
ND -30
ND -2.7

ND -0.49
ND

Wdterfowl

ICPP waste 60~

ponds gsNb
95zr
106RU
134~
137CS
144ce

Other y’

0.57-18 Morris et al. (in preparation)
0.84 -2.6

0.70-0.81
3.8 -4.3

0.51 -2.6
o.~~ -38

ND - 3.0f
ND
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Rainbow trout in 137fi ND -2.4 Overton and Johnson (1976)
Big Lost River near
ICPP

a. Not detected. Detec[ion limits varied belwecn studies.

b. Assumed to include both ‘9Pu and 240Pu.

c. Samples were analyzed by gamma scan.

d. Atoms 1291(atoms 1271)-1.

e. Maximum.

f. Detected in a single sample.



C-/-l. 1.3.1 Trends.. Cesium-137 is found in above background concentrations out to a

distance of greater than 2 km from the stack at ICPP (Figure C-1.3). Background concentrations
were observed beyond about 10 km. No data are available for the intermediate distances so the
extent of the plume cannot be precisely determined. There is no evidence for a change in the
extent of the soil contamination plume but concentrations in the O to 5-cm depth decreased
significantly between 1973 and 1979. During the same period, concentrations in the 5 to 10-cm
depth have increased, arguing for downward migration of soil contamination. Sitewide,
concentrations of 137Csin the lower soil depth are about 18?4 of those in the surface soils.

With the exception of one data point, 2392q0Puis found in background concentrations at all
distances from the stack at ICPP (Figure C-1.4). A single, above background concentration was
observed at 1.7 km from the stack in 19S9, the last sampling from the ICPP grid. All other
samples, including those from greater distances, were at background concentrations. This single
point is insufficient evidence to argue for an increase in plume size; ICPP will be sampled again in
1996. Concentrations of 239n40Puremained constant in both soil depths between 1982 and 1989,
indicating little vertical migration of plutonium. Sitewide, concentrations of ‘9D40Pu in the lower
soil depth are negligible compared to those in the surface soils.

Because 1291is produced in the calcining process, it is reasonable to expect 1291

concentrations in the environment to increase in magnitude and extent when the calcining process

1291(1.6 x 107 y) and the strong affinhyis in operation. However, because of the long half-life of

for some chemical forms of iodine for orgmic fractions of the sod, it may not be reasonable to

expect decreases in contamination magnitude or extent when calcining stops. Studies are

currently under way to determine whether these arguments are valid. Similar arguments may hold

true for some transuranic elements.

C-1-l.7.3.2Data Gaps. Significant data gaps exist in the ICPP related data. Limited

vegetation and small mammal data are available, particularly for the transuranics and gamma-

emitting radionuclides. These data are important because these two groups sewe as the base of

the herbivore and carnivore food chains and because small mammals include one of INEL’s C2
species (the pygmy rabbit). Raptors, other birds, and bats, all of which include C2 species, are not
represented in the ICPP data. On the olher hand, the data that are important for human food
chain exposure, the game species, are well represented. Soil samples were not collected between
about 2 to 10 km from the stack and these samples are necessary to determine the extent of the
contamination plume at ICPP.

C-l-1.1.4 Subsurface Disposal Area (Table C-1.3)

90Sr and gamma-emitters have been detected in a variety of environmentalTransuranics, ,
media at SDA. Transuranics have been of particular interest because SDA has been used as a
transuranic storage area.

Media that have been thoroughly investigated include soils, vegetation, small mammals, and
coyotes. In addition, a limited amount of work has been carried out on mourning’doves, horned
larks, rattlesnakes, and terrestrial invertebrates. Contrary to the practice at other facilities, a
significant amount of environmental research has been conducted by RESL within the boundaries
of the SDA and these data are reported here.
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Table C-1.3. Radioactive contamination of various environmental media at and near the SDA.
Data are ranges unless otherwise noted.

Medium or Levels

Location Nuclides (pci g-l) References

soil

On SD~ 10-cm
depth

SDA perimeter
drainage, <10-cm
depth

<350 m from SDA
fence, <10-cm
depth

7Be
54Mn

60c0

90&

~5Nb

95zr

106RU

l~sb

ltisb

134~

137(=s

144ce

~Pu
239pub
241~

60c0
!lOsr
106RU
125Sb
134~
137CS
144ce
152EU
154EU
238pu
239pub
241Am
244cm

Other y’

60c0

90&

106RU

12sSb

137CS

144ce

Other y’

NDa -2.1
ND -0.41
0.11-62
ND -4.6
ND -41
ND -20
ND -12
ND -2.1
ND -5.4
ND -6.2
ND -2.0
ND -140
ND -1.4
ND -54

ND -300

ND -11
0.17-26
ND -1.4

ND -0.30
ND -0.068
0.081-16
ND -1.9

ND -0.21
ND -0.27
ND -0.81
0.010-38
0.022-51

ND -0.086
ND

ND -2.1
0.30-26
ND -5.1

ND -0.20
1.2- 3.8

ND -0.81
ND

Arthur (1982)
Arthur and Markham (1983)
Unpublished data from
RESL, 1972 to 1973

Markham (1978)
Markham et al. (1978)
Unpublished data from
RESL, 1978

Markham. (1978)



Table C-1.3. (continued).

Medium or Levels

Location Nuclides (pCi g-l) References

soil

<1.6 km from SDA 60c0

fence, <10-cm 9olJr

depth gSNb
95.7r
106RU
l~sb
137CS
144ce
238pu
239pub
241~

Other y’

<2.5 km from SDA 241~

fence, <10-cm 238pu

depth 239pub

ND -0.18 Unpublished data from
ND -2.5 RESL, 1971 to 1985

ND -0.20
ND -0.10
ND -0.30
ND -0.18
ND -3.5

ND -0.89
ND -0.0089

ND -0.35
ND -0.62

ND

8.4d Markham et al. (1978)
o.059d

2.6d

Vcf@ation

Crested wheatgrass 90&

on SDA 137CS

238pu

239pub
241Am

Other y’

Russian thistle on 60c0

SDA 9osr

137CS

238pu

239puIJ

241Am

Other yc

Vegetation on SDA 14qCe
Other yc

ND -2.7 Arthur (1982)
ND -3.0

ND -0.043
0.0020 -1.9
0.0030 -5.1

ND

0.41 -4.6 Arthur (1982)
ND -160 Markham (1976)
ND -57

ND -0.057
0.010-0.070
0.010-0.19

ND

ND -230 Arthur (1982)

ND
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Table C-1.3. (continued).

Medium or Levels

Location Nuclides (pCi g-l) References

Small MammaIs

Cottontail on SDA

Deer mice on SDA

Deer mice on SDA
perimeter drainage

Deer mice s350 m
outside SDA fence

C-I-21
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90&
137CS
238pu
239pub
241~

90&
137~
238pu
239pub
241~

57C0
60c0
95Nb
95zr
103,106RU
l~sb
134CS
137CS
238pu
239pub
241~

Other y’

60(-0
gSNb
95zr
137CS
238pu
239pub
241Am

Other -yC

ND -0.76 Janke and Arthur (1985)

ND -1.1
ND -0.0070

0.00049-0.035
0.00070-0.16

ND -3500 Arthur et al. (1987)
0.30-6200

0.00060 -8.9
0.00060 -3.0

ND -3.8

ND -5.7 Markham (1978)

ND -700 Markham et al. (1978)
ND -150
ND -62

ND -270
ND -57
ND -130
ND -620
ND -41

ND -2100
ND -270

ND

ND -23 Markham (1978)

ND -54 Markham et al. (1978)
ND -24
ND -16

ND -0.089
ND -5.7

ND -0.59
ND



Table C-1.3. (continued).

Medium or Levels

Location Nuclides (pci g-l) References

Predatory Mammals

Coyote feces on 60c0

SDA 9ocJr
134~
137Q
238pu
239pub
241~

Other y=

ND -1.7 Arthur and Markham (1982)
ND -5.0
ND -1.7
ND -30

ND -0.073
ND -3.0

0.0049 -2.3
ND

Upland Game Birds

Mourning dove GI 137Q ND -4.0 Markham and Halford

on SDA (1982)

Mourning dove 137~ ND -0.89 Markham and Halford
muscle on SDA (1982)

Other Birds

Horned lark 137Q. 1.1 ~ z.5e Arthur and Janke (1986)

on SDA Other y’ ND

Reptiles

Rattlesnake 137~ 0.32 & 0.21’ Arthur and Janke (1986)

on SDA Other y’ ND

Terrestrial Invertebrates

SDA composite 9osr 2.4 k 3.2’ Arthur and Janke (1986)
137~ 0.46 * 0.54’
23spu 0.()()s1 k 0.011’
239pub 0.078 A O.lle
241Am 0.022 & 0.020’
Other yc ND

a. Not detected. Detection Iimi[s varied bclwcen studies.
b. Assumed to include both ‘9Pu and 2-lopu.

c. Samples were analyzed by gamma scan.

d. Maximum.
e. Mean &1 standard deviation.
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The maximum soil concentration of 137CSwas reported as 16 pCi g-l and was found at the

SDA perimeter (Markham 197S). This concentration is approximately 2% of the maximum
reported for SL-1 soils but six times maximum background concentrations (Table C-1.1).

The maximum soil concentration of 239$240Puat the SD~ found within the facility fence, was
reported to be 54 pCi g-l (Arthur and Markham 1983). This value was the largest reported soil
concentration among the studies reviewed here and was 600 times the maximum background
concentration (Table C-1.1).

C-I-7. 7.4.7 Trends. The data for SDA soils, vegetation, and, to a lesser extent, small
mammals are quite comprehensive with respect to spatial extent and radionuclide coverage. The
transuranic elements 238pu, ZWZ40PU,and 241Am have been detected at above background
concentrations in soils on the SDA and out to 1.0, 2.4, and 2.5 km, respectively, from the SDA
perimeter (Markham et al. 1978). In small mammals, above-background concentrations were
detected out to about 350 m from the SDA fence. Highest concentrations, for soil and small
mammals, were found at the SDA perimeter drainage area, and concentrations decreased with
distance from the fence. Transport to that point was attributed to localized flooding and
transport beyond that point to windblown materials. Similar conclusions have been drawn for
gamma-emitters in soils and small mammals (Markham 1978).

The RESL soil sampling data show above-background concentrations of 137Csout to 42 m
from the SDA fence in 1978 (Figure C-1.5). In 19S5, no soil samples outside the SDA fence had

‘ *37CS This finding implies a possible decrease inabove-background concentrations 01 .
contamination levels from the SDA and might be attributed to the addition of extra soil layers on
portions of the SDA since 197S (Arthur et al. 19S6) as well as decay of the 137CStransported off
the SDA by flood waters in the 1960s. Although the increase in 137CScontamination of the 5 to
10-cm soil layer (Figure C-1.5) is not statistically significant, downward migration of 137Csmay
also have. contributed to the decrease in surface soil contamination.

Above-background concentrations of 239-240Puwere found out to 94 m from the SDA fence
in 197S and 43 m from the fence in 19S5 (Figure C-1.6). Combined with the Markham et al.
(197S) data, which were based on samples collected in 1973, the soil contamination plume appears
to have decreased in extent over a 12-year period. This apparent decrease cannot be attributed
to decay because of the long half-life of the nuclides involved. There is some indication that the
downward migration of 23902d0Pumay be responsible for this decrease because concentrations in

the 5 to 10-cm layer were higher in 1985 than in 1978 (Figure C-1.6) but too few data exist to
make firm conclusions.

C-1-1.7.4.2 Data Gaps. No data are available for radioactive contamination of game

mammals, raptors, or bats near SDA. All O( these are relatively important gaps: game mammals

for assessing human food chain transport and raptors and bats for assessing potential doses to

T&E or C2 species. Data are limited for birds in general and this gap limits our ability to

determine potential doses to Loggerhead shrikes, a C2 species. Further transuranic analyses of

soil samples from the 5 to 10-cm soil layer would help to determine whether dowhward migration
of transuranics is responsible for the apparent decrease in the extent of the transuranic
contamination plume.
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C-l-1.1.5 SL-I Area (Table C-1.4)

Ail the available data for environmental contamination at the SL-1 facility (except the RESL
soil data) are from two studies (Arthur et al. 1983; Markham and Halford 1982).
Gamma-emitters were investigated in soils, small mammals, coyote feces, mourning doves, and
terrestrial invertebrates. In addition, transuranics were measured in soils by RESL.

Cesium-137 was the most common radionuclide detected with a maximum detected
concentration of 700 pCi g-l in soils (Arthur et al. 1983). This concentration is the largest for soil
reported in the studies reviewed here (other than TRA pond sediments which are four times
greater; Table C-1.5) and is 240 times the maximum background soil concentration (Table C-1.1).

2~9.2A0Puat SL-1 was 0.046 pCi g-l. This concentrationThe maximum soil concentration of -
is about 0.099%of the maximum contamination at the SDA and about half the maximum
background.

C-/-l. 7.5.7 Trends. The RESL soil data from the ARA/SL-l area were sampled from a

radial grid centered on ARA-11. SL-1 is located about 600 m from ARA-11 in a downwind

direction, and a small peak is observable in these data at this location (Figure C-1.7). Thus, while

SL-1 contributes to the RESL data for this area, the focus of the data is ARA.

In 1977, surface soils at ARA were contaminated with 137CSat above-background
concentrations out to 1.5 km from the center, the farthest distance to which samples were taken.
In 1985, the extent of the contamination was 1.0 km, also the farthest distance at which samples
were taken (Figure C-1.7). The only conclusion possible from these data is that the true extent of
the plume is unknown. From the observed concentrations, however, it is unlikely that the above-
background plume extends much beyond 2 km.

Above-background concentrations of 239s2q0Puwere detected in 1977 at 0.1 km from ARA-11
(Figure C-1.8). This location was not sampled in 1985 so no above background concentrations
were detected that year. There is no evidence for expansion of the ~9*240pu concentration plume.

C-I-1.1.5.2 Data Gaps. No da[a exist for the SL-1 waste disposal area relative to
vegetation, game mammals, raptors, bats, or reptiles; and limited data are available for other
media. Although these data gaps might be important, the relatively small area and lack of
continued operations at SL-1 make them less likely to be significant. On the other hand, the
large soil concentration of 137CSmay indicate that further work should be done to determine the
potential for spread of this contamination. The extent of the contamination plume should be
defined by sampling soils at greater distances ti-om ARA-11 than have been previously sampled.

C-l-1.1.6 Test Reactor Area (Table C-1.5)

The contamination of environmental media near TRA has been intensively sjudied.
Gamma-emitting and transuranic radionuc]icies have been detected in soils; sediment, vegetation,
and water from the radioactive waste percolation pond; small mammals; coyote feces; raptors;
upland game birds; waterfowi; and barn swaiiows. Almost all studies at the TRA have been
focused on the currently inactive, radioactive waste percolation ponds.
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Table C-1.4. Radioactive contamination of various environmental media at the SL-1 area of
INEL. Data are ranges unless otherwise noted.

Medium or Levels
Location Nuclides (pCi g-l) References

soil

ARA/sL-l 52Mn

54Mn

60c0

9oc&

95Nb

95zr

106RU

125Sb

134C5

137CS

140Ba

144ce

152EU

155EU

238pu
239pub
241Am

Other y’

NDa -8600 Arthur et al. (1983)

ND -0.10
ND -11 Unpublished data from
ND -57 RESL, 1971 to 1985

ND -0.20
ND -0.30
ND -0.20
ND -0.24
ND -0.46
ND -700
ND -4.1

ND -0.70
ND -0.59
ND -0.41

ND -0.025
0.0081-0.046

ND -0.020
ND

Small Mammals

Deer mice at SL-1 54Mn ND - 2.7d Arthur et al. (1983)
%Nb ND - 70d
137CS 4.1-1300
141ce ND - 14d
144ce ND - 2.7d
Other y’ ND

Pocket mice at SL-1 137C5 0.041-25 Arthur et al. (1983)

Predatory Mammals

Coyotefecesat !)5zr ND - 6.8d Arthur et al. (1983)

SL-1 106RU ND - 18d
137(-5 0.41-11
Other yc ND

Upland Game Birds

Mourning dove GI 137C5 ND Markham and Halford

(1982) ~

Mourning dove
137C5 ND Markham and Halford

muscle (1982)



Table C-1.4. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

Terrestrial Invertebrates

SL-1 composite 137~ 0.30-86 Arthur et al. (1983)
Other y’ ND

a.

b.

c.

d.

Not detected. Detection limits varied between studies.

Assumed to contain both 239Pu and 240PU.

Samples were analyzed by gamma scan.

Detected in a single sample.
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Table C-1.5. Radioactive contamination of various environmental media from TRA at INEL.
Data are ranges unless otherwise noted.

Medium or Levels
Location Nuclides (pCi g-l) References

\
soil

Radioactive waste
pond sediments

Radioactive waste
pond sediments

Barn swallow nests
made with
radioactive waste

“ pond sediment

Ant mounds at the
radioactive waste
pond

Area surrounding

TRA, e 10-cm

depth

238pu
239pub
241~
242cm
244(-M

238pu
239pub

46sC
51cr
54Mn
57C0
58c0
59Fe
60c0
65zn
95zr
103Ru
106RU
1311
134(-5
137~
140J3a
141ce
144(-e
181Hf

Other y’

60c0
137(3

7Be
5~Mn
60c0
9osr
gsNb
95-Zr
lzssb
134C5
137C5
141ce -

13 & 5.4’
3.2 * 2.2”
2.4 ~ 1.1”

0.54 & 0.27a
4.1 & 1.1”

41 & 4.3”
43 * 4.9”

1.4 & ().95”
6200 & 12000”

10 & 10”

3;5 & 3.8”
9.2 & 8.4”
2.4 * 4.6”

$340& 950”
49 & 51”
6.5 & 9.5”
1.4 ~ 0.g5”
10 * 27”
23 & 35”

370 * 350”
z500 ~ 2500”

32 ~ 54”
32 * 3g”

110 & 140”
10 & 14”

NDd

3.2-49’
12-270’

ND -0.76
ND -0.059

ND -68
ND -5.7

ND -0.089
ND -0.081
ND -0.22
ND -2.7
ND -220

ND -0.041
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Table C-1.5. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

Area surrounding 144& ND -1.0

TR~ <10-cm 152EU ND -0.70

depth 155EU ND -0.11
238pu ND -0.016
239pub ND -0.065
241~ ND -0.016

Other y’ ND

Water

Radioactive waste =Pu 0.0018 & 0.00022’ Kuzo et al. (1987)
pond filtered water 239pub 0.00035& 0.00049’ Markham et al. (1988)

241Am 0.0012 & 0.00035’
242(-m 0.0013 * 0.00049’
24~cm 0.0020 A 0.00060’

Radioactive waste ~Pu 0..00081f Ibrahim and Culp (1989)

pond 239pub o.00070f

Vegetation

Radioactive waste 23Spu 410 * 84’ Kuzo et al. (1987)

pond periphyton 239pub 140* 43’ Markham et al. (1988)
2~1Am 110 & 24’
2~zCm so & 8.1’
24~cm 180 & 54’

Radioactive waste 23Spu 14 & @ Kuzo et al. (1987)

pond plankton 230Pub 9.5 & Zoa Markham et al. (1988)
241Am 8.1 & 7.8’
242cm 3.2 & ().gla
244cm 11 ~ &5a

Radioactive waste 238pu 130 & 46’ Ibrahim and Culp (1989)

pond plankton 239pub 150 * 49’

Small Mammals

Internal 2Mpu ND -0.14 Halford (1987)

contamination from 239pub ND -0.10

radioactive waste 241Am ND -0.043

pond basin 242cm ND -0.059
24.!cm ND -0.062
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Table C-1.5. (continued).

Medium or Levels

Location Nuclides (pCi g-l) References

External ‘Pu ND -5.9 Halford (1987)

contamination from 239pub ND -2.3

radioactive waste 241~ ND -1.6
pond basin (gut and 242Cm ND -0.030

hide) 244cm ND -1.8

Radioactive waste Slcr

pond basin
60c0

65zn

75c&

95Nb

1311

134CS

137CS

140La

141ce

144ce

Other y’

7oog Halford and Markham
320g (1978) ‘
73g
’25g

ND -15
73g
Sog

270g
17g

ND -38
ND -26

ND

Predatory Mammals

Coyote feces from 54Mn

radioactive waste 57C0

pond perimeter 60c0
65zn
9osr
95Nb
95zr
103Ru
134(-s
137CS
144ce
23Spu
239pub
241Am
242cm
244cm

Other y’

ND -120 Arthur and Markham (1982)
ND -0.51
0.59-150
ND -3.8
2.7-22
ND -11
ND -9.5
ND -1.1
0.59-17
ND -270
ND -35

ND -0.073
ND -3.0

0.0041 -2.3
ND -0.030
ND -0.026

ND

Raptors

Kestrel Many yi’ 0.30-43 Craig et al. (1979)

Long-eared owl 137CS ND -0.41 Craig et al. (1979)

Other y’ ND
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Table C-1.5. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

Marsh Hawk Many yh 35-86 Craig et al. (1979)

Upland Game Birds

Mourning dove GI 51cr
60c0
54Mn
57C0
58c0
65zn
75se
gsNb
95zr
103Ru
lzssb
1311
134~
137(3
140Ba
140La
141ce
144ce
181Hf

Other y’

Mourning dove 51cr

muscle 60c0
75se

9sNb
1311
132C5
134Cs
137CS

Other y’

ND -2600 Markham and Halford
ND -230 (1982)
ND -8.6

ND -0.30
ND -0.49
ND -22
ND -11
ND -46
ND -38

ND -0.89
ND -4.9
ND -86
ND -41

ND -430
ND -4.9
ND -3.0
ND -38
ND -68
ND -17

ND

ND -140 Markham and Halford
ND -2.2 (1982)
ND -6.5

ND -0.20
ND -1.8
ND -89
ND -19
ND -7.0

ND
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Table C-1.5. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

Upland Game Birds (Continued)

Sage grouse GI at 51cr

TRA and ICPP 54Mn
58C0
60C0
65zn
75se
gSNb
95zr
103Ru
134~
137(3
140La
141ce
144ce
203Hg

Other y’

ND -540 Connelly and Markham

ND -0.70 (1983)
ND -0.10
ND -25
ND -13
ND -4.6
ND -1.8
ND -1.1

ND -0.89
ND -27
ND -110
ND -0.59
ND -2.2
ND -7.0

ND -0.59
ND

Sage grouse muscle 24Na

at TRA and ICPP 54Mn
60c0
65zn
75se
~sNb
103Ru
134CS
137Q
l~OBa
203Hg

Other y’

ND -3.8 Connelly and Markham
ND -0.30 (1983)
ND -1.9
ND -1.5
ND -1.4

ND -0.20
ND -0.41
ND -5.7
ND -30
ND -2.7

ND -0.49
ND

Waterfowl

C-I-35

....4 ,,.!,mm.Z.,-—T..T —- -—--- . \,.- -------.. . ——. -..:.= —-.-..—.------ .- ... . .. ..., , ..... ---, ........

TRA chemical 137CS 0.19-0.62 Morris et al. (in preparation)
waste 198AU 3.0i
ponds (whole body) Other yc ND



Table C-1.5. (continued).

Medium or Levels

Location Nuclides (pCi g-l) References

TRA radioactive
waste ponds
(muscle,
skin, liver, gut
feathers)

TRA radioactive
waste ponds
(muscle)

TRA radioactive
waste ponds
(muscle)

“Na
46sC

Slcr

54Mn

57C0

58c0

59Fe

60c0

65zn

75se

95Nb

95’7r

103Ru

106RU

11OMA,
L

124Sb

1311

132Te

134~

136cS

137Q

140J3a

140La

141ce

144ce

l~7Nd

154EU

175Hf
181Hf

Oiher y’

51cr

58C0

(iOco
65zn

75se

1311

134CS

137CS

Other yc

1291j

ND -73 Halford et al. (1981)
ND -380
130000g

ND -350
ND -120

1700g
ND -270

7ooo~
1500g
590g

ND -6500
ND -6800
ND -3800

ND -59
ND -89
ND -3.0

2100g
81g

1200g
ND -17

5400g
ND -12000

5900g
8100g
6SOOg

ND -3000

ND -12

ND -7.0

ND -4900

ND

ND -210 Halford et al. (1982)

ND -65

ND -140

ND -240

ND -320

ND -300

ND -920
ND -4100

ND

1.5x10-7 - 3.8x10-6 Halford and Markham
(1984)
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Table C-1.5. (continued).

Medium or Levels
Location Nuclides (pCi g-l) References

TRA radioactive Slcr

waste ponds (whole 54Mn

body) 60~
65zn
75se

95Nb

llOMAg

l~sb

134CS

137~

141ce

181Hf

203H~

Other y’

TRA sewage 1291j

disposal pond
(muscle)

8.6-260 Morris (1993)
2.1 -3.5 Morris et al. (in preparation)
1.4-180
1.6-35
3.0-18

ND - 2.5i
ND - 2.7i
ND - 590i
0.81-20
5.4-460
ND - 10i
ND - 3.2i
4.3 -8.1

ND

2.8x10-7 -4.6x10% Halford and Markham
(1984)

Other Birds

Immature barn 24Na

swallows near TRA 51cr

60c0

65zn

75cJe

1311

134CS

137~

140Ba

Other yc

Immature barn 24N;1

swallows at TRA 51Cr

60c0

65zn

75se

1311

134CS

137CS

140Ba

Other y’

32 ~ 35” Millard et al. (1990)
57 & 57”

2.4 ~ 1.3”
22 ~ 4.6”
5.9 A 2.6”
8.1 A 13’
3.2 ~ 2.0”
7.() ~ 4.6”
5.9 ~ 4.6”

ND

150 * 150” Millard et al. (1990)
300 * 350”

21 & 18”
~40 * 140”

62 A 38”

65 * 41”
15 & 10”
54 & 41”
46 ~ 35”

ND



Table C-1.5. (continued).

Medium or Levels

Location Nuclides (pCi g-l) References

Mature barn ‘Na

swallows at TRA Slcr

60c0

65zn

75se

1311

134CS

137(=s

140Ba

Other y’

a.

b.

c.

d.

e.

f.

&

h.

i.

].

Mean k 1 standard deviation.

Assumed to include both 239PU

230 * 190’ Millard et al. (1990)
430 * 260a

41 * 21’

160 * 110’
140 * 100a
150 * 130’
35 ~ 27’

170 k 160’
22 & 21’

ND

and 240Pu.

Samples were analyzed by gamma scan.

Not detected. Detection limits varied between studies.

Range of geometric means.

Mean only. No error reported.

Maximum.

Combined results from many gamma-emitting radionuclides.

Detected in a single sample.

Atoms 1291(atoms 1271)-1.

The sediments of the radioactive waste percolation ponds at TRA are the most
contaminated soils in the studies reported here. The mean concentration of 137CSin barn swallow
nests made with TRA pond sediments was 2,500 pCi g-l. The mean concentration of ‘9~U0Pu in
TRA pond sediments was 43 pCi g‘]. However, as noted above, comparison of these values with
values for terrestrial soils may be invalid. The maximum lwG and ZSgIZ’$Opuconcentrations found

in the RESL surveys of the area surrounding the TRA were 220 and 0.065 pCi g-l, respectively.
For 137CS,this value is 32% of the maximum soil concentration found at SL-1 (Table C-1.4) and
75 times background (Table C-1.1). For ‘39.240Pu,this represents 0.1% of the m~jmum at the
SDA (Table C-1.3) and 73% of background (Table C-1.1).

C-1-l. 1.6.7 Trends. Cesium-137 was found in above background concentrations in surface
soils out to 750, 280, and 600 m in 1976, 19S3, and 1990, respectively (Figure C-1.9). Thus, there
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at the soil surface down to 5 cm or from 5 to 10 cm. The offsite error bar indicates the median
background concentration *1 GSD. The above background concentration in the surface soil
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is no evidence for a regular pattern of exp~nsion or contraction of the plume size over the
14 years studied. There was a statistically significant increase in average 137CSconcentration
within the 5 to 10-cm soil layer between 1976 and 1983, indicating that downward migration was
occurring.

The surface soil concentration of 239$2q0Puwas determined in only one year (1976) and is
therefore insufficient to determine temporal trends. Above background concentrations were
found out to 28 m from the fence (Figure C-I.1O).

Few data sets allow estimation of spatial trends in media other than soil. Craig et al. (1979)
found decreasing concentrations of radioactivity in raptors with distance from the TR~
probablydue to decreasing contamination of the prey. They estimated that the maximum distance
at which radionuclides from the TRA/ICPP complex could be detected in nestling raptors was
3.5 km.

C-/-l. 7.6.2 Data Gaps. The data set from the TRA is the most complete set in this review
with respect to the environmental media covered. In spite of this, a significant data gap exists.
No data are available in these studies for contamination of terrestrial vegetation near TRA.
Thus, no data are available for the base of the terrestrial food chain.

The radioactive waste percolation pond has been the focus of most of the studies at TRA
because it has probably been the most significant source of contamination. However, remediation
activities have been completed for the pond, which has been replaced with a lined evaporation
pond. Thus, the data currently available may not be applicable to future operations at TIL&

Studies of the waterfowl using the new pond have been initiated. Studies of the terrestrial
environment surrounding the pond will also be necessary to determine the potential impact of the
new pond on radioactive contamination of the environment.

C-l-1.1.7Miscellaneous Locations (Table C-1.6)

Limited amounts of data are available for other locations on- and offsite which have been
influenced by INEL operations. These locations include ANL-W; the BORAWEBR-I area; CFA;
NRF, the area surrounding PBF, SPERT, and WROC; TAN; and various other locations on- and

offsite.

Radionuclides detected at these locations include 12919’%r,gamma-emitters, and
transuranics. The media include soils from the RESL surv~ys, game mammals, upland game birds
and waterfowl.

The maximum detected soil concentration of 137Cswas 120 pCi g-l found in soils from the
area surrounding the NRF. This maximum is 17% of the maximum concentration at SL-1 and
40 times background concentrations. The maximum detected soil concentration of ‘9’wOPu was
0.041 pCi g-l, from a survey of soils near all facilities. This value is 0.08% of the maximum
concentration at the SDA an(i 45Yc of maximum background. The maximum soil concentrations
of 137Csand ‘9’240Pu detected in a survey conciucted near all facilities onsite (Markham 1974)
were 24 and 0.076 pCi g-l, respectively.
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Figure C-1.1O. Concentrations of 239S240PUin the soil downwind from TRA. Samples were taken
at the soil surface down to 5 cm or from 5 to 10 cm. The offsite error bar indicates the median
background concentration A1 GSD. The above background concentration in the surface soil
layer found at the farthest distance from the stack in each year is indicated by an arrow.

C-I-41



Table C-1.6. Radioactive contamination of various environmental media at miscellaneous
locations on or influenced by INEL. Data are ranges unless otherwise noted.

Location and Levels
Medium Nuclides (pCi g-’) References

soil

Near all
facilities

Area surrounding

ANL-W, <10-cm

depth

Area surrounding

BORAX/EBR-1,
<10-cm depth

Area surrounding

CFA, c 10-cm

depth

90&
137Q
144ce
23spu
239pub

9of&
95zr
106RU
137CS
144ce
238pu
239pub
24IAm

Other yd

‘Be
90&
137c~
144ce

‘SPU

‘9 Pub
241Am

Other yd

7Bc
90Sr
137CS

~~~Pu
239pub
24lAm

Other yd

27a
24a

0.89’
0.057’
0.076’

NDC -0.81
ND -0.20
ND -0.20
ND -2.0

ND -0.51
ND -0.010
ND -0.032

ND -0.0081
ND

ND -1.2
ND -0.86
ND -2.0

ND -0.70
ND -0.0041
ND -0.041
ND -0.015

ND

ND -0.70
ND -0.78
0.041 -2.6

ND -0.0041
ND -0.018

ND
ND

Markham (1974)

Unpublished data from
RESL, 1971 to 1986

Unpublished data from

RESL, 1971 to 1987

Unpublished data from

RESL, 1976 and 1987
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Table C-1.6. (continued).

Location and Levels

Medium Nuclides (pCi g-l) References

Area surrounding 60c0

NRF, c 10-cm 9osr

depth Itisb
134CS
137~
144ce
238pu
239pub
241~

Other yd

ND -15 Unpublished data from
ND -3.5 RESL, 1971 to 1987

ND -0.57
ND -0.46
ND -120
ND -0.51
ND -0.086
ND -0.025
ND -0.014

ND

soil

Area surrounding 7Be
PBF/SPERT/WRO 60c0

c, 9osr

e 10-cm depth 137c~
144CC
23Spu
239pub
241AM

Other yd

Area surrounding 60c0

TAN, e 10-cm 9osr

depth 137CS
144CC
238pu
23~pulJ
2~1Am

Other yd

ND -4.6 Unpublished data from
ND -0.41 RESL, .
ND -0.49 “ 1971 to 1989
ND -1.4

ND -0.51
ND -0.0051
ND -0.026

ND
ND

ND -0.38 Unpublished data from
ND -1.2 RESL,
ND -24 1971 to 1988

ND -0.30
ND -0.0041
ND -0.035
ND -0.086

ND

Game Mammals

Sitewide mule deer 137~

muscle and liver Other yd

Sitewide pronghorn 54Mn
muscle and liver 60c0

1291e
134CS

137c~

Other yd

ND -0.025 Hoff et al. (1992)
ND

ND -0.010 Markham (1974)
ND -0.0016 Hoff et al. (1992)

1.6x10-C- 3.9x104
ND -0.0041
ND -0.049

ND
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Table C-L6. (continued).

Location and Levels
Medium Nuclides (pCi g-l) References

Mule deer thyroids 1291c 6.5x10-7 - 7.9x104 Markham et al. (1983)
from Monida Pass

Pronghorn thyroids 1291e 7.5 X10-7 -3.0X104 Markham et al. (1983)

from near Craters

of the Moon

National Monument

Pronghorn thyroids 1291e,f 3.9 X10-6 Markham et al. (1983)
from the Medicine

Lodge area

Upland Game Birds

Mourning dove GI

at TAN

Mourning dove GI

at ANL-W

Mourning dove GI

at NRF

Mourning dove

muscle at TAN

Mourning dove

muscle at ANL-W

Mourning dove

muscle at NRF

137CS ND -1.6 Markham and Halford
(1982)

137CS ND -3.3 Markham and Halford
(1982)

137CS ND Markham and Halford
(1982)

137CS ND -1.1 Markham and Halford
(1982)

137CS ND -0.59 Markham and Halford
(1982)

137CS ND Markham and Halford
(1982)

Waterfowl

ANL-W All y~ ND Morris et al. (in preparation)

NRF All yd ND Morris et al. (in preparation)

TAN 60co 0.20-0.35 Morris et al. (in preparation)
137CS 0.25-0.62
Other yd ND
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Table C-1.6. (continued).

Location and Levels
Medium Nuclides (pCi g-l) References

a.

b.

c.

d.

e.

f.

Maximum.

Assumed to include both ‘9Pu and 240Pu.

Not detected. Detection Iim.itsvaried between studies.

Samples were analyzed

Bq 1291g-l iodine.

by gamma scan.

Mean only. No error reported.

C-1-l. 1.7.1 Trends. Soils surrounding ANL and PBF/SPERT/WROC do not contain
concentrations of 137Csor ‘g$240Pu at above-background levels (Figures C-1.11 through C-1.14).

At the NRF, 137Cswas found in above-background concentrations out to 14 and 9 m in 1980
and 1988, respectively (Figure C-I. 15). The small difference between the concentrations at these
locations and the small distances involved do not provide sufficient evidence for a change in the

‘9*U0PU in any year at NRF.size of the contamination plume. There was no analysis for

Soils surrounding facilities at TAN have not contained above-background concentrations of

‘9t240Pu in any measurement year since the first RESL measurements in 1976 (Figure C-1.16). In

1976, *37CSwas not detected in above background levels, either. However, in that year, samples

were only taken from around the LO~ hcility. In 1981 and 1989, sampling was expanded to the

areas surrounding IET, WRRTF, and TSF, all at TAN. This additional sampling has found

above-background concentrations of 137CSout to 24 m from the fence surrounding TSF

(Figure C-1.17). There appears to be no change in the extent of the plume between 1981 and

1988.

In most cases, spatial or temporal trends cannot be determined for environmental media

other than soils. However, the contamination of game mammal thyroids with 1291provides

evidence that contamination from the ICPP has spread several miles from the lNEL boundary.

Contaminated thyroids have been found from as far away as Craters of the Moon National
Monument and Monida Pass (Markham et al. 1983). In contrast, the concentration of
gamma-emitters in game mammal tissues on site are equivalent to background concentrations
(Hoff et al. 1992; Table C-1.1). This issue needs further exploration.

,

C-I-7. 7.7.2 Data Gaps. Substantial da~a saps exist for the facilities grouped together
under this heading. The only cases where data are surlicient to determine current contamination
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are soils, gamma-emitters in waterfowl, and 137Csin mourning doves. Surveys of the environment

surrounding these facilities would allow determination of the potential for harmful contamination
levels surrounding these facilities.
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C-l-2. DISCUSSION

C-I-2.1 Extent of Contamination

The farthest distance from any facility to which lw~ or 23g!MCIpucontamination was found at

above background levels in soils was greater than 2 km but less than 10 km. This situation
occurred at ICPP. Using the most recent values for the maximum extent of the plumes around
the nine facilities examined in this report and assuming that each plume is an ellipse with the
short axis half the length of the long axis, the total contaminated area onsite is approximately 160
km2. This area is approximately 7% of the total area of the INEL.

There is evidence that contamination from INEL facilities, particularly ICPP, extends much
farther. As indicated in the ICPP section above, 1291has been detected in vegetation and
mammal thyroids at great distances from the ICPP including areas well offsite. The source of this
contamination and the mechanism of transport have not been conclusively demonstrated but it is
presumed to be wind-borne contamination from ICPP (Markham 1974; Fraley and Bowman 1982;
Markham et al. 1983; McGiff 19S5).

C-l-2.2 Potential for Spread of Contamination

No evidence exists for increases in the horizontal extent of contamination plumes from any
facility on the INEL. There is evidence, however, for very slow downward migration of *37CS,
probably due to transport by water. This process is undoubtedly slow because of the tendency of

137CS to bind strongly to soils (Whickcr and Schultz 1982) and the concentration is expected to

decrease rapidly and nonlinearly with depth. The concentration of 137CS in the 5 to 10-cm soil

layer is approximately 18%$ of that in the O to 5-cm soil layer.

Although the evidence is slight, there is a potential for radioactivity to be transported away
from the soil contamination areas by animals. The potential exists for approximately
19,048 waterfowl y-l using INEL ponds to transport 86 pCi y-l (6.1 pCi/g-l/y-l) of gamma emitting

137CS This waterfowl transport isradioactivity offsite. Seventy-seven percent of that activity was .
likely to be the most important single source of offsite transport of radioactivity from the INEL
by biota (Hoff et al. 1991).However, this small amount of radioactivity, added to the soil when a
waterfowl dies and decays ofliite, would not add significantly to the background soil concentration
of 137CS(Hoff et al. 1991). Thus, biotic transport of radioactivity offsite is likely not a concern at
the INEL.

C-l-2.3 Potential for Harm to Human Receptors

The primary pathways by which humans could receive radiation dose from radioactivity in
the INEL environment are through direct exposure to gamma radiation, ingestion or inhalation of
contaminated soil, ingestion of contaminated vegetation, or ingestion of contaminated meat.
Because the general public does not have access to the INEL and access to contaminated areas is
tightly controlled for INEL workers, the first three pathways are generally not open. The final
pathway, ingestion of contaminated meat, may be open for the general public because wildlife
which become contaminated onsitc may bc hunted offsite.
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Several authors have calculated potential doses to humans from consuming contaminated
meats (Fraley and Bowman 1982; Markham and Halford 1982; Markham et al. 1982; Connelly and
Markham 1983; Halford and Markham 1984; Halford 1987; Markham et al. 1988; Morris 1993;
Morris et al. in preparation). In every case, the predicted potential doses have been found to be
insignificant relative to DOE standards and background doses. For example, although the
consumption of waterfowl using radioactive waste ponds on the INEL was the pathway which
provided the greatest reported potential dose to humans from consuming contaminated wildlife
(Hoff et al. 1991), the maximum potential committed effective dose equivalent from consumption
of the most contaminated duck in the study, was 40 pSv (Morris 1993; Morris et al. in
preparation). This value is 4% of the DOE annual limit for exposure of the public to effluents
from normal operations (DOE 1990) and about 1% of the estimated annual effective dose
equivalent due to natural background radiation at the INEL (Hoff et al. 1991).

Based on these results and the concentrations of radionuclides observed in environmental
media throughout the site, it is very unlikely that any human individual could receive a dangerous
dose from radioactivity deposited in the environment by INEL activities.

C-l-2.4 ,Potential for Harm to Nonhuman Receptors

When discussing the potential for harm to nonhuman receptors, it is important to distinguish
between harm to individuals and harm to populations. In most cases, biologists are primarily
concerned about harm to populations. For most populations, large numbers of individuals can
suffer morbidity or mortality without affecting the viability of the population of which they are
members. However, in the case of T&E species, where the viability of the population is already
in question, harm to individuals becomes an issue.

Because of the Iimjted data available, it is difficult to determine the potential for harm to
individuals of INEL’s T&E and C2 species from radioactive contaminants in the INEL
environment.

For some of the T&E or C2 species on the INEL, data about distribution and home range
size are insufficient to delcrmine whether the species are potentially exposed to high levels of
contamination. Projects are underway to provide such information for ferruginous hawks,
Townsend’s big-eared bats, and pygmy rabbits. Some limited distribution data are available for
bald eagles and loggerhead shrikes from winter eagle counts and breeding bird surveys,
respectively, but these data are not comprehensive. One study has been published on the ecology
of pygmy rabbits on the site (Wilde 1978), but the distribution data in the study are very limited
and dated.

In addition, data about contamination of the prey base (for the carnivores) or the individuals
themselves are limited or nonexistent. Good (albeit dated) data are available for contamination
of small mammals from SDA (Table C-1.3) and SL-1 (Table C-1.4). However, no data are
available for small mammal contamination from other areas. No data are availabl~ for
contamination of the prey base of loggerhead shrikes, and very limited data are available for
contamination of the prey base of Townsend’s big-eared bats.

C-I-55



On the basis of these limited data, one must conclude that all of INEL’s T&E or C2 species
are potentially exposed to above background levels of radioactive contamination. It is unlikely,
but possible because of potential bioconcentration, that bald eagles and ferruginous hawks
consume harmful concentrations of radioactive contaminants in their prey. No conclusions of this
nature are possible for loggerhead shrikes, Townsend’s big-eared bats, or pygmy rabbits.

Doses received by individual, nonhuman organisms provide a basis for determining the
potential for harm to populations. A number of authors have calculated or estimated doses to
nonhuman organisms from internal and external contamination received at the INEL (Craig et al.
1979; Fraley et al. 1982; Halford et al. 1982; Markham and Halford 1982; Markham et al. 1982;
Halford and Markham 1984; Halford 1987a; Halford 1987b; Markham et al. 1988; Morris 1993;
Morris et al. in preparation).

Halford and Markham (1978) found that some maximally exposed small mammals inhabiting
the TRA radioactive waste pond basin received doses that had been found to reduce life
expectancy in earlier studies (French et al. 1969). Arthur et al. (1986) found similar results for
small mammals at SDA. In neither of these studies were the doses sufficient to cause observable
population effects.

Millard et al. (199(’)) observed a statistically significant difference in growth rate between

barn swallow nestlings exposed to contaminated sediments from the TRA radioactive waste
percolation pond and conlrol birds. However, the difference could not be definitely attributed to
their exposure.

Evenson (1981) found statistically significant differences in several physiological parameters

between deer mice inhabiting the TRA radioactive waste percolation pond basin, the SD~ and

the control areas. However, she concluded that levels of radiation exposure were too. low to

cause somatic changes in the mice.

The four studies reported above were the only studies to report potential individual effects
on organisms receiving radiation dose from INEL activities. In no case were the obsemed affects
expressed as somatic changes in the organisms. All studies reported that doses to individual
organisms were too low to cause any population level effect. Based on the concentrations of
radionuclides observed in all media throughout the site, this is likely the case for all populations
of all organisms.
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c-l-3. CONCLUSIONS

None of the data examined in this report indicate that significant potential exists for harm to
humans or nonhuman populations from radioactive contamination of the environment on the
INEL. However, levels of contamination exist in some areas. These levels have been shown to
cause physiological changes and reduced life expectancy in individuals of some nonhuman species.

There is little evidence that contamination from the INEL is spreading beyond currently
contaminated areas. Further information needs to be collected, however, relative to 1291
concentrations in various media both on- and offkite to determine the source and means of
transport of this radionuclide.

In some areas and for some media, insufficient data are available to determine
environmental contamination levels. In addition, insufficient data are available to determine the
potential for harmful levels of contamination in some of INEL’s T&E or C2 species. This lack of
data makes conclusions about the potential for harm to these species difficult.
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D-1 . INTRODUCTION

T. A. Bensen, N. L. Hampton

Ecological risk assessment (ERA) at a site begins with site characterization, which involves
identifying and understanding the importance of several ecosystem properties including biotic and
abiotic properties and ecosystem structure and function. The biotic and abiotic components of
the Idaho National Engineering Laboratory (INEL) are discussed in this appendix. Structure and
function of the ecosystem are addressed in the screening-level ERA (SLERA) manual.

The approach designed for SLERA at the INEL uses the concept of ecological functional
groups rather than individual species (with the exception of threatened and endangered species,
which are addressed on an individual basis). This appendix is not intended to provide information
to identi~ specific INEL ecological components of concern, but rather to provide broad
information to help familiarize the ecological risk assessor with INEL systems. A broad
understanding of INEL site ecology is important to accurately assess the potential ecological risk
at a site.

Included in this appendix are general lists and descriptions as well as comprehensive species
lists of the flora and fauna present at the INEL. Much of the information presented here has
been taken and updated from the Environment~l Resource Document for the INEL (Irving 1993).
The scientific approach to the INEL WAG-wide SLERPM allows the emphasis in this appendix to
be placed only on the most commonly occurring species and those that are threatened,
endangered, or sensitive. The ecological components are described in the following sections:

● Floral communities as defined by remote sensing analysis (Section 2)

● ✌ Fauna (by family) compiled from 20 years of observation and research at the INEL

(Section 3)

● Threatened, endangered, or sensitive species according to federal and state regulations
or guidelines (Section 4)

● Abiotic components such as geology, soils, climatology, and topography (Section 5).
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D-2. INEL ECOSYSTEM COMPONENTS OVERVIEW

The INEL is located in a cool desert ecosystem characterized by shrub-steppe vegetation
communities. The flora and fauna are typical of the northern Great Basin and Columbia Plateau
region (comprehensive species lists are included at the end of this appendix). For further
information regarding regional ecological components, see West (1978). The surface of the INEL
is relatively flat with several prominent volcanic buttes and numerous basalt flows that provide
important habitat for small and large mammals, reptiles, and raptors. The elevation ranges from
1,460 m (4,790 ft) in the south to 1,650 m (5,913 ft) in the northeast, with the exception of the
East, Middle and Big Southern buttes located in the southern portion of the site and to the south
of the site which have elevations of 2,003 m (6,571 ft), 1,948 m (6,389 ft), and 2,304 m (7,557 ft),
respectively. The shrub-steppe communities are dominated by sagebrush and provide habitat for
numerous fauna such as sage grouse, pronghorn, and sage sparrows. Rabbitbrush, grasses and
forbs, salt desert shrubs, and exotic/weed species comprise other communities. Juniper woodlands
occur near the buttes and in the northwest portion of the INEL, these woodlands provide
important habitat for raptors and big game animals. Limited riparian communities exist along
intermittently flowing waters.

Microflora, bacteria, and fungi form extensive and critical communities in the desert
ecosystem. Given the magnitude of mass and energy that cycles through the microbial biomass and
of their associations with plant species, they are important components of all INEL communities.
However, the microbiology of shrub-steppe ecosystems is not well understood and while work has
been conducted in other arid ecosystems, detailed data describing the distribution and activities of
microorganisms at the INEL are not available. Therefore, the microflora communities at the
INEL will be only qualitatively addressed at sites not eliminated through the SLERA process.
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D-3. B1OTIC COMPONENTS

INEL Flora

Sagebrush communities occupy the greater part of the INEL, but juniper-, crested

wheatgrass-, and Indian ricegrass-dominated communities are also present and distributed

throughout the INEL. Exotic plant species including cheatgrass (Bromus tectorum), halogeton
(Halogeton glomeratus), and Russian thistle (Sal.sola kali), are established, particularly in disturbed

areas. Crested wheatgrass (Agropyron cristalum), a European annual seeded in the late 1950s

dominates disturbed areas where it wds used to provide cover and hold soils.

Most of the natural vegetation at the INEL consists of a shrub overstory with an understory
of perennial grasses and forbs. The most common shrub is Wyoming big sagebrush (Artemisia
tn”dentata ssp. wyomingensis). Basin big sagebrush (Artemisia tridentata ssp. tridentata) may
dominate or be codominant with Wyoming big sagebrush on sites having deep soils or sand
accumulations (Shumar and Anderson 19SG). Big sagebrush communities occupy most of the
central portions of the INEL. Green rabbitbrush (Chysotharnnus viscidifloms) is the next most
abundant shrub. Other common shrubs include winterfat (Ceratoides kmata), spiny hopsage
[Atripkv spinosa (Grayia spinosa)], and gray rabbitbrush (Cluysotharnnus nauseous).
Communities dominated by Utah juniper (Jurujxms osteospemza), threetip sagebrush (Artemisia
rripartita), and/or black sagebrush (Artemtiia novn) are found along the periphe~ of th,e INEL on
slopes of the buttes onsite and foothills of adjacent mountain ranges to the northwest.

The understory of grasses and forbs includes the rhizomatous thick-spiked wheatgrass
(Agropyron dasystachyurn) as the most abundant grass. Bottlebrush squirreltail (E~mus
elymoides), Indian ricegrass (0/yzopsis hymenoides) and needle-and-thread (Stzpa comata) are
common bunchgrasses. Patches of creeping wildrye (Elynus tn”ticoides) and western wheatgrass
(Agropyron smithii) are locally abundant. Communities dominated by Great Basin wildrye
(Leymus cinereus) are found in scattered depressions between lava ridges and in other areas
having deep soils. Bluebunch wheatgrass (Agropyron spicatum) is common on slightly higher
elevations in the southwest and east of the INEL. Prickly phlox (Lep~odactylon pungens) is a

common forb. ‘

Limited riparian communities including cottonwood, willow, waterbirch, and chokecherry
occur along the Big Lost River and Birch Creek. Intermittent natural wetlands include the rivers
and creeks, playas that may fill in the spring, and the Big Lost River Sinks. Manmade wetlands
include permanent evaporation ponds and drainage ditches as well as a series of spreading areas
near the southwest corner of the sile used to contain water diverted from the Big Lost River
when high flows occur.

Fifteen cover classes of vegetation have been identified using satellite image analysis
(Kramer et. al. 1992). Figure 3-2 (main document) presents these vegetation classes as they occur
across the INEL. These classes are identified and the associated area, acreage, and percent cover
per class are provided in Table D-1.
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Table D-1. Expanded vegetation cover classes at the INEL and corresponding areas, acres, and

percent cover.

Vegetation Cover Classes Area (mz) Acres Percent Cover

Juniper woodlands

Steppe

Sagebrush-Steppe off-lava

Sagebrush-Steppe on-lava

Sagebrush/Winterfat

Sagebrush-Rabbitbrush

Sage/Imw-sage/Rabbitbrush off-lava

Salt Desert Shrub

Steppe-Small Sagebrush

Grassland

Basin Wildrye

Wetlands

Old-fields-disturbed seedings

Lava

Playa-bareground/gravel-borrow pits

15,750,193

28,748,845

858,924,267

903,662,829

92,080,343

142,919,566

15,311,330

71,835,822

3,329,476

111,068,386

7,130,973

2,410,200

11,878,201

15,792,439

17,698,089

3,892

7,104

212,244

223,299

22,753

35,316

3,783

17,751

823

27,445

1,762

596

2,935

3,902

4,373

0.68

0.31

37.24

39.18

3.99

6.20

0.66

3.11

0.14

4.82

0.31

0.10

0.52

0.68

0.77

For the purposes of INEL SLERAS, these 15 classes have been combined into eight broader
cover classes. These classes are listed in Table D-2 (with the area, acreage, and percent cover per
class) and also illustrated in Figure D-2. Considering these broader classes, the most prevalent
cover class on the INEL is the Sagebrush/Rabbitbrush/Salt Desert Shrub class and the next most
prevalent is the Sagebrush-Steppe cm Lava cover class. Together, these classes comprise
90 percent of the vegetation of the INEL. Of the remaining classes, grasslands occupy nearly
6 percent of INEL land while the remaining four classes comprise the last 4 percent. Table D-3
provides an overview of each community, listing the dominant species in each and providing
general comments for each community.

The vegetation map provides useful data for determining the ecological characteristics of the
INEL, but has limitations. The use of satellite imagery to map vegetation is based on the
assumption that vegetation communities have unique spectral properties. However, in arid
regions where vegetation is sparse, the spectral signature of an area may depend largely on
spectral characteristics of the soil surface and/or shadows cast by individual trees or shrubs
(Tueller 1987). To the extent that soil spectral properties and vegetation are not $elated,
limitations in the ability to map vegetation using satellite imagery are expected. The
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Table D-2. Combined vegetation cover classes at the INEL and corresponding areas, acres, and
percent cover.

Vegetation Cover Classes Area (m2) Acres Percent Cover

Juniper woodlands

Grasslands

Sagebrush/Rabbitbrush

Salt Desert Scrub

Sagebrush-Steppe on-lava

Lava

Wetlands

Playa-bareground/Disturbed areas

Facilitiesa

18,015,939

127,853,347

1,194,742,785

71,586,466

919,579,851

16,388,630

2,374,200

22,860,885

4,360,920

a. Not discussed in tex~ listed to account for all acreage mapped.

4,452

31,593

295,226

17,689

227,232

4,050

587

5,649

1,078

0.78

5.54

51.81

3.11

39.88

0.71

0.10

0.99

0.19

risk assessor should be aware that some differences may exist between the map and vegetation at
the site until mapping has been verified by actual field surveys.

Juniper Woodlands

Utah juniper (.luniperus osteospenna) typically dominates this cover class, however some
juniper woodlands are dominated by Wyoming big sagebrush (A~iternisiat~identata ssp.
wymningensis) and black sagebrush (Artemisia nova). Even when not dominant in juniper stands,

these two sagebrush species are still very abundant in juniper woodlands. Juniper trees have been

occasionally associated with the “Lava” and the “Sagebrush-Steppe on Lava” cover classes. These

individual or sparsely associated trees provide nesting sites for raptors and can be important

habitat for other species.

Grasslands

The communities in this cover class are generally dominated by rhizomatous species such as
thickspike wheatgrass (Agropyron dasystachyum) and douglas sedge (Carcz douglassi) and
characterized by the abundance of native graminoids and a sparse cover of shrubs. Nearly pure
stands of the grass Great Basin wildrye (L.eynzuschzereus) occur in low-lying areas between lava
ridges where deep soils and moisture accumulate. The shrubs, Wyoming big sagebrush and green
rabbitbrush (Chry.sothatnnus viscidiflcvws) or gray rabbitbrush (Chry.sothamnu.s nauseosus) are also
typically present on the perimeter of the nearly pure stands of Great Basin wildryq. Where these
shrubs occur, tansey-mustard, or tlixweeci, (Descuminia sophia) is common in the understory.
Steppe communities dominated by native bunchgrasses such as bottlebrush squirreltail (Hymus
elymoides) or needle-and-thread grass (S[ipa coma(n) are also present, commonly with the annuals
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Table D-3. SLERA combined vegetation cover class ovetwiews (compiled from Anderson 1991).

Vegetation cover
class Dominant species General comments

Juniper Woodlands

Grasslands

Sagebrush/
Rabbitbrush

Salt Desert Scrub

Sagebrush-
Steppe on Lava

Lava

Wetlands

Junipems osteospemta
Artemiria m“dentatassp. wyomingensis

Leptodacty[on pungens

L.eymuscinereus
Descurainiasophia
Sisymbrium altkrimum
Agropyrondastachyum
Artemiria m“dentatassp. wyomingensis

Ch~sothanmus viscidijloms

Artemisia tridentata ssp. wyomingensis
Chrysothamnus viscidipoms
Bromus tectorum
Xrymbrium altissimum
Elymus elymoides

Ceratoideslanata
Atripla nuttallii
Atripla confertifolia
Atriplex canescens

Artemisia tri~entatassp. wyomingensis
Oqzopsis hymenoides
Chrysothamnus vticidiflows

Artemisia tridentata ssp. wyomingensis
Ch~solhmmus museosus

Eleochans palustris
Typha latfolia
Agropyronsmithii

D-9

Unique habitat on the INE~ important
raptor and other bird nesting/perching
habitat, provides cover for deer and elk.
Primarily located around Middle and East
Buttes and NW portion of the INEL.

Common, but not abundant; provides
good forag~ primarily rhyzominous
species. Located in small patches across
the INEL. The Leymus cinerus
communities provide unique habitat that
are associated with basins, playas, and
deeper soils, generally within the
Sagebrush-Steppe on lava areas.

Most abundant community on the INEL.
Primarily located in northern and
southern portions of the INEL. Winterfat
is important forage.

This cover class consists of several
individual committees dominated by 1)
Atripkx nuttallii, 2) Atnplex confertfolia
and 3) Ceratoideslanata. Most of these
communities have a high percentage of
bareground.

Second most abundant community on the
INEL relatively diverse habitat providing
vegetation cover and cover from lava
outcrops. Where significant sagebrush die
off, Bromus tectorum can be dominant.

Uniqu6 lava outcrops provide good
habitat for small and large mammals,
raptors, and reptiles. These areas may
also have juniper trees associated with
them.

Uniqu~ Big Lost River and spreading
areas are mapped by the USFWS as
wetlands. The Big Lost River has
significant vegetation (tree and shrub) and
lava outcrops associated with it along the
reach encompassed by the USFWS map.
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Table D-3. (continued).

Vegetation cover
class Dominant species General comments

Playa-Bareground/ Kochia scopan”a Uniqu~ playas may be associated with
Disturbed Areas Salsola kali temporary flooding and considered

Artemisia tridentota ssp. wyomingensis ephemeral wetlands. Areas surrounding
Chrysothanmus viscidifloms playa may include good forage.

cheatgrass (Bromus tectomm) and tumbleweed mustard (Sisymbn”um altissimum), which are

sometimes codominants in areas. Western stickseed (Lappula redowskii) and Western

tansey-mustard (Descurainia pinnala) are common forbs in some areas.

Sagebrush/Rabbitbrusmalt Desert Shrubs

This class occupies the largest percentage of the INEL (approximately 52%). The areas

supporting this cover class are located off the lava flow that covers the central areas of the INEL,

although some communities are found both on and off lava (e.g., Sagebrush-Steppe,

Sagebrush/Rabbitbrush). These areas typically have deeper soils than on lava flows and are

associated with the flood plain, alluvium deposits, sand dunes, or deposition zones for wind-blown

materials. Several different vegetation communities are present in this class and include Basin Big

Sagebrush-Steppe, Wyoming Sagebrush-Steppe, Sagebrush-Winterfat, Nuttall Saltbush, Shadscale,

and Sagebrush/Rabbitbrush communities.

All communities in this class are similar in that a sagebrush species is present in nearly all.

Basin Big Sagebrush-Steppe and Wyoming Sagebrush-Steppe communities represent 75% of this

cover class. Basin big sagebrush is the only dominant species in the Basin Big Sagebrush-Steppe

community whereas green rabbitbrush is codominant with Wyoming big sagebrush in the Wyoming

Big Sagebrush-Steppe community. Aside from the dominance of basin big sagebrush, these

communities do not have unique species compositions. Instead, they share a suite of subordinate

species found in the other big sagebrush communities. Transitional stands codominated by both

subspecies of big sagebrush are common between stands dominated by one subspecies or the

other.

In the Sagebrush-Winterfat community, Wyoming big sagebrush is dominant or codominant

with winterfat, and green rabbitbrush is also present. The Sagebrush/Rabbitbrush community is

dominated by Wyoming big sagebrush, and green rahbitbrush is sometimes codominant. Both
communities are rich in grasses. In frw(, native perennial grasses such
(Oryzo@ hymenoides) comprise the understory in both communities.
obsetwed in the Sagebrush/ Rabbitbrush community and is moderately
areas (Anderson 1991).

as Indian ricegrass
Cheatgrass has been
to very abundant in most

In the Nuttall Saltbush, Shadscale, and Wintcrfat communities, usually the only shrubs
present are those for which the communities are named and much of the area within these
communities is bare ground with little or no grasses or forbs present. Shrubby buckwheat
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(Eriogonwn tnicrothecunz) has been found with nuttall saltbush, and four-wing saltbush (Airiplex
canescens) is common in the Winterfat community. Winterfat is a common shrub in all three
communities.

Sagebrush-Steppe On Lava

This cover class is the second most prevalent on the INEL covering approximately 40% of
the INEL. Two community types are found on lava at the INEL, Sagebrush/Low
Sagebrush/Rabbitbrush on Lava and Sagebrush-Steppe on Lava.

The Sagebrush/Low Sagebrush/Rabbitbrush on Lava community is characterized by the
presence of black sagebrush (A~lerni.sia nova) though generally, it is not dominant. Green
rabbitbrush and matchbrush, or snakcweed (Gutiei~ezia sarothrae) are common. Native grasses
and forbs are commonly abundant.

Wyoming big sagebrush and basin big sagebrush are codominant in the Sagebrush-Steppe on
Lava community. The communities which are named for these two sagebrush species off lava
were discussed previously. The communities, as they occur off lava, are similar in species
composition as they occur on lava.

Lava

Exposed lava outcrops and rubble largely comprise this cover class. The vegetation on lava
is dominated by basin big sagebrush. Fern-bush (Chamaebatimia mille@lia) and gray rabbitbrush
are common, but while fern-bush is common on lava flows and along desert canyon walls, it is rare
over most of the INEL. Only four vascular plant species were recorded at the sample plots used
for characterizing this cover class. Juniper trees are occasionally associated with lava. The cracks,
crevices, and cliffs of the lava outcrops provide habitat for raptors, small and large mammals, and
reptiles.

Wetlands

This cover class is found in areas south of the Big Lost River Sinks and includes
intermittently flooded areas along the Big Lost River, Birch Creek, and playas that may fill in the
spring. Man-made wetlands such as permanent evaporation ponds, drainage ditches, and
spreading areas near the southwest corner of the INEL also exist. Common spike-rush is the
dominant vegetation in wetland areas. Some locations were cattail marshes in the early- to
mid-1980s; it is likely that these areas are recurring marshes during periods of above average
precipitation. Western wheatgrass is also common in some areas.

P1aya-Barcgound/Disturbed Areas

These areas are included on the INEL vegetation map, but are primarily barren of any
vegetation. Some areas have been mapped as wetland habitat as part of the Nati6nal Wetlands
Inventory conducted by the U.S. Fish and Wildlife Service (Hampton et al. 1995).
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D-4. INEL FAUNA

Numerous animal species have been observed on the INEL. Approximately 238 vertebrate
species have been observed at the INEL including 37 mammal, 184 bird, nine reptile, six fish and
two amphibian species. Approximately 154 of the 239 species occur as seasonal or migratory
visitors, where the remaining 85 species are residents. A large number of the seasonal vertebrates
are birds (Arthur et al. 1984). Raptors and songbirds are important ecological components and
are some of the more visible occupants of the sagebrush-steppe community. The INEL is
inhabited by 14 species of sparrows and allies; six species of swallows; 20 species of ducks and
geese; and 24 species of raptors (Craig 1979; Arthur et al. 1984).

Thirty-four species observed at the INEL are considered game species. Of these species,
waterfowl constitute the largest number of species present (22 species). Waterfowl use wetland
and riparian habitat associated with the Big Lost River and ponds or impoundments at INEL
facilities. However, the most common game species are the mourning dove, pronghorn, and sage
grouse found in upland habitats. The INEL provides an important habitat for big game.
Approximately 40% of Idaho’s pronghorn population may use the INEL for winter range. In .
addition, a small population of elk has become resident on the INEL. Due to hunting
restrictions, this herd of elk has grown dramatically from a very small number to its current size.
In order to abate damage to crops on adjacent land, the INEL and the State of Idaho have
implemented live-trap removal of a majority of the elk population (INEL News, April 1993).
Some small mammal species such as the black-tailed jackrabbit exhibit large population
fluctuations and influence the abundance, reproduction, and migration of predators such as the
coyote, bobcat, and raptors.

The biological diversity of invertebrate fauna at the INEL has not been investigated
extensively; however, 740 insect species have been collected and identified at the INEL. The
harvester ant (Pogonotnynnex salinus), in particular, has received attention in recent studies
because of its general importance in desert ecosystem energy cycling (Clark and Blom 1988;
1991)- For comparison, a thorough inventory of invertebrates at the nearby Craters of the Moon
National Monument lists 2,064 species (Horning 1966; Horning and Barr 1970), so it is possible
that many more insect species are present at the INEL.

Six aquatic species have been observed on the INEL in years when water flow was sufficient
in the Big Lost River. The river flows intermittently across about 50 km of the INEL, from
southwest to north, before it terminates in Lhe Big Lost River Sinks. Drought and upstream
water “diversion for agricultural and flood prevention purposes result in years when water flow
does not reach the INEL section of the Big Lost River, and hence, aquatic species are not
present.

Birds

A total of 184 avian species were recorded for the INEL in 1986 (Reynolds ~t al. 1986).
Since then, 21 additional species have been recorded (T. D. Reynolds, personal communication,
Feb. 23, 1994). A list of bird species recorcicd on the INEL is found on the species list.
Additional species may be present bu[ unaccounted for because more 216 avian species have been
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reported in southeastern Idaho in habitats similar to those found on the INEL (Trost et al. 1977).
Breeding bird surveys have been conducted through the Radiological and Environmental Sciences
Laborato~ to help determine which species are present and/or breeding on the INEL. Thirty-two
species of game birds have been recorded on the INEL, 26 of these are waterfowl (including
American coot and common snipe). Six upland game birds and 82 passerine species have been
recorded on the INEL (Reynolds et al. 1986). The most common passerine species are the
horned lark (Erenzcphihz afpestti.s), black-billed magpie (Pica @ca), American robin (Turdus
migratcm”us),sage thrasher (Oreoscoptes rnontanus), Brewer’s sparrow (S’izelLzpmsen”na), sage
sparrow (Amphisptia belli), and western meadowlark (Stunzella neglects).

The INEL is an important nesting and wintering area for raptors. Twenty-two species of
hawks, falcons, owls, or vultures have been observed (Reynolds et al. 1986) and ten species nest
on or near the INEL. The most abundant breeding species are the American kestrel (Falco
sparverius) and long-eared owl (Asio otus). American rough-legged hawks (Buteo mgopus),
Anerican kestrels, prairie falcons (Falco maicanus), and golden eagles (Aguila chyractos) are the
most abundant raptors observed during the nonbreeding season. As many as 108 golden eaglm
and 15 bald eagles (Haliaeetus leucocephak) have been observed on the INEL in a single
mid-winter day (Watson 1984). The numbers of some wintering raptors are closely tied to
fluctuation in black-tailed jackrabbit abundance, while others are closely tied to the population of
small rodents. Two species, the bald eagle and the peregrine falcon (Fnfco peregrinus), are
federally-listed endangered species. Six additional species are listed as Idaho special species of
concern and/or sensitive by the Bureau of Land Management or the U.S. Forest Semite.

Mammals

Thirty-seven species of mammals have been recorded on the INEL and are included in the
species list. Fourteen of these species are rodents; four are Iagomorphs; six are chiropterans; six
are carnivores; and one belongs to the Insectivore family. The INEL supports resident
populations of mule deer (Odocoileus hemionus), elk (Cenus elaphus), and pronghorn
(Antilocapra Americana). Moose (A/ces alces), mountain sheep (Oris canadensis), and mountain

lion (Felis concolor) have been reported, but are species that are not generally found on the
INEL (Reynolds et al. 1986). Mule deer are considered uncommon and are generally
concentrated in the southern and cenlral portion of the INEL. They exist in greater numbers on
the buttes and mountains surrounding the INEL. At least two herds of elk resided on the INEL
in 1990, but were transplanted by the Idaho Department of Fish and Game in the winter of 1992
and 1993. A recent survey recorded the elk population at approximately 175 on the INEL
(Personal communication, T. Reynolds, August, 1994). Home ranges for these elk herds
encompass lands surrounding the INEL. Pronghorn are found throughout the INEL and are
considered abundant; most pronghorn in southeastern Idaho are migratory. The Townsend’s
ground squirrel (Spermophilus townsemlii), least chipmunk (Tamius mirzimus), Great Basin pocket
mouse (Pergnothus panws), Oral’s kangaroo rat (Dipodornys ordii), western harvest mouse
(Reithrodontomys megalotis), deer mouse (Peromycus manicu/atus), bushy-tailed wood rat
(Neotoma cinerea), and montane vole (Microms montaws) are the most common small mammals
on the INEL. Four species of leporids occur on the INEL and all but the white-thiled jackrabbit
(L.epus townsendii) are considered abunciant or common (Reynolds et al. 1986).



The number of black-tailed jackrabbits (Lepus ca/@rnicus) on the INEL varies dramatically
and periodically from less than 1 to more than 142 animals/km2 (Stoddart 1983). Seven
furbearing species have been recorded on the INEL (Reynolds et al. 1986). The muskrat
(Orzdatra zibethicus) and beaver (Castor canaderzsis) are confined to areas near water and are
considered rare or vary local in distribution. The coyote (Cmuk kztrmzs) and long-tailed weasel
(Mustehz frerzata) are considered common species, while the bobcat (Felis rujlus) and badger
(Tuidea taxus) are considered uncommon. Bobcats and coyotes have both been studied on the
INEL, and the abundance of these species depends, in part, on the abundance of jackrabbits
(Knick 1990; McCracken and Hansen 1987). The Western spotted skunk (S@logale gracdis) is
listed as a rare species on the INEL (Reynolds et al. 1986). Townsend’s big-eared bat (Plecotus
tmwzsendii) and the pygmy rabbit (Brachylagus idnhoensis) are Federally listed as Category 2
[candidate (C2)] species, and the Western pipstrclle (Pjiw-ellus hesperus) (a bat species), which
may exist on the INEL (Reynolds et al. 1986), is listed as a species of special concern for the
State of Idaho.

Amphibians and Reptiles

Two amphibian and 10 reptilian species have been recorded on the INEL and are listed on
the species list (Reynolds et al. 1986). Of these species, five are considered common or abundant.
There is only one confirmed record for the rubber boa (Charirm bottae) and the western racer

(Coluber constrictor) was only recently recorded on the INEL. The two amphibians recorded

include the Great Basin spadefoot toad (Spen irz[ermmrzmm) and the Boreal Chorus Frog (Hylidae

pseudnchti triceriaten). The spadefoot toad is typically associated with the Big Lost River, the
Big Lost River Sinks, and the spreading areas near the Radioactive Waste Management Complex
(RWMC) (Reynolds et al. 19S6) and because of drought, does not breed regularly on the INEL.
Published ranges indicate that an additional four reptile species could possibly be found on the
INEL (Nussbaum et al. 1983); however, of these species, it is likely that only the night snake

(Hypsiglerza lorquata) existson theINEL (personal communication with C. Peterson 1990). The
night snake and the ringnecked snakes (Diadophis puncmtus) are listed as sensitive species by the
Bureau of Land Management.

F~h

Six species of fish have been identified in the portion of the Big Lost River that flows onto
the INEL during the Big Lost River Salmonid Surveys (Overton 1977) and are listed on
Table D-7 (Reynolds et al. 19S6). Four of these were game species (salmonids) and two were
nongame species. Additional game and nongamc species may have been present but were not
obsewed or are present only during some years of normal stream flow. Not since October 1986
has there been enough water in the Big Lost River to reach the INEL. That year, water flowed
as far as the Big Lost Sinks. Since that time, low runoff, combined with upstream diversions, has
prevented sustained flow and hence aquatic biota in the Big Lost River on the INEL.

Invertebrates

A total of 740 insect species have been collected on Lhc INEL. A significant portion of
these (226) have not been identified beyond the family Icvel. The majority of the abundant
species are Hymenopteran (wasps and ants), Diptera ([lies), including parasitic and predatoq
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forms, and Coleoptera (beetles) (Stafford 1983, 1987; Stafford et al. 1986; Youdie 1986). A
diverse insect community is associated with the sagebrush and great basin wildrye communities on
the INEL, and these insects play an important role in the food chains of INEL ecosystems
(Stafford 1983, 1987; Youdie 1986). A prominent feature of the area is harvester ant mounds,
which are visible on aerial photographs. Ants of the INEL have been the subject of a number of
recent studies (Clark and Blom 1988, 1991; Clark and Blom, in press), as have honeybees. No
sensitive insect species have been identified on the INEL.
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D-5. THREATENED, ENDANGERED, AND OTHERWISE
iREGULATED FLORA AND FAUNA

The scope of SLERAS requires that threatened, endangered, and/or other species of social
value be specifically addressed. This section identifies the species that fall into these categories.
Additionally, different listings are used by federal and state agencies and a species that occurs on
a federal list may not be a state specie of concern, so this section also describes the listings by
different agencies and culminates with a list of threatened, endangered, and/or sensitive species
that may be present at the INEL.

Several state and federal agencies operating in Idaho have, as part of their goals and

mandates, identified and established protection of rare species and their habitats. Federally, these

agencies are the U.S. Fish and Wildlife Selvice (FWS), the U.S. Bureau of Land Management

(BLM), and the U.S. Forest Service (USFS). Within the State of Idaho, the Departments of Fish

and Game and Parks and Recreation administer such protection programs. The designation for a

species is dependent on the classification of the organization recognizing it as such. These

protection programs, classifications, and protected species are discussed further below.

Federal Flora and Fauna Protection Programs

The FWS administers the U.S. Endangered Species Act (Public Law 93-205) which provides
federal protection for designated plant and animal species and their critical habitats. Under the
Act, the Secretary of the Interior is authorized to develop and implement recovery plans for each
listed species. Classifications for llora and l’auna protected under the Act are listed endangered,
listed threatened, or candidates l’or threatened or endangered status (Moseley and Groves 1992).

Listed endangered species are defined as those taxa in danger of extinction throughout all or
a significant portion of their range. Listed threatened species are defined as taxa likely to be
classified as endangered within the foreseeable future throughout all or a significant portion of
their range. Candidates for threatened or endangered status are defined as taxa for which the
FWS currently has substantial information on hand to support the biological appropriateness of
proposing to list as endangered or thrca[enc(i (referred to as Cl species); taxa for which
information now in possession of the FWS indicates that proposing to list as endangered or
threatened is possibly appropriate, but for which conclusive data on biological vulnerability and
threat are not currently available 10 support proposed rules (C2 species); and taxa that were once
being considered for listing as endangered or threatened, but are no longer receiving such
consideration (Category 3 species).

The BLM has an internal program that acknowledges and designates for protection sensitive
plant and animal species. The goals of the BLM Threatened and Endangered Species Program
are to identify and count, monitor, prepare an(i implement plans to insure the maintenance and
recovery of such species. It is BLM policy m manage candidate species and their habitats to
insure that BLM actions do not u.mtributc to (he need to list any candidate speciqs as threatened
or endangered. Within this agency, protecte(i species are classified as Sensitive Species.
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State of Idaho Flora and Fauna Protection Mandates and Programs

In Idaho, two specific laws are in place for protection of flora and fauna. Idaho Code
Section 18-3913 was established in 1967 to protect native Idaho wildflowers and gives the Idaho
Department of Parks and Recreation authority to establish and amend a list of plants in need of
protection because they may become extinct or because they affect the scenic beauty of public
roads or public land. When this code was enacted, flora species selected for the listing were
chosen primarily for political reasons. Therefore, of the 24 species listed in 1967, most are
common northern Idaho forest herbs and shrubs (Moseley and Groves 1992). None of the Parks
and Recreation department’s listed species occur at the INEL.

The second law in place is Idaho Code Section 36-103 which mandates the Idaho
Department of Fish and Game (F&G) to preserve, protect, perpetuate, and manage all wildlife.
The F&G regulations classify wildlife into nine categories; those of relevance here are threatened
or endangered wildlife, protected nongame species, and species of special concern. Some species
found on the INEL are protected under the F&G policies and cannot be hunted, taken, or
possessed except under special circumstances. These species include all federally-listed threatened
or endangered wildlife including peregrine falcons and bald eagles; all State-protected nongame
species such as chipmunks, all hawks, owls, eagles, and vultures; and all State-designated nongame
birds except the European starling (Sturnus vulgati), House sparrow (Passer doznesticus), and
feral pigeon (Colunzba livia).

In addition to these state laws, the F&G Conservation Data Center (CDC) has adopted the
Idaho Native Plant Society (INPS) listing of rare flora native to Idaho. This list is updated
annually at the INPS-sponsored Idaho Rare Plant Conference. Within this listing, the categories
to classi~ rare Idaho flora are State Priority 1, State Priority 2, Sensitive, Monitor,
Historical/Extirpated, and Review (Moseley and Groves 1992). Ten species on the CDC/INPS list
are found at the INEL.

T/E Flora

An extensive survey for rare and endangered
Henderson (1983, 1984) from 1980 to 1982. With

plant species was conducted by Cholewa and
the exception of vegetation communities

associated ~th wetlands (see Section 2.3.2.6), no additional surveys have been conducted since
for rare and endangered species. Work being conducted by Idaho State University will provide
additional information on the INEL communities and the status of sensitive plant species.
Currently, no plant species from the Cholewa and Henderson survey are considered threatened or
endangered by the federal government, but most are considered sensitive by the BLM, USFS, or
the INPS. Those species occurring at the INEL listed on the CDC/INPS rare plant list are listed
in the T/E-sensitive species table.

T/E Fauna
n

The only species at the INEL currently recognized as threatened or endangered under the
Endangered Species Act are the bald eagle, a winter visitor, and the peregrine falcon. Several
species that are candidates for the Federal list are known to exist at the INEL and include the
ferruginous hawk (Buteo regalis), loggerhead shrike (Lanius e.wxbitor), white-faced ibis (Plegmfis
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chichi), black tern (Chikionia niger), northern goshawk (Accipi?tergentilis), pygmy rabbit, and the

Townsend’s big-eared bat (Arthur et al. 1984). The long-billed curlew (M.oneniu.s mnericanw) is
currently considered to be more widespread than previously believed, or is not subject to
identifiable threats, and therefore, has been removed from C2 status and is now designated 3C
(no longer considered for listing) (Moseley and Groves 1992). Those listed species are provided
in Table D-4.
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Table D-4. Threatened, endangered, or sensitive species or species of special concern that may
be found on the INELF

Status by Agency”
Common Name ScientificName Federal State BLM USFSe INPS

FLORAC
Lemhi milkvetch
Painted milkve[ch
Plains milkvetch
Winged-seed evening primrose
Nipple cactus
Spreading gilia
King’sbladderpod
Oxytheca
Inconspicuous phalceliad
Puzzlinghalimolobos
BIRDS
Peregrine Falcon
Merlin
Gyrfalcon
Bald eagle
Ferruginous hawk
Black tern
Northern pygmyOwld
Burrowing owl
Common loon
American white pelican
Great egret
white-faced ibis
Long-billed curlew
Loggerhead shnke
Northern goshawk
Swainson’shawk
Trumpeter swan
Sharptailed grouse
Boreal owl
Flammulated owl
MAMMALS
Pygmyrabbit
Townsend’sWestern big-eared bat
Wes[em pipistrelled
Fringed myotisd
California myotisd
FISH
Shorthcad scrslpind
REPTILES AND AMPHIBIANS
Ringneck snaked
Night snaked

Asffagalus aquiionius
Astragalus ccramicus var. opus
Astragalus p“lviflorus

Camissonia pmrospenna
Coqphatnha mis.rowiensis
Ipomopsis (Gilia) polycladon

Lcsqucrella kingii var. cobrensis

O.tyheca dendroidea

Phacelia inconspicua

Halimolobos pctplera var. pcrplm-a

Falco percgrinus

Falco cohunban”us
Falco rwicolus
Haliaccms kucocopha[us
Ihneo regalis

Chlidonias nigcr

Glaucidium ~~loma
Alhcnc cunicularia

Gavia inuncr
Pclicanus cryhrorhynchos
Castnerodius albus
P[cgadis chihi

:Vutrwnius americanus
Lanius ludoviciams
Accipitcr getuilis
Btuco wain.soni

Cygnus buccinalor
ljwpanuchus phasianellus
Aegolius funcrcws
Oms Jlatntnelous

Braclylagus (Svh’ila~ws) idohocnsis
Plecomslownscudii
Pipisirellushe-sperm
Myolisthysanodes
Myo!iscalifomicus

CouusCOIIJUSUS

Diarlophis punctams
Hypsiglcna lorqua!a

3C
NL
NL
NL
NL

NL
C2

LE
NL
NL
LE
C2
C2
—
NL
—

C2
3C
C2
C2

C2
C2
—

C2
C2
NL
—

NL
—

—

—

Ssc

E

Ssc
E
Ssc

Ssc

Ssc
Ssc
Ssc
—
—
NL
s

Ssc

Ssc
Ssc

NL
Ssc
Ssc
Ssc
Ssc

Ssc

Ssc

s

s
s
s
s

s
s

s
s

s

s
—

s

s
s
s
s

—

s
s

s

s

—

—

—

s

s
s
s
s

s

s
M
3
s
M
2
M
s
s
M

a. This list was compiled from the U.S. Fish and Wildli[eService (letter dated JanuaV 23, 1994) , the Idaho Department of Fish
and Game Consewation Data Center threatened. endangered. :md sensitive species for the State of Idaho (Moseley and
Groves, 1992), and [NEL RESL documentation (Reynolds, 1994 Reynolds et al., 1986).

b. Status codex S=sensitiv~ 2= State Priority 2 3c=no longer considered for listin~ M= State monitor speci~ NL=not listed;
I= State Priority 1; LE=Listcd cndangereci;E=cndangcred: SSC=species of special concern; and C2=Category 2 (defined in
Moseley and Groves, 1992).

c. Recent update resulting from Idaho State SensitiveSpccics meeting (BLM. FWS, lNPS, FS); (lNPS, 1995).
d. No documented sighting on the INEL, howevcrk.the range of this species overlaps the INEL and should be considered when

conducting field swveys.
e. U.S. Forest Semite Region 4.
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D-6 ABIOTIC COMPONENTS

The topography of the INEL is flat to gently rolling with predominant relief manifested as
volcanic buttes or unevenly surfaced basalt flows. With the exception of buttes, elevations range
from 1,460 m (4,790 ft) in the south to 1,650 m (5,913 ft) in the northeast. The East, Middle, and
Big Southern Buttes are located in the southern portion and to the south of the INEL and have
elevations of 2,003 m (6,571 ft); 1,948 m (6,3S9 ft); and 2,304 m (7,557 ft) above sea level,
respectively. The average elevation of the INEL is 1,526 m (5,000 ft) above sea level. A broad
topographic ridge, which extends northward, separates the drainage of the mountain ranges
northwest of the INEL from the Snake River.

The INEL can be divided into three physical subdivisions: a central alluvial trough that
extends from southwest to northeast through the INEL; the Lost River, Lemhi, and Bitterroot
mountains to the north and northwest; and a lava ridge to the southeast. The alluvial (riverine)
trough has been formed by the Big, Lost River, which enters the southwestern corner of the
INEL, flows north, and percolates into the Snake River Plain Aquifer at the Big Lost River Sinks
near Howe, Idaho. The three mountain ranges are composed primarily of Paleozoic limestone
and are within the Basin and Range Province. They are all faulted on their west sides, and were
uplifted 10,000 to 15,000 ft during block-faulting activities about 10 million years ago. The lava
flows on the INEL are undulating. The East and Big Southern Buttes are rhyolite domes, formed
from viscous lava from volcanic eruptions while Middle Butte is composed of basalt, possibly with
rhyolite underneath it (Martin et al. 1992).

In general, INEL soils have formed as a result of alluvial or aeolian (wind-blow) deposition
over basalt lava flows and are derived from silicic volcanic and Paleozoic limestones from nearby
mountains and buttes. In the southern part of the INEL, soils are gravely to rocky. Rock
outcrops are common and some soils are relatively shallow. The northern portion of the INEL is
covered by lake and eolian deposits, mostly composed of unconsolidated clay, silt, and sand.
Thirteen soil series are know to occur at the INEL; ten of the soil series are Ioames and the
remaining three are sands. In general, the soils in the central and northern portions of the INEL
are deep, while soils in the southern portion of the site are generally rocky and shallow (Martin
et al. 1992).
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D-7. CLIMATOLOGY

The climateoftheareaischaracterizedbylargediurnaland seasonal temperature
fluctuations. Winters are cold, with 2 to 3 months of mean temperatures below freezing.
Topsoils usually remain frozen from mid-to-late November through mid-Februa~ or early March.
Snow cover typically persists for two to three months or more. The average annual temperature
is 5.4*C (41.7”F) and the average maximum temperatures in the summer and winter are 2&C
(83”F) and -0.5°C (31”F). The frost-free period in this region is about 90 days.

The INEL lies in the rain shadow of the numerous mountain ranges of south-central Idaho.
Mean annual precipitation is 22.20 cm (8.74 in.). On average, over one-third of the precipitation
falls early in the growing season during April, May, and June. Melting snow and spring rains
account for virtually all of the annual recharge of moisture in the soil profile (Anderson et al.
1987). Annual snowfall at the INEL ranges from a low of about 30 cm (12 in.) to a high of about
102 cm (40 in.) and an average of 66 cm (26 in.). Normal winter snowfall occurs from November
through April, although occasional snow storms occur in May, June, and October.

Wind patterns at the INEL can be quite complex. The orientations of the surrounding
mountain ranges and the ESRP play an important part in determining the wind regime. The
INEL is in the belt of prevailing westerly winds, which are channeled within the ESRP to produce
a west-southwest or southwest wind approximately 40% of the time. Local mountain valley
features exhibit a strong influence on the wind flow under other meteorological conditions as well.
At the mouth of Birch Creek, the northwest to southeast orientation of this valley channels strong
north-northwest winds into the TAN weather station areas. Average wind speeds recorded at
CFA and TAN meteorological stations at 20 li were 9.3 mph and 9.5 mph, respectively. These
speeds were recorded in mid-spring, while in mid-winter, the average speeds recorded at the same
stations were 5.1 mph at CFA and 4.6 mph at TAN (Irving 1993). A wind rose based on wind
direction and speed data collected by the National Oceanic and Atmospheric Administration
(NOAA) from the CFA meteorological station from 1987 through 1991 is provided in Figure D-3
(Bensen 1992).
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D-8. HYDROLOGY

Stream flows on the INEL are very infrequent. Three streams that occasionally flow onto
the INEL are the Big Lost River, Little Lost River, and Birch Creek. The Big Lost River is the
major surface water feature on the INEL and its waters are impounded and regulated by Mackay
Dam, which is located approximately 6.4 km (4 mi) northwest of Mackay, Idaho. Upon leaving
the dam, waters of the Big Lost River flow southeastward through the Big Lost River Basin past
Arco and onto the Eastern Snake River Plain (ESRP). When flow in the Big Lost River actually
reaches the INEL, it is either diverted at the INEL Diversion Dam or flows northward across the
INEL in a shallow channel to its terminus at the Lost River Sinks, where its flow is lost to
evaporation and infiltration. Flow in the Big Lost River has not reached the INEL since 1993.

The Little Lost River drains from the slopes of the Lemhi and Lost River ranges and the
flows are diverted for irrigation north of Howe, Idaho. Water from the Little Lost River has not
reached the INEL in recent years. Birch Creek receives water from springs below Gilmore
Summit in the Beaverhead Mountains of the Bitterroot range and drainage from the surrounding
basin. Water in Birch Creek is diverted for irrigation and hydropower in the summer months
before it reaches the INEL. In the winter months, when water is not used for irrigation, water is
returned to a man-made channel on the INEL 6.4 km (4 mi) north of TAN where it infiltrates
into channel gravels, recharging the aquifer (Irving, 1993).

Subsurface hydrology at the INEL consists of the vadose zone, perched water, ‘and the
saturated zone, referred to as the Snake River Plain Aquifer. The vadose zone extends from land
surface down to the water table. An extensive vadose zone exists at the INEL ranging in
thickness from 61 m (200 ft) in the north to greater than 274 m (900 ft) in the south. It consists
of surface sediments, relatively thin horizontal basalt flows, and occasional interbedded sediments.
Perched water forms in the vadose zone as discontinuous saturated lenses. It occurs when water
migrates vertically, and to a lesser extent, laterally from the source until an impeding layer is
encountered. Perched water at the INEL has been detected at the ICPP, the TRA, TAN, and
RWMC facilities. Its occurrence is generally related to the presence of disposal ponds or other
surface water sources. The Snake River Plain Aquifer exists at depths up to hundreds of feet
beneath the ESRP. It is considered one of the largest aquifers in the United States. The aquifer
is recharged by infiltration and snowfall (hat occurs within the drainage basin that surrounds the
ESRP and from deep percolation .of irrigation water. Annual recharge rates are dependent on
precipitation, but in general, recharge in the vicinity of the INEL is somewhat less than discharge
(Irving, 1993).
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COMPREHENSIVE SPECIES LISTS
FOR THE IDAHO NATIONAL ENGINEERING LABORATORY

Flora Recorded for the INEL

Family
Genus species, Common Name

Aceraceae - MapleFamily

Acer g/abrunr Torr. - Rocky Mountain Maple
Acer rregurrrfo L. - Box Elder

Alismaceae - Water Plantain Family

A/isma grarnirreum Gmel. - Water Plantain

Amaranthaceae - Amaranth Family

Amararrthus alfrusL. - White Pigweed
Amaranths califomicus (Moq.) Wats. - California Amaranth
Amaranths hybridus L. - Pigweed
Amaranths retroflexus L. - Redroot

Anacardiaceae - Sumac Family

Rhus tri/obafa Nutt. - Squawbush, Skunkbush

Apocynaceae.- Dogbane Family

Apocynum cannabinum L. - Dogbane

Asclepiadaceae - Milkweed Family

AsclePias sPeciosa Torr. - Showy Milkweed, Greekweed

Betulaceae - Birch Family

Betu/a occidenta/is Hook. - Western Water Birch

Boraginaceae - Borage Family

Amsinckia menziesii (Lehm.) Nels. and Mach. - Small-flowered Fiddleneck
Asperugo procumbent L. - Catchweed, Madwort
Cryptantha ambigua (Gray) Greene - Obscure Cryptantha
Cryptantha circumsicissa (H. and A.) Johnst. - Matted Cryptantha
Cryptantba fendleri (Gray) Greene - Fendler’s Cryptantha
Cryptantha interrupta (Greene) Pays. - Bristly Cryptantha
Cryptantha /re/seyana Greene - Kelsey’s Cryptantha
Cryptantha scoparia Nets - Desert Cryptantha
Cryptantha wakoni - Watson’s Cryptantha
F/acke/ia jessicae (McGregor) Brand - Blue Stickseed, Wild Forget-Me-Not
Lappu/a eclrinata Gilib. - Stick-tights, Beggar Ticks
Lappu/a radowskii (Hornem.) Greene - Western Stickseed, Beggar’s Ticks
Lithospermum ruderale Dougl. - Gromwell, Western Gromwell, Columbia Puccoon
Mertensia oblongifolia (Null.) G. Don - Leafy Bluebells
Myosotis /axa Lehm. - Small-flowered Forget-Me-Not



INEL Flora (Continued)

Family
Genus species, Common Name

Cataceae - Cactus Family

Opuntia po/yacantha Haw. - Starvation Cactus, Prickly Pear

Capparidaceae - Caper Family

C/emone /utea Hook. - Yellow Bee Plant

Capriioliaceae - Honeysuckle Family

Sambucus cerulea Raf. - Elderberry
Symphoncarpos oreophilus Gray. - Snowberry

Caryophyllaceae - Pink Family

Arenatia congests Nutt. - Capitate Sandwoti, Ballhead Sandwort
Arerraria f%vrk/inii Dougl. - Franklin’s Sandwort
Arerrarfa k;rrgii M. E. Jones - King’s Sandwort
Arerrafia nutta//ii Pax. - Nuttall’s Sandwort
Lychnis apetala L. - Catchfly, Campion
Si/ene douglasii Hook. - Catchfly, Wild Pink
Si/ene menziesii Hook. - Catchfly, Wild Pink

Chenopodiaceae - Goosefoot Family

Afr(p/ex canescens (Pursh) Nutt. - Wingscale
Attip/ex confertifo/ia - Shadscale, Spiny Saltbush
Attip/ex nutta//ii - Saltsage, Moundscale
Afr(p/ex rosea - Red Orache
Atrip/ex spinosa (Hook.) Collotzi - Spiny Hopsage
Chenopodium a/bum L. - White Goosefoot, Lamb’s Quarter, White Pigweed
Cherropodium fremorrtii Wats. - Fremont’s Goosefoot
Chenopodium /eptophy//um (Meg.) Wats. - Slimleaf Goosefoot, Lamb’s Quarter
Chenopodium rubrum L. - Red Goosefoot
Eurutia /anata (Pursh) Meg. - Winterfat, White Sage, Winter Sage
/-/a/ogeton g/omeretus C. A. Meyer - Halogeton
Kochia scopatia (L.) Schrad. - Summer Cypress, Red Belvedere
Mono/epis nutta//iana (Schultes) Greene - Povertyweed, Prostrate

Monolepsis
Sa/so/a ka/i L. - Windwitch, Tumbleweed, Russian Thistle
Sarcobatus vermicu/atus (Hook.) Torr. - Greasewood, Chico

Asteraceae - Composite or Sunflower Family

Achilles millefolium L. - Common Yarrow
Agoseris g/auca (Pursh) Raf. - False Dandelion
Agoseris retrorsa (Benth.) Greene - Spear-leafed Agoseris
Ambmsia artemisiifolia L. - Ragweed
Antennaria dimorpha - Dwarf Pussy-toes, Low Pussy-toes
Antennaria microphylla Rydb. - Rosy Pussy-toes
Arctium minus (Hill) Bernh. - Common Burdock
Amica cordifolia hook - Heart-leaved Arnica
Artemisia arbuscu/a Nutt. - Low Sage, Dwarf Sage
Artemisia biennis Wind. - Biennial Wormwood
Artemisia drancunculus L. - Dragon Sage
Artemisia frigida Wind. - Pasture Sagebrush, Fringed Sagebrush
Arfemisia /udoviciana Nutt. - Silver Sage, Prairie Sage
Artemisia spinescens Eat. - Spiny Sage



INEL Flora (Continued)

Family
Genus species, Common Name

Asteraceae - Composite or Sunflower Family (Continued)

Artemisia bfcfentata Nutt. - Big Sage
Arfemisia tripartifa Rydb. - Threetip Sage
Aster scopulorum Gray - Crag Aster, Lava Aster
Ba/samorh/za trookari Nutt. - Hooker’s Balsamroot
Ba/samorhiza sagittata (Pursh) Nutt. - Arrowleaf Balsamroot
Bidens camua L. - Nodding Beggar-ticks
Carduus nufans L. - Musk Thistle, Milk Thistle
Centauraa maculosa Lam. - Spotted Knapweed
Centaurea repens L. - Russian Knapweed
Chaenactis douglasii (Hook.) H. and A. - Hoary False-yarrow
Cfrrysofhamnus nauseousus (Pall.) Britt. - Gray Rabbit brush
Chrysothamnus vicidifloms (Hook.) Nutt. - Green Rabbit-brush
Cirsium arvense (L.) Stop. - Canada Thistle, Creeping Thistle
Cirsium magniiicum (A. Nels.) Petrah. - Showy Thistle
Cirsium subniveum Rydb. - Jackson’s Hole Thistle
Cirsium ufahanse Petr. - Utah Thistle
Cirsium wdgare (Savi) Airy-Shaw - Bull-Thistle
Conyza canadensis (L.) Cronq. - Horseweed, Canada Fleabane
Conyza floribunda H. B. K. Nov. - Horseweed
Crepis acuminata Nutt. - Longleaved Hawksbeard
Crepis atrabarba Heller - Slender Hawksbeard
Crapis barbigera Leib. - Bearded Hawksbeard
Crepis modocensis Greene - Low Hawksbeard
Crapis occidenfalis Nutt. - Western Hawksbeard
,!3fgeron caespifosus Nutt. - Tufted Fleabane, Gray Daisy
t3fgeron corymbosus Nutt. - Longleaf Fleabane
Erigemn gabe//us Nutt. - Fleabane Daisy
13fgemn pumilus Nutt. - Shaggy Fleabane
Gnapha/ium pa/usfre Nutt. - Lowland Cudweed, Everlasting
Grfrrde/ia sqrfarrosa (Pursh) Dunal - Gumweed, Resin-Weed
Gufierrazia sarofhrae (Pursh) Britt. and Rushy - Matchbrush, Broom Shrub, Snakeweed
Ftap/opappus rasinosus (Nutt.) Gray - Columbia Goldenweed
/-tap/opappus acau/is (Nutt.) Gray - Stemless Goldenweed, Strawflower
Halanium autumnale L. - Sneezeweed
He/ianfhus annuus L. - Annual Sunflower, Common Sunflower
He/ianfhus pefrio/arfs Nutt. - Prairie Sunflower
Hymanopappus tlifolius Hook. - Hymenopappus
Iva axi//aris Pursh - Povery Weed
/va xanfhifo/ia Nutt. - Tall Marsh Elder
Lactuca pu/che//us (Pursh) D. C. - Blue Lettuce
Lacfuca sembla L. - Prickly Wild Lettuce
Lygodasmia grandiflora (Nutt.) T. and G. - Skeleton Weed, Rush Pink
Lygodasmia spinosa Nutt. - Spiny Skeleton Week
Machaeranfha canscens (Pursh) Gray - Hoary Aster
Matricarfa mantima L. - Scentless May-Weed
Scenecio canus Hook. - Wooly Groundsel
Scenecio integerimus Nutt. - Western Groundsel, One-stemmed Butterweed
Senecio serra Hook. - Tall Buttemreed
Senecio vu/garis L. - Common Grounsel
So/idago canadensis L. - Canada Goldenrod, Meadow Goldenrod
So/idago occidenta/is (Nutt.) T. and G. - Goldenrod, Western Goldenrod
Sonchus asper (L.) Hill - Prickley Sow Thistle
Sfaphanomeria exigua Nutt. - Small Wirelettuce
Sfephanomerfa tenuifo/ia (Torr.) Hall - Narrow-leaved Skeletonweed, Wirelettuce
Tanacefum valgare L. - Tansey, Common Tansey
Taraxacum of17cina/e Webber - Common Dandelion
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INEL Flora (Continued)

Family
Genus species, Common Name

Asteraceae - Composite or Sunflower Family (Continued)

Tetradyrnia canescens D. D. - Gray Horsebrush
Tetradymia spirrosa H. and A. - Spiny Horsebrush
Townserrdia fi’onfer (Hook.) Gray - Showy Townsendia
Tmgopogon dubius Stop. - Goat’s Beard, Yellow Salsfi
Xanthium strumarium L. - Common Cocklebur

Brassicaceae - Mustard Family

Alyssum desertonrm Stapf. - Desert Alyssum
Arabis cobrerrsis Jones - Cobre Rockcress
Arabis ho/hoe//ii Hornem. - Holboell’s Rockcress
Arabis /igrrifera A. Nels. - Rockcress, Woody-branched Rockcress
Arabis microphy//a Nutt. - Littleleaf Rockcress
Arabis rrutta//ii Robin - Rockcress, Nuttall’s Rockcress
Bassica juncea (L.) Coss. - Chinese Mustard
Capse//a bursa-pastoris (L.) Medic - Sheperd’s Purse
Chorispora tene//a (Pall.) D. C. - Purple Ca~et, Purple Mustard, Blue Mustard
Descurainia pinnata (Walt.) Britt. - Western Tansey Mustard
Descurainia sophia (L.) Webb. - Tansey-mustard, Flixweed
Draba ob/igosperma Hook. var. oligosperma - Whitlow Grass
Erysisum incorrspicuum (Wats.) McMillan - Wallflower, Small Wallflower
Lepidium densir70rum Schard. - Peppergrass, Common Peppergrass
Lepidium perfoliatum L. - Pepperweed, Clasping Peppergrass
Lepidium virginicum L. - Peppergrass, Tall Peppergrass
Lesquere//a hfdoviciana (Nut) Watts. - Silvery BladderPod
Phoenicaulis cheiranthoides Nutt. - Daggerpod
f?otippa curvisi/iqua (Hook.) Bessey - Yellow watercress, Marsh Yellowcress
Rotippa i.sfandica (Oed.) Borbas - Yellow watercress, Marsh Yellowcress
Rotippa obtusa (Nutt.) Britt. - Yellow Watercress, Blunt-leaved Yellowcress
Schoenocrambe /irrifo/ia (Nutt.) Greene - Perennial Mustard, Flaxleaved Plains Mustard
Sisymbrium a/tissimum L. - Jim Hill Mustard, Tumbleweed Mustard
Sisymbrium Ioeseiii L. - Loesel Tumbleweed
Stan/eya viridiflora Nutt. - Prince’s Plume, Perennial Stanleya
The/ypodium Iaciniatum (Hook.) Endl. - Thick-leaved Thelypody
77r/aspi arvense L. - Penny-cress, Fanweed

Convolvulaceae - Morning Glory Family

Convohdus arvensis L. - Field Morning Glory, Small Bindweed

Cornaceae - Dogwood Family

Comus sto/onifera Michx. - Red-stemmed Dogwood, Red-osier Dogwood

Crassulaceae - Stonecrop Family

Sedum stenopeta/um Pursh - Wormleaf Stonecrop

Cupressaceae - Cypress Family

Jurriperus osteosperma (Torr.) Little - Utah Juniper
Junipems scopu/orum Sarg. - Rocky Mountain Juniper



INEL Flora (Continued)

Family
Genus species, Common Name

Cyperaceae - Sedge Family

Carex douglasii - Douglas Sedge
Eleocharfs pah.rstris (L.) R. and S. - Spikerush, Common Spikerush,

Creeping Spikerns
Scirpus acufus Muhl. - Hardstem Bulrush
Scirpus maritimus L. - Seacoast Bulrush

Euphorbiaceae - Spurge Family

Euphorbia esula L. - Esula spurge
Euphorbia g/ypfosperma Engelm. - Corrugate-seeded Spurge

Gentianaceae - Gentian Family

Fraseria a/bicau/is Dougl. - White-stemmed Fraseria

Poaceae - Grass Family

Agropyrun x Elymus - WheatgrasslRyegrass Cross
Agrupyrorr caninum (L.) Beauv. - Awned Wheatgrass, Bearded Wheatgrass
Agropyrorr crisfafum (L.) Gaerth. - Crested Wheatgrass
Agropyrorr dasystachyum (Hook.) Scribn. - Thickspike Wheatgrass
Agropyrorr smithii Rydb. - Western Wheatgrass
Agropyron spicatum (Pursh) Scribn. and Smith - Bluebunch Wheatgrass
Agrostis alba L. - Bentgrass
Alopacums aequalis Sobol. - Shortawn Foxtail, Little Meadow-Foxtail
Aristida fend/erfana Stend. - Three-awn
Backmannia snigachne (Steud.) Fern. - Slough Grass
Bromus carinatus Hook. and Am. - California Bromegrass
Bromus inermis Leys. - Smooth Bromegrass
Bromus tectorum L. - Cheatgrass, Downy Chess, June Grass
Dacty/is glomarata L. - Orchard Grass
Distich/is sbfcta (Torr.) Rydb. - Desert Saitgrass
Echinoctr/oa crusga//i (L.) Beauv. - Barnyard Grass
Elymus ambiguus Vasey and Scribn. - Ryegrass
E/ymus cinereus Scribn. and Merill - Giant Wildrye
E/ymus flavescens Scribn. and Smith - Golden Wildrye
E/ymus bfticoides Buckl. - Creeping Wildrye, Beardless Wildrye
Festuca idahoensis Elmer - Idaho Fescue
Fastuca octoflora Walt. - Six-weeks fescue
G/yceria grandis Wats. - American Mannagrass
Hesperoch/oa kingii (Wats.) Rydb. - Spike Fescue
Hordeum jubatunr L. - Foxtail Barley
Koe/etia crfstata Pers. - Prairie June Grass
Me/ica bulbosa Geyer - Oniongrass
Oryzopsis hymenoides (R. and S.) Ricker - Indian Ricegrass
Panicum capillare L. - Witchgrass, Panic grass
Phalaris arundinacea L. - Reed Canary Grass
Ph/eum pratense L. - Timothy, Common Timothy
Poa bu/boss L. - Bulbous Bluegrass
Poa fendlatiana (Steud.) Vasey - Mutlongrass
Poa nevadansis Vasey - Nevada Bluegrass
Poa pratensis L. - Kentucky Bluegrass
Poa sandbergii Vasey - Sandberg’s Bluegrass
Poa scabrella (Thurb.) Benth. - Pine Bluegrass
Setaria viridis (L.) Breauv. - Green Bristle-grass
Sitanion hysbfx (Nutt.) J. G. Smith - Bottlebrush, Squirreltail



INEL Flora (Continued}

Family
Genus species, Common Name

Poaceae - Grass Family (Continued)

Sporobo/us crypfarrdms (Torr.) Gray - Western Dropseed
Sfipa corrrrnafa Trin. and Rupr. - Needle-and Thread Grass
Stipa occiderrta/is Thurb. - Western Needlegrass
Sfipa fhurberiarra Piper - Thurber’s Needlegrass
TrificrJnr aesfivurn L. - Common Wheat

Grossulariaceae - Currant or Gooseberry Family

Ribes aumurn Pursh. - Golden Current
Ribes cereum Dougl. - Squaw Currant
Ribes setosum Lindl. - Gooseber~, Missouri Gooseberry

Hydrophyllaceae - Waterleaf Family

Hespemchimrr ca/iforrricus (Benth.) Wats. - California Hesperochiron
Hesperuchirun pumilus (Griseb.) Porter - Dwarf Hesperochiron
Phace/ia g/andifem Piper - Glandular Phacelia
Phace/ia g/andu/osa Nutt. - Silky Phacelia
Phace/ia hasfafa Dougl. - Silverleaf Phacelia
Phace/ia humi/is T. and G. - Low Phacelia

Iridaceae - Iris Family

Sisyrfnchium angusfifolium Mill - Blue-eyed-grass, Blue star

Juncaceae - Rush Family

Labiatae

Jurrcus balficus Wind. - Baltic Rush

Mint Family

Agasfache cusikii (Greene) Heller - Horsemint
Agasfache urficifo/ia (Benth.) Kuntze - Giant Hyssop
Menfha arvensis L. - Field mint

Leguminosae - Pea Family

Asfraga/us agrestis Dougl. - Purple Milkvetch
Asfraga/us calycosa Torr. - MaRed Milkvetch
Asfraga/us canadensis L. - Canada Milkvetch
Asfraga/us ceramicus SheId. - Painted Milkvetch
Asfraga/us cibarius SheId. - Browse Milk-vetch
Astraga/us corrva//arius Greene - Lesser Rushy Milkvetch
Asfraga/us curvicarpus (A. Hell.) Macbr. - Curvepod Milkvetch
Asfraga/us flipes Torr. - Basalt Milkvetch, Threadstock Milkvetch
Asfraga/us Ienfiginosus Dougl. - Freckled Milkvetch
Asfraga/us miser Dougl. - Weedy Milkvetch
Asfraga/us purshii Dougl. - Loco Weed, Woolly-pod Milkvetch
Asfraga/us fermina/es Wats. - Railhead Milkvetch
G/ycyrrhiza Iepidofa Pursh. - Licorice, Licorice-root
Hedysarum occidenfale Nutt. - Western Hedysarum
Lupinus argenfeus Pursh - Silvery Lupine
Lupinus pusi//us Pursh - Tiny Peavine
Lupirrus serfceus - Silky Lupine
Lupinus wyefhii Wats. - Wyeth’s Lupine
Medicago /upu/ina L. - Black Medic, Hop Clover



INEL Flora (Continued}

Family
Genus species, Common Name

Leguminosae - Pea Family (Continued)

Med[cago sativa L. - Alalfa
Me/i/otus a/ha Desr. - White Sweet Clover
Me/i/otus officina/is (L.) Lam. - Common Yellow Sweet Clover
Oxytrupis /agopus Nutt. - Rabbi-foot Crazyweed
Oxytrupis serfcea Nutt. - Silky Crazyweed
Pefa/osfenrurr orrrafurn Dougl. - Western Prairie Clover
Psora/ea /arrceo/afa Pursh. - Lance-leaved Scurf-pea
77renrropsis monfana Nutt. - Mountain Thennopsis, False-Lupine, Buck-bean
Trifo/ium prafense L. - Red Clover
Tnfo/ium repans L. - White Clover, Dutch Clover
Vicia safiva L. - Common Vetch

Liliacaae - Lily Family

Allium acuminafum Hook. - Hooker’s Onion
A//ium geyen Wats. - Geyer’s Onion “
A//ium texfila Nels. and Macbr. - Textile Onion
Ca/ochortus brueaurris Nels. and Macbr. - Mariposa Lily
Ca/ochortus macrocarpus Dougl. - Sagebrush Mariposa, Green-banded

Star-Tulip
Frifi//atia afropupurea Nutt. - Leopard Lily
Friti//aria pudica (Pursh.) Spreng. - Yellowbell, Fritillaty
Smi/acina sfe//ata (L.) Desf. - False Solomon’s Seal
Zigadenus paniculatus (Nutt.) Wats. - Foothills Death-Camas
Zigadenus venenosus Wats. - Death-Camas, Meadow Death-Camas

Loasaceae - Blazing-Star Family

Mentze/ia a/bicau/is Dougl. - White-Stemmed Mentzelia, Little Blazing-Star
Merrtze/ia /aevicau/is (Dougl.) T. and G. - Blazing-Star

Malvaceae - Mallow Family

Sphaera/cea munroana (Dougl.) Spach. - White-stemmed Globemallow

Marsileaceae - Pepperwort Family

Marsi/ea vesfita Hook and Grev. - Peppeiwort, Clover-fern

Nyctaginaceae - Four-o’clock Family

Abronia me//ifera Dougl. - Sand Verbena, White Sand Verbena

Onagraceae - Evening-primrose Family

Epi/obium angusfifolium L. - Fireweed, Blooming Sally
Epi/obium panicu/afum Nutt. - Autumn Willow-Herb, Tall Annual WNow-Herb
Epi/obium wafsonii Barbey - Watson’s Willow-Herb
Gayophytum nutta//ii T. and G. - Nuttall’s Gayophytum
Gayophytum racemosum T. and G. - Racemed Groundsmoke
Gayophytum rsmosissium Nutt. - Hairstem Gayophytum
Oenofhera andina Nutt. - Obscure Evening Primrose
Oenothera biennis L. - Common Evening Primrose
Oenothera caespifosa Nutt. - Evening Primrose
Oenofhera minor (A. Nets) Munz - Small Flowered Evening Primrose
Oenofhera pa//ida Lindl. - White-stemmed Evening Primrose
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INEL Flora (Continued)

Family
Genus species, Common Name

Onagraceae - Evening-primrose Family (Continued)

Oerrothera scapoidea Nutt. - Naked-stemmed Evening Primrose

Orchidaceae - Orchid Family

Corallorhiza maculata Raf. - Spotted Coral-Root

Orobanchaceae - Broomrape Family

Orobanche ca/ifomica Chain. and Schlecht. - California Broomrape
Orobanche fasciculafa Nutt. - Clustered Broomrape

Pinaceae - Pine Family

Pinus corrtorfa Dougl. - Lodgepole Pine
Pinus f7exi/is James - Limber Pine
Pseudotsuga menziesii (Mkbel.) Franco - Douglas Fir

Plantaginaceae - Plantain Family

P/arrfago major L. - Common Plantain
P/anfago pafagonica Jacq. - Deseti Plantain, India-wheat

Po[emoniaceae - Phlox Family

Co//omia /inearis Nutt. - Narrow-leaf Collomia
Eriasfrum sparsiflorum (Eastw.) Mason - Few-Flowered Eriastrum
Gi/ia aggragafa (Pursh) Spreng. - Scarlet Gilia
Gi/ia congesfa Hook. - Many-flowered Gilia
Gi/ia Iepfomeria Gray - Great Basin GNa
Gi/ia minufif70ra Benth. - Small Flowered Gilia
Gi/ia sinuafa Doug. 1- Sinuate Gilia
Gymrrosferis nudicaulis (H. and A.) Greene - Large Flowered Gymnosteris
Gymnosferis parvr,da (Rydb.) Heller - Small-flowered Gymnosteris
Lang/oisia sefosissima (T. and G.) Greene - Bristly Langloisia
Lepfodacfy/on pungens (Torr.) Nutt. - Prickly Phlox
Lepfodacfy/on wafsoni (Gray) Rydb. - Watson’s Prickly Phlox
Linanfhus sepfenfrionalis Mason - Northern Linanthus
Phlox aculeafa A. Nels. - Prickly-Leaved Phlox
Plr/ox hoodii Rich. - Hood’s Phlox
Phlox /ongifo/ia Nutt. - Long leaf Phlox

Polygonaceae - Buckwheat Family

Eriogonum caespifosum Nutt. - Mat Buckwheat
Eriogonum cemuum Nutt. - Nodding Buckwheat
Eriogonum herecleoides Nutt. - Parsnip-flowered Buckwheat
Eriogonum mancum Rydb. - Imperfect Buckwheat
Etiogonum marifolium T. and G. - Slender Bush Buckwheat
Eriogonum microfhecum Nutt. - Shrubby Buckwheat
Eriogonum ovalifolium Nutt. - Cushion Buckwheat
Eriogorrum umbellafum Torr. - SultWlower Buckwheat
Oxyf/reca dendroidea Nutt. - Oxytheca
Polygonum avicula~ L. - Doorweed, Prostrate Knotweed
Po/ygonum persicaria L. - Hearlweed, Spotted Ladysthumb
Po/ygorrum ramosissimum Michx. - Yellow Flowered Knotweed
Rumex crispus L. - Curley Dock



INEL Flora (Continued)

Family
Genus species, Common Name

Polygonacaae - Buckwheat Family (Continued)

Rumex salicifolius Weinm. - Willow-leaved Dock
Rumex maritimus L. - Seaside Dock
Rumex venosus - Wild Begonia

Polypodiaceae - Common Fern Family

Woodsia oragarma D. C. Eat. - Woodsia (Fern)

Ranunculacaae - Buttercup Family

Aqui/egia formosa Fisch. - Red Columbine
Clematis /igustictio/ia Nutt. - Virgin’s Bower
Delphinium andersonii Gray - Desert Larkspur
De/phinum nuttallianum Pritz. - Upland Larkspur
Ranunculus andersonii Gray - Anderson Buttercup
Ranuncu/us aquatilis L. - Water Corwfoot
Ranuncu/us cymbalatia Pursh - Shore Buttercup
Ranunculus glabem”mus Hook. - Sagebrush Buttercup
Ranuncu/us macounii Britt. - Macoun’s Buttercup
Ranuncu/us testiculatus Crantz. - Bur Buttercup

Rhamnaceae - Buckthorn Family

Ceanothus vehftinus L. - Snowbrush, Mountain Laurel

Rosaceae - Rose Family

Ame/anc/rier a/nifo/ia Nutt. - Western Serviceberry
Cercocarpus /edifo/ius Nutt. - Mountain Mahagony
Chamaebafiaria mi//efo/ium (Torr.) Maxim. - Fembrush, Tanseybush
Geum macrophyllum Wind. - Large-leaved Avens
Ho/odiscus dumosus (Hook.) Heller - Ocean Spray
Physocarpus a/temans (M. E. Jones) J. T. Howell - Ninebark
Potenti//a ansetina L. - Common Silverweed
F’otentila biennis Greene - Biennial Cinquefoil
Poterrti//a norvagica L. - Nonvegian Cinquefoil
Prunus virginiana L. - Common Chokecherv
Purshia tridentata (Pursh) D. C. - Bitterbrush, Antelope-brush
Rosa woodsii Lindl. - Wood’s Rose
Rubus ideaus L. - Red Raspberry

Rubiaceae - Madder Family

Ga/ium bifolium Wats. - Thin-leaved Bedstraw
Ga/ium multiti’orum Ken. - Shrubby Bedstraw

Salicaceae - Willow Family

Popu/us angusfifo/ia James - Narrow-leaved Cottonwood
F’opukrs tremuloides Michx. - Quaking Aspen
Sa/ix exigua Nutt. - Western Sandbar Willow
Sa/ix /asiandra Benth. - Whiplash Willow
Sa/ix phy/icifo/ia L. - Tea-1eaved Willow
Sa/ix scou/etiana Barratt - Scouler’s Willow
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INEL Flora (Continued)

Family
Genus species, Common Name

Santalaceae - Sandatwood Family

Corrrandra urnbellata (L.) Nutt. - False Toadflax

Saxifragaceae - Sax”WageFamily

Heuchera parvifo/ia Nutt. - Common Alumroot
Lithophragma bulbifera Rydb. - Star Flower
Lithophragma parvir70ra (Hook.) Nutt. - Star Flower

Scrophularaceae - Figwort Family

Caste//eja angustifo/ia (Nutt.) G. Don. - Desert Paintbrush
Casfe//eja Iongispica A. Nels. - White Paintbrush
Collinsia parviflora Lindle. - Blue-eyed Mary
Cordylanthus ramosus Nutt. - Bushy Birdbeak
Limosella aquatica L. - Mudwort
Linaria dalmatica (L.) Mill. - Dalmation Toadflax
Linaria w.dgans Hill - Butter-and-eggs
Purshia triderrtata (Pursh) D. C. - Bitterbrush, Antelope-brush
Mimu/us breviflonrs Piper - Short Flowered Monkey Flower
Minu/us nanus H. and A. - Purple Monkey Flower
Penstemon cyaneus Pennell - Dark-blue Penstemon
Pensfemon deustus Dougl. - Hot-rock Penstemon
Penstemon humi/is Nutt. - Lowly Penstemon
Penstemon pumilus Nutt. - Dwarf Penstemon .
Penstemon radicosus A. Nels - Matroot Penstemon
Verbascum thapsus L. - Common Mullein, Hairy Mullein
Veronica americana Schewin. - American Brookline, Speedwell
Veronica anaga//is-aquatica L. - Water Speedwell

Solanaceae - Nightshade Family

Hyoscyamus niger L. - Black Henbane
Nicotiana attenuata Torr. - Coyote Tobacco
Solarium dulcamara L. - Bittersweet

Typhaceae - Cattail Family

Typha /atifo/ia L. - Common Cattail

Umbeiliferae - Parsley Family

Cymopferus acauk (Pursh) Raf. - Biscuit-Root
Cymopterus terebinfhinus (Hook.) T. and G. - Turpentine Cymopterus
Lomatium dissectum (Nutt.) Math. and Const. - Fern-leaved Desert Parsley
Lomatium foeniculaceum (Nutt.) Coult. and Rose - Fennel-leaved Desert Parsley
Lomatium triferrratum (Pursh) Coult. and Rose - Nine-leaf Lomatium
Osmorhiza chi/ensis H. and A. - Sweet Cicely

Urticaceae - Nettle Family

LMica dioica L. - Stinging Nettle

Verbenaceae - Verbena Family

Purshia tridentata (Pursh) D. C. - Bitterbrush, Antelope-brush
Verbena brecteata Lag. and Rodg. - Bracted Verbena



INEL Flora (Continued)

Family
Genus species, Common Name

Violaceae - Violet Family

Vie/a rwtia//ii Pursh. - Yellow Violet

,
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Avifauna Recorded on the INEL

Abundance; Season,
Taxa and Breeding Statusb Habitat’

GAVIIFORMES

Gaviidae

Common Loon, Gavia irrrner”

PODICIPEDIFORMES

Podicipedidae

Pied-billed Grebe, Podilymbus podiceps

Homed Grebe, Podiceps auntus
Eared Grebe, P. nigricollis

Western Grebe, Aechmophonfs occidentals

PELECANIFORMES

Pelecanidae

American White Pelican, Pelecafws erythrorhynchosd

Phalacrocoracidae

Double-crested Cormorant, Pha/acfucorax auritus

CICONIIFORMES

Ardeidae

American Bittern, Bofaurus Ientiginosus
Great Blue Heron, Ardea trerodias
Snowy Egret, Egratha thula
Great Egret, Casmerodius albusd

Cattle Egret, Bubulcus ibis

Green-backed Heron, Butondes striatus

Threskiornithidae

White-faced Ibis, P/egadis chih)’

ANSERIFORMES

Anatidae

Tundra Swan, Cygnus columbiarrus

Trumpeter Swan, C. buccinatofl
Snow Goose, Chen caerulescens

Ross’ Goose, Chen rvssii

Canada Goose, Branta canadensis
White-fronted Goose, Anser albifivrrs

Wood Duck, Aix sponsa

Green-winged Teal, Anas cracca
Mallard, A. platyrhynchos

Northern Pintail, A. acufa
Blue-winged Teal, A. discors

Cinnamon Teal, A. cyanoptera
Northern Shoveler, A. clypeata

Gadwall, A. strapera

M5

S5, M5
M5
B5, M3, W3
S5, M5

M5

U6

S5, M5
S5, M5
U6
S5, M5
U6
S6, M6

S5, M5

M5
U6
M5
U6
S3, M3
U6
S6, M5
S5, M5
B2, M2, W3
S3, M3
B2, M3
S3, M3
B3, M3
S3, M3

w

w
w
w
w

w

w

w
w
w
w
w
w

w

w
w
w
w
w
w
w
w
w
w
w
w
w
w



INEL Avifauna (Continued)

Abundance; Season,
Taxa and Breeding Statusb Habitaf

ANSERIFORMES Anatidae (Continued)

American Wigeon, A. arnericarra
Canvasbacks,Aythya valisineria

Redhead, A. americana
Ring-necked Duck, A. co//ans

Lesser Scaup, A. aftirris

Common Goldeneye, f3ucepha/a clangula

Barrow’s Goldeneye, B. is/andica
Bufflehead, B. albeola

Surf Scoter, Melanitta perspicillata
Common Merganser, Mergus merganser

Hooded Merganser, Lophodytes cucrdlatus
Ruddy Duck, Oxyura jamaicensis

FALCONIFORMES

Cathartidae

Turkey Vulture, Cafhartes aura

Accipitridae

Osprey, Pandion haliaetus

Bald Eagle, Haliaeetus Ieucocephaluse

Northern Harrier, Circus cyar?aus
Sharp-shinned Hawk, Accipiter striatus
Cooper’s Hawk, A. cooperii

Northern Goshawk, A. genti/is
Swainson’s Hawk, Buteo swainsoni

Red-tailed Hawk, B. jamaicensis
Ferruginous Hawk, B. regalisd

Rough-legged Hawk, B. /agopus
Golden Eagle, Aqui/a chrysaetos

Falconidae

American Kestrel, Fa/co sparvetius

Merlin, F. columbariusd
Peregrine Falcon, F. peregrinuse

Gyrfalcon, F. rusticolus
Prairie Falcon, F. mexicanus

GALLIFORMES

Phasianidae

Gray Partridge, Perdix perdix

Chukar, A/ecforis chukar
Ring-necked Pheasant, Phasianus colchicus
Blue Grouse, Dendragapus obscurus
SageGrouse, Centrocercus urophasianus

GRUIFORMES

Gruidae

Sandhill Crane, Grus canadensis

S3, M3
B5, M5
S5, M5, W5
S5, M5
S5, M3, W3
S5, M3, W3
S6, M5
S5, M3
U6
S3, M5
U6
B5, M3

S3, M3, W6

M5
M5, W3
R2
S5, M5, W5
S3, M5, W5
S5, M5, W5
B3, M3, W5
B3, M3, W5
B3, M3, W5
S6, M2, W2
B3, M4, W2

B2, M2, W3
R5
S5, M5, W5
M6
R3

R3

R3

R3

S6

R2

U6

w
w
w
w
w
w
w
w
w
w
w
w

Sw

w
Sw
Sw
Sw
Sw
Sw
Sw
Sw
Sw
Sw
Sw
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Sw
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f
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INEL Avifauna (Continued)

Abundance; Season,
I_axa and Breeding Statusb Habitaf

GRUIFORMES (Continued)

Ra[lidae

Sora, Porzana carolina
American Coot, Fulica americana

CHARADRIIFORMES

Charadriidae

Killdeer, Charedtius vocifems

Semipalmated Plover, C. sernipalmafus
Mountain Plover, Euporfa montana

Recurvirostridae

American Avocet, Recuwirustra amencana

Black-necked stilt, Himarrtopus meyicanus

Scolopacidae

Greater Yellowlegs, Tringa melanoleuca
Lesser Yellowlegs, T flavipes

Solitaty Sandpiper, T solitatia
Willet, Cafoptrophorus sembalmatus

Spotted Sandpiper, Actitis macularia
Long-billed Curlew, Numenius amencanusd

Marbled Godwit, Limosa fedoa
Least Sandpiper, Calidns minutilla

Long-billed Dowitcher, Limnodromus scolopaceus
Western Sandpiper, ,5eunefes maun

Baird’s Sandpiper, Ero/ia bairdii

Common Snipe, Ga//inago gallinago

Wilson’s Phalarope, Pha/ampus tricolor
Red-necked Phalarope, P. /obatus

Laridae

Franklin’s Gull, Larus pipixcan
Bonaparte’s Gull, L. phi/ade/phia

Ring-billed Gull, L. delawan?rrsis
California Gull, L. califomicus
Herring Gull, L. aryentatus

Black-legged Kittiiake, Rissa tridactyla
Caspian Tern, Sterna caspia

Forster’s Tern, S. forsteri

Black Tern, Chi/donias niger

COLUMBIFORMES

Columbidae

Rock Dove, Co/umba Iivia

Mourning Dove, Zenaida macroura

B5, M5
R3

B2, M2

U6
U6

S2, M3
U6

M5
S5, M5
S5, M3
S3, M3
S3, M3
S3, M3
S3, M5
S5, M5
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S5, M5
S3, M3
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S3, M3
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S3, M3
S5, M3
S3, M3
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w
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w
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w
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w
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w
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INEL Avifauna (Continued)

Abundance; Season,
Taxa and Breeding Statusb Habita~

STRIGIFORMES

Strigidae

Great Horned Owl, Bubo viainianus

Snowy Owl, Afyctea scandiaca

Burrowing Owl, Athene curricularia

Long-eared Owl, Asio ofus

Short-eared Owl, A. tlammeus

Northern Saw-whet Owl, Aegolius acadicus

CAPRIMULGIFORMES

Caprimulgidae

Common Nighthawk, Chordei/es minor

Common Poor-will, Pha/aenopfi/us nuttalii

APODIFORMES

Apodidae

White-throated Swift, Aeronauts saxatalis

Trochilidae

Rufous Hummingbird, Se/asphorus rufus

CORACIIFORMES

Alcedinidae

Belted Kingfisher, Ceryle alcyon

PICIFORMES

Picidae

Downy Woodpecker, Picoides pubescens

Northern Flicker, Co/aptes aurafus

Lewis’ Woodpecker, Asyndesmus Iawis

Red-naped Sapsucker, Sphyrapicus nuchalis

PASSERIFORMES

Tyrannidae

Olive-sided Flycatcher, Corrtopus borealis

Western Flycatcher, Empidonax dificilis
Say’s Phoebe, Sayomis saya

Ash-throated Flycatcher, Myiarchus cinerascens
Western Kingbird, Tyrarrnus verticals
Eastern Kingbird, T. tyrarrnrfs

Alaudidae

Horned Lark, Eremophila alpestris

R3
W5
B3, M3, W6
B4, M4
B3, M3
S6, M6, W6

Sw
Sw
Ss, g
d
Ss, g
Sw

B2, M3
U6

Sw

j

S5

S3, M3

d

d

S3, M3 w

B5, M5
B3, M3
U6
U6

d
d
u
u

S5, M5
S5
B3, M3
S5
B3, M3
B3, M3

d
d
ss,d,f,j
d
f,d,j
f,dj

R2 g,ss
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INEL Avifauna (Continued)

Abundance: Season,
Taxa and Breeding Statusb Habita~

PASSERIFORMES (Continued)

Hirundinidae

Tree Swallow, Tachycirrefa bico/or
Violet-green Swallow, T thalassina

Northern Rough-winged Swallow, Ste/gk/opferyx sempennis
Bank Swallow, R@aria nparia
Cliff Swallow, Hirundo pynironota
Barn Swallow, H. rustics

B3, M3
B4, M4
B3, M3
B5, M3
B2, M2
B2, M3

d,j
dj
d,j
dj
dj
d,j

Corvidae

Blue Jay, Cyanocitta cristafa

Clark’s Nutcracker, Nuci%sga columbiana
Black-billed Magpie, Pica pica

American Crow, Corvus brachyrhynchos.
Common Raven, C. corex

U6
S4, M4, W5
R2
R3
R3

u
j
Sw
Sw
Sw

Troglodytidae

Rock Wren, Saipinctes obso/efus

Canyon Wren, Catherpes mexicanus
House Wren, Trug/odytes aedon

B3, M3
S!5, M5
R3

Ss
Ss
d

Muscicapidae

Ruby-crowned King[et, Regu/us ca/errdu/a

Western Bluebird, Sia/ia mexicana

Mountain Bluebird, S. currucoidas

Townsend’s Soliiaire, Myadestes townsendi
American Robin, Turdus migratorius
Varied Thrush, /xoreus naevius

Swainson’s Thrush, Hy/ocich/a ustr,data

M3, W6
S5, M5
S3, M3
S5, M5
B2, M2
W6
U6

d
Ss
Ss
d
Sw
Ss
u

Mimidae

Northern Mockingbird, Mimus po/yg/ottos

Sage Thrasher, Oreoscoptes montanus

S6
B2, M2

j
Ss

Polioptilidae

Blue-gray GnatCatcher, Po/iopti/a caerulea U6 u

Water Pipit, Anthus spinoletta M5 Ss

Bombycillidae

Bohemian Waxwing, Bombyci//a garrulus
Cedar Waxwing, B. cedrorum

S3, M2, W3
S5, M3, W5

f,d
f,d

Laniidae

Northern Shrike, Lanius excubitor

Loggerhead Shrike, L. /udovicianus

M3, W5
B3

Sw
Ss



INEL Avifauna (Continued)

Abundance? Season,
Taxa and Breeding Statusb Habitat”

PASSERIFORMES (Continued)

Sturnidae

European Starling, Sh.rrrIusvu/garis

Vireonidae

Warbling Vireo, Vireogihms

Emberizidae

Black-and-White Warbler, MrioWa varfa
Yellow Warbler, Dendmica pefechia
Yellow-rumped Warbler, D. coronafa

Townsend’s Warbler, D. fowrrsendi

American Redstart, Setophaga rutici//a

Common Yellowthroat, Geot/r/ypis frichas
Wilson’s Warbler, WRsoniapusi//a

Orange-crowned Warbler, Berrnivora celafa

Yellow-breasted Chat, Icferia virens

MacGillivray’s Warbler, Oporomis fohniei
Western Tanager, Piranga Iudoviciana

Black-headed Grosbeak, Pheucficus melanocephalus
Lazuli Bunting, Passerina amoena

Green-tailed Towhee, P@ilo chlorurus
Rufous-sided Towhee, P. eryfhrophfha/mus

Chipping Sparrow, Spizel/a passerina
Brewer’s Sparrow, S. brewen
Vesper Sparrow, Pooecefes gramineus
Lark Sparrow, Chondesfes grammacus

Black-throated Sparrow, Amphispiza bi/ineafa
Sage Sparrow, A. belli

Lark Bunting, Ca/amospiza me/anocorys
Savannah Sparrow, Passerculus sandwichensis

Song Sparrow, Malospiza malodia
White-crowned Sparrow, Zonofrichia /eucophrys
Dark-eyed Junco, Junco hyemalis

Snow Bunting, P/ecfrophenax niva/is

Red-winged Blackbird, Aga/aius phoeniceus
Western Meadowlark, Sfume//a neg/ecfa

Yellow-headed Blackbird, Xanfhocepha/us xanfhocapha/us
Brewer’s Blackbird, Euphagus cyanocepha/us

Brown-headed Cowbird, Molofhrus afar
Northern Oriole, Icferus ga/bu/a

Orchard Oriole, /cferus spuns

Fringillidae

Rosy Finch, Leucosficfe arcfoa
House Finch, Carpodacus mexicanus

Pine Siskin, Cardue/is pinus
American Goldfinch, C. frisfis
Evening Grosbeak, Coccofhrausfes vesperfinus

Passeridae

House Sparrow, Passer domesficus

R3

S5, M5

U6
B5, M3
S3, M3
M5
M6
S5
S5, M5
U6
S5
U6
S3, M3
S5, M5
S5, M5
S3, M3
S3, M3
M5
B2, M2
B3, M3
S3, M5
S5, M5
B2, M2
S5, M5
S5, M3
S5, M3
M4
M3
W5
B3, M3
B2, M2, W3
B4, M3
B2, M2, W5
B3, M3
S3, M3
U6

M5, W5
S3, M3
S5, M3
M5
S5, M3

B2, Ml, W3

Sw

d

u
d
d
d
f
d
d
u
d
u
d
Sw
d

Ss
Sw
f,d,ss
Ss
g, Ss
Sw
Ss
Ss
Ss
d,g
d
Ss
Sw
g,ss
w, Ss
g,ss
w,d
Sw
Ss
d
u

;
f,d
d,ss
d

f,d



a. Abundance code (all abundance classes assume a qualified biologist exetied areasonable effotito search orsample the proper
habitat at the appropriate time of year):

1. Abundant - very numerous and certain to be seen or sampled.
2. Common - likely but not certain to be observed or sampled.
3. Uncommon - found in limited numbers, not likely to be sampled or observed.
4. Occasional or local - a species that is not always present or is restricted in distribution.
5. Rare - a species that has a range including all or part of the INEL, but has been documenteds seven times on the INEL.

6. Vagrant or accidental- a species that is not expected to occur on the INEL, but has been recorded there.

b. Breeding and seasonal code:
R Breeder and year-round resident.
B Summer breeder.
M Migrant.
w Winter visitor.
s Summer visiton no breeding records.
u Unknown.

in descending order of preference):
w On or near water
Ss Shrub-steppe
d Deciduous or riparian

j Juniper woodland

9 Grassland
Sw Sitewide
f Facility complexes.
u Unknown

d. Candidate Species for List of Threatened or Endangered Species
(White-faced Ibis; Ferruginous Hawk; Long-billed Curlew) or Idaho State
Species of Special Concern (Moseley and Groves 1990).

e. Endangered (Federal Register 1990).Fish Recorded on the INEL (from Reynolds et al. 1986).



Fish Recorded for the INEL

Taxa Distribution Abundance

,
SALMONIFORMES

Salmonidae

Kokanee Salmon, Orrcorhyr?chus nerka

Rainbow Trout, .Sahnogairdrreri

Brook Trout, Sa/va/irws forrtirra/is

Mountain ”Whitefish, Prosopium wi//iamsoni

CYPRINIFORMES

Cyprinidae

Speckled Date,

PERCIFORMES

Cottidae

Rhinichthys osculus

Big Lost River
Big Lost River
Big Lost River

Big Lost River

Big Lost River

Uncommon
Common
Uncommon

Big Lost RiverShorthead Sculpin, Cottusconfusus

a. See Table F-1 fordetinitions of abundance terms.
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Reptiles and Amphibians Recorded On The INEL

Taxa Distribution and Habitat Abundance

ANURA

Pelobatidae

Great Basin Spadefoot Toad, Spea intermonfanab

Hylidae

Boreal Chorus Frog, P.seudacrfs biseriata

SQUAMATA

Iguanidae

Leopard Lizard, Gambelia wislizeni~

Short-horned Lizard, Phryrrosoma douglassi

Sagebrush Lward, Scelopows graciosus

Scincidae

Western Skink, Eumeces skiltonianus

Boidae

Rubber Boa, Charkra bottae

Colubridae

Desert Striped Whipsnake, Masticophis taeniafus

Gopher Snake, Pituophis me/ano/eucus
Western Garter Snake, T9amnophis e/egans

Western Racer, Co/uber constrictor

Viperidae
Western Rattlesnake, Crota/us vitidis

Big Lost River Common
and sinks

Uncommon

NE lNE~ sandy
areas
Sitewide; shrub-
steppe
Sitewide; shrub-
steppe

Local

Abundant

Abundant

South INEL Rare

Unknown Accidental

NE INEL: shrub-steppe Uncommon
sitewide: shrub-steppe Common
Sitewide; all habitats Uncommon
Unknown Accidental

Sitewide; shrub-steppe Common

a. Collins et al. (1978) list this as Scaphioplrus intermontanus.

b. Collins et al. (1 978) place this in the genus Crotaphytus.

See Avifauna listing for definition of abundance terms.



Mammals Recorded on the INEL

Taxa Distribution and Habitat Abundancea

INSECTIVORE

Soricidae

Merriam Shrew, Sorex merriami

CHIROPTERA

Vespertilionidae

Little Brown Myotis,
Myotis Iucifugus

Small-footed Myotis, M. /eibii

Long-eared Myotis, M. evotis

Big-brown Bat,
Eptesicus fuscus

Hoary Bat, Lasiurus cinereus

Townsend’s Big-eared Bat,
Plecotus to wnsendii

LAGOMORPHA

Leporidae

White-tailed Jackrabbit,
Lepus to wnsendii

Black-tailed Jackrabbit,
L. californicus

Nuttall’s Cottontail,
Sylvilagus nuttallii

Pygmy Rabbit,
S. idahoensis

RODENTIA

Sciuridae

Least Chipmunk, Tamias

minimus

.,..--, ,.qr.z’-;m. ,-.--,-~,~ .,., ~.. ,,, ..>. .% .-. ,-- . . . . . . . . . . . . . . z,-. ,<$>>--,~ -~.~, ,K.>.,.-— T.
_ -—. —.. .— .._ .—.

Sitewide; sagebrush-
steppe

Uncommon

Sitewide; roosts in
buildings

Sitewide; rocky outcrops
and lava

SE INEL; junipers

Sitewide; roosts in
buildings and caves

Patchy; riparian
and junipers

Sitewide; caves and
lava tubes

Common

Abundant

Common

Common

Uncommon

Abundant

Sitewide; sagebrush-
steppe

Sitewide; sagebrush-
steppe

Sitewide; sagebrush-
steppe facilities

Patchy; sagebrush-
steppe and rocky outcrops

Sitewide; sagebrush-
steppe

Occasional

Abundant-
occasional
(cyclic)

Common

Common

Abundapt



INEL Mammals (Continued)

Taxa Distribution and Habitat Abundancea

RODENTIA Sciuridae (Continued)

Yellow-bellied Marmot,
Marmota flaviventris

Sitewide; rocky outcrops Uncommon

Townsend’s Ground
Squirrel, Spermophilus

to wnsend~

Sitewide; sagebrush- Common
steppe facilities

Geomyidae

Northern Pocket Gopher,
Thomom ys talpoides

Patchy; sagebrush-
steppe

Occasional

Heteromyidae

Great Basin Pocket Mouse,
Perognathus parvus

Sitewide; sagebrush-
steppe

Uncommon

CommonOral’s Kangaroo Rat,
Dipodom ys ordii

Sitewide; sagebrush-
steppe and grassland

Castoridae

Beaver, Castor canadensis Patchy; Big Lost River Local

Cricetidae

Western Harvest Mouse,
Reithrodontom ys megalotis

Sitewide; sagebrush-
steppe and grassland

Common

Deer Mouse, Peromyscus

maniculatus

Sitewide; all habitats Abundant

Northern Grasshopper
Mouse, Onychomys

Ieucogaster

Sitewide; sagebrush-
steppe

Occasional

Bushy-tailed Woodrat,
Neotoma cinerea

Sitewide; rocky outcrops Common

Montane Vole, Microtus

montanus

Sitewide; grassland
and facilities

Abundant-
occasional

UncommonSagebrush Vole,
Lagurus curtatus

Patchy; sagebrush-
steppe

Rare
(cyclic)

Muskrat, Ondatra

zibethicus

Patchy; aquatic



INEL Mammals (Continued)

Taxa Distribution and Habitat Abundancea

Muridae

Norway Rat, Rattus NW and NE INEL; near Rare

norvegicus agricultural areas

House Mouse, Mus musculus Patchy; facilities Rare

Erethizontidae

Porcupine, Erethizon Patchy; riparian and Uncommon

dorsatum juniper

CARNIVORA

Canidae

Coyote, Canis Iatrans Sitewide; all habitats Common

Mustelidae

Long-tailed Weasel,
Mustela frenata

Badger, Taxidea taxus

Western Spotted Skunk,
Spilogale gracilis

Felidae

Mountain Lion, Fe/is
concolor

Bobcat, F. rufus

ARTIODACTYLA

Cervidae

Elk, Cervus elaphus

Mule Deer, Odocoileus
hemionus

Moose, Alces alces

Antilocapridae

Pronghorn, Antilocapra

americana

Sitewide; sagebrush-
steppe

Common

Sitewide; all habitats

Sitewide; rocky outcrops

Sitewide; transient

Sitewide; sagebrush-

Sitewide; transient

Sitewide; sagebrush-
steppe, grassland

Sitewide; transient

Sitewide; sagebrush-
steppe, facilities

Uncommon

Rare

Vagrant

Uncommon

Vagrant

Uncommon

Vagrant

Abundant
.

. ..... , - :-77 r .—. -7-7T?7T7-m-*
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INEL Mammals (Continued)

Taxa Distribution and Habitat Abundancea

ARTIODACTYLA Bovidae (Continued)

Mountain Sheep, North INEL; transient Vagrant

Ovis canadensis

a. See Avifauna listing for definition of abundance terms,
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Appendix E

Ecological Grouping Methods for SLERA

N. L. Hampton and R. C. Morris

E-1 . INTRODUCTION

A “functional grouping” methodology has been developed and applied to screening-level risk
assessment (SLEW) at the Idaho National En@eering Laboratory (INEL). The approach is
based on grouping species having similarities that are defined in terms of SLERA goals to aid in
analyzing the effects of stressors on INEL ecosystem components.

The primary purpose for functional grouping is to apply existing data from one or more
species within the group to assess the risk to the group as a whole. Identification of every
species inhabiting all sites of contamination within individual WAGS is difficult. Functional
groups are used to perform a limited evaluation of exposures for all potential receptors and
provide a mechanism for focusing subsequent baseline ERAs on receptors that best characterize
potential contaminant effects.

A second purpose for applying the functional group concept is to lend a consistent,
systematic approach to defining and selecting SLEW assessment and measurement endpoints and
communicating SLERA results. The use of functional grouping allows a repeatable process for
identi~ing and screening numerous contaminants and potential receptors associated with INEL
waste area groups (WAGS) and produces comparable results for multiple assessments..

Some basic considerations associated with the use of functional groups that must be
addressed in the SLERA process include

● Groups are assumed to have biological functions similar enough to allow all members
to be represented by surrogate species within that functional group.

● Modification of exposure as a result of behavioral response to contaminant effects is
not addressed (Suter, 1993).

● Issues such as seasonal variation in diet and habitat use must be specifically addressed
in the SLERA analysis.

● Subjectivity exists in the grouping process and criteria for grouping-must be well
defined.

This appendix presents the methodology for deriving functional groups based,on the needs
of INEL SLERA and for incorporating those groups into processes performed in the SLERA
problem formulation, screening analysis, and screening-level evaluation phases.

E-3
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E-2. SLERA FUNCTIONAL GROUP STRUCTURE

The criteria for grouping individuals for contaminant exposure must result in a structural
organization that allows use of surrogate measurements or groups of individual measurements to
represent a functional group as a whole. To address potential exposure and effects for INEL site-
related contamination, species are combined into functional groups that demonstrate:

● Shared potential for contaminant exposure

● Similar biological response to that exposure.

Functional grouping can be applied for all biotic ecosystem components, including
vegetation, wildlife, insects, and microorganisms. Grouping criteria may differ for assessments
addressing risk in terms of habitat change or impacts. For example, physiological responses may
not be as important as habitat usage if effects to species are measured in terms of habitat loss or
degradation. Although the development of functional groups would be the same, criteria for their
structure would be refined to emphasize habitat assessment goals.

E-2.1 Wildlife

Vertebrates. The prima~ division for developing wildlife functional groups for contaminant
effects assessment is by taxon or Class. Class is a level of taxonomic organization within the
hierarchical system by which organisms are classified (in zoology Kingdom, Phylum, Class, Order,
Family, Genus, and Species). The grouping criteria for the SLERA uses this fundamental
separation to establish biological similarity. The highest level at which organism physiological and
biochemical responses are assumed to be similar is within taxonomic Class. The six Classes (Taxa)
represented by INEL wildlife species are listed on Table E-1.

A second level of division defines group relationships based on the potential for contaminant
exposure. Shared dieta~ and physical exposure pathways are established by developing a
“functional group index” for each species. The index incorporates three parameters (elements) to
characterize potential exposure through dieta~ and physical routes based on the habits and
habitat of the individual species:

● Trophic level

● Feeding habitat

● Non-feeding habitat.

The criteria for assigning trophic, feeding and non-feeding codes for INEL vertebrate species

are summarized on Table E-2. A secondary trophic level assignment may be added to address

seasonal food/prey usage for some species.
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Table E-1. Classes represented by INEL wildlife species.

Class (Taxon)

Birds (Aves)

Mammals (Mammalia)

Reptiles (Reptilia)

Amphibians (Amphibia)

Fishes (Osteichthyes)

Insects (Insects)

These codes, in combination, represent the functional group index for an individual species.
Table E-3 shows the functional group indicies for several INEL species.

Trophic level is a “functional classification of taxa within a community that is based on
feeding relationships (e.g., aquatic and terrestrial green plants comprise the first trophic level and
herbivores comprise the second)” (EPA 1992). Five trophic categories are used to define primary
contaminant exposure through dietary routes, including contaminant intake from live prey,
vegetation, soil, sediments and wate~ 1) Herbivores, 2) Insectivores, 3) Carnivores, 4) Omnivores,
and 5) Detritivores.

Primaty feeding and non-feeding habitats are grouped into four representative categories:
1) air, 2) terrestrial, 3) terrestrial/aquatic interface, and 4) aquatic categories. These categories
incorporate vertical habitat stratification (Short, 1982) to establish physical proximity to
contaminated media, including exposure incurred as a result of feeding and non-feeding (breeding
and loafing) behaviors. While feeding habitat codes incorporate additional detail for dietary
uptake, the non-feeding code accounts for physical transfer across animal surfaces from various
media, including inhalation of air- and vapor-borne contamination. For terrestrial analyses, effects
of dermal contact are primarily of importance for invertebrates and soil dwelling organisms
(Peterle, 1991).

Functional grouping criteria for all INEL species are contained in the INEL species database
(Attachment 1) and can be used to sort each species into appropriate functional groups.
Grouping criteria several INEL species are shown on Table E-3. A four way, ascending order
sort can performed to combine species by 1) trophic catego~, 2) feeding-habitat index 3) non-
feeding habitat index and 4) Class. Functional groups developed for the INEL are presented on
Table E-4.

For ease of discussion, individual functional groups have been assigned a unique code
consisting of one or two letters to indicate taxon (A = Amphibia, AV = Aves, M = Mammalia,
R = Reptilia), and a three digit number derived from the combination of trophic category and
the feeding habitat index. For example, AV122 represents the group of bird species that are
herbivorous (trophic category = 1) whose feeding habitat is terrestrial surface and/or understory
(feeding habitat index = 2.2).



. . .

Table E-2. Criteria for defining INEL wildlife functional groups ( Short, 1982).

DEFINITION CODE COMMENTS

lROPHIC “Primaxy” feeding 1 HERBIVORE Some re-definition is
CATEGORY habits (based on 2 INSECTIVORE required for species

>50% of prey/food 3 CARNIVORE having prey/food
consumed). 4 OMNIVORE sources that differ

5 DETRITIVORE according to season.

FEEDING “Primaxyn feeding 1.0 AIR Used for all species,
HABITAT habitat (based on regardless of

location of >50% 2.0 TERRESTRIAL abundance or seasonal
food or prey items). 2.1 Vegetation canopy status.

2.2 Surface/understory
2.3 Subsurface Vertical habitat
2.4 Vertical habitat includes manmade

structures (e.g. power
3.0 TERRESTRIAIJ AQUATIC poles, buildings), cliff
INTERFACE faces, etc.

3.1 Vegetation canopy
3.2 Surface/underStory
3.3 Subsurface
3.4 Vertical habitat

4.0 AQUATIC
4.1 Surface water
4.2 Water column
4.3 Bottom

NON- For species breeding 1.0 AIR Vertical habitat
FEEDING at the INEL includes manmade
HABITAT (residents and 2.0 TERRESTRIAL structures (e.g. power

summer breeders), 2.1 Vegetation canopy poles, buildings), cliff
“primary” breeding 2.2 Surface/underStory faces, etc.
habitat. For seasonal 2.3 Subsurface
visitors, transients, 2.4 Vertical habitat
etc. ‘primary”
loafing/resting 3.0 TERRESTRIAL/AQUATIC
habitat. INTERFACE

3.1 Vegetation canopy
3.2 Surface/understory
3.3 Subsurface
3.4 Vertical habitat

4.0 AQUATIC
4.1 Surface water
4.2 Water column
4.3 Bottom
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Table E-3. Functional group indicies for example INEL wildlife species.

Functional grouping criteria.

Common name Trophic* Feeding** NonFeeding** ‘
Category Habitat Habitat

Index Index

Great Basin Spadefoot Toad

Western Meadowlark

Brewer’s Sparrow

Peregrine Falcon

Bobcat

Least Chipmunk

Coyote

* 1 = Herbivore, 2 = Insectivore, 3 =

** 1.0 AIR
2.0 TERRESTRIAL

2.1 Vegetation canopy
2.2 Surface/understory
2.3 Subsurface
2.4 Vertical habitat

2

2

2

3

3

4

4

Carnivore, 4 =

3.0 TERRES’13UALJAQUATIC INTERFACE
3.1 Vegetation canopy
3.2 Surface/understory
3.3 Subsurface
3.4 Vertical habitat

4.0 AQUATIC
4.1 Surface water
4.2 Water column
4.3 Bottom

3.2

2.2

2.2

1.0 ‘

2.2

2.2

2.2

Omnivore, 5 =

3.3

2.1

2.1

2.4

2.3

2.3

2.3

Detritivore

. ... r ...- .:.—.,- -. .- 7r--m ----- . . . .. . . . ...>-.=- -. -.. . , . . . -- ——. — —.. ..—.
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Table E-4. INEL wi dlife functional groups.

I I I I I II

COMMON NAMECLASS FG

AMPHIBIA A232

AMPHIBIA

TAXONOMICNAME

Sues intermontsna*
1 1 1 I I

Great BasinSpadefootToad 21 3.21 3.31W IR2
BorealChorus Frog I 21 3.21 3.31W !R4 I.

Psersdacris triseriata

Pine Siskin 1 2.1 2.1 f,d S5, M3

American GoIdtinch 1 2.1 2.1 d,ss MS

Evening Grosbeak 1 2.1 2.1 d S5, M3

Cedar Waxwing 1 2.1 2.1 f,d S5 ,M3 ,W5la=
AVES AV121

AVES

AVES

AVES

Carduelis pinus

Carduelis tristis

Coecothraustes veapertinus

Bombycilla cedrorum

I I I I I
House Soarrow II 2.2 I 2if.d 1B2. Ml. W3 IAVES AV 122

AVES

AVES

Paaser domestics ,,
Rufous Hummingbird 1 2.2 2.1 d S3, M3

Black-chinned Hummingbird 1 2.2 2. I ag,d 17

Calliope Hummingbird 1 2.2 2.1 a~,d 16

Selasphorua mtiss

Arcltiloehua alexandri

=

AVES

AVES

AVES

AVES

AVES

AVES

AVES

AVES

Stellula calliope -.
Broad-tailed Hummingbird 1 2.2 2.1 ag,d 17

Mourning Dove 1 2.2 2.1 Sw Bl, M3, W5

Lark Sparrow 1 2.2 2.1 Sw S3, M5

Snow Bunting 1 2.2 2.1 g,ss W5
ROSYFinch 1 2.2 2.1 Ss M5. W5

Selasphortss platycemss

Zersaida macmura

Chondestes grammacus

Plectrophenax nivaiis

Leucosticte arctoa

House Finch 1 2.2 2.1 f,d S3, M3

Gray Partridge 1 2.2 2.2 g, Ss, f R3

Chukar 1 2.2 2.2 E, Ss R3

Carpodacus mexicanus

Perdix nesdix

Alectoris chukar

Blue Grouse 1 2.2 2.2 F“ S6

Sharp-tailed Grouse 1 2.2 2.2 16

Sage Grouse 1 2.2 2.2 Ss, g, f R2

Homed Lark 1 2.2 2.2 g,ss R2

Dark-eyed Junco 1 2.2 2.2 Sw M3

Rock Dove 1 2.2 2.4 Sw R2

Dendragapus obseurus

Tympanuchus phasianellus

Centmcercus umphasianus

Eremoohlla ahsestris

Junco hyemalis

CoIumba Iivia

]IAVES
I
I AV132 Pomana carolina

I 1 1 1 I

Sora 11 3.2 I 3.21w, f IB5, MS
I I I I I I

El= Chen caeruiescens

Arias crecca

Snow Goose I 11 4.2 I 4.1 Iw IM5

Green-wirwed Teal 11 4.2 t 4.1 IW 1S5. M5 !1, , ! , ,
Redhead I 11 4.2 I 4.1 Iw 1S5, M5, W5 IIAyrhya amencana

Ring-necked Duck I 11 4.2 I 4.llW 1S5;M5”
I I I I I

Aythya collaris

S
AVES AV 143

AVES

AVES

AVES

AVES

AVES

AVES

lCvrmus columbianus
1 I I I I

Tundra Swan I 11 4.31 4.1 IW IM5

Trumpeter Swan 11 4.3 I 4.1 IW 116 IlCygnus buccinator
1

Ross’ Goose 1 4.3 4.1 w 16

Canada Goose 1 4.3 4.1 w S3, M3

White-fronted Go-me 1 4.3 4.1 w 16

Mallard 1 4.3 4.1 w B2, M2, W3

Northern Pintail 1 4.3 4.1 w S3, M3

Chen rossii

Branta canadensis

Anser albifmns

Arias olatvriwnchos

lAnas acuta
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Table E-4. (continued).__. — —-.——______

DISTI ABUNDANCW

CLASS FG TAXONOMICNAME COMMON NAME T F-H NF-H STATUS SEASON

AVES Ariasdiscors Blue-wingedTeal 1 4.3 4.1 w B2, M3

AVES Anss cyanoptem Chnamon Teal 1 4.3 4.1 w S3, M3

AVES Anss clypeata NorthernShoveler 1 4.3 4.1 w B3, M3
AVES Anss skepere Gadwall 1 4.3 4.1 w S3, M3
AVES Ariasamericam AmericanWtgeon 1 4.3 4.1 w S3, M3
AVES Aythyavalisineria Canvasbacks 1 4.3 4.1 w B5, M5

AVES AV21O Childonias niger Black Tern 2 1 1 w S5, M5

AVES Contopus borealis Olive-sided Flycatcher 2 1 2.1 d S5, MS

AVES Contopus aodidulus Western Wood-Peewee 2 1 2.1 d 16

AVES Empidomx difticilis Western Flycatcher 2 1 2.1 d S5

AVES Myiarchuscinerascens Ash-thmatcd Flycatcher 2 1 2.1 d S5

AVES Tyrannus verticals Western Kingbird 2 1 2.1 f,d~ B3, M3

AVES Empidonax traillii WNOW Flycatcher 2 1 2.1 d 17

AVES Empidonaxoberholscri Dusky Flycatcher 2 1 2.1 d 17

AVES Empidonax wrightii Grey Flycatcher 2 1 2.1 g,s$j 16

AVES Tyrannus tyramus Eastern Kingbird 2 1 2.1 f>d~ B3, M3

AVES Tachycineta bicolor Tree Swallow 2 1 2.1 d~ B3, M3

AVES Tachycineta thalassins Violet-green Swallow 2 1 2.1 d~ B4, M4

AVES Myadestes townscndi Townsend’s Solitaire 2 1 2.1 d S5, MS

AVES Chordeiles minor Common Nighthawk ~ 1 2.2 Sw B2, M3

AVES Phalaenoptilus nuttslii Common Poor-will 2 1 2.2 j 16

AVES Aeronauts saxatalis Wtrhe-throated Swift 2 1 2.4 d S5

AVES Sayomis saya Say’s phoebe ~ 1 2.4 ss,d,fj B3, M3

AVES Stelgidopteryx serripennis Nodhem Rough-winged swallow 2 1 2.4 d~ B3, M3

AVES Riparia riparia Bank Swallow 2 1 2.4 d,j B5, M3

AVES Hirundo pyrrhonots Ctiff Swallow 2 1 2.4 dJ B2, M2

AVES Hirundo rustics Barn Swallow 2 1 2.4 d~ B2, M3

AVES AV221 Parus atricapillus Black-capped Chickadee ~ 2.1 2.1 d~ 16

AVES Panrs gambeli Mountain Chickadee ~ 2.1 2.1 d~ 17

AVES Sitta canadensis Red-breasted nuthatch 2 2.1 2.1

AVES ReguIus calendula Ruby-crowned Kinglet 2 2.1 2.1 d

AVES

M3, W6

Sialia mexicana Western Bluebird 2 2.1 2.1 Ss S5, MS

AVES HyIocichla ustulata Swainson’s Thrush 2 2.1 2.1 u 16

AVES Polioplila caerulea Blue-gray Gnatcatcher 2 2.1 2.1 u B6

AVES Bombycilla garmlus Bohemian Waxwing 2 2.1 2.1 f,d S3, M2, W3

AVES Virco gilvua Warbling Vho 2 2.1 2.1 d S5, M5

AVES Dendroica petechia Yellow Warbler 2 2.1 2.1 d B5, M3

AVES Dendroica coronata Yellow-rumped Warbler 2 2.1 2.1 d S3, M3

AVES Dendroicatownsendi Townsend’sWarbler 2 2.1 2.1 d M5

AVES Setophaga mticilla American Redstafl 2 2.1 2.1 f M6

AVES Geothlypis trichas Common YeIIowlhroat 2 2.1 2. ld S5

AVES Wllsonia pusilla Wilson’a WarbIer -2 2.1 2. ld S5, M5

.
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Table E-4. (continued).

CLASS FG TAXONOMIC NAME COMMON NAME T F-H NF-H

AVES Icleria virens Yellow-bmasred Chat 2 2.1 2.1

AVES Pirenga hsdoviciana Western Tanager 2 2.1 2.1

AVES Pheucticus melanocephakss Black-headed Grosbeak 2 2.1 2.1

AVES Icterus galbula Nofiem Oriole 2 2.1 2.1

AVES Picoides pubescens Downy Woodpecker 2 2.1 2.1

AVES Colaptcs auretus Nofiem Flicker 2 2.1 2.1

AVES Asyndesmus Iewis Lewis’ Woodpecker 2 2.1 2.1

AVES Sphyrepicus nuchalis Red-naped Sapsucker 2 2.1 2.1

AVES Picoides villosus Hairy Woodpecker ~ 2.1 2.1

AVES Mniotiha varia Black-and-Whhe Warbler 2 2.1 2.2

AVES Bermivora celata Orange-crowned WarbIer 2 2.1 2.2

AVES Opomrnis tohniei MacGillivray’s Warbler 2 2.1 2.2

AVES AV222 Lams pipixcan Franklin’s Gull 2 2.2 1

AVES Lams californicus California Gull 2 2.2 1

AVES Stumus vulgar% European Starling 2 2.2 2

AVES Troglodytes aedon House Wren 2 2.2 2.1

AVES Sialia currucoides Mountain Bluebird 2 2.2 2.1

AVES Turdus migrstorius American Robin 2 2.2 2.1

AVES Ixorcus nsevius Varied Thrush 2 2.2 2.1

AVES Mimus poIyglottos Northern Mockingbird 2 2.2 2.1

AVES Oreoscoptes montanus Sage Thrasher 2 2.2 2.1

AVES Passerina amocna Lazuli Bunting 2 2.2 2.1

AVES SpizelIa passcrina Chipping Sparrow 2 2.2 2.1

AVES Spizella brewer-i Brewer’s Sparrow ~ ~.~ 2.1

AVES Amphisp.kza biiioeata Black-thmatcd Sparrow 2 2.2 2.1

AVES Amphisp-kz belli Sage Sparrow 2 2.2 2.1

AVES Passerculus sandwichensis Savamah Sparrow 2 2.2 2.1

AVES Zonomichia Ieucophrys Whhe-cmwned Sparrow 2 2.2 2.1

AVES Melosp.kza Iincolnii Lincoln’s Sparrow 2 2.2 2.1
AVES Calcrius Iapponicus Lapland Longspur 2 2.2 2.1

AVES Stumella neglects Western Meadowlark 2 2.2 2.1

AVES Euphagus cyanocephahss Brewer’s Blackbird ~ 2.2 2.1

AVES Molorhnss ater Brown-headed Cowbird ~ ‘2.2 2.1

AVES Otus flammeolus Flammulated Owl 2 2.2 2.1

AVES Charsdrius vocifems KilIdeer ~ 2.2 22

AVES Carharus gultatus Hermit Thrush 2 2.2 2.2

AVES Anthus spinoletts Water Pipit 2 2.2 2;

AVES Pipilo chlorurus Green-tailed Towhee 2 2.2 22

AVES PipiIo erythrophthalmus Rufous-sided Towhee 2 2.2 2:

AV12S Pooecetes gramineus Vesper Sparrow 2 2.2 22

;AVES Calamosp.kza melarmcorys hrk Bunting 2 2.2 2:

AVES Melospiza melo&a Song Sparrow 2 2.2 2;

AVES Zonotrichia querula Harris’ Sparrow 2 2.2 22

AVES Salpinctes obsoletus Rock Wren 2 2.2 2:

DISTI ABUNDANCE

STATUS SEASON

d S5

d S3, M3

Sw S5, M5

d S3 , M3

d B5, M5

d B3, M3

u 16

u 16

ag,d 17

d 16

u 16

u 16

1

.,

=

Ss B2, M2
d S5, MS
f,d,ss M5

55 B2, M2

Ss S5, M5

Ss B2, M2

d,g S5, M3

Ss M4

16

=1=
g,ss 17

g,ss B2, M2, W3

Sw B2, M2, W5

55 B3, M3

16,
Sw IB2, M2

1
Ss IM5

=

-.
Ss S5; M5

d S5, M3

16

Ss B3, M3
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.Table E-4: (continued).. .. ..-.

DISTI ABUNDANCE

CLASS FG TAXONOMIC NAME COMMON NAME T F-H NF-H STATUS SEASON

AVES Catherpes mexicanua CanyonWren 2 2.2 2.3 Ss S5, MS

AVES Athene cuniculana Burrowing Owl 2 2.2 2.3 Ss, g B3, M3, W6

AVES AV232 Ictems spuris Orchard OrioIe 2 3 3 u 16

AVES Charedrius sernipslrnatus Semipahnated Plover 2 3.2 2.2 w 16

AVES Eupoda montana Mountain Plover 2 3.2 2.2 u 16

!=
AVES I lAgelaius phoeniceus Red-winged Blackbird 2 3.2 3.1 w, Ss B3, M3

AVES Xanthocephalus xanthocephalus Yellow-headed Blackbird 2 3.2 3.1 w,d B4, M3

AVFS Ac[ih macutaria Spottad Sandpiper 2 3.2 3.2 w S3, M3

Least Sandoioer 2 3.2 3.2 w S5, MS
.-. — . .. ..... ..—-----.-
AVES Calidria minutilla t . . I
AVES Ercunetes msuri Western Sandpiper 2 3.2 3.2 w 16

AVES Erolia bairdii BaM’s Sandpiper 2 3.2 3.2 w 16

AVES Rallus limicola Vkgioia Rail 2 3.2 3.2 w 17

AVES Cistothorus palustris Marsh Wren 2 3.2 3.2 w 17

1 1

‘AVES AV233 H:mantopus mexicanus Black-necked stilt 2 3.3 3.2 w 16 ,

,AVES Tnnga solitaria Solitary Sandpiper 2 3.3 3.2 w S5, M3

AVES Catoptmphorus semipalmatus WNet 2 3.3 3.2 w, 55 S3, M3

‘AVES Numeniusamericanus Long-billed Curlew 2 3.3 3.2 w, Ss S3, M3

AVES L1moaa fedoa Marbled Godwit 2 3.3 3.2 w S3, MS

AVES Limnodmmus scolopaceus Long-billed Dowitcher 2 3.3 3.2 w M5

AVES Gallioago gallinago Common Snipe 2 3.3 3.2 w S5, MS

AVES Egrctha thula Snowy Egret ~ 3.3 3.2 w 16

AVES Bubulcusibis Catlle Egrc[ ~ 3.3 3.2 w 16

AVES Plceadis chihi Whhc-faced Ibis 2 3.3 3.2 w S5, MS

I I I I I I I I

I
IAV241 lAix monss ]Wood Duck I 21 4.11 3.1 IW 1S6, MS II

AVES I IPhalampus Iobatus lRed-necked Phalarope I 214.11 3.21w IM5

AVES IPhalaroous tricolor IWilson’s PhalamDe 214.11 4.1 IW 1S3, M3 II
II ‘-

1 1 . ,I I I I I I II
AVES AV242 Aythya affinis Lesser Scaup 2 4.2 3.2 w S5, M3, W3

AVES Bucephalac[angula CommonGoldeneye 2 4.2 3.2 w S5, M3, W3

AVES Bucephalaislandica Barrow’s GoIdeneye ~ 4.2 3.2 w s6, M5

AVES Oxyura jamaicensis Ruddy Duck 2 4.2 3.2 w B5, M3

AVES Tringa Ilavipes Lesser Yellowlegs 2 4.2 3.2 w S5, M5

AVES Larus Philadelphia Bonaparte’s Gull 2 4.2 3.2 w M5

AVES Bucephala aIbeola Buftlehead 2 4.2 4.1 w S5, M3

AVES Melanitta perspicilIata Surf Scoter 2 4.2 4.1 w 16

AVES Podilymbus podiceps Pied-billed Grcbe 2 4.2 4.1 w S5, M5

AVES Podiceps auritus Homed Grcbe 2 4.2 4.1 w M5

AVES Podiceps nigricollis Eared Grebe ~ 4.2 4.1 w B5, M3, W3
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Tabie E-4. (continued).

DISTI ABUNDANCW
CLASS FG TAXONOMICNAME COMMON NAME T F-H NF-H STATUS SEASON

AVES AV310 Accipitcr stnatua Sharp-shinned Hawk 3 1 2.1 Sw S5, M5, W5
AVES Accipiter cooperil Cooper’s Hawk 3 1 2.1 Sw S3, M5, W5
AVES Accipitcr gentilis Norihem Goshawk 3 1 2.1 Sw S5, M5, W5
AVES FaIco columbarius Merlin 3 1 2.1 Sw M
AVES Falco percgrinus Peregrine Falcon 3 1 2.4 Sw S5, M5, W5
AVES Falco mexicanus Prairie Falcon 3 1 2.4 Sw R3
AVES Falco rusticohrs Gyrfalcon 3 I 3 Sw M6

AVES AV322 Nyctea scandiaca Snowy Owl 3 2.2 2 Sw W5

AVE.S Haliaeetus Ieucocephahts Bald Eagle 3 2.2 2.1 Sw M5, W3
AVE.S Falco sparverius American Kestrel 2 2.2 2.1 Sw B2, M2, W3
AVE.S Cismss cyaneus Northern Harrier 3 2.2 2.1 Sw R2
AVES Buteo swainsoni Swainson’s Hawk 3 2.2 2.1 Sw B3, M3, W5
AVES Buteo jameicensis Red-tailed Hawk 3 2.2 2.1 Sw B3, M3, W5
AVE.S Buteo regalis Ferrtsginous Hawk 3 2.2 2.1 Sw B3, M3, W5
AVES Lanius excubitor Northern Shrike 3 2.2 2.1 Sw M3, W5
AVES Lanius Iudovicianus Loggerhead Shrike 3 2.2 2.1 Ss B3
AVES Bubo virginianus Great Homed Owl 3 2.2 2.1 Sw R3
AVES Asio otus Long-cared Owl 3 2.2 2.1 d B4, M4
AVE.S Asio flammeus Short-eared Owl 3 2.2 2.1 Ss, g B3, M3
AVES Aegolius acrdicus Northern Saw-whet Owl 3 2.2 2.1 Sw s6, M6, W6

AVES Aegolirss funerlus BoreaI Owl 3 2.2 2.1 16
AVE.S Otus kennicottii Western Screech-Owl 3 2.2 2.1 d 16
AVES Glaucidium gnoma Northern Pygmy Owl 3 2.2 2.1 d 17
AVES Aquila chryseetos Golden Eagle 3 2.2 2.2 Sw B3, M4, W2
AVES Cathartes aura Turkey Vulture 3 2.2 2.4 Sw S3, M3, W6
AVES Buleo Iagopus Rough-legged Hawk 3 2.2 2.4 Sw S6, M2, W2

AWLS AV333 Tringa melanoleuca Greater Yeilowlegs 3 3.3 3.2 w M5

AVES Nycticorax nycticorsx Black-crowned Night Heron 3 3.3 3.2 w 16
AVES Butorides striauts Green-backed Heron 3 3.3 3.2 w S6, M6

AVE.S AV342 Ceryle alcyon Belted Kingfisher 3 4.2 3.1 w S3, M3
AVE.S Pandion haliaetus osprey 3 4.2 3.1 w M5
AVES Sterna caspia Caspian Tern 3 4.2 3.2 w M5
AVES Sterna forsten Forster’s Tern 3 4.2 3.2 w S5
AVES Botattnts lentiginosus American Bhtem 3 4.2 3.2 w S5 , M5
AVES Ardca herodias Great Blue Heron 3 4.2 3.2 w S5, M5
AVES Risse tridactyla Black-legged Kittiwake 3 4.2 3.4 w W6

AVES Mergus merganser Common Merganser 3 4.2 4.1 w S3, M5
AVES Mergus sermtor Red-breasted Merganser 3 4.2 4.1 w 16
AVES Lophodytes cuctdlatus Hooded Merganser 3 4.2 4.1 w 16
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Table E-4. (continued).
—.

DI.SW ABUNDANCEI

CLASS FG TAXONOMIC NAME COMMON NAME T F-H NF-H STATUS SEASON

AVES Gavia imrner Common Loon 3 4.2 4.1 w MS

AVES Pelecanus erytbrorhynchos American WMte Pelican 3 4.2 4.1 w MS

AVES Phalacrocorax aurihrs Double-crested Cormorant 3 4.2 4.1 w 16

AVES Aechmophorus occidentals Western Grebe 3 4.2 4.1 w S5,M5

AVES AV422 Cyanocitta cristata BIue Jay 4 2.2 2.1 d,f 16

AVES Aphelocorna coenrleacena Scrub Jay 4 2.2 2.1

AVES Nucifraga columbiana Clark’s Nutcracker 4 2.2 2.1 j S4, M4, W5

AVES Pica pica Black-billed Magpie 4 2.2 2.1 Sw R2

AVES COMSS brachyrhynchos American Crow 4 2.2 2.1 Sw R3

AVES Qukzalus quiacrrla Common Grackle 4 2.2 2.1 16

AVES Phasianuscolchicus Ring-necked pheasant 4 2.2 2.2 g, Ss R3

AVES Corvus Corax Common Raven 4 2.2 2.4 Sw R3

AVES Lams argentstus Hernng Gull 4 2.2 3.2 w, Ss, g S3, M3

t’avu -V -r.. -W-w, .1. ”...- “,..... ”-s”. . . ...-..-”.. ------- _ .— --, . ..”

AVES Larua delawanmais Riog-billed Gull 4 3.2 3.2 w, 55, g s3, M3

AVES Casmerodius albua Great Egret 4 3.3 3.2 w S5, MS
AXrcc c“,. ,.. ”. A-”.:. %rdhillrl-nne 4 3.3 3.2 11 r~

nv- 1 u. “. -’l.Ic!”-.l.l- . . . . . . . . . . ------ 1 I I i“ .“

! I I II I I 11
1 I I I I I I

AV442 lFulica americana lAmerican Coot 41 4.2 I 3.2 w 1R3
f I I I I I 1 II
I I 1 I I I I I

MAMMALIA M121 IErcthbmn doraatum IPorcupine l! 2.11 2.31r,f 114
I I I I I I I I II

II I I I I 1 1 I I
I II

I I I I 1
MAMMALIA M122 ILepus townsendii lWhbtaiIed Jackrabbit I 11 2.2 I 2.21aw,sa IR4

. . . .. . . . . . .. . 1 a-l-al —. -.. .. . II
MAMMALfA I ILepuacalifomicus
MAMMALIA lReithrodnn!omVSmepalo~is

1
—.-. — —.. .—-— -. ——-. “.. ,“”

1 I I . . . .. . . . . . . .. . .
,.. . . . . —.——.. ,----- , .191 *’11 -.

.- ...-.... - ....=—..--- 1
-.. ,--, =I 1-—

,~-, .“. elaphus lElk I 11 2.2 I 2.21SW IT (?)
. ..- 1 6-1-61 —.

MAMMALIA lea”.,. .

MAMMALL4 Odocoileus hemionus

MAMMALIA Alces alces

MAMMALIA Antilocapra americana

,MAMMAT 1A (hfie canaciemis

IKlnCK-tSlledJfiCK171Dl11t I 11 Z.,LI L.ZI- QQ l!-!1.K4(CVC1lCI

IwesternHarvestMOUse I lI,L.LI .z.~lsw-=-p1~
-+

I
. ----- —--- I 1 , .- ,.-,~ --
. . , **1.).)1 ,-.

A

lMule Ileer I 11 ,L..LI ~.’l.w e. o I SZ.4

MOOS% 1 L.L ,L.,L Sw 10

Pronghom 1 2.2 2.2 Sw,ss,f RI

Mountain Sheets 1 2.2 2.2 N.. INE T6..... ...... .-., . - ..- ------------ ..-. --.— --. t J

MAMMALIA M122A Sylvilagus nuttallii Nuttall’s Cottontail 1 2.2 2.3 aw,ss,f R2

MAMMALIA Sylvilagus idahocrrsis* Pygmy Rabbit 1 2.2 2.3 Ss,ro R2

MAMMALIA Marmots flaviventris YelIow-bellied Marmot 1 2.2 2.3 Sw,ro M

MAMMALIA Spermophilus townacnfil Townsend’s Ground Squirrel 1 2.2 2.3 Sw,ss,f R2

MAMMALIA Perognathus parvus Great Basin Pocket Mouse 1 2.2 2.3 Sw,ss R3-

MAMMALIA Dipodomys orfii Oral’s Kangaroo Rat 1 2.2 2.3 Sw,ss,g R2

MAMMALIA Neotoma cinerea Bushy-tailed Woodret 1 2.2 2.3 Sw,ru R2
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Table E-4. (continued).

DIST/ ABUNDANCEI

CLASS FG TAXONOMIC NAME COMMON NAME T F-H NF-H STATUS SEASON

MAMMALIA Microtus montanus Montane Vole 1 2.2 2.3 Sw,g,f RI ,R4 (cyclic)

MAMMALL4 Lagurus curtstus* Sagebmsh Vole 1 2.2 2.3 Ss R3

MAMMALIA M123 Thomomya tslpoides Northern Pocket Gopher 1 2.3 2.3 as R4

MAMMALIA M132 Castor camdensis Beaver 1 3.2 3.3 w R4,S,W

MAMMALIA Ondatra zibetilcua Muskrat 1 3.2 3.3 w S5,W5 (cyclic)

MAMMALL4 M21O Myotia evotis Long-eased Myotia 2 1 2.1 SE INEL, U2

MAMMALIA Lasiurua cineseus Hoary Bat 2 1 2.1 d,j U3

MAMMALIA Lasionycteris noctivagans Silver-haired Bat 2 1 2.1 Sw M4

MAMMALIA M21OA Myotis leitil SmalI-footed Myotis 2 1 2.3 Sw,ro R2

MAMMALIA Eptesicua fuscus Big-brown Bet 2 1 2.3 Sw,f,c R3

MAMMALL4 Plecotus townsendii Townsend’s Big+ared Bat 2 1 2.3 aw,c R2

MAMMALL4 Myotis lucitisgus Little Brown Myotis 2 1 2.4 Sw,f 12

MAMMALIA Myotis califomicus California Myotis 2 1 2.3 Sw U2
MAMMALti Myotia yumsnensia Yums Myotis 2 1 aw 17

MAMMALM Myotis volans Long-legged Myotia 2 1 Sw 17

MAMMALIA Myotis thysanodes Fringed Myotis 2 1 Sw 17

MAMMALIA Pipistmihss hesperus Weatem Pipiatrde 2 1 2.4 Sw 17

MAMMALIA Antrozoua pallidus Pallid Bat 2 1 aw 17

MAMMALL4 M222 Sorex merriasni Merriam Shrew 2 2.2 2.3 Sw,ss R4

MAMMALIA Onychomys leucogaster Norhem Grasshopper Mouse 2 2.2 2.3 Sw,ss R4

MAMMALIA M322 Felis concolor Mountain Lion 3 2.2 2.2 Sw T6

MAMMALL4 Mustela freneta Long-tailed Weasel 3 2.2 2.3 Sw,ss R2

MAMMALIA Taxidea taxua Badger 3 2.2 2.3 Sw R3

MAMMALIA Felis rufiss Bobcat 3 2.2 2.3 Sw,s%j R4

MAMMALIA Vtdpes vulpea Red Fox 3 ag,d 17

MAMMAIJA Mustela ermines Short-tailed Weasel (Ermine) 3 ag,d 17

MAMMALIA Mephitis mephitis Striped Skunk 3 ag,d 17

MAMMALIA M422 Tarniaa rninimus Least Chipmunk 4 2.2 2.3 sw,sa R1

MAMMALIA Peromyscus maniculatua Deer Mouw 4 2.2 2.3 Sw RI

MAMMALIA Rattus norvegicua Norway Rat 4 2.2 2.3 NW/NE I Rs (?)

MAMMALIA Mus museuhss House ?vfouae 4 2.2 2.3 f R’j (?)

MAMMALIA Spilogale gracilis Western Spotted Skunk 4 2.2 2.3 sw,ro R5

MAMMALIA Procyon lotor Racoon 4 2.2 ag,d 17
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Table E-4. (continued).

DISTI ABUNDANCW

CLASS FG TAXONOMIC NAME COMMON NAME T F-H NF-H STATUS SEASON

MAMh4ALfA M422A Canis latrana coyote 4 2.2 2.3 w R2

OSTEICHTHYES 0242 Cottus con fusus Shos-had Sculpin 2 4.2 4.3 w R2

OSTEICHTHYES 0243 Rhinichthys OSCUhSS Speckled Date 2 4.3 4.3 w R3

OSTEICHTHYES Pmsopium williarnsoni Mountain Whitefish 2 4.3 4.3 w R2

OSTEICHTHYES Gila atraria Utah Chub 2 w 17

OSTEICHTHYES Salmo gairdneri Rainbow Trout 3 4.2 4.3 w R2

OSTEICHTHYES Salvclinus fontinalis BrookTrout 3 4.2 4.3 w R3

OSTEICHTHYES Salvclinus mahna Dolly Vardcn 3 w 17

OSTEICHTHYES Salmo clarkii Cutthroat Trout 3 w 17

OSTEICHTHYES Oncorhynchus nerka Kokenee Salmon 4 4.2 4.3 w R3

REPTILIA R222 Gambclia wislizeniF Leopard L~rd 2 2.2 2.3 NE INEL R4

REFIILJA Phrynosonra douglasii Short-homedLard 2 2.2 2.3 Sw,ss R1

REPTILfA Sceloporus graciosus Sagebrush Lmrd 2 2.2 2.3 Sw,ss R1

REPTILIA Eumeces skiltonianus Western Skink 2 2.2 2.3 south IN R5

REPTILIA R322 Charina bottae Rubber Boa 3 2.2 2.3 u 16

REFTILIA Masticophis taeniatus Desert Striped WMpsoake 3 2.2 2.3 NE INEL R3

REPllLIA Phuophis melanoleucus Gopher Snake 3 2.2 2.3 Sw,ss R2

REPTILL4 Thanrnophis clegans Western Garter Snake 3 2.2 2.3 Sw R3

REPTILIA Colubcr constrictor Western Racer 3 2.2 2.3 Sw 15”

REPTILfA Crotalus viridis Wcstem Rattlesnake 3 2.2 2.3 Sw,ss R2

REPTILfA Diadophis punctatus Ringneck Snake 3 Sw 17

REFIVLIA Hypsiglcna torquata Night Snake 3 Sw 17

REFTILIA Thamnophis sirtalis Common Garter Snake 3 Sw 17

T

No[ti FG = functional group

. trophic level

F-H = feeding habitat

NF-H = non-feeding habitat

DIST = distribution

.
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In some cases, more specific grouping criteria maybe required to meet assessment goals.
For example, the criteria presented on Table E-2 produces two INEL mammalian functional
groups that include both surface dwelling and burrowing species (M122 and M21O). For
contaminant assessment, these groups should be subdivided according to the non-feeding habitat
index, creating two additional groups designated M122A and M21OA. Assessment specific
grouping criteria must be clearly defined in the SLEW documentation.

Insects. Currently, information to support the creation or assessment of functional groups
for INEL insects and microorganisms is insufficient. As an alternative, a simple trophic
level/vertical habitat grouping that does not speci~ taxonomic associations may allow these
components to be represented in the assessment. For example, “canopy dwelling phytophagous
insects” or “subsurface microbial detritivores” might each represent a functional group. These
groups could be individually associated with exposure pathways for contaminated media within
each WAG.

Because insect species are too numerous to consider individually, a coarse grouping at the
Family level could be performed using the same trophic and feeding habitat categories as those
for vertebrate species. The non-feeding habitat code is eliminated and life-form distinctions
designated by flight, non-flight or both (this could also be oriented to other life-stage processes)
are substituted as the third code. Because identification of insect species is incomplete for the
INEL, professional judgement must be applied to estimate families that are most likely
represented at the INEL. Suggested criteria for functional grouping for INEL insects are
described on Table E-5.

E-2.2 Vegetation

Fifteen vegetation communities have been identified as part of the development of the INEL

vegetation map (Kramber et al., 1992) (see Section 3.2.3 and Appendix D). The cover classes

identified for the map have been combined into 8 functional groups for use in the SLERA

process. These functional groups are described on Table E-6.

Ideally, potential risk to vegetation could be approached using functional grouping similar to
that for fauna. Biological similarity might be established through physiotype, life-form or other

grouping criteria. Soil type/plant associations could be used to establish similar exposure through
root uptake, physiognomic and/or growth characteristics that affect deposition, retention, and
uptake by foliage, and physical proximity of the vegetation to the contaminant. The two or three
dominant species could be considered as representatives for each group. Insufficient data
currently exist to support assessment of effects to vegetation (especially individual species) based
on contaminant behavior in different soil types (INEL soil characterization is also inadequate).
However, the concept of soil/vegetation units is offered here as a potential for future investigation
of risk to vegetation.

For SLEIQ primary pathways for direct effects are identified as root and, to a lesser extent,
stomatal uptake. Indirect stressor effects resulting from soil matrix/chemical alteration, removal
of pollinating species or destruction of symbionts is beyond the scope of the SLEW
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Table E-5. Suggested criteria for defining INEL’insect functional groups ( Short, 1983).

DEFINITION CODE COMMENTS

IROPHIC “Prima@’feeding hahits 1 HERBIVORE (Phytophagous) Some redefinition is

2ATEGORY (based on >50% of 2 INSECTIVORE(Entomophagous) required for specieshaving
prey/food consumed). 3 CARNIVORE(Zoophagous) prey/food sources that

4 oMNlvoRE differ accordingto life
5 DETIWITVORE (Spaprophagous) stage.

~ON-FEEDING “Prima@’physicathabitat 1.0 AIR
2ABITAT 2.0 TERRESTRIAL

2.1 Vegetation canopy
2.2 Tree bole
2.3 Surface/understoty
2.4 Subsurfam

3.0 TERRESTIUALJAQUATIC
INTERFACE

3.1 Vegetation canopy
3.2 Tree bole
3.3 Surface/underStory
3.4 Subsurface

4.0 AQUATIC
4.1 Surface water
4.2 Water column
4.3 Bottom

LIFE FORM To be defined 1 Flying
2 Non-Flying
3 Both
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Table E-6. SLERA Vegetation Functional Group Summary.

Functional group INEL vegetation cover classes Dominant species

Juniper Woodlands

Grasslands

Sagebrush/Rabbitbrush

Juniper Woodlands

Steppe
Basin Wildrye
Grassland

Sagebrush-Steppe off Lava
Sagebrush-Winterfat
Sagebrush-Rabbitbrush

Salt Desert Shrub Salt Desert Shrub

Sagebrush-Steppe on
Lava

Lava

Wetlands

Playa-Bareground/Distur
bed Areas

Sagebrush-Steppe on Lava

Sage, Low sage, Rabbitbrush
on Lava
Lava

Wetlands

Playa-bareground/gravel
borrow pits
Old fields, disturbed areas,
seedings

Junipenis osteospenna
Artemisia tridentata ssp.
wyomingensis
Leptodac@on pungens

Leymus cinereus
Descurainia sophia
Sisymbrium altissimum
Agropyron dasytachyum
Elymus elymoides
Artemisia hidentata ssp.
wyomingensis
Chtysothamnus viscidifloms

Artemisia tridentata ssp.
wyomingensis
Chrysothamnus viscidifloms
Bromus tectorum
Sisymbnum altisimum
OWopsis hymenoides

Atrtplex conferti~olia
Atnplex nutallii
Atnpltw canescens
Ceratoides lanata

Artemisia tndentata ssp.
wyomingensis
Oiyzopsis hymenoides
Chrysothamnus viscidifloius

Artemkia tridentata ssp.
wyomingensis
Chrysothamnus nauseosus

Eleochati palustti
Typha latifolia
Agropyron smithii

Kocchia scopana
Salsola kali
.4rtemisia tridentata ssp.
wyomingensis
Chg.wothamnus viscidifloms
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E-3. FUNCTIONAL GROUPS IN THE SLERA PROCESS

Once developed, functional groups can be used throughout the SLERA problem formulation
process including receptor characterization, assessment and measurement endpoint definition,
screening analysis and interpretation of SLEW results.

The first step in compiling functional groups for a SLERA is to identi~ ecosystems
represented in the WAG assessment area and develop a list of fictional groups expected to
inhabit that area. The list can be created using wildlife habitat preference, abundance and
distribution data fkom the site characterization process and data contained in the INEL wildlife
species database (see Attachment I) to identify the spatial orientation, size, vegetation, geology,
soil and other aspects that can be used to associate species with WAG assessment area.

Although detailed data for habitat characteristics and wildlife usage for each of the individual
sites have not been collected, existing information on species habitat and dieta~ preference and
relative abundance on the INEL was used to associate individual functional groups with general
vegetation communities. Table E-8 presents the vegetation associations for INEL tildlife
functional groups.

E-3.1 Receptor Characterization

Individual assessment site functional groups must be screened for potential exposure to each
route identified by the SLERA pathway/exposure models (Section 3.2.5). For fauna, this process
can be expedited by using summarized potential pathway exposures for site functional groups.
Exposure matricies have been developed for INEL birds (Table E-9), mammals (Table E-10), and
fish and herpetiles (Table E-n). Prima~ exposure pathways were derived by interpreting the
functional group index with regard to dietary and physical habits of each group of species.
Functional groups from Table E-4 that have potential for dietary and physical exposure to
contamination for media and routes identified from the pathways model (e.g., surface soil,
subsurface soil, and surface water) should be identified and summarized as shown on Table E-12.
For example, group AV122 (Table E-9) shows potential for both dietary and physical exposure to
vegetation and surface soil, but not for exposure to subsurface soil. Functional groups that are
not in an exposure pathway are eliminated from the screening analysis.

The vegetation functional groups represented on the WAG site should be identified and
assessed separately for potential effects as a result of exposure to WAG contaminants.



Table E-8. Summary of INEL Functional Groups Associated with SLERA Vegetation T~es.

Habitat typeb

Functionalgroup 1 2 3 4 5 6 7 8 9

AV232

AV121

AV122

AV132

AV142

AV143

AV21O

AV221

AV222

AV232

AV233

AV241

AV242

AV31O

AV322

AV333

AV342

AV422

AV432

AV433

AV422

M121

M122

M122A

M123

M132

M21O

A21OA

M222

M322

M422

M422A

R222

R322

x

x

x
x

x

x

x

x

x
x

x
x
x

x
x

x

x
x
x
x
x

x
x
x
x

x

x
x

x
x
x
x

x

x
x

x
x
x

x
x
x

x
x

x
x
x
x

x

x

x
x
x
x

x

x
x

x

x
x

x
x
x

x
x
x
x
x
x
x

x
x

x
x
x
x

x

x
x

x
x
x

x
x
x

x
x
x
x
x
x
x

x
x

x

x
x

x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x
x
x
x

x
x
x
x

x
x
x
x

x

x

x

x
x
x

x
x

x

x

x

x

x
x
x
x
x

x

x

x

a. Individual species for each functional group are listed in Table D-4, Appendix D.
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Table E-1O. Summary of potential exposure pathways for INEL Mammalian Functional Groups.

IIEXPOSURE I MAMMALMNFWWTIONAL GROUP II

D ==Direct

I = Irdirca
. ..- ..-
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Table E-11. Summary of potential exposure pathways for INEL Fish, Reptilian, and Amphibian
Functional Groups.

EXPOSURE
PATRWAY

FUNCTIONALGROUP

REFTILSS AMPHIBIANS FISHSS

R222 ~ R222 A232 0?22 ! 0322 ! 0u2
1

II I I I II I I I

-.” x.,
---

D = Direct
I = Indirect

,
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Table E-12. Example summary of potential exposure pathways for WAG fictional wildlife
groups.

Exposure medium Exposure route Potential receptors (functional groups)”

Subsurface soil Ingestion (dietary)

(Direct)

Physical contact

Inhalation

Surface soil Ingestion (dietary)
(Direct)

Physical contact

Inhalation

Vegetation Ingestion

(Direct)

Physical contact

Surface water Ingestion (dietary)

(Direct)

Physical contact

AV222~ M121, M122& M123, M222, M322,
M422, M422~ R222, R322, A232, terrestrial
invertebrates, microorganisms, individual plan
species

AV222~ M121, M122& M123, M222, M322,
M422, M422~ R222, R322, A232

Not addressed

AV122, AV222, AV222~ AV322, AV422,
M121, M122, M122~ M123, M222, M322,
M422, M422~ R222, R322, A232, terrestrial
invertebrates, microorganisms, individual plant
species

AV122, AV21O, AV31O, AV322, AV422, M121,
M122, M122~ M123, M132, M222, M322,
M422, M422~ R222, R322, terrestrial
invertebrates, microorganisms, individual plant
species

Not addressed

AV121, AV122, AV132, AV142, AV143, AV422,
AV432, M122, M122~ M123, M132, M422,
phytophagous insects

AV121, AV122, AV132, AV142, AV21O, AV222,
AV222~ AV233, AV241, AV242, AV310,
AV322, AV333, AV342, AV422, AV432, AV433,
AV442, M121, M122, M122~ M123, M21O,
terrestrial invertebrates, individual plant species

AV121, AV122, AV132, AV142, AV143, AV21O,
AV221, AV222A, AV222, AV232, AV233,
AV241, AV242, AV310, AV322, AV333, AV342,
AV422, AV432, AV433, AV442, M121, M122,
M122~ M210~ M222, M322, M422, M422~
R222, R322, A232, aquatic microfauna

AV132, AV142, AV143, AV232, AV233, AV241,
AV242, AV333, AV432, AV433, AV442, M123,
M132, M21O, M132, A232, aquatid
microflora/fauna
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Table E-12. (continued).

Exposure medium Exposure route Potential receptors (functional groups)’

Sediments Ingestion (dieta~) AV132, AV233, AV242, AV333, AV432, AV433,
(Direct) AV442, M132, A232, benthic invertebrates

Physical contact AV143, AV232, AV233, AV242, AV333, AV432,
AV433, AV442, benthic invertebrates

Physical contact AV143, AV232, AV233, AV242, AV333, AV432,
AV433, AV442, benthic invertebrates

Inhalation Not addressed

Prey (Indirect) Ingestion A232, AV210, AV221, AV222, AV222& AV232,
AV233, AV241, AV242, AV31O, AV322, AV333,
AV342, AV422, AV432, AV433, AV442,
M210~ M21O, M222, M322, M422, M422~
R222, R322, entomophagous, zoophagous, and
saprophagous insects

a. Individual species associated with these groups are listed on Table D-4.

E-3.2 Screening Analysis and Evaluation

Functional groups, as defined for SLEIQ are positioned in ecological hierarchy as show

ECOSYSTEM

I
COMMUNITY

1“
GUILD

I
FUNCI’IONAL GROUP

I
POPULATION

I
INDMDUAL

SLERA assessment endpoints are defined in terms of functional groups and T/E or candidate
species that have potential for exposure to WAG contaminants (Section 3.2.7). An indicator of
risk or SLQ (Section 3.4) is used to semi-quantitatively determine potential risk fdr each
functional group and species of concern. An SLQ value greater than 1.0 for an individual group
is interpreted as potential risk to all individuals within the functional group, hence potential risk
to populations of individual species. Conversely, SLQ values less than LO are interpreted as
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indication of low likelihood for potential risk to individuals and populations for all members of
the group. While used with conservative assumptions with regard to individual contaminant
exposures for SLEW extrapolation of population effects from one species to another is not
appropriate in higher level assessments.
Contaminant effects resulting in altered behavioral responses (e.g. avoidance behavior), are also
not addressed by SLERA exposure/effects analyses.

Measurement species, as defined for SLEW are those species for which exposure/effects
model input values data are obtained (Section 3.2.8). A major challenge to risk assessors in
conducting both ERAs and SLERAS is to identification of existing ecological and toxicological
data that can serve as data with which to address assessment endpoints.

For SLEFQ measurement endpoint values that are required as input for include NOAELS,
and LOAELS to support calculation of TRVS (Section 3.3.2.1) and dieta~ composition, home
range, temporal and spatial habitat use data (site use factors and exposure duration), soil ingestion
rate, food digestion rate and body weights to support calculation of EBSLS (Section 3.3.1.3.)
The primary source for these data is the published literature.

All species within WAG functional groups identified as having potential for exposure to
WAG in the receptor characterization have potential for seining as measurement species for the
assessment. All threatened and/or endangered (T/E) and species potentially present at the WAG
must be addressed by the SLERA and are, therefore, prime candidates for use as SLERA
measurement species.

All resident and other breeding species that are abundant or common (abundance codes 1

or 2, Table E-4) should be included for consideration as measurement species since they can be

assumed to best represent site communities. Less common species (abundance codes >2),

including rare and non-breeding species, should not be” considered for use as measurement species

except in cases where no alternative exists for accomplishing assessment goals. Functional group

members not selected, including those for which little or no ecological data exist, are represented

in the assessment by the measurement species.

Functional groups eliminated from consideration because no member of the group has
abundance code less than 3 must be reviewed separately to ensure that individual species
requiring specific consideration in the SLERA (e.g., sensitive or societally valued species) have
not been overlooked. Group AV31O is an example where the group is eliminated from most of
the potential pathways of exposure at the INEL. However, the group contains species of
particular importance (hawks). If assessment endpoints or risk management goals cannot be
adequately addressed, additional species should be evaluated and included as needed. A final
screen of potential measurement species should be conducted to isolate the most representative
species for each functional group.
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The INEL Species Database
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Attachment I

The INEL Species Database

E-l-1 . INEL WILDLIFE SPECIES DATABASE DESCRIPTION AND KEY

This database was developed to support the WAG-wide Ecological Risk Assessment and
includes basic information regarding wildlife species found at the INEL. The purpose of the
database is to allow convenient sorting and manipulation of criteria for species guild construction
and risk assessment modeling.

The database is formatted for EXCEL, however, will be uploaded to the ERIS ORACLE
system via ASCII format. Once the contents have been verified and corrections completed, the
database will be generally available in EXCEL or ASCII formats. In the future, the ORACLE
based version could be linked to databases containing more detailed profiles (not yet developed)
for species habitat, diet composition, and contaminant response,

The database currently includes:

● SPECIES IDENTIFICATIOIW

Class - taxonomic class name
Orderl - taxonomic order name
FamiIyl - taxonomic family name

Taxonomic NamelApecies taxonomic name --including information on
different taxonomic identification (*)

Species Code2 (SPCODE)–A unique, four letter identifier compiled from the
first two letters of genus and species.

-/ Common Namel+pecies common name

● FUNCTIONAL GROUP ASSOCIATION

Trophic Categod (TROPH)-1 = Herbivore, 2 = Insectivore, 3 =
Carnivore, 4 = Omnivore, 5 = Detritivore

Feeding Habita~ (F-H)–

1.0

2.0

. . ... .—. — .- ——--

AIR

TERRESTRIAL
2.1 Vegetation canopy
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2.2 Surface/underStory
2.3 Subsurface
2.4 Vertical habitat (natural/manmade)

3.0 TERRESTRIAL/AQUATIC INTERFACE
3.1 Vegetation canopy
3.2 Surface/understory
3.3 Subsurface
3.4 Vertical habitat

4.0 AQUATIC
4.1 Surface water
4.2 Water column
4.3 Bottom

Non-Feediig Habita~ (NF-H) -

1.0 AIR

2.0 TERRESTRIAL
2.1 Vegetation canopy
2.2 Surface/understory
2.3 Subsurface
2.4 Vertical habitat (natural/manmade)

3.0 TERRESTRIAIJAQUATIC INTERFACE
3.1 Vegetation canopy
3.2 Surface/understory
3.3 Subsurface
3.4 Vertical habitat

4.0 AQUATIC
4.1 Surface water
4.2 Water column
4.3 Bottom

● ABUNDANCE AND DISTRIBUTION INFORMATION

HabitatI-(listed in descending order of preference):

w On or near water
Ss Shrub-steppe
d Deciduous or riparian

j Juniper woodland

g Grassland
sw Sitewide
f Facility complexes
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c Cave
ro Rocky outcrop
U Unknown.

Abundance and Seasonl-Abundance code (all abundance classes assume a
qualified biologist exerted a reasonable effort to search or sample the proper
habitat at the appropriate time of year):

1.

2.

3.

4.

5.

6.

7.

Abundant - very numerous and certain to be seen or sampled.

Common - likely but not certain to be observed or sampled.

Uncommon - found in limited numbers, not likely to be sampled or
observed.

Occasional or local - a species that is not always present or is restricted
in distribution.

Rare - a species that has a range including all or part of the INEL, but
has been documented ~ seven times on the INEL.

Vagrant or accidental- a species that is not expected to occur on the
INEL, but has been recorded there.

Possible occurrence - species for which sightings have been unverified or
geographical range overlaps the INEL (and preferred habitat occurs on
the INEL).

Breeding and seasonal code

R Breeder and year-round resident
B Summer breeder
M Migrant
W Winter visitor
S Summer visitor: no breeding records
U Unknown
I Incidental
T Transient.

● REGULATORY STATU@+pecies management codes for Federal (FED), Bureau of
Land Management (BLM), U. S. Forest Service Region 4 (USFS), and Audubon Blue
List (AUDBL C2 = category 2 species; 3C = no longer considered for listing E =
endangered species; NL = not listed; SSC = species of special concern; T =
threatened species; S = sensitive.

.

NotesI-General comments and information.



(Information Sources)

1 Reynolds, T. et al. 1986; Aurthur et al., 1984; Reynolds, T. 1994 updates)

2 Compiled from species taxonomic name.

3 Ehrlich, P.R., et al. (1988)

4 Reynolds, T. et al. (1986), Mosely and Groves (1992)

5 Short (1982)
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lNEL SPECIES DATABASE CONTENTS (Preliminary) May 25, 1994

Page 2
CLASS ORDER FAMILY TAXONOMIC NAME COOE COMMON NAME TROP HI F-H NF.H DIST/STATUS ABUNOANCEISEASONISTATUS FEO STATE BLM USFS AUOBL

AVES FALCONIFORMES Accipitrid8.s Accipmer strmtua ACST Sharp-shinned Hawk 3 1 2.1 Sw s6, M6, W6

AVES FALCONIFORMES

x
Accipitridae Accipiter coopwii ACCO Cooper% Hawk 3 1 2.1 Sw S3, M6, W6

AVES FALCONIFORMES Accipitridm Accipiter gentilis ACGE Northern Gmhawk 3 1 2.1 Sw SS, M6, WS C2 s 34

AVES FALCONIFORMES Accipitridc.c Buteo swainsoni BUSW Swaimon’a Hawk 3 2.2 2.1 Sw B3, M3, WS” s

AVES FALCONI FORM ES Accipitridaa Buteo Iam.mccnsls BUJA Red.tailed Hawk 3 2.2 2.1 Sw B3, M3, W6

AVES FALCONIFORMES Accipitridae Buteo regahs BURE FerrWinous Hawk 3 2.2 2,1 Sw B3, M3, W6 C2 Ssc s

AVES FALCONIFORMES Accipmida.a Buteo Iagopus BULA Rouah-leoacd Hawk 3 2.2 2.4 Sw S6, M2, W2

AVES FALCONIFORMES Accipitfidae Aqtda chrysaetos AOCH Golden Eagle 3 2.2 2.2 Sw B3, M4, W2

AVES FALCON IFORMES Falconidao Falco sparverius FASP American Kestrel 2 3 2.2 2.1 Sw B2, M2, W3

AVES FALCONI FORM ES Falconid8c Falco columbarius FACO Merlin 3 1 2.1 Sw R6 NL

AVES FALCONIFORMES

s

Falcomdae Falco peregrmus FAPE Peregrine Falcon 3 1 2.4 Sw s6, M6, W6 LE E

AVES FALCONIFORMES Falconidae Falco msticolm FARU Gyffnlcon 3 1 3 Sw M6

AVES FALCON IFORMES

NL Ssc s
Falconidn.a Falco mex!canus FAME Prairie Falcon 3 1 2.4 Sw R3

AVES GALLIFORMES Phasianidae Perdtix Perd!x PEPE Gray Partridge 1 2.2 2.2 Q, Ss, f R3

AVES GALLIFORMES Phasianidae Alectoris chuk.sr ALCH Chukar 1 2 2,2 2.2 0, Ss R3

AVES GALLIFORMES Phasianidae Phasmnus colchicus PHCO Ring-necked Pheasant 4 2.2 2.2 0, Ss R3

AVES GALLI FORM ES Phasianidae Oendraaapus obscurus DEoB Blue Grouse 1 2 2.2 2.2 f SB

AVES GALLIFORMES Phasianidae Tympanuchus phasicmellus TYPH Sharp-tailed Grouse 1 2 2,2 2.2 16

AVES GALLIFORMES Phasianidae Centrocercus urophasi.mus CEUR Sage Grouse 1 2 2,2 2.2 !% Q, f R2

AVES GRUIFORMES Gru!dae Grm canadensis GRCA SOndhill Cram, 4 3.3 3.2 u 1%

AVES GRUIFORMES Ralhdae Porzana carolina PORZ Sora 1 2 3.2 3.2 w, f B6, M6

AVES GRUIFORMES Rallid8e Fufica americana FUAM American Coot 4 4.2 3.2 w R3

AVES GRUIFORMES Ralfidae Rallus Iimicola RALI Virginia Rail 2 1 3.2 3.2 w I7

A VES CHARADRIIFORMES Charedriidac Charad8ius voclferus CHVO Killdaer 2 2.2 2.2 Sw B2, M2

AVES CHARADRIIFORMES Charadriidae Charadrius somipelmews CJSE Semipdmated plover 2 1 3.2 2.2 w IB

AVES CHARAORIIFORMES Charadriidae Eupcda montana EUMO Mountain Plover 2 3.2 2.2 u I6
AVES CHARAORIIFORMES Recurvirostridae Recurvirostra americana REAM American Avocet 4 3.2 3.2 w S2, M3

AVES cHARADRIIFORMES Recurvirostridae Himantopus mexicanus HIME BIack-nacked stilt 2 3.3 3.2 w I6

AVES CHARADRIIFORMES s colopecidae T ritwa melanolcwca T RM E Grester Yellowleas 3 2 3.3 3.2 w M6

AVES c HARADRIIFORMES s colopacidae T rings flawpes T RFL Lesser Yellowlegs 2 3 4.2 3,2 w s 6, M6

AVES cHARADRIIFORMES s colopacidae T rings solitaria T RSO s ofhy Sandpiper 2 3.3 3.2 w s 6, M3

AVES cHARAORIIFORMES s colopacidaa catoptrophorus semipalmatus cASE Wallet 2 3.3 3.2 w , Ss s 3, M3

A VES cHARADRIIFORMES s cc.lopacidae Actitis macularia A CMA Spotted Sandpiper 2 3,2 3.2 W s 3, M3

AVES cHARADRIIFORMES s colopacidae N umenius americanus N UAM Long-billed Curlew 2 3.3 3.2 W, Ss s 3, M3

AVES cHARAORIIFORMES s colopacidae

x
Limosa fedoa LIFE M arbled Godwit 2 3.3 3.2 W s 3, M6

AVES cHARADRIIFORMES s colopacidae calidris minutilla cAMI Least Sandpiper 2 1 3.2 3.2 W s 6, M6 3C

AVES cHARAORIIF9RMES

s

s colopacidae Limnodromus scolopaceus LIsc Lonp-billed Dowitcher 2 1 3.3 3.2 w M 6

AVES cHARADRIIFORMES s colopacidaa Ereunetes mauri ERMA w estern SandpiWr 2 3,2 3.2 W I6

AVES cHARADRIIFORMES s colopacidae Erolia bairdli ERBA Baird’s Sandpiper 2 3.2 3.2 W I6

AVES cHARADRIIFORMES s colopacldae Gallin.wo g.dlinego GAGA common Snips 2 3.3 3.2 W s 6. M6

A VES cHARADRIIFORMES s colopacidae Phalaropus tricolor PHTR w ilson’s Phalaropa 2 1 4.1 4.1 w s 3, M3

AVES cHARADRIIFORMES s colopacidae Phalaropus Iobatus PHLO Rcd-necked Phalaropc 2 1 4.1 3.2 W M 6

AVES cHARAORUFORMES Laridac Larus pipixcan L/$’1 Franklin’s Gufl 2 2.2 lW , m s 3, M3

AVES cHARADRIIFORMES Laridaa Larus phkufclphia LAPH Bonaparte’s Gull 2 4.2 3.2 W M 6

AVES cHARADRIIFORMES Larid.se Larus delawarensis LADE FtiWbilled Gull 4 3.2 3.2 W,SS,0 s3, M3

p VES cHARAORNFORMES Laridae Larus cdifornicus LACA cafifornia Gull 2 3 2.2 1 w , Ss s 6, M3
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INEL SPECIES DATABASE CONTENTS (Preliminary) May 25, 1994
Page 4

CLASS ORDER FAMILY TAXONOMIC NAME COOE COMMON NAME TROP HI F.H NF-H DIST/STATUS ABUNDANCE/SEASON/STATUS FED STATE ELM tJsFs AIJDBL

AVES PASSERIFORMES Hirtmdinidse Hlrundo ruatico HIRU Barn Swnllow 2 1 2.4 d,j B2, M3

AVES PASSERIFORMES Corvldea Cyanocitta cristeta CYCR Blue Jay 4 2.2 2,1 d,f M

AVES PASSERIFORMES Corvidaa Aphclocoma coerulescons APCO Scrub Jay 4 2.2 2.1

AVES PASSERIFORMES Corvidae Nuclfraoa columbiana NUCO Clark’s Nutcracker 4 2,2 2.1 j S4, M4, W6

AVES PASSERIFORMES Corvida.a Pica pica PIPI Black. billed M8gpie 4 2.2 2,1 Sw R2

AVES PASSERIFORMES Corvidae Corvus brachyrhynchos COBR American Crow 4 2.2 2.1 Sw R3

AVES PASSERIFORMES Corvidoe Corvu3 corox Coco Common Raven 4 2.2 2.4 Sw R3

VES PASSERI FORM ES Parida.a Paws otricapillus PAAT Black-capped Chickadee 2 1 2.1 2.1 d,j 1%

VES PASSERIFORMES Paridae Paws oambeli PAGA Mountain Chickadee 2 1 2.1 2.1 d,] 17

VES PASSERIFORMES Sittidae Sitta canadensis SITT Rcd.breosted nuthatch 2

AVES

2.1 2.1

PASSERIFORMES Certhiidae %lpinctes obsolews SAOB Rock Wren 2 2.2 2.3 Ss B3, M3

AVES PASSERIFORMES Certhiidae Catherpes mexlcanus CAME Canyon Wren 2 2.2 2.3 Ss S6, M6

AVES PASSERIFORMES Certhiidac Troglodytes aedon TRAE House Wren 2 2,2 2.1 d R3

AVES PASSERIFORMES Certhiidac Cistothorus pal”stris CIPA Marsh Wren 2 3,2 3.2 w 17

AVES PASSERIFORMES Muscicapidae ReCNJhJScalendula RECA Ruby-crowned Kiwlet 2 1 2.1 2.1 d M3, W6

AVES PASSERIFORMES Muscicapidae Sialia mexicana SIME Western Bluebird 2 1 2.1 2.1 Ss s6, M6

AVES PASSERIFORMES Muscicapidae Sialia currucoides

x

Slcu Mountain Bluebird 2 2.2 2.1 w S3, M3

AVES PASSERIFORMES Muscicapidae Myadestes townsendi M UTO Towrtsemf ’s Solitaire 2 1 1 2.1 d s6, M6

AVES PASSERIFORMES Muscicapidae Turd&+ miorotorius TUMI American Robin 2 1 2.2 2.1 Sw B2, M2

AVES PASSERIFORMES Muscicapidae Celharus guttatus CAGU Hermit Thrush 2 1 2.2 2.2 I6

AVES PASSERIFORMES Muscicapidae Ixoreus naevim IXNA Varied Thrush 2 1 2.2 2.1 Ss W6

AVES PASSERIFORMES Muscicapidoe Hylocichla ustulats HYUS Swaimon’s Thrwsh 2 1 2.1 2.1 u I6

AVES PASSERIFORMES Mimidae Mimus polyglottos MIPO Northern Mockingbird 2 1 2.2 2.1 j 93

AVES PASSERIFORMES Mimidae Oreoscoptes montanus ORMO SWe Thrasher 2 1 2.2 2.1 ss B2, M2

AVES PASSERIFORMES Pofioptilidae Polioptila caewlea POCA BIue-oray Gnatcatcha 2 2.1 2.1 u B13

AVES PASSERIFORMES Motscillidae A nthw spinoletta A NSP W.9tcr Pipit 2 1 2,2 2.2 ss M6

AVES PASSERIFORMES Bombycilfidae Bombycille garrulus BOGA Bohemian Waxwi~ 2 1 2,1 2.1 f,d s 3, M2, W3

AVES PASSERIFORMES Bombycillidm Bombycilla cedrorum BOCE c edar Waxwiw 1 2 2.1 2.1 f,d s 6, M3, W6

AVES PASSERIFORMES Laniidaa Lrmius excubitor LAEX N orthwn Shrike 3 2 2.2 2.1 sw M3, W6

AVES PASSERIFORMES Laniidae Lanius Iudovicianus LALU Lwoerhmd Shrike 3 3 2.2 2.1 ss B3

AVES PASSERIFORMES s tumidae

C2 NL

s turnus vulgaris

x

s TVU European Starling 2 1 2.2 2s w R3

A VES PASSERIFORMES v’weonidoe v ireo gilvus v IGI w atbliw Vireo 2 1 2.1 2.1 d s 6, M6

A VES PASSERIFORMES Emberizidaa M niotilta varia M NVA Black-arM-White Warbler 2 2.1 2.2 d I6

AVES PASSERIFORMES Emberizidac Dendroica petechia D EPE Y allow Warbler 2 1 2.1 2.1 d 8 6, M3

A VES PASSERIFORMES Emberizidaa Dendroica coronafa

x

D ECO Y ellow.rumped Warbler 2 2.1 2.1 d s 3, M3

A VES PASSERIFORMES Emberizidoe Dendroico townsemfi D ETo T ownsend’s Warbler 2 2.1 2.1 d M 6

AVES PASSERIFOfjMES Emberizidae se tophwa ruticilla s ERU A merican Redstart 2 2.1 2.1 f M 6

A VES PASSERIFORMES Emberizidae Geothlypis uichns GETR c ommon Yellowthros! 2 2.1 2.1 d s 6

AVES PASSERIFORMES Emberizidaa wL70nia pusilla WI Pu w dson’s Warbler 2 2.1 2.1 d s 6, M6

A VES PASSERIFORMES Emberizida.a Bermivora cel.sta BECE o ranae-crowtwd Warbler 2 1 2.1 2.2 u Is
AVES PASSERIFORMES Emberizidae Icteria virens Ic VI Y ellow-breasted Chat 2 1 2.1 2.1 d s 6

AvES PASSERIFORMES Emberizidae o porornis tolmiei o PTO M acGillivray’s Warbler 2 2.1 2.2 u 16

A VES PASSERIFORMES Emberizidac Piranga Iu-doviciana PILU w estern Tanager 2 1 2.1 2.1 d s 3, M3

AVES PASSERIFORMES Embertzidae Phcucticua melanocephalus PH ME BIack-headed Grosbeak 2 1 2.1 2.1 sw s 6, M6

AVES PASSERIFORMES Emberizidaa Passerina amoena PAAM Lazuii Bunting 2 1 2.2 2.1 d s 6, M6

p vES PASSERIFORMES Emberizidae Pipilo chlorurus PICH Green-tated Towhee 2 12 .2 2.2 Ss s 3, M3
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lNEL SPECIES DATABASE CONTENTS (Preliminary) May 25, 1994

CLASS ORDER FAMILY TAKONOMIC NAME I CODE

. -=. -

I COMMON NAME
I TROP HI F.H NF.H DIST/STATUS ABuNoANCE/SEASON/STATUS FEO STATE BLM USFS AUDBL

REPTILIA SCLUAMATA Colubridoa Hypslgleno torqtmta HYTo Nroht Snake 3 I I I I I I I I
REPTILIA

17

SO UAMATA

Sw

Colubridoo Thamnophls sirt!

s

REPTILIA Sf2UAMATA Vlp+rida.a Crofelus vir!dm

OSTEICHTHYES SALMONIFORMES Solmonidne Oncorhynchus n

OSTEICHTHYES SALh4C)Nl FORMES !%lmonidac Salmo gairdneri

OSTEICHTHYES SALMONIFORMES Salmonidae S.91vefinu9fontm

OSTEICHTHYES SALMONIFORMES Salmomda.s Prosoptum wIllIaI

OSTEICHTHYES SALMONIFORMES Salmon!dea Salvehnus malmi

OSTEICHTHYES SALMONIFORMES Salmonidae Salmo clarkti 1:

OSTEICHTHYES CYPRINIFORMES Cyprinidae Rhmchthys oscu

OSTEICHTHYES CYPRINIFORMES Cyprinidae Rhmchthyq cataractae IF

OSTEICHTHYES ICYPRINIFORMES Cvprinidae Gila etrwia

OSTEICHTHYES PERCIFORMES Cottidee Cottus con fusus
1 ,

!4L

:=311S THSI Common Garter Snake 3 Sw 17

CRVI Western Rattlesnake 3 2.2 2.3 Sw,ss R2

w{ka ONNE Kokarme Salmon 4 4.2 4.3 w R3

SAGA Rainbow Trout 3 4.2 4.3 w R2

labs SAFO Brook Trout 3 4.2 4.3 w R3

)msont PRWI Mountain Whhefmh 2 4.3 4.3 w R2

la sAMA Dolly Varden 3 w 17

SACL Cutthroat Trout 3 w 17

Jh19 lRHOS Speckled DOCe 2 4.3 4.3 w R3
1
RHCA Lomjnose Date 2 w 1?

GIAT Utah Chub 2 w 17

COTT Shorthrmd Sculpin 2 4.2 4.3 w

IAMMALIA

R2

IINSECTIVORA I Soricidaa lSOrcx merriami SOME Merriam Shrew 2 2.2 2.3 Sw,ss
l ----------- 1

R4
I

klYCA California Myotis 2

1A

sw I2

lCHIROpTERA ]Vesportilionidae I Myotis lucifu~us MYLU Little Brown Myotis

Ssc
2 1 2.4 S W,f

1. .. --—--- I
I2

I
MYLE Small. footed Myotm 2 1

1A

2.3 sW,ro

lCHIROpTERA

R2

lVespertifionidae I M yot!s evotis MYEV Lonp.eared Myotis 2 1 2.1 sE lNEL,j
I ----------- I

I2
1-

EPFU Big.brown Bat 2 1 2.3 sW,f,c

1A ICHIROPTERA

R3

lVespertilionidac I LnsIurus cincreus LACI H omy Bat 2 1 2.1 d,]
1. ..-. —--- I

I3
1-

ndtl PLTO T OwnSend’s Big-eared Bat 2 1 2.3 sW,c R2
~i~

C2 Ssc S2

MYYu Y uma Mvotis 7 . ,., I7

MAMMALIA ICHIROPTERA [Vespertil!onidae lMyotis cahfornicus II1 1 ,
MAMMALI,

VAMMALIA [CHIROPTERA I Vesper tilionidae lMyotls Ieibil
1 1 ,

VAMMALL

VAMMALIA [CHIROPTERA I Vesper tilionidae f Eptesicus fuscus
1 1 ,

VAMMALI,

MAMMALIA [CHIROPTERA I Vesper tllionidae I PIecotus townser

IFAMMALIA ICHIFIOPTERA Vespertifionidae Myotis yumanem

AMMALIA CHIROPTERA Vespertilionidae Myotis volans MYVO Lorw.lcogc

VAMMALIA CHIROPTE

MAMMALIA CHIROPTERA Ivespertilionidae 1Lasionyctoris noctiva~am IL,
I 1 ,

MAMMALIA CHIROPTE

MAMMALIA CHIROPTERA j Vespertilionidaa I Amrozous pallidu!

IrAMMALIA lLAGOMORpHA Leporidaa Lepus townsendi

AM MALIA LAGOMORPHA Leporidae Lep!.m californicu
1 I ,

o Myo;ls z Sw
ERA

II

lVespcrtilionidoe lMyotis thysanodes lMyTH Frirtged My.atis 2 SW 17
-— I 1.

1 ,ANO

Ssc
silver-haired Bat 2 1

ERA

2.1 SW M4

lVaspertilionidae [Pipistrellus hesperus PIHE Western Pipistrcdle 2 Sw 17
-— I 1.

C2

1s ANPA Pallid Bat

Ssc s
2 Sw 17

1 LETo White. tailed Jackrabbit 1 2.2 2.2 Sw,ss R4

s LECA Black. tailed Jackrabbit 1 2.2 2.2 Swass R1 ,R4 (cyclic}

‘v4AMMALIA LAGOMORPHA Leporidae Sylvilagu9 nuttallu SYNU Nuttall’s Cottontail 1 2.2 2,3 SW,ss,f

MAMMALIA LAGOMORPHA Leporidae Sylvi lagus idahoensis ●

R2

SYID Pygmy Rabbit 1 2.2 2.3 ss,ro

MAMMALIA RODENTIA

R2

Sciuridae Tamias minimus

C2 NL

TAMI Least Chipmunk 4 2.2 2.3 Sw,ss RI

MAMMALIA RODENTIA Sciuridne Marmota flaviventm MAFL Yellow-bellied Marmot 1 2.2 2.3 Sw,ro

MAMMALIA

R3

RODENTIA Sciuridae Spermophilus townsendi SPTO Townstmd’s Ground Sq”irml 1 2.2 2.3 Sw,?.s,f R2

MAMMALIA RODENTIA Geomyida.a Thomomys talpoides THTA Northern Pocket Gopher 1 2.3 2.3 Ss

MAMMALIA Hete;omyidae

R4

ROD ENTIA Perognethus parvus PEPA Great Basin Pocket Mouse 1 2.2 2.3 S W,ss

MAMMALIA

R3

ROOENTIA Heteromyidae Oipodomys ordii OIOR Oral’s Kangaroo Rat 1 2.2 2.3 SW,SS,Q

YfAMMALIA

R2

RODENTIA Castoridae C8st0r can8densis CACA Beaver 1 3.2 3.3 w R4,s,w

VAMMALIA ROD ENTIA Cricetidaa Reithrodontomys meoalotis REME Western Hawest Mouse 1 2.2 2.2 sW,SS,Q

MAMMALIA

R2

RODENTIA Cricetidae Peromyscus maniculatus P EMA oeer Mouse 4 2.2 2.3 sw

WAMMALIA

R1

RODENTIA Cricetidae Onychomys Ieucc.cmster o NLE N orthern Grasshopper Mouse 2 2.2 2.3 SW,ss

MAMMALIA

R4

ROOENTIA Cricrxidae Neotoma cinerea N ECI Bushy-tailed Woodrat 1 2.2 2.3 sW,ro

M AMMALIA

R2

RODENTIA Cricetidae Microws montanus M IMO M ontane Vole 1 2.2 2.3 SW,g,f R1,R4 (CyCfiC)

M AM MALIA ROOENTIA Cricetidae Lagurus curtatus* LAC U sagebrush Vole 1 2.2 2.3 ss

w AMMALIA

R3

ROOENTIA Cricetidm Ondatra zibethicus o NZI Mmkrat 1 3.2 3.3 w s6,W6 [Cycfic]

M AM MALIA R00 ENTIA Muridae Rattus norvegicus RANo Norway Rat 4 2.2 2.3 NWINE INEL: w R6 (7)
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Development

Appendix F

of Contaminant Database

Karl L. Smith
Shannon M. Rood

F-1 . INTRODUCTION

This appendix presents a summary of the efforts to obtain contaminant data for performance
of a screening-level ecological risk assessment (SLERA). The Department of Energy’s (DOE)
response to the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), was to put a substantial effort in developing comparable and consistently well-
documented data sets for areas contaminated with hazardous materials. Most of these data are
produced through Idaho National Engineering Laborato~ (INEL) contractor studies (rather than
DOE or other federal agency/agency contractors), and essentially all of the data generated for
CERCLA response is tracked using two database software systems, the Environmental
Restoration Information System (ERIS) and the INEL Environmental Data Management System
(IEDMS). These two databases capture the sampling and analysis information required for
developing sampling and analysis reports that are admissible as legal evidence. These data are
readily accessible for use in the performance of a SLERA.

The data available from IEDMS although easily accessible required sorting and analysis
before it could be summarized in a form useful for SLERAS. From these samples for each
contaminant, descriptive statistics were computed (i.e., minimum, maximum, and average) and the
frequency of detection and frequency of exceedance were calculated.

F-1.1 Approach to ERIS Data

The ERIS data structure was examined for the purpose of establishing how the data are
characterized in the database, as well as the initial data screening criteria presented in Table F-1.
Each of the ERIS database fields listed below were used to further summarize the data.

● Matrix (media)

● Type location, location, and sample data

● Depth range

● Concentration

● Units of measurement

● Data quality flags

F-3



Table F-1. Initial data screening criteria.

Factor Level (criteria) Keep Delete Action/comment

~pe location

~pe location

Type Ioeation

Matris (medium)

Concentration

Concentration

Concenlralion

w Concentration

L

Depth range

Data quality flags

Aquifer Well

Perchd well (Perched well)

QC (qualily control)

Soil

Zero (0) concentration values

Reported radionuclide concentrations

Repor[cd inorganic and organic
conccnlrfitions

Soil sample values measured in micrograms
per liter

Depths greater than 10 ft.

SeeassociatedTables F-4 & F-5

yes

yes Eliminate ground water sample.

yes Eliminate perchedwell if greater than 10 feet in depth.
Other eonsiderationson a site may necessitateincluding deeper sites,

yes Eliminate QC. Theseare Quality Control flags such as field blanks,

yes Sample depth will be broken into two major eategori~ namely,sub-surface and
surface (i.e., see Table El).

Eliminate any sample with zero values unless it is for a radionuclide. Zero values
have no meaning for the risk anaIysis.

yes Conver[ to picoCuries per gram for solid media, and to microCuries per milliliter
for liquids.

ycs Convert to microgramsper gram for solid media, and to micrograms per liter for
aqueous media.

yes Elimina[e any soil sample wi[h concentration measured in micrograms per liter
because of uncertain unit conversion,

yes Eliminate any samples taken at depths greater than 10 feet.



., .. ,

● Compound (contaminant)

● Analysis.

F-1.l.l Matrix (Media)

For specified database fields the ERIS database can be queried to determine what
combinations of entries exist in the database. For example, for the field “Matrix” the entries
include; MSOIL, NWATER, SLUDGE, SOIL, SUBSUR, SUR, WATER, and BLANK These
were used to sort the data based on the media for the pathway analysis.

F-1.1.2 Type Location, Location, and Sample Date

It was noted that the OPERABLE UNITS and SITE CODE designations specified in the
Action Plan for the Implementation of the Federal Facility Agreement and Consent Order
(FFA/CO) were not classification factors in the ERIS database. Consequently, if possible, it is
necessary to link Operable Units and site codes with the type location, location, sample date, and
other factors that appear in the ERIS database. Table F-2 provides the translation matrix which
links the Operable Units and CERCLA process tracks that was used for the development of the
WAG 2 ERIS database. The method for linking is based on previous work performed to
establish the Maximum and Plume databases.a

F-1.1.3 Depth Range

A fundamental criteria used in this study was the categorization of sample depth as “surface”
or “subsurface.” The surface samples were defined as those that were taken at a depth of less
than or equal to 15 cm (0.5 ft). The subsurface samples were defined as those that were taken at
depths greater than 15 cm (0.5 ft) but less than or equal to 3 m (10 ft). The ERIS database
generally uses feet for measurement and therefore these units are presented in Table F-3. There
were samples that overlapped these depths and a binning process (based on ecological judgement)
was used to place the sample depths into the surface or subsurface bin.

The ERIS database was queried to determine the various entries in the Depth Range field.
Table F-3 indicates the depth levels that appear in the ERIS database. The depths are grouped
into the indicated three categories. Only the ERIS data that meet the “surface” and “subsurface”
criteria are retained for further analysis. Screening the ERIS data by depth generally greatly
reduced the amount of data (i.e., in the case of WAG 2 from over 43,000 individual samples to
approximately 13,500).

,

a.EG&G Idaho, Inc. Memo to E. C. Miller from S. M. Rood, dated April 11, 1994, Subject: “Transmittal
of Maximum and Plum Databases”.
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Table F-2. Translation matrix for Operable Units and CERCLA Process Tracks Versus ERIS Database Type Location and Location
Fdctors.

OPER_U

2-05

2-09

2-1o

SITE_COD

TRA-15

T17A-13

Sites Within Operable Units (Table E.2)

TRA Hot Waste Tanks #2, #3, #4 at TRA-613

TRA Final Sewage Leach Ponds (2) by TRA-732

inds ERIS TYPE ERIS LOCATION
LOCATION

1 I FIELD COMPOSITE I BOREHOLE 3 I
2 I FIELD COMPOSITE I BOREHOLE 1 I
3 I FIELD COMPOSITE I BOREHOLE 2 I
4 I UST SITE t BOREHOLE 3 I
5 I SLP-50CELL 1 SLP-06 I
6 I SLP-50CELL I SLP-09

7 I SLP-50 CELL I SLP-11 I
8 I SLP-50CELL I SLP-08

9 I SLP-50 CELL I SLP-12 I
10 I SLP-50 CELL I SLP-05 I
1) I SLP-50CELL I SLP-04 I
12 I SLP-50CELL I SLP-07

13 I SLP-65CELL I SLP-02 I
14 I SLP-65 CELL I SLP-01 I
15 SLP-65 CELL SLP-03

16 SLP-65CELL . SLP-10

17 CELL 52 SS-03

18 CELL 52 SS-02

19 CELL 52 SS-13

20 CELL 52 Ss-ol



,

Table F-2. [continued).. .

OPER_U SITl_COD Sites Whhin Operable Units (Table E.2) indx ERIS TYPE ERIS LOCATION
LOCATION

2-1o 21 CELL 52 SS-04

22 CELL 57 SS-Q7

23 CELL 57 SS-05

24 CELL 57 SS-08

25 CELL 57 SS-06

26 CELL 64 SS-09

27 CELL 64 Ss-11

2a CELL 64 Ss-lo

29 CELL 64 SS-12

2-13 TRA-06 Wag 2 Comprehensive R1fiS, includin~ TRA Chemical Waste Pond (TRA-701). 30 BIASED DRAINPIPE OUTLT

31 BIASED TRUCK RAMP

32 BIASED GRAVEL FAN

33 RANDOM GRAVELJMAINPOND

34 RANDOM PRECIP/IvLMNPOND

35 REPLICATE QC

2-99* No operating unit (OPER_U) and site code (SITE COD) correspondencewith 36 BACKGROUND SW BACKGROUND

WAG 2 ERIS samples.
37 BACKGROUND N BACKGROUND

. 38 BIASED BACKGROUND

39 COOLING TOWER LOCATION 4

40 COOLING TOWER BOREHOLE

41 COOLING TOWER LOCATION 3

42 COOLING TOWER LOCATION 6



Table F-2. (continued).\ ,

OPER_U sITE_COD Sites Within Operable Units (Table E.2) indx ERIS TYPE ERIS LOCATION
LOCATION

2-99” No operating unit (OPER_U) and sile code (SITE COD) correspondence with 43 COOLING TOWER LOCATION 5
WAG 2 ERIS samples.

44 COOLING TOWER LOCATION 7

45 COOLING TOWER LOCATION 2

46 COOLING TOWER LOCATION 1

47 EAST WARM WASTE POND
OVERTOPPING

48 FAR EAST WARM WASTE POND
OVERTOPPING

49 SOIL BORING SB09

50 SOIL BORING SBO1

51 SOIL BORING SB04

52 SOIL BORING SB08

53 SOIL BORING SB05

54 SOIL BORING SB03

55 SOIL BORING SB07

56 SOIL BORING SB06

57 SOIL BORING SB02

58 WEST WARM WASTE POND
OVERTOPPING

* The 2-99 code is assigned to facilitate ERIS risk assessmentdata processing,this code is not a “true”operating unit code. This group of data must associatedwith site by analyst.



Table F-3. Depth range screening criteria specification.

Category
Depth range code* Delete Comment

SURFACE

0-0.3

0-0.5

0.0.5 [0-0.5]

0.2-0.5

0-12”

0-12 [0-12”]

SUBSURFACE

0.5-0.7

0-2
()-2’

1

1-1.3

12-24”

12-24 [12-24”]

1-3

2-3

2-3.5

2-4

3

3.6-3.8

3-5

3.5-4

4-5

5-7

8-10

9

10

ELIMINATE

27-31

27-29

31-33

26-28’

32-34’

28-30

30-32

31-35

24-26

23-25

1

1
1

1

1

1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

F-9

OK

OK ~

OK

OK

OK

OK [correct to inches]

OK

Put in sub-surface

Put in sub-surface

OK

OK

OK

OK [correct to inches]
OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK ,.

OK

OK , /.
OK

OK
.,

OK

- —.. .. ,......r---- -—,-.-—- .1.
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Table F-3. (continued).

Category
Depth range code* Delete Comment

40-42
25-27
32-34
26-27.5
29-31
21-23
39-41
21-25
34-36
20-22’
35-42
211-213
45-47
50-52
42-44
37-39
34-35
33-35
34-36.5
35-37
35-38
35-37’
33-34.5
12-14
11-16
120
0-38
37.5’
486
L3-35 [13-35]
20-22
476
37-38.3
0-35.8
30.532.5 [30.5-32.5]
N/A

PHASE I

490

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

F-10

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

Spans all categories

OK

OK

OK

OK

OK

OK

Spans all categories

OK ‘

Don’t know depth

Don’t know depth

OK



Table F-3. (continued).

Categoty
Depth range code* Delete Comment

34.536.5 [34.5-36.5] 3 yes OK

30.5-32.5

36.5-38.5

44-53

80

17-19

15-17.5

15-17

18-20

19-21

10-12’

3

3

3

3

3

3

3

3

3

3

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

o-37 3 yes Spans all categories

14-15 3 yes OK

15-17’ 3 yes OK

75 3 yes OK

10-11 3 yes OK

14-16 3 yes OK

9-11 3 yes Spans category 2

10-12 3 yes OK

13-15 3 yes OK

15-16 3 yes OK

11-12 3 yes OK

F-n
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* CATEGORY CODE
1 Surface-Depth less than or equal to 1.0 ft (i.e., O to and including 12 in.).

2 Sub-surface-Depth greater than 0.5 ft but less than or equal to 10 ft.
3 Depth greater than 10 ft.



F-1.1.4 Concentration and Unit of Measurement

It was necessary to appropriately convert all contaminant concentration values for soils to

either pg/g or pCi/g so that they could ultimately be averaged across all the samples. This

conversion lead to the elimination of sample concentrations measured in mg/L, since the

conversion of such concentrations to pg/g is uncertain.

F-1.1.5 Data Quality Flags

The ERIS data qualifier flags differ for either organic, inorganic, or radiological analysis.
Table F-4 defines appropriate data qualifiers for organic types of analysis as included in the ERIS
database. Table F-4 shows the codes used to indicate whether a compound concentration was
either a “detect” or “non-detect” and indicates which codes are used to delete samples from the
database for use in the rislc analysis. Samples were eliminated for several reasons as listed.
Attachment 1, “Control of Nonconforming Analytical Data”, contains a detailed description of the
data qualifiers used in organic analysis.

Table F-5 defines the appropriate data qualifiers for inorganic types of analysis. Inorganic

data qualifiers are more complex. The data qualifier specifications information consists of three

fields designating concentration, Q qualifier, and method. These flags in combination explain in

some detail the laboratory results of each sample in some detail. The first field reported is the

concentration field. This is one column and is designated as either a B, U or a blank. A B flag is

entered if the reported value was obtained from a reading that was less than the Contract

Required Detection Limit (CRDL) but greater than or equal to the Instrument Detection Limit

(IDL). A U flag is entered if the analyte was analyzed for but not detected. A blank is entered

if there are no data quality flag restrictions. Data qualifier flags were resolved according to

appropriate definitions for organic and radiological data and for inorganic. The second field

reported is the Q Qualifier field, which is 6 columns of alpha and symbolic characters that
qualifies the laboratory results. The third field is the method qualifier, which is 2 columns of
alpha characters that describe the analytic method used for the analysis. Attachment 1, “Control
of Nonconforming Analytical Data”, contains a detailed description of the data qualifiers used in
inorganic analysis.

Table F-6 defines the appropriate data qualifiers for radiological analysis. Attachment 1,
“Control of Nonconforming Analytical Data”, contains a detailed description of the data qualifiers
used in radiological analysis.

F-12



Table F-4. Data qualifier specification for organic analyses.

Data qualifier Analysis type Delete? Detection?

Ilblanktla

“blank

“blank”

“blank”

Ab

B

BJ

D

J

J

J

J

JB

JN

JN

JN

JR

JR

N

NJ

R

R

R

u

u

u

u

u

PESTS-CLP

SEMIS-CLP

VOAS-BOA

VOAS-CLP

VOAS-BOA

“organic”

SEMIS-BOA

“organic”

PCBS-CLP

SEMIS-BOA

VOAS-BOA

VOAS-CLP

SEMIS-CLP

SEMIS-CLP

VOAS-BOA

VOAS-CLP

SEMIS-CLP

VOAS-CLP

“organic”

“organic”

SEMIS-CLP

VOAS-BOA

VOAS-CLP

OC-HERBS-TCLP

OC-PESTS-BOA

OC-PESTS-BOA

PCBS-CLP

PESTS-CLP

no

no

no

no

no

yes

no

no

no

no

no

no

no

no

no

yes

yes

no

no

yes

yes

yes

no

no

no

no

no

yes

yes

yes .

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

no

,
no

no

no
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Table F-4. (continued).

Data qualifier Analysis type Delete? Detection?

u

u
u
u
UD

UJ

UJ

UJ

UJ

UJ

UR

UR

UR

Ux

x

SEMIS-BOA

SEMIS-CLP

VOAS-BOA

VOAS-CLP

PESTS-CLP

OC-HERBS-BOA

OC-PESTS-BOA

SEMIS-CLP

VOAS-BOA

VOAS-CLP

SEMIS-CLP

VOAS-BOA

VOAS-CLP

PESTS-CLP

“organic”

no

no

no

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

no

no

no

no

yes

no

no

no

no

no

a. No data qualifier was required.

b. Attachment 1, “Control of Nonconforming Analytical Data”, Organic Analysis
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Table F-5. Data qualifier specification for inorganic analyses.

Concentration data Method data
qualifier qualifier Delete? Detection

“blank”a

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

Fb

P

Cv

A

Cv

Cv

F

Cv

P

F

P

P

F

Cv

F

P

F

P

F

F

F

NR

F

F-15

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

yes

yes

no

no

yes

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

, no

no



—.

Table F-5. (continued).

Concentration data Method data
qualifier qualifier Delete? Detection

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

“blank”

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

yes

Cv yes

F no

F no

F no

F no

P no

F no

F

F

P

A

Cv

P

Cv

P

F

P

F

F

F

F

P

F

F

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

yes

yes

yes

no

no

no

no

no

yes

yes

yes

no

yes

yes

yes

yes

yes

no

no

yes

no

no

no

yes
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Table F-5. (continued).

Concentration data Method data
qualifier qualifier Delete? Detection

B

J

J

u

u

u

u

u

u

u

u

u

u

u

u

u

u

u

u

a, Nodata qualifier was required.

F

c

P

Cv

F

Cv

F

P

F

P

F

F

P

F

F

no

no

no

no

no

no

no

no.

no

no

no

yes.

yes

no

yes

no

no

no

no

no

yes

yes

no

no

no

no

yes

no

no

no

no

no

no

no

no

b. Attachment 1, “Control of Nonconforming Analytical Data”, Inor~anic Analvsis

F-17
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Table F-6. Data qualifier specification for radionuclide analyses.

Data qualifier Analysis type Delete? Detection?

“blank’ RAD no yes

U1’ RAD no . no

UJ RAD yes no

a. No data qualifier was required.

b. Attachment 1, “Control of Nonconforming Analytical Data”, Radiolo~ical Analvsis

F-2 REFERENCES

Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A),
Chapter 5.4 Evaluation of Qualified and Coded Data, Exhibit 5-4 (CLP Laboratory Data

Qualifiers and Their Potential Use In Quantitative Risk Assessment, Page 5-12), and
Exhibit 5-5 (Validation Data Qualifiers and Their Potential Use In Quantitative Risk
Assessment, Page 5-14, Interim Final, EPA/540/l-89/O02, December 1989.

EG&G Idaho Inc., Environmental Restoration Program (ERP), Program Directives, Title:
“Control of Nonconforming Analytical Data,” Appendix A, Data Qualifier (Flags)
Definitions for Data Users, page PD 5.8.

Legend sheet qualifier flags for Inorganic Analysis Data Flags, Methods, and Inorganic Validation
Data Qualifiers, EG&G Idaho, Inc., Personal Communication notes from Debi Jones
(Statistical and Reliability Analysis) to Robin Vanhorn (Chemical and Radiological Risk
Assessment), April 5, 1994.
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Attachment I

Control of Nonconforming Analytical Data
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LOCKHEED IDAHO Title: CONTROL’”OF””N(JNCONFORMING No.: PD 5.8
TECHNOLOGIES COMPANY ANALYTICAL DATA Rev: 02

Page: 1 of 10
PROGRAM Date: 12/23/94

DIRECTIVE
Apprcw9d: Legend

ENVIRONMENTAL = Change
RESTORATION

!eviewed by:
Original signatures appear on DRR# ER-1476, release date 12/22/94.

1. PURPOSE AND SCOPE

This Environmental Restoration (ER) Program Directive (PD) establishes the
policy, procedures, requirements, and responsibilities to control analytical
data that do not conform to the quality requirements specified in the method
used for the analysis. This PD implements those Quality Assurance (QA)
requirements of References 1 through 5 regarding nonconforming item control.

2. DEFINITIONS

Analytical Method Data Validation or Validation: Review of measurements and
analytical results against a set of criteria to assess limitations on the
use of the data.
.

Chemical Analysis: The analysis of samples of environmental media (air,
soil, or water) or wastes for organic or inorganic nonradiological
constituents including analyses performed using United States Environmental
Protection Agency (EPA) approved methods as well as nonstandard methods.

Data Limitations and Validation (L&V) Re~ort: Report written by an
analytical chemist or other technical expert performing analytical method
data validation. The report documents any deficiencies in the data
identified during the validation process. The report also indicates the
level of validation performed on the data.

Data Oualifier Flaq: A label, usually in the form of one or multiple
letters of the alphabet or some other symbol, such as “+” or “*,” that is
used to document nonconformances and/or limitations with an analytical
result. The same letter(s) designate different attributes to the data
depending on the analysis being validated.

Geochemical Analysis: The analysis of geologic materials (soil or rock) for
chemical properties (e.g., mineralogy, cation exchange capacity). j--

Invalid Analytical Data: Data produced from chemical, physical property, or
radiological analyses of environmental samples that because of The magnitude
of the nonconformance(s) are qualified as unusable by the data validator.

Nonconformance: A deficiency in characteristic, documentation, or procedure
which renders the quality of an item unacceptable or indeterminate.
Examples of nonconformances include physical defects, test failures>

I
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Title: CONTROL OF NONCONFORMING No.: PI)5.8
PROGRAM ANALYTICAL DATA Rev.: 02

DIRECTIVE Page: 2 of 10
Date: 12/23/94

2. DEFINITIONS (continued)

incorrect or inadequate documentation, and deviations from prescribed
processing, inspection, or test procedures.

Nonconforming Analytical Data: Data produced from chemical, physical
property or radiological analyses of environmental samples (a) that were
produced when the measurement system was not within the quality control (QC)
limits specified by the analytical method, or (b) with insufficient
documentation to judge the adequacy of the data. These data”do not conform
to the method requirements but may still be of some use to the data user
depending upon the Data Quality Objectives (DQO) required for data use
and/or data interpretation.

Physical Pro~ertv Anal~sis: The analysis of samples of environmental media
(soil, air, water) or wastes for physical or geologic properties (e.g.,
viscosity, pour point, flash point,-particle size distribution, porosity,
hydraulic conductivity) includinq analyses performed using EpA approved
m;thods and American %ciety for-Testi;g and Materials (A~TM) methods
well as nonstandard methods.

Radiological Analysis (RADI: The analysis of samples of environments”
(air, soil, or water) or wastes for specific radionuclides or total
radiation (i.e., gross alpha, gross beta).

3. POLICY

Data that do not conform to analytical method requirements shall be

as

med a

controlled b.ylabelinq the data to prevent inappropriate use. Data that are
invalid shall be labeled with an “R;’flag so that it may be segregated to
prevent its inappropriate use in decision making. Controls shall provide
for identification, documentation, evaluation, segregation, and disposition
of nonconforming and invalid data. All Statements ofllork (SOWS) for
subcontracted analytical services are Quality Level B documents. Thus, all
nonconforming data produced from these services are subject to this PD.

4. PROCEDURES

Sample Management Office .1
(SMO)

.2

Ensures that the flags used for
nonconforming analytical data provide for
identification,documentation,
evaluation, segregation..(ifnecessary),
disposition, and notification to affected
data users.

Establishes controls in the form of data
labels or “flags” to prevent inadvertent
or inappropriate use of data. Each
analysis type shall have a defined set of

I
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Title: CONTROL OF NONCONFORMING No.: PO 5.8
ANALYTICAL DATA Rev.: 02

Page: 3 of 10
Oate: 17/73/94

4. PROCEDURES (continued)

SMO (continued)

PM

SMO

.3

.4

.5

.6

.7

.8

‘1

flags associated with that data
(Appendix A).

If the nonconforming data can be
corrected by communication with the
laboratory; ensures the laboratory
submits to SMO Field Data.Coordinator
(FDC) documentation of the communication,
the nature of the nonconformance, and the
corrective action taken to ensure the ,

nonconformance will not continue.

If the nonconformance cannot be
corrected in process, and represents
an irreconcilabledifference between
the requirements of the laboratory’s
Statement of Work and what was
performed by the laboratory, issues
a nonconformance report to the
Project Manager (PM) per the
requirements of Company Procedure
9.7.

Ensures nonconformance report is
evaluated and closed out per the
requirements of Company Procedure
9.7. -,

If the nonconforming analytical data are
such that payment for the.analytical
services should be withheld, informs
subcontract administrator in writing of
the nonconformance and requests payment
be withheld.

Produces Limitations &Validation (L&V)
Reports and distributes to the analytical
laboratory that produced the data, the
project manager that requested the data,
Integ:-atedEnvironmental Data Management
System (IEDMS) personnel, the project
files, and Administrative Record and
Document Control (ARDC). ,

Ensures that all data qualifier flags
(Appendix A) assigned to the
nonconforming data by the SMO are entered
into the IEDMS data base and are

.

,
I

J

I



Title: CONTROL OF NONCONFORMING No.: PO 5.8
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4. PROCEDURES (continued)

SMO (continued)

.9

.10

Environmental Restoration .11
Information System
Manager

subsequently uploaded to Environmental
Restoration Information System.

Ensures that a copy of all L&V Reports
are present with or referenced on all
copies of data that have been validated.

Ensures that all data forms that have the
original markings of the person
performing the validation are returned to
ARDC for permanent storage.

Ensures that access to nonconforming
analytical data is controlled and all
data flag definitions (Appendix A) are
available for the data users.

5. REFERENCES/BIBLIOGRAPHY

1.-----

2.

3.

4.

5.

EG&G Idaho, Inc., Quality Procmam Plan for the Environmental
Restoration Proqram, QPP-149. ..-

EG&G Idaho, Inc., OualitY Manual, QP-15, “Control of Nonconforming
Items.”

EG&G Idaho, Inc., Procurement Standard Practice Manual, PSP 5.11,
“Nonconforming Materials, Supplier Disposition Requests, and
Conditional Releases.”

American Society of Mechanical Engineers (ASME), QualitY Assurance
Proqram Requirements for Nuclear Facilities, NQA-1, 1989.

EG&G Idaho, Inc., Com~anY Procedures Manual, CP-9.7,
“Nonconformances.”

Guidance for Data Usability In Risk Assessment, EPA/540/G-90/O08,
October 1990. ..
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APPENDIX A

DATA QUALIFIER (FLAGS) DEFINITIONS FOR DATA USERS

Oraanic Analysis

The following definitions are intended to assist the data user by providing an
explanation of the qualifiers (flags) appended to organic analysis results by the
laboratory and/or data reviewer. The purpose is to facilitate appropriate data use,
consistent with theproject objectives.

u? The analyte was analyzed for and is definitely not present above the level
of the numerical value listed to the left of the flag on the laboratory’s
data reporting form. The numerical value indicates the approximate
concentration necessary to detect the analyte in this sample.

If a decision requires quantitation of the analyte below the listed
numerical level, reanalysis or alternative analytical methods should be
considered. The SMO technical staff is available to discuss available
options.

J- The analyte was analyzed for and was positively identified, but the
associated numerical value may not be consistent with the amount actually
present in the environmental sample. The data should be seriously
considered for decision-making and are usable for many purposes.-..-.. ---

UJ - A combination of the “U” and the “J” qualifier. The analyte was analyzed
for and was not present above the level of the associated value. The
associated numerical value may not accurately or precisely represent the
concentration necessary to detect theanalyte in this sample.

If a decision requires quantitation of the analyte close to the associated
numerical level, reanalysis or alternative analytical methods should be
considered. .,.

A subscript may be appended to the “J” (whether the “J” flag is being used
in combination with the “U” flag or not) or an “R” that indicates which of
the following quality contro7 criteria were not met:

1 Blank contamination: indicates possible high bias and/or false
positives

2 Calibration ra]igeexceeded: indicates possible low bias

3 Holding times not met: indicates low bias for most ,analyteswith the
possible exception of common laboratory contaminants (i.e., acetone,
methylene chloride).

4 Other QC outside control limits: bias not readily determined.

.
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APPENDIX A (continued)

R- The data are unusable for all purposes. The analyte was analyzed for, but
the presence or absence of the analyte has not been verified.

Resampling and reanalysis are necessary to confirm or deny the presence of
the analyte. Data may be usable depending on project specific DQOS.
Severe limitations on use of “R” flagged data is recommended.

N- The analysis indicates that w analyte is present, and there are strong
indications that the identity is correct.

Confirmation of the analyte requires further analysis.

NJ - A combination of the “N” and the “J” aualifier. The analysis indicates_—.._ ..—
~hat the analyte is “tentatively identified” and the asso~iated numerical
value may not be consistent with the amount actually present in the
environmental sample.

A subscript may be appended to the “NJ” that indicates which of the
following situations applies:

NJ1 DDT/Endrin breakdown evident

NJ2 Interference by other sample components

NJ3 Non-Target Compound List (TCL) compounds (Confirmation is necessary
using specific target compound methodology to accurately determine
the concentration and identity of the detected compounds).

NJ4 A confirmation analysis was missing or quality control criteria were
not met for the confirmation analysis.

D-

E-

This flag identifies all compounds identified in an analysis at a
secondary dilution factor. If a sample or extract is reanalyzed at a
higher dilution factor, as in the “E” flag below, the “DL” suffix is
appended to the sample number on the Form I for the diluted sample, and
~ concentration values reported on that Form I are flagged with the “D”
flag.

This flag identifies compounds whose concentrations exceed the calibration
range of the gas chromatograph/mass spectrometry (GC/MS) instrument for
that specific analysis. This flag will @ apply to pesticides/
polychlorinated biphenyls (PCBS) analyzed by GC/Environmental Checklist
(EC) methods. .
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B-

c-

A-

x-

APPENDIX A (continued)

This flag is used when the analyte is found in the associated blank as
well as in the sample. It indicates possible/probable blank contamination
and warns the data user to take appropriate action. This flag must be
used for a tentatively identified compound (TIC) as well as for a
positively identified TCL compound.

This flag applies to pesticide results where the identificationhas been
confirmed by GC/MS. Single component pesticides 210 ng/pl in the final
extract shall be confirmed by GC/MS.

This flag indicates that a TIC is a suspected aldol-condensation product.

Other specific flags may be required for the laboratory to properly define
the results. If used, they should be fully described and such description
attached to the Sample Data Summary Package and the Case Narrative.
Laboratories typically begin by using “X.” If more than one flag is
required, laboratories may use “Y’rand “Z,” as needed. .If more than five
qualifiers are required for a sample result, laboratories may use the “X”
flag to combine several flags, as needed. For instance, the “X” flag
might combine with “A,” “6,” and “D” flags for some sample.

Inor~anic Analysis

Laboratories that perform inorganic analyses under ER’s analytical services master
subcontract are required to follow USEPA Contract Laboratory Program (CLP) protocol
whenever applicable. CLP protocol stipulates that data be reported on a standard
set of forms. Sample results for CLP type analyses (e.g., analytes determined by
inductively coupled plasma atomic emission spectroscopy “ICPAES”, graphite furnace
atomic absorption spectroscopy “GFAAS”, and cold vapor atomic absorption
spectroscopy “CVAAS”) are reported on CLP FORM I-IN, while sample results for non-
CLP type inorganic analyses (alkalinity, chloride, nitrate, etc.) are reported on a
modified version of CLP FORM I-IN. The inorganic analysis data sheets (i.e., CLP
FORM I-IN and all modified versions of CLP FORM I-IN) have three columns (labeled
“C”, “Q”, and “M”) in which analytical 1aboratory personnel enter qualifying flags
(hereafter. flaas at)olied by laboratory personnel shall be referral to = laboratv
}lags) in accor~ance’with C~P protocol_.“Descriptions of laboratory flags are
follows:

● C (Concentration)qualifier -- Specified entries and their meanings
follows: . . .

B- The reported valve was obtained”from a reading that was less
than the contract required detection limit (CRDL) but,greater
than or equal to the instrument detection limit (IDL).

u- The analyte was analyzed for and was not detected.

● Q qualifier -- Specified entries and their meanings are as follows:

as

are as

I
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E-

M-

N-

s-

w-

*-

+-

APPENDIX A (continued)

The reported value is estimated because of the presence of
interference. An explanatory note shall be included under
Comments on the Cover Page (if the problem applies to all
samples) or on the specific inorganic analysis data sheet (if it
is an isolated problem).

Duplicate injection precision was not met.

Spiked sample recovery was not within the control limits.

The reported value was determined by the method of standard
additions (MSA).

Post-digestion spike for GFAAS analysis is out of the control
limits (85-115??), while sample absorbance is less than 50% of
spike absorbance.

Duplicate analysis was not within the control limits.

Correlation

Entering “S”, “W”, or
qualifiers can appear

coefficient for the MSA is less than 0.995.

“+” is mutually exclusive. No combination of these
in the same field for an analyte.

● M (Method) qualifier -- Enter:

“P” for ICPAES
“M” for ICP mass spectrometry (ICPMS)
“A” for flame atomic absorption spectrometry (FAAS)
“F” for GFAAS
“PM” for
“MM” for
“FM” for
“AM” for
“CV” for
“AV” for
“CA” for
“AS” for

ICPAES when microwave digestion is used
ICPI?Swhen microwave digestion is used
GFAAS when microwave digestion is used
FAAS when microwave digestion is used
manual CVAAS
automated CVAAS
midi-distillation spectrophotometric
semi-automated spectrophotometric

“C” for manual spectrophotometric
“T” for titrimetric
“NR” if the analyte is not required to be analyzed.
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For analytes in which none of the listed method qualifier codes are
applicable, the analytical laboratory is required to either; (a) develop,
and define within the confines of each applicable data package, a new
method qualifier code, or (b) list the analytical method number rather
than a method qualifier code.

Upon request by ER project management, an inorganic laboratory data package is
subjected to method validation. Inorganic data validators apply qualifying flags
(hereafter, flags assigned bydata validators shall be referred to as validation
flaqs) in accordance with SMO-SOP-12.1.5. Descriptions of validation flags are as
fOliOk:

u

UJ

J

R

The following

The material was analyzed for, but was not detected above the level
of the associated value. The associated value is either the sample
quantitation limit or the sample detection limit. In most instances,
a “U” validation flag will be accompanied by a “B” laboratory flag.

The material was analyzed for, but was not detected. The associated
value is an estimate.and may not accurately reflect the IDL in the
sample matrix.

The analyte was analyzed for and was positively identified, but the
associated numerical value may not be consistent with the amount
actually present in the environmental sample

The accuracy of the data is so questionable that it is recommended
the data no~ be used. .

Radiological Analysis

are definitions of the data qualifier flags applied to radiological
analysis results.

u- Analysis was performed and the result is below two times the
associated uncertainty for the analysis. The analyte of interest is
not considered to be present at the 95??confidence level.

J- Analysis was performed and a true positive result was obtained
(result is greater than two times the associated uncertainty), but
the result is considered to be an estimated quantity due to quality
control problems. The analyte of interest is considered to be
present at the 95??confidence level.

,
UJ - The analysis result obtained is below two times the associated

uncertainty for the analysis and is considered to be an estimated
quantity due to quality control problems. Analyte of interest may or
may not-be present at the 95% confidence level.

1
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R- The analysis result obtained is unusable due to major problems with
the sample analysis or the supporting quality control information.

N/A - The indicated analysis was not performed on this sample.

The following definitions are for the validation flags that are applied to the
individual validation parameters evaluated during the radiological data validation
process.

I- Parameter is in control, there are no problems with the sample
results data.

Q- Parameter is questionable, there may be minor problems with the
sample results data.

o- Parameter is out of control, there may be major problems with the
sample results data.

.
N/A - Parameter is not applicable to the analysis type being validated.

.“ -.
..-

End of Procedure
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Appendix G

Study of Background Soil Sampling

C. S. Staley, G. J. White

Concurrent with the sitewide INEL background study (Rood, 1995), the INEIAvide
ecological risk assessment was also evaluating background concentrations of metals and
radionuclides in the soil. The purpose of the ecological background investigation, in part, was to
determine if the concentration of metals and radionuclides are correlated with soil type and the
concentration of other metals and radionuclides in soil. The results of this investigation are
presented in this section. The data used in this section. The data used in this section are the
offsite data only from both the Martin and NPR studies. See Rood et al. (1995) for detail
presentation of this data.

The initial approach used involved application of stepwise regression analysis to the available
data for certain key metals and radionuclides. Concentrations (or activities) of these metals and
radionuclides were regressed on soil characteristics such as pH, cation exchange capacity, organic
carbon, and percent sand, silt, and clay. The purpose of this initial assessment was to detect
obvious trends relating these metals and radionuclides with soil characteristics. “Thiswas done first
for aluminum and magnesium, non-pollutants that would be expected to correlate strongly with
certain soil characteristics. Cesium-137 was then chosen because it represents a globally-
distributed pollutant deposited atmospherically. Correlations between CS-137 activities and soil
characteristics would not be expected to be as strong. Two metals, lead and cadmium, were’ also
used.

Finally, problems in assessing the data available are discussed. Recommendations are
provided for how to better assess offsite background for contaminants at the INEL.

G-1 . STEPWISE REGRESSION

The initial evaluation of these data involved performance of stepwise regression of selected
metals against soil characteristics. This was applied to the data set that included the 18 data
points for which concentrations of metals, activities of radionuclides, and measurements of soil
characteristics were available. The purpose of this initial cursory look was to see if expected
relationships between materials and soil characteristics could be obsemed.

This metal represents an
environmental contamination.

G-1.1 Aluminum

important constituent of soil, and is not generally associated with
A strong correlation between aluminum concentrations and certain

soil characteristics was therefore expected.

Aluminum concentrations in the 18 soil samples considered was regressed on all six
measured soil characteristics (% sand, % silt, 9%clay, pH, CEC, and TOC). This multiple

G-3
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regression yielded a correlation coefficient (r) of 0.98, indicating strong correlation. Because

sand, silt, and clay are not entirely independent of one another, only one of the three was used in

the stepwise regressions.

Regressing aluminum concentrations against each of the three soil textures individually
yielded the following:

● Sand: r = 0.94

● Silt: r = 0.89

● Clay r = 0.88.

This indicates that aluminum concentration is more highly correlated with sand content than
clay content of the soil. However, when aluminum concentration is regressed on a single soil type
in combination with the other three soil characteristics (i.e., CEC, pH, and TOC), the results
indicate that clay content is more closely correlated with aluminum. The conclusion regarding
aluminum is that, as expected, soil aluminum concentrations are highly correlated with soil
characteristics, especially those related to soil type such as percent clay, sand, or silt.

G-1.2 Magnesium

A similar stepwise regression was performed on magnesium. Again, this element represents
a natural component of the soil and would therefore be expected to be associated with certain soil
characteristics such as clay content. As with aluminum, concentrations of magnesium in the
background soil samples were highly correlated with soil characteristics (especially clay content).
These results can now be used as a benchmark against materials that are not natural constituents
of the soil.

G-1.3 Cesium-13T

Similar analyses of the (2.s-137data were then performed. This radionuclide was chosen
specifically because it represents a pollutant of strictly anthropogenic origin which, is dispersed
globally through atmospheric deposition. As such, CS-137 represents the opposite situation as was
observed with aluminum and magnesium, with soil concentrations not expected to be well
correlated with soil characteristics.

Results of single variable regressions of CS-137 concentration vs. the various soil
characteristics are as follows:

● Sand: r = 0.3

● Silt: r = 0.3

● Clay r = 0.3
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● CEC r = 0.2

● TOC r = 0.4

● pH r = 0.2.

Stepwise regression of CS-137 on organic C, clay and sand, CEC and pH indicate that CS-137
concentrations in background soils do not correlate well with any soil characteristic measured.
This is likely due to the fairly uniform deposition of this material from globally-dispersed material.

G-1.4 Lead

Moving to non-radioactive pollutants, lead was the next material analyzed. Again, because
this material is deposited atmospherically, relatively low correlations are anticipated. Single.
variable regression of lead concentration versus the six soil characteristics yielded the following

● Sand: r = 0.5

● Clay: r = 0.4

● CEC r = 0.6

● TOC: r = 0.1

● pH r = 0.3.

Stepwise regression of lead soil concentrations and sand content, CEC, TOC, and pH
indicate the relative importance of cation-exchange capacity. Still, this correlation is low
(r = 0.6), and probably indicates that once deposited on the surface, mobility of lead is reduced
somewhat by high CEC.

G-1.5 Cadmium

Finally, cadmium was chosen as another example of potential pollutant. Single variable
regressions of cadmium concentration on soil characteristics yielded much higher correlation
coefficients than observed with lead:

● Sand: r = 0.8

G-5
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● Silt: r = 0.8

● Clay: r = 0.5

b CEC r = 0.8



● TOC r = 0.7

● pH r = 0.3.

Stepwise regressions of cadmium soil concentrations on CEC, sand, TOC, and pH indicate

the relatively high correlation between cadmium concentration and several of the soil

characteristics may indicate the potential use of soil properties as a tool for predicting distribution

of cadmium contamination. However, it is also possible that the variation seen in cadmium

content and the association between cadmium and soil characteristics reflects the presence of

natural cadmium in these soils.

G-2. SYSTEMATIC APPROACH TO CORRELATION ANALYSIS

Following this curso~ look at selected contaminants, a more systematic approach was
applied. This involved calculating correlation coefficients for each chemical element and each
radionuclide against one another as well as against each soil characteristic. Because
atmospherically derived pollutants often exhibit a log-normal distribution, this process was
conducted for the log of the concentration of each material as well. Only the values of the
materials being regressed against the other parameters were converted to log values-the
independent variables were not transformed. Transformation of both dependent and independent
variable represent a possible next step in the data analysis.

Once all the single variable regressions were performed, a modified stepwise regression was
performed for each material. This involved identi~ing the top 10 and the top three parameters

(soil characteristics or other soil elemental constituents) and performing multiple regressions on
these sets of independent variables. As with the stepwise regressions above, either sand or clay
content was used. but not both.

The general conclusion that may be drawn is that reasonable predictions of metal and
radionuclide relationships with soil characteristics and constituents may be possible if enough
parameters are available. The practicality of this is questionable, at best.

Ideally, strong relationships would be obsemed between metals or radionuclides and some
subset of the six soil characteristics evaluated. In most cases, these regressions yielded very weak
correlations. This is especially true of the radionuclides, which showed no correlation coefficients
in excess of 0.44 for either non-transformed or log-transformed data. Some strong relationships
appear in the metal data, although many of these are likely due to the natural component of the
material in question.

Regarding log transforms, it can be seen that correlation coefficients did not improve
substantially upon transformation of the data except in the cases of cadmium and CS-137. The
distribution of atmospherically deposited materials such as CS-137 would be expected to be log-
normal. Other transformation may be more useful, but none were evaluated. .

In addition, CS-137, K-40, Th-232, and U-238 were repressed against one another. As
before, both non-transformed and log-transformed data are used for the dependent variables
whereas the independent variables were not transformed. Cs- 137 activities are not correlated with
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the other radionuclides. This is expected, because unlike the other three, this nuclide is of
anthropogenic origin and is dispersed globally in the atmosphere as the result of atomic weapons
testing. Thorium, uranium, and K-40 are all naturally-occurring radionuclides. The weak
correlation between K-40 with Th-232, and U-238 remains unexplained. Th-232 and U-238 are
typically found together in parent geological materials, so the high correlations behveen these
nuclides is not unusual.

G-3. RESL DATA SET RADIONUCLIDE CONCENTRATIONS

A second data set consisting of analytical data from six sampling sites collected by RESL was
also evaluated. These samples were analyzed for radionuclide concentrations, and were collected
from offkite locations where data on soil characteristics was also available. These six sampling
sites were Atomic City, Carey, Howe, MonteView, Mud Lake, and Reno Ranch.

The data set provided for this evaluation contained radionuclide levels and soil characteristic
data from three samples form each site. Two of the three samples were taken from the “surface”
layer of the soil, while the third was taken from the second soil horizon. The second horizon
sample and one of the surface samples were collected as part of the same sampling effort. The
second surface sample was collected at a different time and/or by different individuals at
presumably the same site.

However, RESL radionuclide data were available for these six sites, plus an additional six
sites: Mud Lake (2), Crystal Ice Caves, FAA Tower, Butte City, Blackfoot, and St. Anthony. No
soil characteristics data have been located for these second six locations nor the depths of sample
collection and it is not known whether the soil characteristics data are from “Mud Lake 1“ or
“Mud Lake 2“. Initially the assumption was made that the Mud Lake sample was from “Mud
Lake l“. Regressions of radionuclide activities vs. the different soil characteristics were performed
based on this assumption, with each nuclide regressed individually on each soil characteristic.
These regressions were repeated substituting radionuclide data for Mud Lake 2.

The regression results are provided in Table G-1. The first value in each cell of the table is
the correlation coefficients for the data using Mud Lake 1 data, while the second is for with the
substitution of Mud Lake 2. The final values in each column are the correlation coefficients for a
combination of three of the six soil characteristics. These three characteristics included either clay
or sand, whichever provided the highest individual correlation coefficients, along with CEC and
organic carbon. As mentioned above, sand, silt, and clay are not entirely independent of one ~
another, so should not all be included in the multiple regression. Silt was not considered simply
because it represents a mid-range in soil particle size. Organic matter was also not included
because it is not independent of organic carbon. This is apparent in the R2 values shown in
Table 26, which are identical for both organic matter and organic carbon.

The regression results shown in Table G-1 imply a much higher correlation between the
radionuclide data using Mud Lake 2 radionuclide data rather than Mud Lake 1. me differences
are greatest for CS-137. Am-241 was not included as it was noted that all six data points were in
effect equal. It was determined that because the correlation was better with Mud Lake 2 data,
the radionuclide data from this site likely coincided with the soil characteristic data provided for
Mud Lake.
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Table G-1. Correlation coefficients for radionuclides with both soil horizons combined.

Am-241 CS-137 Pu-239/240 Sr-90

MLa-l ML-2 ML-1 ML-2 ML-1 ML-2 ML-1 ML-2

% Sand 0.6 – 0.4 0.7 0.8 0.8 0.8 0.8

% Silt 0.5 – 0.4 0.7 0.8 0.9 0.9 0.8

% Clay 0.6 – 0.5 0.6 0.7 0.7 0.7 0.7

CEC o– 0 0.3 0.5 0.6 0.7 0.7

TOC 0.5 – 0.6 0.8 0.9 1 0.6 0.6

Org. Matter 0.5 – 0.6 0.8 0.9 1 0.6 0.6

TOP 3 factors 0.9 – 0.9 1 1 1 1 1

— No data available.

a. Mud Lake.

Next, these correlations were re-run using only the surface soil samples. The third set of soil
characteristics, listed as being for the second horizon, were omitted in determining the mean value
for each characteristic. The results of these regressions are provided in Table G-2.

Table G-2. Correlation coefficients for radionuclides with individual soil horizons.a

CS-137 Pu-2391240 Sr-90

Both Both Both
Surface horizons Surface horizons Surface horizons

% Sand 0.7 0.7 0.8 0.8 0.8 0.8

% Silt 0.7 0.7 0.8 0.9 0.8 0.8

% Clay 0.7 0.6 0.9 0.7 0.7 0.7

CEC 0.5 0.3 0.7 0.6 0.7 0.7

TOC 0.9 0.8 1 1 0.4 0.6

Org. Matter 0.9 0.8 1 1 0.4 0.6

TOP 3 factors 0.9 1 1 1 0.9 1

a. Mud Lake 2 data were used.
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Appendix H

Example of the Use of Functional Groups
for TRV, EBSL, and SLQ Calculations

R. L. VanHorn

This appendix will include an example of the exposure and analysis sections of the screening
level ecological risk assessment (SLERA) methodology. This includes the development of TRVS
for INEL functional groups for two contaminants, and the calculation of ecologically-based
screening levels (EBSLS) for the contaminant/functional group combinations. These EBSLS will
then be used with a hypothetical contaminant concentration to calculate screening level quotients
(SLQS).

H-1 . TOXICITY REFERENCE VALUE DEVELOPMENT

As discussed in Section 3.3.2, TRV development is initiated by reviewing the available
toxicological literature and relevant data bases for each contaminant. Based on each study
selected, six adjustment factors for extrapolation from experimental studies to field exposures at
INEL are defined as shown in Table H-1. Using these Al% the algorithm used for deriving a
TRV is:

TRV = ~E
AF

where

QCE = quantified critical exposure level

AF = [1]x [R] X [Ql] X [Qz] X [Q3] X [U] X [M].

(1)

Table H-2 presents the development of the TRVS for chromium VI and lead. Information
used to derive TRVS for non-radioactive inorganic contaminants and non-radioactive organic
contaminants is summarized. The TRVS for each contaminant/functional group combination are
presented in tabular form in Tables H-3 and H-4. Shading in these tables corresponds to TRVS
chosen for each functional group to use in the analysis. When the test organism and the
members of the functional group were in the same taxonomic order and trophic category (R = 1),
the corresponding TRV was chosen, as shown in heavier shading. Otherwise, the minimum TRV
for each contaminant was chosen for all mammalian or avian receptors. If a -V can not be
developed, this is considered a data gap and the functional group cannot be analyzed. The final
TRVS chosen from Tables H-3 and H-4 should be summarized in a final TRV table as shown in
Table H-5. Note that the plant TRVS were taken from the literature. ,

H-3
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Table H-1. AF values and criteria for their use in developing TRVS for INEL.

Adjustment Qualitative
Factor Ranking Value Criteria

I

R

Q2

Q3

u

M

Low

Medium

High

Low

Medium

High

Low

Medium

High

Low

Medium

High

Low

Medium

High

Low

Medium

High

. .

--

1

2

3

1

2

3

0.1

0.5

1

1

2

3

1

2

3

1

2

3

0.5

1

Variability is low

Variability is moderate or average

Variability is high, or information on variability is inadequate

Test organism and receptor are in same taxonomic order and
trophic categoty

Test organism and receptor are in same trophic category but
different taxa

Test organism and receptor are in different trophic categories

Experimental endpoint is highly unlikely to occur in the field

Experimental endpoint is moderately unlikely to occur in the
field

Experimental endpoint is likely to occur in the field

Study was of chronic duration

Study was of subchronic duration

Study was of acute duration

NOAEL

LOAEL

Adverse effect level or frank effect level

High quality studies

Studies of reasonable quality

Studies with flawed design or incomplete information

Soluble metal salt administered in drinking water

Exposure medium Comparable to those at INEL

H-4



Table H-2. Example of toxicity reference value development for functional groups at the INEL.

COPC chromium (VI) CAS 7440-47-3

Test Organism Dog
Exposure Mcdiurn Water
Test Endpointi NOAEL
References Steven, J.D., L.J. Davies, E.K. Stanley, R.A Abbott, M. Ihnat, L. Bidstrup, and J.F.

Jaworski, 1976,Effects of Chromium in the Canadian Environmen~ NRCC No. 15017,
National Resources Council, Ottawa, Canada.

Eisler, R., 1986, Chromium Hazards to Fkh, Wfdlije, and Invertebrates:A SynopticReview,
U.S. Fish and Wildlife Service Biological Report, 85(1.6).

Q(E 0.30 mgkg-day

Adjustment
Factors (AF) Justification for adjustment factor

R 1

I

QI

Q2

Q3

u

M

Total AF

QCE (mglkg-day)

TRv

3

1

1

1

3

0.5

4.5

0.30

0.07

2

3

1

1

1

3

0.5

9.0

0.30

0.03

3

3

1

1

1

3

0.5

13.5

0.30

0.02

R = 1 is AF for same.order and trophic level
R = 2 is AF for different order or trophic level
R = 3 is AF for different order and trophic level

No information (secondary source)

No endpoint observed

Chronic duration (4 years)

NOAEL

Secondary source

Chromium administered in water

R* I* Ql*Q2*Q3*U*M= Total AF

QCE = quantified critical endpoint

Toxicity Reference Value = QCEflotal AF

Appropriate Functional Groups:

R TRv Appropriate Functional
Value (mgkg-day) Justification Group

1 0.07 Test organism is in the same order and trophic level M422A
as the functional group members

2 0.03 Test organism is in a different order or trophic level M322, M422
from the functional group members ,

3 0.02 Test organism is in a different order and trophic M121, M122, M122A
level from the functional group members M123, M21O,M210&

M222



Table H-2. (continued).

COPC Chromium (VI) CAS 7440-47-3
Test Organisms Mice
Exposure Medium: Water
Test Endpointi FEL-r
Reference: Trivedi, B., D.K Saxena, R.C. Murthy, and S.V. Chandra, 1989,

Embroyotoxicity and Fetotoxicity of Orally Administered Hexavalent Chromium
in Mice, Reproductive Toxicolow, 3(4); 275-278.

QCIZ 59 mgkg-day

Adjustment
Factors (AF) Justification for adjustment factor

R

I

Q1

Q2

Q3

u

M

Total AF

QCE (mg/kg-
day)

TRV

1

1

1

2

3

2

0.5

6

59

9.83

2

1

1

2

3

2

0.5

12

59

4.92

3

1

1

2

3

2

0.5

18

59

3.28

R = 1 is AF for same order and trophic level
R = 2 is AF for different order or trophic level
R = 3 is AF for different order and trophic level

Adequate numbers, variability assessed appropriately and
not high.

Ecologically relevant endpoint

Subchronic exposure duration

FEL endpoint

Well designed study, appropriate endpoints well
characterized, but no NOAEL identified.

Cr administered in water

R* I* QI*Q2 *Q3*U*M=Total AF

QCE = quantified critical endpoint

Toxicity Reference Value = QCEnotal AT

Appropriate Functional Groups:

R TRv Appropriate Functional

Value (m@g-day) Justification Group

1 9.8 Test organism is in the same order and trophic none

level as the functional group members

2 4.9 Test organism is in a different order or trophic M121, M123, M422,

level from the functional group members M422~

3 3.3 Test organism is in a different order and trophic M122, M122~ M21O,

level from the functional group members M21OA, M222, I’vf322
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Table H-2. (continued).

.

COPC Chromium (VI) CAS 7440-47-3
Test Organisnw Chicken
Exposure Medium Diet
Test Endpointi NOAEL
Reference: Rosomer, G.L., W.A. Dudley, L.J. Machlin, and L. Loveless, 1961,

Toxicity of Cadmium and Chromium for the Growing Chick Poultrv
Science, 40:1171-1173.

QC12 49 mglkg-day

Adjustment
Factors (Al?) Justification for adjustment factor

R

I

QI

Q2

Q3

u

M

Total AF

QCE (mg/kg-
day)

TRv

1

3

1

2

1

3

1

18

49

2.72

23

33

1 1

22

11

33

1 1

36 54

49 49

1.36 0.91

R = 1 is AF for same order and trophic level
R = 2 is AF for different order or trophic level
R = 3 is AF for different order and trophic level

Secondary source

No endpoint observed

Subchronic exposure duration

NOAEL endpoint

Old study described in secondary source

Appropriate exposure medium for INEL

R* I* Q~*Q2 *Q3*U*M=Total AF

QCE = quantified critical endpoint

Toxicity Reference Value = QCE/Total AF

Appropriate Functional Groups:

R TRv “ Appropriate Functional
Value (mg/kg-day) Justification Group

1 2.7 Test organism is in the same order and none
trophic level as the functional group
members

2 1.4 Test organism is in a different order or AV422, AV432,
trophic level from the functional group AV433,AV442
members

3 0.91 Test organism is in a different order and AV121, AV122, AV132,
trophic level from the functional group AV142, AV143, AV21O,
members AV2104 AV221, AV222,

AV222A, AV232, AV233,
AV241, AV242, AV31O,
AV322. AV333, AV342
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Table H-3. Summary of toxicity reference values (TRVS in mg/kg-day) for mammalian functional groups.

TRV for TRV for
Chemical M121 M122

Chromium (VI) (dog) 0.02 0.02

Chromium (VI) (mouse) 4.9 3.3

Lead (cattle) 0.08 0.08

Lead (dog) 0.0089 0.0089

Lead (rat) 0.05 0.03 0.03 0.05 0.03

TRV
for

M21OA

0.02

3.3

0.06

0.0089

0.03

TRV for TRV for
M222 M322

TRv TRVfor
for M422A

M422

*

0.02 0.03

3.3 3.3

0.06 0.06

0.0089 I 0.013

0.03 I 0.03

0.03 I 0.07

4.9 4.9

0.06 0.06

0.013 0.027

0.05 0.05



Table H-4. Summary of toxicity reference values (TRVS in mgkg-day) for avian functional groups.

TRV for TRV for TRV for TRV for TRV for TRV for TRV for TRV TRV TRV for TRV for
Chemical AV121 AV122 AV132 AV142 AV143 AV21O AV21OA for for AV222A AV232

AV221 AV222

Chromium-Vi (chicken) 0.91 0.91 0.91 0.91 0.91 “0.91 0.91 , ,“(jgl.,‘, :,,0.91 ‘ ‘.,,’0.91’’:’:,,. ,,..,,. ,. ‘:?;91

Lead (chicken) 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48

Lead (European starling)
,,..,,’,

0.04
,:,,.’

0.03 0.04 0.08 ().04’:,;,:,; ~O:OL’“ ‘:,,,,0.04 .0.03 0,03 0.03 0.04

Lead (mallard duck) 0.93 0.93 0.93 1.9 1.9 0.62 0.62 0.62 0.62 0.62 0.62,.

TRV for TRV for TRV for TRV for TRV for TRV for TRV for TRV for TRV for TRV TRv
Chemical AV233 AV241 AV242 AV31O AV322 AV333 AV342 AV422 AV432 for for

AV433 AV442
,.

‘0:91, 0.91~ i Chromium-VI (chicken) 0.91 0.91 0.91 ~, 0.91 0.91 ‘“, ‘104’:‘;, .,,,,’, ~04“ “: ,,”:.’,~;4,,; :“, @

‘1
Lead (chicken) 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.72 0.72 0.72 0.72

Lead (European starling) 0.04 0.04
,,, ,,:..,.,:, !..

O.@ :’‘“ 0.03: 0.03 0:03 ‘ 0.03 0.03 : .’,,,,0.03:;; ‘.‘0.63,, “: 0;03,,,,. ,.

Lead (mallard duck) 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62

.. .

.,



...-J_

Table H-5. Toxicity reference values (TRVS) for nonradionuclides (mg/kg-d).
—_

Functional crmuDs Antimony Cadmium Chromium VI coDDer Lead

—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—

1.80E-oi

1.20E-01

1.20E-01

1.80E-01

1.20E-01

1.20E-01
1.20E-01

1.20E-01

1.80E-01

1.80E-01
—

Avian herbivores (AV~21)
. .

Avian herbivores (AV122)

Avian herbivores (AV132)

Avian herbivores (AV142)

Avian herbivores (AV143)

Avian insectivores (AV21O)

Avian insectivores (AV210A)

Avian insectivores (AV221)
Avian insectivores (AV222) .

Avian insectivores (AV222A)

Avian insectivores (AV232)
Avian insectivores (AV233)

Avian insectivores (AV241)

Avian insectivores (AV242)
Avian carnivores (AV312)

Avian carnivores (AV322)

Avian carnivores (AV333)

Avian omnivores (AV422)
Avian omnivores (AV432)

Avian omnivores (AV433)
Avian omnivores (AV442)

Mammalian herbivores (M121)

Mammalian herbivores (M122)

Mammalian herbivores (M122A)

Mammalian herbivores (M123)

Mammalian insectivores (M210)

Mammalian insectivores (M21OA)

Mammalian insectivores (M222)

Mammalian carnivore (M322)

Mammalian omnivores (M422)

Mammalian omnivores (M422A)
Reptilian insectivores (R222 )

Reptilian carnivores (R322)

plants 5.00E+OO 2.00E+OO 2.00E+OO 4.00E+o1 5.00E+OI

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01
1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

1.80E-01

2.70E-01

2.70E-01

2.70E-01

2.70E-01

3.IOE-01

2.IOE-01

2. IOE-01

3.IOE-01

2.IOE-01

2.IOE-01

2.IOE-01

2.IOE-01

3.IOE-01

3.1OE-OI
—

—

9.1OE-01

9.IOE-01

9.IOE-01

9.IOE-01

9.1OE-01

9.1OE-O1

9.1OE-O1

9.IOE-01

9.1OE-O1

9.1OE-OI

9.1OE-OI

9.IOE-01

9.1OE-O1

9.1OE-OI
9.IOE-01

9.IOE-01

9.IOE-01

1.40E+O0

1.40E+O0

1.40E+O0

1.40E+O0

2.00E-02

2.00E-02

2.00E-02

2.00E-02

2.00E-02

2.00E-02

2.00E-02

3.00E-02

3.00E-02
7.00E-02

—

—

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01
6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

6.70E-01

1.00E+OO

1.00E+OO

1.00E+OO

1.00E+OO

1.30E+o0

1.30E+o0

1.30E+O0

1.30E+O0

1.30E+o0

1.30E+O0

1.30E+O0

4.00E+OO

1.30E+O0

2.00E+oo
—

—

4.00E-02

3.00E-02

3.00E-02

1.90E+O0

1.90E+O0

4.00E-02

8.00E-02

4.00E-02

4.00E-02

4.00E-02
4.00E-02

4.00E-02

4.00E-02

4.00E-02

4.00E-03

3.00E-02

3.00E-02

3.00E-02

3.00E-02

3.00E-02

3.00E-02

8.90E-03

8.90E-03

8.90E-03

8.90E-03

8.90E-03

8.90E-03

8.90E-03

1.30E-02

1.30E-02
2.70E-02

—

—

Note — no toxicity references available

_. . .——
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H-2. DEVELOPING ECOLOGICALLY-BASED SCREENING
LEVELS (EBSLS)

Estimating EBSLS for contaminants provides a rational, consistent approach for screening of
sites that may require further investigation or remedial action, and prioritization of sites based on
comparison of concentrations of contaminants with EBSLS. EBSLS are ecologically-based target
concentrations of contaminants in soil derived fkom site-specific exposure scenarios for relevant
ecological receptors (functional groups). The exposure equations are rearranged to calculate
EBSLS in different media from target intakes and default exposure assumptions (Section 3.3.1.3).
EBSLS will have to be developed for each media exposure as appropriate.

Each of the functional groups was evaluated individually. Quantification of exposures used
species-specific numerical exposure factors including body weight, ingestion rate, fraction of diet
composed of vegetation or prey, and soil consumed from the affected area. Species parameters
used to model intakes by the functional groups are summarized in Table H-6. These parameters
are used to develop EBSLS for each functional group. Potential exposures for each species within
a functional group was determined based on the species’ life history and feeding habits. From
these species values within a functional group, the maximum percent prey, maximum percent soil,
maximum exposure duration, and minimum body weight, and the minimum home ranges were
chosen to represent the functional group because they result in the calculation of the most
conservative EBSL.

Exposure duration (ED) estimates represent the tlaction of the year animals spend in the
affected area. For year-round residents, ED is assumed to be 1 (i.e., receptors spend 100% of
their time on the WAG 2 assessment area). For mig-story receptors that only spend one season

(e.g., summer or winter) onsite, ED is assumed to be 0.50.

Food intake rates (g dry weight/day) for passerine birds, non-passerine birds, rodents,
herbivores, all other mammals, and insectivorous reptiles are estimated using allometric equations
(Section 3.3.1.2), if actual data is not available. The allometric equations contain body weight in
their calculation. Body weight to ingestion rate is a ratio in the EBSL calculation. Due to the
size ranges in certain functional groups, it is assumed that the smallest body weight will be used in
the EBSL equation. The smallest body weight yields the smallest body weight to ingestion rate
ratio which yields the most conservative EBSL.

Plant uptake factors (PUF) and bioaccumulation factors will be developed as discussed in
Section 3.3.1.2. For these calculations the PUF for chromium VI and lead was taken from the
literature. The BAF for these contaminants was set at the default of 1.0.

Site-wide EBSLS are developed using best available estimates for species~specific exposure
parameters and TRVS. These site-wide EBSLS are modified for application at each WAG by
dividing by.the site use factor (SUF). The SUF is the assessment area (in ha) divided by the
species’ home range (in ha) to a maximum of 1. For this example the assessment area will be
assumed to be 1000 ha. The EBSLS for the surface soil pathway, for an assessment area of 1000
ha. are presented in Table H-7. Note that chromium VI and lead are included.



Table H-6. Species parameters for use in exposure calculations.

PP Pv Ps

Avian herbivorm (AV121)

Avian herbivores (AV122)

Avian herbivores (AV132)

Avian herbivores (AV142)

Avian herbivores (AV143)

Avisn insectivores (AV21O)

Avian insectivores (AV21OA)

Avian insectivores (AV221)

Avirm insectivores (AV222)

Aviars insectivores (AV222A)

Avian insectivores (AV232)

Avirm insectivores (AV233)

Avian insectivores (AV241)

Avian insectivores (AV242)

Avisn carnivores (AV310)

Avian carnivores (AV322)

Avian carnivores (AV333)

Avisn omnivores (AV422)

Avian omnivores (AV432)

Avian omnivores (AV433)

Avian omnivores (AV442)

MamoraIian herbivores (M121)

Mamnrr&n herbivores (M122)

Mammalian herbivores (M122A)

Mammalian herbivores (M123)

Mammalian insectivores (M21O)

Mammalian insectivores (M210A)

Mammalian insectivores (M222)

MsmmaIian carnivore (M322)
MarnhMEinomnivores (M422)

Mammalian omnivores (M422A)

Reptilkminsectivores(R222)
Reptilkmcarnivores(R322)
plants

PP = percentprey
PV = percentvegetation
PS= percentsoil
SUF = siteusefactor
BW = body weight

ED= exposure duration
IR = ingestion rate

0.00E+OO
O.OOE+OO
0.00E+OO
0.00E+OO
O.OOE+OO
9.80E-01

9.80E-01

9.80E-01

9.27E-01

9.27E-01

9.27%01

9.27E=01

8.90E-01

8.SOE-01

9.80E-01

9.80E-01

9.80E-01

4.90E-01

4.90E-01

4.90E-01

4.90E-01

0.00E+OO

O.IME+OO

0.00E+OO

0.00E+OO

9.80E-01

9.80E-01

9.37E-01

9.72E-01

4.90E-01

4.90E-01

9.80E-01

9.80E-01

9.80E-01
9.07E-01
9.80W11
9.18E-01
9.18E-01

0.00E+OO
0.00E+OO
0.00E-W-O
0.00E+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
0.00E-I-00
0.00E+OO
0.00E+OO
0.00E+OO
4.17E-01
4.17S01
4.17E-01
4.17E-01
9.37E-01
9.37E-01
9.37E-01
9.37E-01

0.00E+OO
0.00E+OO
0.00E-I-00
0.00E+OO
4.82E-01
4.82E-01

O.OQE+OO
0.00E+OO

2.00E-02
9.30E-02
2.00E-02
8.20E-02
8.20E-02
2.00E-02
2.00E-02
2.CQE-Q2
7.30E-02
7.30E-02
7.30E-02
7.30E-02
1.IOE-01
1.1OE-O1
2.00E-02
2.00E-02
2.00E-02
9.30E-02
9.30E-02
9.30E-02
9.30E-02
6.30E-02
6.30)?-02
6.30E-02
6.30E-02
2.00EJ32
2.00E-02
6.30E-02
2.80E-02
2.80E-02
2.80E-02
2.00E-02
2.00E-02

ED
5.00E-01’
I.00E+OO
1.00E+OO
I.00E+OO
LOOE+OO
5.00E-01
5.00E-01
5.OQE-01
I.00E+OO
5.00E-01
5.00E-01
5.00E-01
5.00E=OI
5.00E-01
1.00E+OO
1.00E+OO
5.00E-01
1.00E+OO
5.00E-01
5.00E-01
5.00E-01
1.00E-I-00
I.00E+OO
1.00E+OO
1.00E+OO
5.00E-01
I.00E+OO
I.00E-I-00
LOOE+OO
1.00E+OO
1.00E+OO
1.OOE+OO
1.00E+OO

IR
(kg/day)

3.48E-03
1.46E-03
9.51E-03
3.OIE-02
3.24E-02
2.90E-03
3.71E-03
2.28E=03
3.07E-03
3.37E-03
5.02E-03
4.78E-03
6.55E-03
1.13E-02
1.67E-02
7.99E-03
1.84E-02
L13E-02
2.75E-02
5.57E-02
4.71E-02
5.55E-01
2.41E-03
3.64E-03
L28E-02
1.69E-03
1.50E-03
L02E-03
2.83E-02
238E-03
9.04E-01
9.76E-05
1.98E-03

BW

(-k)
L32E%2

3.50E-03
6.19E-02
3.64E-01
4.08E-01
1.00E-02

L46E-02
6.90E-03
1.09E-02
1.26E-02
2.32E-02
2.15E-02
3.49E-02
8.1OE.O2
1.47)3-01
4.74E-02
1.71E-01
8.02E-02
3.16E-01
9.35E-01
7.24E-01
1.27E+01
L70E-02
2.80E-02

L30E-01
LIOE-02

9.50E-03
6.00EU3
3.40E-01
2.20E-02
2.30E+01
7.OQE-03
2.51E-01

Home range

(Ha)

1.00E-Cr3

5.18E+O0

1.00E-03

1.00E-03

6.20E+02

3.04E-01

1.00E-03

2.02E-01

4.20E-01

6.00E+O0

2.50E=01

1.00E-03

1.00)3-03 .

8.90E+01

1.01E+03

6.00E+OI

. 1.00)3-03

1.00E-03

1.00?5-03

1.00E-03

1.00E=03

1.00E-03

6.07E+O0

2.51E-03

1.00E-03

1.00E-03

LOOE=03

2.00E-01

1.42E+01

9.29E-03

6.48E+03

6.00E-02

3.00E+OO
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Tabie H-7. EcologicalIy-basedscreentig level (EBSh)valu= forsurface soil pathway.
Functionalgroups Antimony Cadmium Chromium Vl Comer Lead
Avian herbivores (AV121) 2.53E+02 1.24E+01 - -
Avian herbivores (AV122)

Avian insectivores(AV210)

Avian insectivores (AV21OA)

Avian Insectivores (AV221)

Avian insectivores (AV222)
Avian insectivores (AV222A)

Avlan carnivores (AV31O)

Peregrine falcon & northern goshawk

Avian carnivores (AV322)

Bald eagle, ferruginous hawk,&Ioggetiead shrike
Avlan carnivores (AV333)

Avlan omnivores (AV422)

Avian omnivores (AV432)

Avian omnivores (AV442)

Mammalian herbivores (M121)

Mammalian herbivores (M122)

Mammalian herbivores (M122A)

Pygmy rabbit

Mammalian herbivores (M123)

Mammalian insectivores (M210)
Townsend’s western big-eared bat

Mammalian insectivores (M21oA)

Mammalian insectivores (M222)

Mammalian carnivore (M322)

Mammalian omnivores (M422)

Mammalian omnivores (M422A)

Reptilian insectivores (R222 )

Reptilian carnivores (R322)
Plants---””’

NTD no toxicity determined

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

5.76E+OI

1.18E+OI

1.29E+01

6.46E+O0

2.55E+OI

5.48E+O0

2.74E+O0

2.67E+O0

2.46E+O0

5.04E+O0

7.56E+O0

1.69E+02

NTD

NTD
5.00E+OO

NTD

NTD

NTD

NTD
NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

1.23E+01

2.56E+O0

2.80E+O0

1.40E+O0

5.42E+O0

2.74E+O0

1.37E+O0

I.33E+O0

1.23E+O0

2.52E+O0

2.92E+O0

6.52E+01

NTD

NTD
2.00E+OO

2.18E+01

6.27E+O0

7.16E+o0

5.51E+O0

3.23E+O0

6.80E+O0

8.09E+O0

4.05E+O0

5.40E+O0

2.70E+O0

1.69E+OI

1.70E+01

5.50E+OI

7.34E+01

6.53E+O0

2.OIE+OO

2.20E+O0

1.IOE+OO

2.89E+O0

2.61E-01

1.30E-01

1.27E-01

1.17E-01

3.60E-01

4.24E-01

2.21E+OI

NTD

NTD

ZOOE+OO

3.51E+O0

4.62E+O0

5.27E+O0

4.06E+O0

2.38E+O0
5.OIE+OO

5.96E+O0

2.98E+O0

3.98E+O0

1.99E+O0

1.24E+OI

9.51E+O0

3.07E+01

4.1OE+O1

6.79E+OI

2.09E+01

2.29E+01

1.14E+OI

3.OIE+O1

1.70E+OI

8.48E+O0
8.26E+O0

7.61E+O0

4.80E+01

1.35E+01

4.63E+02

NTD

NTD

4.00E+O1

4.74E+O0

5.36E-01

2.76E-01

6.29E-01

2.42E-01

1.42E-01

2.99E-01

2.67E-01

1.33E-01

1.78E-01

8.90E-02

5.57E-01

3.55E-01

1.15E+O0

1.53E+O0

1.94E+O0

5.96E-01

6.52E-01

3.26E-01

8.57E-01

1.16E-01

5.80E-02
5.65E-02

5.21E-02

1.56E-01

1.78E-01

8.24E+O0

NTD

NTD
5.00E+O1



H-3. CALCULATING SCREENING LEVEL QUOTIENTS (SLQS)

The SLQ is the ratio of the contaminant concentration to EBSL for each contaminant and is
used as an indicator of potential risk to the ecosystem. SLQS are derived for all contaminants and
functional groups or for the threatened and endangered species identified as present at an WAG.
If there were no data available to derive TRVS or no required parameters (body weights, home
ranges, percent intake of vegetable, prey, or soil), no EBSL was derived for that particular
contaminant and/or functional group species. Thus, no SLQ was estimated and these data gaps
are indicated as blanks. If a particular pathway was not of concern it will be indicated. SLQS are
calculated using the following equation.

SLQ = ~
EBSL

(2)

where

SLQ = Screening level quotient;

Cs = Average concentration of contaminant (mg/kg or pCi/g);

EBSL = Minimum ecologically-based screening level (mg/kg or pCi/g)

A SLQ less than the risk factor (traditionally one) implies little or no potential effect from

that contaminant. SLQS for each pathway of exposure should be presented, Table H-8 presents

the SLQS for the surface pathways using the EBSLS presented in Table H-7 and hypothetical

surface soil contaminant concentrations. The SLQS can be summed across the pathways by

functional group and/or T/E species, but it is important to use care with this method as discussed

in Section 3.4.
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Table H-8. Screening level quotien~(SLQs) forsurface soil pathway.
ConOmtrationterm 1.98E-t)3 5.18E+O0 3.27E-03 9.84E-02 1.70E+03

Antimony

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

3.44E-05

1.68E414

1.53E-04

3.07E-04

7.78E-05

3.62E-04

7.24E-04

7.43E-04

8.06E-04

3.93E-04

2.62E-04

1.17E-05
NTD

NTD

3.96E-04

Functionalgroups Cadmium ChromiumVI Copper
Avian herbivores (AV121)

Avian herbivores (AV122)

Avian insectivores (AV210)

Avian insectivores (AV21OA)

Avian insectivores (AV221)

Avian insectivores (AV222)

Avian insectivores (AV222A)

Avian carnivores (AV31O)

Peregrine falcon & northern goshawk

Avian carnivores (AV322)

Baid eagle, ferruginous hawk, & loggerhead shrike

Avian carnivores (AV333)

Avian omnivores (AV422)

Avian omnivores (AV432)

Avian omnivores (AV442)

Mammalian herbivores (M121)

Mammalian he@ivores (M122)

Mammalian herbivores (M122A)

Pygmy rabbit

Mammaiian herbivores (M123)

Mammalian insectivores (M210)

Townsend’s western big-eared bat

Mammaiian insectivores (M210A)

Mammaiian insectivores (M222)

Mammalian carnivore (M322)

Mammaiian omnivores (M422)

Mammalian omnivores (M422A)

Reptilianinsectivores (R222 )

Reptilian carnivores (R322)

Piante

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

NTD

4.08E-01

1.96E+O0

1.79E+O0

3.58E+O0

9.23E-01

1.83E+O0

3.66E+O0

3.75E+O0

4.07E+O0

1.99E+O0

1.72E+O0

7.68E-02

NTD

NTD

2.50E+O0

1.29E-05

1.50E-04

5.21E-04

4.56E-04

5.93E-04

1.01E-03

4.80E-04.

4.04E-04

8.07E-04

6.05E-04

1.21E-03

1.93E-04

1.92E-04

5.94E-05

4.45E-05

5.00E-04

1.62E-03

1.49E-03

2.97E-03

1.13E-03

1.25E-02

2.50E-02

2.57E-02

2.79E-02

9.07E-03

7.70E-03

1.48E-04

--- NTD

NTD

1.63E-03

7.97E-03

2.80E-02

2.13E-02

1.87E-02

2.43E-02

4.14E-02

1.97E-02

1.65E-02

3.30E-02

2.48E-02

4.95E-02

7.91E-03

1.04E-02

3.21E-03

2.40E-03

1.45E-03

4.70E-03

4.30E-03

8.61E-03

3.28E-03
5.81E-03

1.16E-02

1.19E-02

1.29E-02

2.05E-03

7.30E-03

2.12E-04

NTD

NTD

2.46E-03

Lead

3.58E+02

3.17E+03

6.16E+03

2.70E+03

7.01E+03

1.20E+04

5.68E+03

6.37E+03

1.27E+04

9.54E+03

1.91E+04

3.05E+03

4.78E+03

1.48E+03

1.IIE+03

8.77E+02

2.85E+03

2.61E+03

5.21E+03

1.98E+03

1.46E+04
2.93E+04

3.00E+04

3.26E+04

1.09E+04

9.56E+03

2.06E+02

NTD

NTD

3.40E+01

NTD no toxicity determined

,
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Appendix I

INEL WAG-Wide Screening Level
Ecological Risk Assessment Case Study

S. C. Peterson, R. Brewer, M. Kim, C. Mack, H. Pirela

1-1. INTRODUCTION

This report presents a case study approach to explore the application of screening-level
ecological risk assessments (EIU4s) to Waste Area Groups (WAGS) at the U.S. Department of
Energy, Idaho Operations Office (DOE-ID) Idaho National Engineering Laboratory (INEL) in
southeastern Idaho. This case study was designed as an example of the use of procedures
delineated within the Screening-level Ecological Risk Assessment Guidance Manual (manual).
The use of a case study approach is integral to the development of the manual @3cologyand
Environment, Inc. (E & E) 1993]. The case study was developed using current federal ecological
risk assessment guidance P.S. Environmental Protection Agency (EPA) 1992a].

1-1.1 Statutory and Regulatory Background

Under the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERC~),
as amended by the Superfund Amendment and Reauthorization Act of 1986 (SAIL4), defines
EPA’s responsibility to establish the National Priorities List (NPL) to classi~ hazardous waste
sites within the United States with regard” to the need for remediation. The NCP calls for the
identification and mitigation of environmental impacts at CERCLA sites and selection of remedial
actions protective of human health and the environment.

In 1989, the INEL was added to the NPL, which required the hazardous waste sites at the
INEL to be investigated and potentially remediated. In December 1991, the Federal Facilities
Agreement and Consent Order (FFA/CO) was signed by U.S. Environmental prot~tion Agency
(EPA), the State of Idaho Department of Health and Welfare (IDHW), and DOE-ID. The
FFA/CO integrates the responsibilities of the involved agencies and the regulations enforced by
each. It attempts to establish the appropriate lines of communication between the agencies and
to minimize duplication of effort. The FFA/CO also provid= the framework for future
investigation and remediation.

Under the FFA/CO Action Plan, procedures were described to inv~tigate and narrow the
scope of any potential investigation and remediation. The initial screening included placing each
suspected area of contamination into operable units (OUS) and each OU into a specific WAG.
Preliminary Track 1 Scoping reduced the number of OUS that may have required investigation.
Preliminary Track 2 Scoping involved limited sampling to further characterize the lemaining OUS
and remove as many as possible from consideration of further action. Screening-level ERAs, as
described in this case study, are part of the WAG-wide Remedial Investigation/Feasibility Study
(RI/FS) scoping process and are intended to further reduce the number of WAGS requiring
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detailed ecological investigation and to describe data needs which maybe fulfilled during the RIs.
Following RVFS scoping, the FFA/CO Action Plan calls for the RI/FS process to be completed, a
Record of Decision (ROD) executed between the FFA/CO parties, and subsequent remediation
of hazardous areas where necessary.

Some federal and state laws and regulations that aid this process are termed “applicable or
relevant and appropriate requirements” (ARARs), or requirements “To Be Considered” (TBCS).
Examples of potential ecological ARARs include the Endangered Species Act, the Clean Water
Act, and the Migratory Bird Treaty Act. Consideration of these regulations was given in the
development of the case study. The TBCs are non-promulgated or non-enforceable guidelines or
criteria that may be relevant to the assessment. Both ARARs and TBCS must be considered in
any CERCLA action.

1-1.2 Objectives

The primary objective of the case study is to provide an example of the application of
screening-level ERA methods to a hypothetical WAG. These methods can then be used for real
WAG-wide screening-level EM in support of the RI/FS scoping process at the INEL. Other
objectives of the case study include

● Providing a possible template for future screening-level ERAs conducted at the INEL.

● Allowing for the exploration of appropriate screening-level ERA methods applicable to
the INEL ERA needs.

The development of a case study for screening-level ERA at the INEL will provide several
benefits to future users of this guidance. The first benefit is that risk assessors will have examples
of the procedures outlined in the manual. These examples will enhance understanding of the
screening-level ERA process, and will promote better communication among risk assessors, site
managers, DOE-ID, and other involved parties. Rkk assessors and managers will also be able to
prepare better schedule and budget projections for the risk assessments. Second, problems
encountered during the case study can be expected during assessment of the WAGS, and some
specific problem-solving methodologies may be developed. This process will promote efficient
screening-level ERAs with fewer decision points that may require time-consuming discussions
regarding appropriate approaches. Finally, the case study should promote better understanding of
the approach to be applied across sites at the INEL. This understanding will promote easier
interpretation and should facilitate public and agency/trustee approval of the methods and results
of the screening-level ERAs.

1-1.3 Scope

The case study was developed in parallel with the manual and served as a template for

testing screening-level ERA approaches and methods. The procedures outlined herein are
considered screening-level because the potential risks are determined with simple calculation
methods using data that are already available from previous investigations. During the case study
an attempt was made not to duplicate all pertinent information provided in the manual or in
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other guidance. However, because the case study is intended to be read with minimal reference
to the manual, relevant information from the manual was included.

For the case study to be most useful as a prototype for the WAG-wide screening-level
ERAs, it was considered desirable to evaluate a variety of contaminants, contaminated areas, and
ecological endpoints on a spatial scale representative of the WAGS. Because evaluation of a real
WAG was not within the scope of the case study, a hypothetical WAG (WAG H) was assembled
from several areas previously investigated at the INEL. Data horn contaminated sites within OUS
in real WAGS were used. Following a review of Track 2 sites listed in the FFA/CO, three sites
were selected as representative of a broad array of ecological conceims at the INEL. Each of
these sites was labeled as an OU at WAG H. The identity of the WAG H OUS and the general
site types represented are described in Table I-1. Further description of WAG H is provided in
Section 2 of the case study.

The scope of the case study was carefully limited to meet the objectives identified in
Section 1-1.2. With this in mind, only a few representative contaminants of concern, pathways,
and endpoints were selected for evaluation. The examples presented in the case study are not
intended to be a comprehensive coverage of all possible ecological risk assessment procedures;
however, they represent a technically achievable and reasonable screening approach for
conservatively assessing ecological risks of chemical and radiological contamination at the INEL.
The data set used in the Case Study, while based on real data, is an example data set used to
illustrate the screening-level ecological risk assessment process.

The selection of the contaminants of concern, exposure pathways, endpoints, and
calculations of potential risks are presented formally as if WAG H were a real site. However,
even though data from previous investigations at the INEL are used in the case study, no
conclusions can be drawn concerning real or potential ecological risks at the INEL because the
case study is only meant to illustrate the application of screening-level EIL4 methods.

Table 1-1. Identity of the Operable Unitsa used for the WAG H Site types.

!,

<
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Operable Unit number Site name Site type

1-03

2-10,2-11

7-1o

Technical Service Facility Burn Pit
Burn Pit

Test Reactor Area Warm Liquid Radioactive Waste
Waste Pond Complex

Pit 9

a. FederalFacili~ Agreement and Consent Orderfor the Idaho

Pond

Waste Burial Pit

National Engt”neeringLaborato~,
December 4, 1991:

,
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1-1.4 Technical Approach

The technical approach for the case study is consistent with the principles and organization
of the manual, which in turn is based on EPA’s Framework for Ecological Risk Assessment (EPA
1992a), DOE-ID’s INEL WAG-Wide Baseline Ecolo@”calRisk Assessment Interim Guidance
(E & E 1993), other pertinent guidance (EPA 1986b, 1989a, 1989b), and published ecological
risk information (Bartell et al. 1992, Calabrese and Baldwin 1993, Suter 1993). The three phases
of the EPA’s framework include Problem Formulation, Analysis, and Risk Characterization; and
these phases represent the three main sections of the case study.

1-1.4.1 Problem Formulation

The goals, breadth, and focus of the ecological risk assessment are established in “Problem

Formulation” (Section 2). Problem Formulation first presents the physical site description and a

summary of previous ecol~gical investigations. This phase provides background information for

understanding the nature of the site, the sources of contamination, and the contaminants that

might pose ecological risks. Data from previous investigations are then reviewed to determine the

contaminants of potential concern (COPCS). This effort involves an initial data review to locate,

assemble, and determine the usability of the available data. Following this review, concentrations

of organic, inorganic, and radionuclide contaminants are compared to local, regional, or national

background concentrations to remove those that are not elevated above background. This

comparison results in a reduction in the numbers of contaminants to be considered as COPCS for

WAG H.

Next, a risk-based screening is implemented to further screen contaminant concentrations.

This procedure compares available ecological effects criteria or benchmarks for specific media to

WAG H contaminant concentrations. The risk-based screening concentrations are obtained from

agency guidance and open literature. Those contaminants with concentrations greater than the

criteria or benchmarks are considered for selection as COPCS.

To focus the risk assessment on the most significant components, important ecological

aspects are described at the regional, local, and area-specific scales. The presence of legally

protected threatened, endangered, sensitive, or rare species is discussed; and their potential for

exposure at the site is evaluated. Potential pathways of contaminant release, migration, and

exposure are then identified; and potential ecological effects of the COPCS are also described.

As a result of this understanding of the site ecosystems and the potential vulnerability of

ecological receptors to COPCS, ecological endpoints appropriate for evaluation at the site are

selected. The Problem Formulation phase concludes with a conceptual model, which includes a

set of working hypotheses that relate contaminants to potential effects for specific ecological

endpoints at the site.

1-1.4.2 Analysis

Exposure estimates for selected receptor species and the toxicity of COPCS are presented in

the Analysis Phase (Section 3). To estimate exposure, an average concentration is calculated for

each selected COPC using available data from all sampled areas within the WAG. The average
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concentrations are then used as the exposure point concentrations for the risk assessment. The

use of the average concentration of all available data across the WAG to calculate the exposure

point concentrations is conservative since sampling data at the WAGS have been collected in

areas of known or suspected contamination. This approach results in estimated exposure doses

that are most likely higher than the actual doses received by most ecological receptors at the site.

Therefore, the average COPC concentrations are used to estimate a reasonable maximum

exposure (RME) for populations of receptors inhabiting the WAG. Exposure doses are then

calculated in various exposure media (e.g., soil, sediment, surface water, and selected biota) using

conservative estimates. The toxicity reference values (TRVS) for each of the COPCS are also

derived from the ecotoxicological literature. The TRVS are dosages of specific contaminants,

which are associated with significant toxic responses.

1-1.4.3 Risk Characterization

In “Risk Characterization” (Section 4), the estimated exposure doses are compared to the

TRVS. Doses higher than the TRVs indicate a potential for ecological risks at the WAG and so

further investigation may be warranted. The screening-level ERA process culminates in a review

of the potential significance of ecological risks at the site. Ecological risk management must take

into account contaminant concentrations or exposure doses which exceed regulatog criteria or

TRVS, respectively. However, these alone do not indicate the need for further investigation.

Consideration must also be given to the significance of the risks and to the uncertainties of the

risk assessment. If a review of these factors indicates that the exposure and/or toxic effects will

not significantly affect wildlife or plant populations (or individuals of a threatened, endangered, or

sensitive species), then the potential risks may not be sufficient to require further ecological

assessment. If potential risks are indicated, however, a decision may be made to proceed to a

more detailed assessment to better define the risks and the need for remediation.



1-2. PROBLEM FORMULATION

Problem Formulation is the first step in the screening-level ERA process and establishes the
goals, breadth, and focus of the assessment. These are presented in the following sections by

identi~ng and describing the physical nature of the site (Section 1-2.1); gaining knowledge about

the site through previous investigations (Section I-2.2); determining the COPCS and other

stressors (Section I-2.3); identifying the ecosystem components (Section I-2.4); describing the

potential contaminant transport pathways (Section I-2.5) and ecological effects of the COPCS

(Section I-2.6); and selecting the assessment and measurement endpoints (Section I-2.7). Finally,

this information is integrated into a conceptual model (Section I-2.8), which describes a set of

working hypotheses regarding the ecosystems potentially at risk and the exposure pathways to be

examined for the case study. An overview of the Problem Formulation phase is shown in

Figure I-1.

1-2.1 Site Description

The DOE-ID’s 2,305 km2 INEL site is located on the Upper Snake River Plain in

southeastern Idaho (Figure I-2). The primary missions of the INEL include reactor fuel

reprocessing, breeder reactor research, fuel and structural material testing, radioactive waste

management, and nuclear reactor testing. The INEL is located in portions of Butte, Bonneville,

Bingham, Jefferson, and Clark counties. The nearest city is Idaho Falls, approximately 100 km to

the east. The INEL is bounded to the west and northwest by three mountain ranges that run

toward the northwest: the Lost River, the Lemhi, and the Bitterroot. To the east and south lies

the Snake River Plain. The Big Lost River is the largest natural waterway on the INEL. The Big

Lost River enters the INEL at the southwest corner and flows toward the northeast. Flow of the

river is intermittent dependent upon annual precipitation, but historically flowed more consistently

and supported diverse populations of aquatic organisms. For the past several years high flows

have been diverted before reaching INEL facilities to prevent flooding.

WAG H is assumed to consist of an operating nuclear reactor testing facility that has been

in operation since the 1950s. The central complex of buildings (facilities), which covers

approximately 64 ha, is surrounded by a fence. The total area of WAG H is approximately

506 ha. Three OUS are assumed to be at WAG H: OU-1 (the waste burial pit), OU-2 (the burn

pit), and OU-3 (the liquid radioactive waste pond). These are located within 500 m outside the

fenced facility area, to the east or southeast (Figure 1-3).

The waste burial pit (OU-1) operated from November 1967 to June 1969. The 40 x 120-m

(0.48 ha) burial pit is located 400 m east of the northeast corner of the facilities and contains

approximately 4,270 m3 of buried waste. Eighty percent of the waste was transported to the pit

from other sites. The estimated 3,921 drums and 2,029 boxes of radioactive and other mixed

wastes in the pit are currently covered with 1.8 m of soil. Grassland vegetation has been

established on the soil cap, and a fence surrounds OU-1 to limit human and wildlife access.

The burn pit (OU-2) is an 8 x 20-m area (0-016 ha) located 450 m east of the southeast

corner of the complex. It was used for the open burning of combustible waste from 1953 to 1958.

This included refuse, construction debris, and combustible liquids including oiis and solvents. No

records were kept regarding the volumes of burned materials. Likely contaminants include
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metals, volatile organic compounds (VOCS), and possibly radionuclides. This OU is not covered

with a soil cap, nor is it fenced.

The liquid radioactive waste pond (OU-3) is an artificial pond used for disposal of low-level

liquid radioactive wastes from light-water moderated and cooled reactors. The pond was created

in 1952 and was used until 1991, when new lined ponds were created. The pond is 46 x 76 m

(0.35 ha) and averages 4.6 m in depth. Approximately 46,400 curies of beta-gamma activity,

primarily activation and fission products, were released to the pond from 1952 to 1976. No

estimates of radioactive waste releases were available after 1976. The pond drains by percolation

into the subsurface soil and is fenced to limit human and wildlife access.

In addition to these three OUS, WAG H is assumed to encompass other potentially

contaminated areas outside of the three OUS described above, including sites removed from

further consideration during preliminary Track 1 and Track 2 scoping, but for which limited

sampling information may be available. Because of the limited extent of these areas, they are not

described in detail in the case study, but the maximum contaminant concentrations from the areas

were used to further characterize WAG H.

I-2.2 Previous Ecological Investigations

The evaluation of pertinent literature is an important aspect of the screening-level ERA

because the available information can provide a better understanding of the issues posed by the

site. In addition, some of the data provided in previous publications may be usable for estimating

exposure or effects in the screening-level ERAs. Because of this, a literature review was

conducted of documents with information relevant to the case study. The documents reviewed
included published articles related to the potential for exposure of wildlife to contaminants and
the potential effects of the contaminants on the wildlife and vegetation of the INEL. While many
articles were reviewed, for brevity only those specific to the WAG H OUS are presented below as
background information which may be useful in the weight of evidence approach used for
determining the potential for ecological risks at WAG H. Site characteristics of the three OUS
evaluated in the case study have changed significantly since many of the studies were published.
For example, the cap of the waste burial pit has been thickened, and the waste pond has been
drained and capped. These physical changes in site characteristics are important to take into
account when evaluating the relevance of historical information at the INEL. However, for the
purposes of the case study, the OUS are assumed to exkt as described in the articles.

I-2.2.1 lNEL-Wide Investigations

DOE-ID has supported ecological research at the INEL for more than 20 years. These
studies include investigations of the basic ecology of the species inhabiting INEL, the exposure of
these species to contaminants, and the transport and fate of contaminants. Nearly
300 publications were collected regarding the ecology and ecotoxicology of the INEL (summaries
of these publications are presented in Appendix F of the manual).

This information was used qualitatively to identify receptors and to develop exposure models
for representative species at WAG H. In certain instances, the ecological investigations also
provided quantitative contaminant data of potential use for the screening-level risk assessments.
For example, published studies at various INEL sites provide data on body burdens and uptake of
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radionuclides for various ecological receptors. This type of data is not generally available from

the Track 1 and Track 2 scoping investigations. The review of studies presented in the Literature

Evaluation discusses usability of the published ecological data for risk assessment purposes. It is

important to note that even though there are many investigations of the INEL, there still may be

many data gaps at any given area. Some studies pertinent to each of the WAG H OUS are

outlined below.

1-2.2.2 Waste Burial Pit (OU-1)

Arthur, 1982 The concentrations of ‘Pu, ‘91~0Pu, and ‘lAm in crested wheatgrass ~gropyron
cristatum (L.) Gaertn] and Russian thistle (Sake/a kuli L.) growing on or near the site were
significantly greater than those in control vegetation. However, the total inventory of
radionuclides in site vegetation was not significantly greater than the control area. This lack
of a significant difference between the site and the control area was a result of the fact that
90% or more of the radioactivity in vegetation was attributed to 90Sr and 137Cs,and
concentrations of these radionuclides were not significantly elevated in vegetation at the site.
Russian thistle concentrated more radionuclides than crested wheatgrass, presumably as a
result of its deeper rooting and spreading growth characteristics. Radionuclide transport
through vegetation was also investigated and was not considered to be a major transport
pathway at the site.

Arthur and Janke, 1986. Eighteen wildlife species were sampled for radionuclides from the waste
burial pit area over a 24-month period. Deer mouse (Peromy.wxs maniculatus) carcasses and
hides had the highest concentrations of radionuclides (90Sr, 137Cs,‘Pu, ‘9)240Pu, and
‘lAm These concentrations were significantly higher than control values. Cottontail).
(Sylvalagus nuttazlii) carcasses also had 241Am levels above background. Horned lark

(Eremophila aZpesttis), sage grouse (Centrocercm urophasimum), and mourning dove
(Zenaida macroum) tissue samples did not have radionuclide concentrations above control
levels, and all radionuclides except ‘lAm were below control levels in coyote feces.

Arthur et al., 1986. Deer mice and kangaroo rats [Dipodomys ordii (Woodhouse)] were live
trapped intermittently for 14 months from the cap of the waste burial pit. Deer mice were
the most numerous. Thermoluminescent dosimeters (TLDs) were implanted in a
representative sample of the trapped small mammals, and 53% of the TLDs were recovered.
An estimated 49% of the deer mice and 20% of the kangaroo rats were exposed to areas of
buried waste and/or contaminated soil.

Dose rates to small mammals on or near the waste burial pit were significantly higher than
those in a control area. Also during the winter, dose rates were higher, and a higher
percentage of the small mammals at the burial pit received doses greater than control
mammals. This was thought to be due to more time spent in the subsurface soils during
colder months.

the

Groves and Keller, 1983. Species composition, diversity, biomass, and densities of ’small mammal
populations were examined over a 15-month period in crested wheatgrass and Russian thistle
on the waste burial pit area and on a sagebrush (A~Temisia tridentata) control area. The deer

mouse was the most numerous species in all habitats. Species diversity was highest in the
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control sagebrush habitat, but overall densities and biomass did not vary significantly among
the three vegetation types or between the waste burial pit area and the control area.

1-2.2.3 Burn Pit (OU-2)

No previous investigations of OU-2 were located.

1-2.2.4 Liquid Radioactive Waste Pond (OU-3)

Halford and Markham, 1978. Small mammals were live trapped in a d~ liquid radioactive waste
pond and had TLDs implanted. Upon recapture of the animals, the TLDs were removed
and dose rates were determined. Sixty-five percent of the TLDs were recovered. Deer mice
were the most numerous species trapped. All species captured onsite received significantly
greater doses than control species. The mean deer mouse dose equivalent rate was 279
mrem/day, and the highest dose equivalent rate was 982 mrem/day, which was 356 times the
dose rate received by control deer mice. Deer mice also had the highest radionuclide
concentrations in whole body tissues, compared to the other species of small mammals
trapped during the investigation.

Halford and Markham, 1984. Wild free-ranging waterfowl were collected from the liquid
radioactive waste pond and on control areas to determine the lzgl/lzT1ratios in muscle tissue.

Wing-clipped mallards (~nas pldyrhynchos) were also released on test and control areas for

two to 156 days before collection and testing.

The mean iodine ratios for wild waterfowl were not significantly different between test and
control areas. However, the wing-clipped waterfowl iodine ratios from the waste pond were
significantly higher than all the other tested birds. Although no significant correlation
emerged between time spent on the waste pond and iodine ratios, the authors felt it was the
most likely reason for the higher iodine ratios in wing-clipped mallards. The total
whole-body dose from 1291ranged from 1.0 x 10-5 mrad for control waterfowl to 3.0 x 10-5
mrad for waste pond waterfowl.

Halford and Milk@ 1978. An inventory of the terrestrial vertebrate fauna and the seasonal
occurrence of each species was determined for the radioactive waste pond. The pond was
found to be a food, water, and habitat source for many species. Three reptile, 11 mammal,
and 94 bird species were identified over a four-year period.

The bull snake (Pituophis mekuzoleucus) was the only reptile commonly seen at the pond.
The most abundant small mammal was the deer mouse. Mule deer (Odocoileus hernionus)
were obsewed drinking from the pond on several occasions. Four raptor species were seen

at the pond. Northern harriers (Circus cyaneus) nested near the site each year of the study

and were common. Kestrels (Falco spn-verius) were the only other common raptor seen at

the pond. Game birds frequenting the pond included mourning doves, sage grouse, and

waterfowl. Other birds commonly using the pond area were killdeer (Chara&s vociferous),

spotted sandpipers (Actitis nwculatia), and barn swallows (l%wndo rustics).

Ibrahim and Culp, 1989. Concentrations of 239Pu, 240Pu, and 238Pu were determined in water, net
plankton, suspended particulate, and sediment. The oxidation states of plutonium were also
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measured and found to be mostly PU+3 and PU+4, unlike larger natural water bodies which
usually support plutonium in the +5 and +6 oxidation states. The highest plutonium
concentrations were found in net plankton, but sediments were found to be the main

resewoir for plutonium in the pond. The lowest plutonium concentrations were in filtered
water. This indicates that the plutonium is taken up by or bound to the plankton in the

water column, which eventually settles to the bottom sediments.

Millard et al., 1990. Concentrations and potential effects of radionuclides on barn swallows were

examined. The swallows were found to feed on pond arthropods and use contaminated mud
for nest building. More than 20 radionuclides were detected in immature and adult birds.

51Cr was found in the highest concentrations and 72% of the total dose resulted from ‘Na.

Total mortality rate of the swallows was not found to be different from control populations,

but the first clutch of young swallows was found to have lower growth rates and lower body

weights than controls. These depressed growth factors were not found to be below the

normal range of values, however, and could not be attributed to exposure to radioactivity.

1-2.2.5 Summary

The studies reviewed in this section demonstrate that some radionuclides are present in the

soils, vegetation, and wildlife of two of the three WAG H OUS at levels above control sites. It

has also been shown that many species of wildlife utilize habitats on or near WAG H. The

common species include deer mice, kangaroo rats, cottontail, killdeer, spotted sandpipers, barn

swallows, waterfowl, northern harriers, kestrels, and bull snakes. The majority of concern has

centered around the radionuclides 241~ Slcr 1291 2’$Na, 137~, ‘Pu, ‘9j240Pu, and ‘o%.

Animals in direct or prolonged contact w~th co~tam’inated subsurface soil or sediments appear to

have the greatest exposure, including year-round resident and nesting species. Potential effects of

exposure have been suggested but not demonstrated in barn swallows. Other authors have

qualitatively addressed potential effects on exposed populations. In general, the radionuclide

exposure of plants and wildlife at these sites has not been considered to pose a significant threat

to populations. Appendix F of the manual presents a more in-depth review of the INEL

literature.

Even though a considerable amount of literature confirms the exposure of wildlife to

radionuclides at the INEL, few field studies have been conducted to evaluate effects. Also, few

published data are available on wildlife exposure to and effects of nonradionuclide contaminants.

1-2.3 Potential Stressors at WAG H

The major chemical stressors of concern at the INEL are the radionuclides and other wastes

generated by the operations of nuclear reactor testing and materials production processes. Other

important stressors may’ result from the physical disturbances of habitat during operations,

maintenance, construction, demolition and remediation at each of the facilities. These actions

may result in destruction and loss of habitat and invasion of exotic plant species which may, in

turn, affect the natural faunal populations of the area. However, these physical stressors are not

usually evaluated in ERAs conducted for CERCLA sites; therefore their effects are not assessed

in the screening-level ERA presented in the case study. Remedial activities conducted under

CERCLA regulation can cause physical disturbance of habitats, which could result in more harm

to the environment than if contaminants were left in place. The potential ecological impacts of
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remedial actions should be carefully considered in all risk management decisions. The following

sections of the case study describe the selection of those chemical and radiological stressors most

likely to be associated with ecological risks at INEL and briefly discuss potential physical stressors

that may contribute to the risk.

I-2.3.1 Chemical and Radiological Stressors

This section identifies the COPCS that will be evaluated in the WAG H screening-level

ERA. The methodology described herein reflects national and regional risk assessment guidance

(EPA 1992b). The selection of COPCS for ecological risk assessment involves the following

steps: initial data quality review, review of the spatial distribution of sampling sites and evaluation

of the frequency of detection (FOD) and range of concentrations, comparisons of chemical and

radionuclide concentrations with natural background levels, and comparisons of concentrations to

risk-based criteria or benchmarks. The temporal distribution of sampling data was not considered

for the case study. The general process for selecting COPCS is outlined in Figure I-4.

/-2.3. 1.1 Initial Data Review. The sampling data evaluated for the WAG H

screening-level ERA were collected during investigations of the three OUS and other areas

outside of the three OUS. Digital data were gathered from the Environmental Restoration

Information System (ERIS), the Radiological and Environmental Sciences Laboratory (RESL),

and from other sources suggested by EG&G Idaho, Inc. personnel. Additional sources of data

were investigated through the EG&G Idaho, Inc. Center for Integrated Environmental Technolo-

gies (CIET) and other personnel involved in environmental monitoring at the INEL. In some

cases, data were found in hard copy format and had to be entered into ERIS or another database

(Microsoft ACCESS) compatible with the risk assessment software (Microsoft EXCEL).

Data sets from separate investigations were grouped by OU and sorted by medium (surface

water, sediment, and soil) and by type of contaminant (organics, inorganic, and radionuclides).

No contaminant concentration data were found for biota. While such biota data would be

helpful, it does not necessarily represent a data gap for screening-level ERA because these

concentrations can be conservatively modeled if necessary. The formats (column headers, column

order, etc.) of each data set were standardized to reduce the complications of joint evaluation of

the data sets. All reported concentrations of inorganic and organics in the databases were

converted to micrograms per gram (pg/g) for solid media and to micrograms per liter (pg/L) for

aqueous media. For radionuclides, concentration units are picocuries per gram (pCi/g) for solid

media and microcuries per milliliter ( pCi/mL) for aqueous media.

Quality assurance/quality control (QA/QC) information was gathered for each of the data
sets. This information was needed to assess the usability of the data and to interpret data

qualifiers. In general, ERIS data sets present a reported validation level associated with each

sample. Validation levels of A or B [as defined in EG&G Program Directive 3.7 (1993)], had

Limitations and Validation (L and V) reports that provided the QA/QC information. Data from

ERIS with Level C validation had Status Reports for the QA/QC information. Level A and B

validations were intended to meet EPA Contract Laboratory Program (CLP) standards, while

Level C validation was not so rigorous. If no L and V or Status Reports were available for a data

set, an attempt was made to gather QA/QC and data validation information from the WAG

manager, project manager, and the laboratory reports. Regardless of the level of QA/QC or

.
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validation, data qualifier definition was verified for each data set because of the potential for

variability between data sets. The data qualifiers and their definitions are provided in Table I-2.

Information from the L and V reports was used to assure that blank contamination, recovexy

rates, and data qualifiers were appropriately documented in the digital data. Since data qualifiers

may vary depending upon the laboratory and the investigators, data qualifier definitions were also

checked to assure the appropriate data were used. All data to be used for risk assessment were

carefully reviewed with the L and V reports or other QA/QC reports whenever possible before

any data manipulation was undertaken.

Following standard EPA protocols (EPA, 1992b), contaminants were not included in the

screening evaluation if the substance was an artifact of sampling or analysis, as determined by

comparison with method and field blanks (“JB” or “UJB” qualifiers for organic contaminants).

These included common laboratory contaminants detected at concentrations 10 times or less than

the maximum concentrations reported in any method or field blanks. Common laboratory

contaminants may include acetone, methylene chloride, 2-butanone, toluene, and phthalate esters.

Any other contaminants detected at five times or less than the maximum blank concentrations

were also considered artifacts of sampling and analysis. Any data qualified with a “B” was

included in the analysis because, even though it was found in the blank, it was at concentrations

more than 10 times the maximum blank concentration for common laboratory contaminants, or

more than five times the maximum blank concentration for other contaminants.

Data were also not used if the qualifier indicated the data should be rejected (“R’ qualifier).

This qualifier indicated difficulties in the analytical procedures other than blank contamination,

which disallowed accurate results.

Contaminant concentrations qualified as estimated values (“J” qualifier) were included in the

evaluation of COPCS. Estimated values resulted when the detected concentration of a

contaminant was below the quantitation limit but above the detection limit of the instrument, or

the detected concentration was outside the range of the standards used to calibrate the instru-

ment.

All the data that was qualified as not detected (“U,” “UD,” “UJ,” and “UW’ qualifiers for

organics and radionuclides, and “U” or “BU” for inorganic contaminants) resulted in taking

one-half the detection limit for the sample, in accordance with EPA guidance. The method

quantitation limits were also scrutinized to assure that the range of detection was adequate for

evaluation of ecological risks.

All data not removed from the assessment during the initial data quality review were

selected for further screening. This included data from each of the three OUS and from WAG H

sites outside these OUS. The media sampled at each source area are listed in Table 1-3.

1-2.3.7.2 Spatial Representation and Frequency of Detection Screening. Available

maps from summary reports were reviewed to examine the spatial representativen~s of the

sampling at each of the OUS. Any areas that are not adequately represented may require further

investigation.

1-16



Table 1-2. Data qualifiers.

Qualifier Definition

B’

J’

JBb

Rb

u’

UD, UJ, UWa

UJBb

Concentration in sample is greater than 10 times the concentration in any

blank for common laboratory contaminants or greater than 5 tim& the

concentration in any blank for other contaminants.

Sample concentration is below the instrument quantitation limit but above the

instrument detection limit and is an estimate of the actual value.

Concentration in sample is less than 10 times the concentration found in any

blank for common laboratory contaminants or less than 5 times the

concentration in any blank for other contaminants. Concentration is greater

than the instrument detection limit and is an estimate.

Sample concentration results were rejected by the laboratory due to

preparation or analysis difficulties.

Sample concentration is below the instrument detection limit. Value is

divided by 2 for use in the risk assessment.

Sample concentration is below the instrument detection limit and is

estimated. Value is divided by 2 for use in the risk assessment.

Concentration in sample is less than 10 times the concentration found in any

blank for common laboratory contaminants or less than 5 times the

concentration in any blank for other contaminants. Concentration is below

the instrument detection limit and is an estimate.

a, Data used in risk assessment.

b. Data not used in risk assessment.

Table 1-3. Media sampled at each source area.

Source area Soil Sediment Surface water Biotaa

Waste Burial Pit (OU-1) Yes No No Yes

Burn Pit (OU-2) Yes No No No

Waste Pond (OU-3) No Yes Yes Yes

WAG H areas outside the OUS Yes No No Yes

*

a. Biota were sampled for research, not as a component of remedial investigations; see Section 2.2.



The 24 soil sampling locations at the mixed waste burial pit are all located within 50 m
around the perimeter of the pit. The sample locations were placed systematically; therefore, the

spatial representativeness of the samples outside the perimeter is adequate for screening-level

ecological risk assessment. However, the extent of contamination downwind (NE or SW) from

the burial pit cannot be assessed with the available data and no samples were taken from the soil

cap over the pit. This lack of downwind data is a data gap and since the studies reviewed in

Section A-2.2.2 suggest that uptake by small mammals burrowing directly into the pit maybe an

important exposure pathway, the lack of samples from the cap represents another data gap. The

samples collected from around the perimeter of the burial pit were taken at various depths but,

for the purposes of the case study, sample depth was not considered and all data were considered

as surface soil (O to 12 inches below ground surface) data.

Potential soil contamination at the burn pit is represented by four soil sampling locations.

These locations are in a linear pattern down the center of the OU and are not situated to

characterize the spatial extent of potential ecological risks on or surrounding the OU. Downwind

(SW or NE) migration of combustion by-products in aerial plumes is often an important migration

pathway at burn pits and the lack of downwind sampling data represents a data gap. However,

the current sample locations are likely to be in the most contaminated portion of the site and

therefore may be used to conservatively estimate risks to ecological reports. The samples were

taken at various depths but, as with the burial pit, all samples were considered to be collected

from surface soil within the burn pit area.

The 12 sediment sampling locations at the liquid radioactive waste pond are placed in a

pattern and in numbers adequate to assess the spatial extent of ecological risks due to sediment
contamination. The three surface water sampling locations were used for multiple rounds of
sampling at different times of the year. The locations were evenly distributed across the site but
are too few in number to thoroughly address potential pond contamination. The small number of
samples is a data gap in the assessment of ecological risks at the waste pond. The samples were
all taken at depths between O and 12 inches deep and therefore do not fully characterize the
different depths of the pond. However, the relatively homogeneous distribution of contaminants
in water will allow adequate screening of ecological risks from the samples. No soil samples were
taken from locations surrounding the waste pond where wind-blown contaminants may occur as a
result of the pond’s occasional dryness. However, because the pond occasionally dries out,
exposing sediments as surface soil, the sediment data were also evaluated to identi~ potential soil
COPCS as well as sediment COPCS. The lack of soil samples at the pond represents another data
gap.

Soil samples were also included in the case study from a number of areas on WAG H
located outside the three OUS. These areas were sampled at different times over the past five
years for preliminary data screening; each area contained a number of sampling locations. Most
of the areas are associated with suspected contaminated areas of WAG H. The sampling areas
are well distributed across the facilities of the WAG, but few areas have been investigated outside
the facility fence line.

For each contaminant within each medium at each of the source areas, the FOD and the
range of concentrations were calculated (see Tables I-4 through I-8). Replicate and duplicate
samples were considered as separate data points during this screening and throughout the risk
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Table 1-4. Summary of surface water samples-Waste Pond (OU-3).

Range

Frequency of Background Frequeney of
Chemical detections Minimum Maximum concentration exceedance

Metals (I@.]
Chromium (III) 3/3 0.01 0.01 NA NA
Sodium 2s/2S 26.6 147,000,000 NA NA
Radionuclides M3/mL.)

Antimony-124
Antimony-125
Barium-140
Cerium-141
Cerium-144
Cesium-134
Cesium-137
Cesium-141
Ccsium-144
Chromium-51
Cobalt-57
Cobalt-58
Cobalt-60
Europium-152
Europium-154
Gross Alpha
Hafnium-175
Hafnium-181
Iodine-131
Iron-59
Lanthanum-140
Manganese-54
Niobium-95
Potassium-40
Ruthenium-103
Ruthenium-106
Scandium-46
Selenium-124
Sodium-24
Strontium-90
Tritium
Yttrium-91
Zinc-65

1/1
1/1
9/9

10/10
16/16
69/69

1/1
1/1

66/66

2/2

22/22

67/67

3/3

1/1

1/1
3/3

28/28
3/3
2t2
212

15/15
22/22

1/1
818
1/1
1/1
1/1

51/51
68/68
68/68

1/1
414

3E-07
6E-07

0.000016
3E-07

5.lE-07
1.3E-07

lE-07
0.000006
0.000006
0.000005

9E-08
1.4E-07

2E-07
3E-07

2.3E-07
4.3E-09

2E-07
2E-07
6E-07
6E-07
6E-08
8E-08

1.3E-07
6E-07
3E-07

0.0000044
3E-07
3E-07 -
9E-09
2E-07

0.000018
0.00016

5E-07

9E-07
6E-07

0.000016
0.000009
0.000005
0.0000013
0.000015
0.000006
0.000006
0.00042
2.3E-07
0.000006
0.000055

4E-07
2.3E-07
4.3E-09
3.2E-07
0.000004
0.000004
0.000004

7E-08
0.0000023
9.7E-06

6E-07
0.000016
0.0000044

3E-07
3E-07

0.000026
0.000009
0.00791
0.00016
0.000002

Zirconium-95 —.—18/18 3E-07 0.000013

5.4E-11
NA
NA
NA
NA

4.lE-11
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

6.8E-10
3.2E-09

NA
NA
NA

1/1
NA
NA
NA
NA

69/69
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

68168
68168
NA
NA
NA

Othfxs
Chloride (.ug/L) 15/15 1,000,000 160,000,000 NA ~ NA
pH 68/68 2.7 9.8 NA NA
Specificconductivity 1/1 0.00082 0.00082 NA NA
(mhos/cm)

,
a. The number of samples in which the contaminant was positivelyidentified/the total number of samples analyzed.

b. From: Amiro (1993). Values reported in units of Bq/m3 were converted to @/mL by multiplyingthe reported
value times 27.03E-12.
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Table 1-5. Summary of sediment sample–Waste Pond (OU-3).

Range

Frequency of Background Frequency of
Chemical detections Minimum Maximum concentration exceedance

Metals(@g)

Chromium (VI) m 0.67 1 NA NA

Radionuclides (pCi/g)

Americium-241 25/23 0.337 215 0.005 25/28

Curium-244 26/28 0.145 121 0.005 26/28

Plutonium-238 26/28 0.145 104 0.003 26/28

Plutonium-239/240 26/28 0.412 309 0.024 26/28

Strontium-90 28J2% 47.4 2860 0.3 28/28

Uranium-234 281’28 0.896 12.4 1.69 12/28

Uranium-235 2128 0.065S 0.244 NA NA

Uranium-X+8 28/28 0.831 2.2 1.56 3/28

Organics (@g)

2,4-Dimethylphenol 4135 0.34 3.3 NA NA

2-Methylnaphthalene 4/36 0.26 1 NA NA

4-Methylphenol

Acenaphthene

Acenaphthylene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Chloroform

Chrysene

Dibenzofuran

Fluoranthene

Fluorene

Indeno(l,2,3-cd) pyrene

4/47

212

1/35

lt34

1/-37

1/36

15/4s

3/36

4/37

4/33

4/33

1/-34

0.42

0.22

1.1

0.98

1.4

1.9

0.001

0.97

0.s9

0.51

0.16

0.85

2.2

0.24

1.1

0.98

1.4

1.9

0.01

1.3

2.3

0.64

0.56

0.85

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Naphthalene 4/4 0.18 0.26 NA NA

p,p-DDT 1/4 0.059 0.059 NA NA

Phenanthrene 4/37 0.52 1.4 NA NA

Pyrene 3/36 0.005 1.4 NA NA

Trichloroethene 1/1 0.001 0.001 NA NA

a. The number of samples in which the contaminant was positively identified/the total number of samples analyzed.

b. Anderson (1992), Martin et al. (1992), Berry et al. (1994), and Shacklette and Boerngen (1984).
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Table 1-6. Summary of soil samples-Waste Burial Pit (OU-1).

Range

Frequency of Background Frequency of
Chemical detection Minimum Maximum concentration exceedance

Metals (/@g)

Aluminum 24/24 2,920 13,400 12,800 1/24

Antimony 2/24 6.8 6.9 2.2

Arsenic 24/24 2.4 7.1 5.9 3/24

Barium 24/24 55 X6 190 13/24

Beryllium 24/24 0.3 1.2 1.4 0/24

Calcium 24/24 12,100 149,000 4,870 24/24

Chromium (III) 24/24 7.1 17.1 18 0/’24

Cobalt 24/24 4.3 11.5 9.7 9/24

Copper

Iron

Lead

Magnesium

Manganese

Nickel

Potassium

Silver

24/24

24/24

24/24

24/24

24/’24

24/24

24t24

1/24

9.6

7,650

4.6

2,740

164

17.8

449

2.1

28.7

19,100

26

11,800

617

31.8

3,070

2.1

23.4

19,000

19.6

5,700

645

15.6

4,110

0.23

2/24

lt24

1/24

20/24

0/24

24/24

of24

1/24

Sodium 24/24 78.4 1,020 141 19t24

Vanadium 24/24 9.5 26.2 30.1 0/24

Zinc 24/24 32.4 107 78 1/24

Radionuclidcs (pCiig)

Americium-241 5/5 0.072 4 0.005 5/5

P1utonium-239 6/6 0.06 20.4 NA NA

Thorium-228 21/21 0.53 1.59 NA NA

Thorium-230 2424 0.46 1.61 NA NA

Thorium-232 24/24 0.57 1.5 11.5 0/24

Uranium-234 24j24 0.75 1.78 1.69 1/24

Uranium-238 24/24 0.78 1.43 1.56 of24

Organics (@g)

1,1-Dichloroethene 1/2S 0.005 0.005 NA NA

4-Chloro-3-methylphenol 1/25 0.42 0.42 NA NA

Carbon Tetrachloride 1/1 0.002 0.002 NA NA

Chloroform 5L25 0.002 0.006 NA NA

Tetrachloroethene 5/25 0.001 0.003 NA NA

Tributylphosphate 1/1 0.092 0.092 NA NA

Trichloroethene 8i25 0.001 0.007 NA NA
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Table 1-7. Summary of soil samples-Burn Pit (OU-2).

Range

Frequency of Background Frequency of
Chemical detection Minimum Maximum concentration exceedance

Metals(pg/g)

Chromium (III) 9/10 25 174 18 9/10

Lead 10/10 23.4 2320 19.6 10/10

Mercury 5/10 0.17 10.9 0.06 5/10

RadionuclideS (pci/g)

Ce.sium-137 1/1 0.0719 0.0719 0.073 0/1 —

Gross AIpha 1/1 20 20 NA NA

Gross Beta 1/1 26 26 NA NA

Uranium-234 1/1 0.5 0.5 1.69 0/1

Uranium-238 1/1 0.6 0.6 1.56 0/1

Organics (@g)

Tetrachloroethene 6P 0.001 0.13 NA NA

a. Anderson (1992), Martin et al. (1992), Ber~ et al. (1993), and ShackIette and Boerngen (1984).

assessment. The FOD was determined as the number of samples in which a contaminant

waspositively detected (no “U” qualifier), divided by the total number of samples analyzed for that

chemical. If the FOD for a contaminant was less than 5%, it was eliminated from consideration

as a COPC unless the maximum detected concentration was high enough to suggest a localized

area of contamination (“hot spot”). Any potential hot spots were investigated further by checking

the spatial distribution of samples around the hot spot. If other samples taken in the area did not

indicate unusually high concentrations, the contaminant was removed from the risk assessment. If

a hot spot was indicated by the maximum concentration and spatial distribution of other samples

or no other samples were taken in the area, the contaminant was not eliminated. Each

contaminant removed from further consideration during the ERA by the 5% FOD criteria was

also qualitatively reviewed for toxicity to mammals, birds, and soil invertebrates, if possible. Those

contaminants found to be potentially lethal at less than 50 mg/kg-BW (highly toxic [Klassen,

1986]), were further evaluated to determine whether their spatial distribution warranted their

inclusion in the ERA.

/-2.3. 1.3 Background Screenjng. Background concentrations for chemicals and

radionuclides in surface water, sediment, and soil were obtained from various sources, as described

below. This was an interim approach taken to allow progress in the case study, as research is

ecmtinuing on selecting the background concentrations most appropriate for use at the INEL.

Local background concentrations of contaminants were used whenever possible. However, the

local background values were limited. When no local values were available, regioqal background

contaminant concentrations were obtained. If no local or regional background concentrations

were available, the national background elemental concentrations presented by Shacklette and

Boerngen (1984) were used as default values.
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Table 1-8. Summary of soil sample WAG H maximums.

Range

Frequencj of Background Frequency of
Chemical detection Minimum Maximum concentration exceedance

Metals (/@g)

Aluminum 7/7 3,240 36,800 12,800 1/7
Antimony 1/1 20.7 20.7 2.2 1/1
Arsenic 11/11 0.0052 111 5.9 2/11
Barium 7/7 0.0576 3,830 190 4/7
Beryllium 11/11 0.00089 1.9 1.4 1/11
Cadmium 515 0.0014 101 25 415
Calcium 7fl 13.7 127,000 4,870 6/7
Chromium (III) 11/11 0.0093 1,580 18 9/11
Chromium (VI) 2t2 0.35 1 NA NA
Cobalt 7P 0.0047 20.6 9.7 1/7
Copper 7P 0.0078 143 23.4 5i7
Iron 717 7.12 39,700 19,000 1/7
Lead 8/8 0.0063 225 19.6 7/8
Magnesium 12/12 3 16,800 5,700 1/12
Manganese 7P 0.145 915 645 1/7
Mercury 8/8 0.00024 133 0.06 7/8
Nickel 7/7 0.0039 30.6 15.6 6/7
Potassium 6/6 0.719 1,530 4,110 0/6
Selenium 2/2 4 4 1 2/2
Silver 5/5 11.6 21.8 0.23 . 5/5
Sodium 5/5 151 184 141 5/5
Thallium 1/1 32.3 32.3 0.47 1/1
Vanadium 7/7 0.0217 54.8 30.1 2fl
Zinc 5/5 0.0326 795 78 4/5
Radionuclidcs (pCiig)
Americium-241 8/8 0.3 215 0.005 8/8
Antimony-125 1/1 72 72 NA NA
Cerium-144 1/1 1,400 1,400 NA NA
Californium-252 1/1 0.69 0.69 NA NA
Curium-244 5/5 5.53 121 0.005 4/4
Cobalt-60 7/7 0.97 590 NA NA
Cesium-134 4/4 0.27 29,000 NA NA
Cesium-137 7/7 4.1 2,700 0.073 7/7
Europium-152 2/2 1.61 1.61 NA NA
Europium-154 4/4 0.00001s 0.845 NA NA
Europium-155 1/1 110 110 NA NA
Gross Alpha 2/2 0.005 23 NA NA
Gross Beta 2/2 0.011 29 NA NA
Phttonium-238 6/6 0.3 143 0.003 6/6
Plutonium-239 1/1 156 156 NA NA
Plutonium-239t240 8/8 1.2 309 0.024. 8/8
Strontium-90 10/10 2.38 4,200 0.3 10/10
Uranium-232 1/1 0.15 0.15 NA NA
Uranium-234 9/9 0.99 12.4 1.69 8/9
Uranium-235 3t3 0.0658 0.41 NA NA
Uranium-238 15/15 0.63 2.2 1.56 ‘ 2/15
Organics (@g)
Tetrachloroethene 1/1 . 0.007 0.007 NA NA
a. Anderson (1992), Martin et al. (1992), Berry et al. (1993), and Shacklette and Boerngen (1984).
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Local and regional background soil values for the INEL were obtained from publications of

previously conducted background surface soil sampling (Berry et al. 199% Martin et al.1992;

Anderson 1992). Background data for the Bingham West soil type was chosen from Martin et al.

(1992) because this soil type most closely represents the soils at WAG H. For each contaminant,

the lowest maximum of the background concentrations reported by these various authors for local

or regional soils was selected as a reasonable screening-level. When no local or regional

background data were available for a contaminant, background soil data for metals were

qualitatively compared to the upper 95% limit on the range of published background values for

the western United States (Table I-9) (Shacklette and Boerngen 1984). Regional background

concentrations found to be above the western United States benchmark were not used because of

the possibility of artifacts of contamination from sources such as agriculture. The available local

background data are difficult to interpret and do not adequately represent the different soil types

at the INEL. These difficulties and others related to background contaminant concentrations are

discussed in the manual. The lack of a complete local elemental background concentration list for

soils represents a data gap for the INEL and introduces some uncertainty into the assessment.

This uncertainty is unmeasurable because the regional and national background concentrations

could be above or below the actual local values.

For surface water, background data for a few radionuclides were obtained from a recently

published review (Amiro 1993). Since no sediment background values were available, the soil

background concentrations were used for screening of sediments. This approach assumes that the

distribution of contaminants in the sediments is similar to that in the surface soils and was done to

provide some means of screening the sediment contaminant concentration data during the case

study. The process is based upon the fact that the waste ponds were created by digging unlined

ponds from the natural soil. Therefore the soil/sediment at the bottom of the ponds is of the

same origin as the surface soils. Also, the ponds often dry up leaving the sediments exposed as
surface soil. The lack of sediment background data represents a data gap.

The concentrations of each contaminant from each site for each medium were compared to

the background concentrations to calculate the frequency of exceedance. In addition, the

magnitude of exceedance of background was examined. Contaminants that exceeded background

at a low frequency (less than 5%) or that have maximum concentrations less than twice

background were eliminated from consideration as COPCS. The results of this screening are

provided in Tables I-4 through I-8.

For the waste pond surface water, the radionuclides 125Sb,137CS,90Sr, and 3H were found to
exceed background levels (see Table I-4). Background concentrations were not available for the
other contaminants detected in the waste pond surface water; however, based on the exceedances
observed for the four radionuclides that have background values, it appears likely that other
radionuclides in surface water could also exceed background. The lack of background surface
water concentrations for many contaminants represents a data gap in the assessment.

For the waste pond sediments, the radionuclides 241~ 244cm, 238pu, ~g!mopu, ‘“Sr, and

‘U were found to significantly exceed background concent~ations, and 238U marginally exceeded
background concentrations (Table I-5). Background values were not available for organics in
sediments.
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Table 1-9. Background metals concentrations for the Western United States (pg/g).

Chemical Lower limits Upper limit”

Aluminum 14,500 232,000

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium (III)

Chromium (VI)

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Uranium

Vanadium

Zinc

0.10

1.4

197

0.13

NA

1,935

8.5

NA

1.8

4.9

5,523

5.2

1,515

96.9

0.0085

3.4

9,074

0.039

NA

2,551

4.1

1.2

18.4

17.2

2.2

21.6

1,716

3.6

NA

167,445

196.6

NA

27.6

90

79,853

55.1

36,142

1,490

0.25

66.2

35,707

1.4

NA

36,884

20.2 ,

5.3

266

176.2

a. Lower and upper limits of the expected range, calculated to encompass 95% of the distribution as
described in Shacklette and Boerngen (19S4).

For the waste burial pit soils, the following metals exceed background levels: calcium,
magnesium, nickel, and sodium (Table I-6). The only radionuclide exceeding background levels is
241Am. It appears that ‘~Pu could also be elevated, although a background value was not
available for this radionuclide.

For the burn pit soils, the chemicals exceeding background include the metals chromium,
lead, and mercury (Table I-7). Radionuclides do not appear to exceed background at the bum
pit, although only one sample was analyzed for radionuclides at OU-2. The lack of radionuclide
sampling is an artifact of the sampling design which was not intended to look exhaustively for
radionuclides because they were not expected at the burn pit. This expectation was based upon
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an examination of the types of materials that were burned at the ph. Therefore, the lack of

radionuclide data is not felt to represent a data gap at this OU.

As for the rest of WAG H, numerous metals and radionuclides appear to exceed background
at one or more locations (Table I-8). These include the metals aluminum, antimony, arsenic,
barium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, mercury, selenium,

z41~ 244Cm, 137~, Zsgpu, 23g2’10pu,g“sr, andsilver, thallium, and zinc, and the radionuclides ,
mu

Any contaminant which exceeded background concentrations, according to the procedures
described above, was included in the assessment. All contaminants which had no background
concentrations for comparison were also included in the assessment.

/-2.3. 7.4 Risk-Based Screening. Risk-based criteria, standards, or benchmarks were used
to further screen contaminants. For metals and organics in surface water, the EPA Ambient
Water Quality Criteria (AWQC) were used. The AWQC are designed to be protective of most
aquatic communities, except possibly where a locally important species is ve~ sensitive (EPA
1986a). With the exception of a few organic contaminants, sediment criteria are not federally
defined. Other reference values provided in Bennett and Cubbage (1991) were also used for
screening purposes. Regulatory criteria for ecological risk-based screening of soils are not
generally available for metals and organics. The lack of ecological risk-based screening
benchmarks for many contaminants and media is a limitation of the ERA process.

To screen concentrations of radionuclides in various media for WAG H, the approach used
was based on information provided in an International Atomic Energy Administration (IAEA)
document (IAEA 1992) and a National Council on Radiation Protection (NCRP) document
(NCRP 1991). In essence, the approach involves calculating risk-based concentrations for
ecological health for a given radionuclide in a given medium, roughly based upon human health
exposure models. The risk-based concentrations based upon these models are provided for a few
radionuclides in IAEA (1992) and these are the values used for screening. These risk-based
concentrations, though initially calculated for humans, have been shown by IAEA (1992) to be
equally protective of some ecological receptors.

For the waste pond surface water, the radionuclides 137Cs,1311,90Sr, and 3H were found to
exceed the IAEA risk-based criteria (Table 1-10). Criteria were not available for most of the
other radionuclides detected in surface water at OU-3. However, ‘°Co did not exceed the IAEA
criteria. Of the nonradiological contaminants in surface water, chloride exceeded EPA criteria.
Both forms of chromium were below the EPA AWQC.

For the waste pond sediments, 90Sr exceeded the IAEA criteria in two of 28 samples
‘lAm 235U and ‘*U did not exceed the criteria. The organics detected in pond(Table 1-11). , ,

sediment were generally below EPA or Wisconsin Department of Natural Resources criteria. The
National Oceanic and Atmospheric Administration (NOAA) criteria were exceeded in a few cases
but are not considered to be significant because the frequency of exceeding the cri’teria is low and
the other criteria do not indicate a potential problem. The NOAA criteria are commonly used
criteria in freshwater systems; however they were developed for use in marine or estuarine
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Table 1-10. Surface water comparison to ecological criteria–Waste Pond (OU-3).

EPA ambient Frequency of EPA ambient Frequency of Frequency of
water quality exceedance of water quality exceedance of IAEA criteriab exceedance of

Chemical chronic criteriaa chronic AWQC acute criteriaa acute AWQC IAEA criteria

Metals (p@L)

Chromium (VI) 11 0/3 16 0/3 NA NA

Chromium (III) 207’ 0/3 1,736C 0/3 NA NA

Radionuclidcs (pCdrnL)

Cesium-137 NA NA NA NA 2.70E-09 69/69

Cobalt-60 NA NA NA NA 0.00065 0/67

Iodine-131 NA NA NA NA 8.38E-07 2/3

Strontium-90 NA NA NA NA 5.68E-07 42/68

Tritium NA NA NA NA 0.00192 43/68

Others

Chloride (@L) 230,000 . 15/15 860,000 15/15 NA NA

a. EPA (1986a), as updated. Values are the freshwater acute and chronic criteria for the protection of aquatic life unless otherwise noted.

b. From: IAEA (1992). Values reported in units of Bq/L were converted to YCi/mL by multiplying the reported value times 27.03E-09.

c, Hardness-dependent criteria. 100 mg/L hardness used,



Table 1-11. Sediments comparison to ecological criteria–Waste Pond (OU-3).
Frequency of Frequency of
exceedance exccedanceof EPA Frequency of Frequency of

WDNRa of WDNR NOAA ER-L NOAA ER-L interim excccdanceof IAEA exceedance of
Chemical guidelincsb guidelines concerrtrationsc guidelines .dcriteria EPA criteria criteriae IAEA criteria

Radionucfidcs (pCi/g)

Americium-241 NA NA NA NA NA NA 414 OLX3

Strontium-90 NA NA NA NA NA NA 1,140 228

Uranium-235 NA NA NA NA NA NA 270 0/28

Uranium-238 NA NA NA NA NA NA 518 Om

Orgarrics (pg/g or pg/g 0~ as noted)

Acenaphthene

Benzo(a)pyrene

Chloroform

Chrysene

Fluoranthcne

Fluorcne

Ntiph(halcne

p,p-DDT

Phcrmnthrene

Pyrene

Toluene

92

89

2.7

NA

1,216

NA

1,240

NA

NA

NA

5,250

0/2

VW

0148

NA

0/33

NA

0/4

NA

NA

NA

0116

0.15

0.4

NA

0.4

0.6

0.035

0.34

0.001

0.225

0.35

NA

m

li37

NA ‘

3f36

2133

4r33

0/4

1/4

4j37

2/36

NA

732

1,063

NA

NA

1,883

NA

NA

NA

139

1,311

NA

0/2

NA

NA

or33

NA

NA

NA

0/37

0t36

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

a. Wisconsin Department of Natural Resources.

b. From: Bennett and Cubbage (1991). Values shown are reference concentrations estimated using the equilibrium partitioning approach by WDNR, normalized for organic
carbon.

c. From: Long and Morgan (1990). Values shown are the ER-L, defined as the lower 10 percentile of concentrations obsewed or predicted to be associated with biologicaleffects.
Note that th6 data used to estimate ER-L are principallyfrom marineand estuarineenvironments.

d. From: EPA (1991). Values shown are derived from water criteria using the equilibrium partitioning approach and normalized for organic carbon.

c. From: IAEA (1992). Values reported in Bq/L were ~nverted to pCi/g by multiplyingthe reporred value times the sedimentr$vaterpartition coefficient (Kd) times 27.03E-03.



systems. Therefore, they are not as appropriate and do not carry as much weight as the other
listed criteria. They are presented to support a weight of evidence approach to the screening.

For the waste burial pit soils, both ‘lAm and ‘9Pu were below the IAEA criteria
(Table 1-12). Ecological criteria were not available for the metals detected above background or
organics detected in soil at OU-1. Similarly, for the burn pit soils, no criteria were available for
screening contaminants detected at the site. For the maximum concentrations of chemicals
detected at other WAG H locations, only 137CSand 90Sr exceeded the IAEA criteria (Table 1-13).

‘lAm and ‘9Pu were below these criteria. Risk-based screening was not possible for most of
the radionuclides and all the metals detected above background at these WAG H sites.

/-2.3.1.5 Summary of COPCS. The contaminants found to be above background and
above the risk-based screening criteria were considered to be potential COPCS for the WAG H
screening-level risk assessment. Those contaminants for which no background or risk-based
screening concentrations were located, were also included in the assessment as COPCS. The
essential or ubiquitous elements calcium, chloride, potassium, and sodium were eliminated from
the ERA because they are not considered toxic to ecological receptors under normal
circumstances. However, the maximum levels of sodium and chloride in surface water at the
waste pond are notable, indicating a relatively saline environment that could adversely affect the
freshwater aquatic community. Iron and magnesium were also eliminated because they are very
common, ubiquitous elements and were only slightly above two times the background
concentration and well within the upper background limit provided in Shacklette and Boemgen
(1984). The results of the screening are summarized below and in Table 1-14.

Of the radionuclides occurring in surface water, lZSb, 137Cs,1311,90Sr, and 3H were
considered as COPCS for the case study. lXSb was analyzed in only one sample and 1311was
analyzed in three samples; therefore, the significance of these radionuclides is difficult to
interpret. Of the other radionuclides (137CS,90Sr and 3H) listed in Table 1-14, all three exceeded

background and risk-based criteria in numerous s~mples. As noted in Section A-2.3.1.3, other
radionuclides occur in surface water but neither background values nor criteria were

Table 1-12. Soils comparison to ecological criteria–waste burial pit (OU-1).

IAEA Frequency of exceedance of
Chemical criteriaa IAEA criteria

Radionuclides

Americium-241 1,620 0/5

Plutonium-239 10,800 0/6

a. IAEA (1992). Values reported in units of Bq/kg were converted to pCi/g by multiplying the reported
value times 27.03E-03. ,



Table 1-13. Soils comparison to ecological criteria WAG H maximums (pCi/g).

IAEA Frequency of exceedance of
Chemical criteriaa IAEA criteria

Radionuclides

Americium-241 1,620 0/8

Cesium-137 1,890 1/7

Plutonium-239 10,800 0/1

Strontium-90 270 5/10

a. IAEA (1992). Values reported in units of Bq/kg were converted to pCi/g by multiplying the
reported value times 27.03E-03.

available for screening. Additional research is required to derive screening values for these
radionuclides, but this was not considered necessary for the case study. Other than chloride, no
other chemicals in surface water exceeded the available criteria.

Similarly for sediment, five radionuclides exceeded background and/or screening criteria
(Table 1-14). However, of these, risk-based criteria were available only for 90Sr. Based on the
screening, metals and organics occurring in pond sediments do not appear to be of significant
concern.

In soils, 14 metals were considered for evaluation as COPCS because these exceeded
background at several sampling locations. Of the radionuclides in soils, several were considered
as soil COPCS because of their presence in pond sediments and the potential for airborne
transport to surrounding soils during periods of pond dryness. Most of these also occurred at
WAG H sites other than the three OUS. Of the organics in soils, only tetrachloroethene was
considered as a COPC.

To limit the scope of the case study, a single COPC was selected from each of the three
main categories (metals, radionuclides, and organics) of contaminants for further evaluation.
These COPCS are chromium, 90Sr and PCE. Chromium and 90Sr were found at levels exceeding
background and/or risk-based crit~ria at one or more locations in soils, and 90Sr was also found at
elevated levels in surface water and sediment. PCE was found in soils at the burn pit and appears
to be the most significant organic contaminant at WAG H.

1-2.3.2 Physical Stressors

The major anthropogenic physical stressors at the INEL are the diversion of the Big Lost
River and Birch Creek and habitat/wildlife disturbance near the WAGS due to operations. The
diversion of major waterways resulted in the loss of habitat in riparian areas of the Big Lost River
and Birch Creek. The habitat and wildlife disturbances near the WAGS may imps’ct vegetation
and wildlife inhabiting localized areas of the WAG. The placement of many of the WAGS in
near proximity to each other may have altered the migration paths of some wildlife, but the
presence of large areas for alternative routes alleviates the potential impact. Construction or
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Table 1-14. Contaminants of potential ecological concern–WAG H.

Chemical Surfacewater Sediment Soil

Metals

Aluminum OU-1, WAG H

Antimony OU-1, WAG H

Arsenic OU-1, WAG H

Barium OU-1, WAG H

Beryllium WAG H

Cadmium WAG H

Chromium OU-3

Copper OU-1, WAG H

Lead OU-2, WAG H

Manganese WAG H

Mercury OU-2, WAG H

Nickel OU-1, WAG H

Selenium WAG H

Silver WAG H

Thallium WAG H

Vanadium WAG H

Zinc WAG H

Radionuclidcs

Antimony-125 OU-3 WAG H

Barium-140 OU-3

Californium-252 WAG H

Cerium-141 OU-3

Cerium-144 OU-3 WAG H

Cesium-134 OU-3

Cesium-134 WAG H

Cesium-137 OU-3 WAG H
.

Cesium-141 OU-3

Cesium-144 OU-3

Chromium-51 OU-3

Cobalt-57 OU-3

Cobalt-58 OU-3

Cobalt-60

Curium-244

Europium-152 OU-3

Europium-154 OU-3
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Table 1-14. (continued).

Chemical Surface water Sediment Soil

Europium-155 WAG H

Gross Alpha OU-3

Hafnium-175 OU-3

Hafnium-181 OU-3

Iodine-131 OU-3

Iron-59 OU-3

Lanthanum-140 OU-3

Manganese-54 OU-3

Niobium-95 OU-3

Potassium-40 OU-3

Plutonium-238

Plutonium-239/240

Ruthenium-103 OU-3

OU-3 OU-3, WAG H

OU-3 OU-3, WAG H

Ruthenium-106 OU-3

Scandium-46 OU-3

Selenium-124 OU-3

Sodium-24 OU-3

Thorium-230 Ou-1

Thorium-232 Ou-1

Tritium

Uranium-232 WAG H
OU-3

Uranium-234 OU-3 OU-3, WAG H
Uranium-235 WAG H

Uranium-238 WAG H

Yttrium-91 OU-3

Zinc-65 OU-3

Zirconium-95 OU-3

Organies

2,4-Dimethylphenol OU-3

2-MethyInaphthalene OU-3

4-Methylphenol OU-3

Acenaphthene OU-3

Acenaphthylene OU-3

Carbon Tetrachloride

Chloroform OU-3

Dibenzofuran OU-3

Ou-1

Ou-1
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Table 1-14. (continued).

Chemical Surface water Sediment Soil

Fluoranthene OU-3

Fluorene OU-3

others
Chloride (u/L) OU-3

a. Highlighted chemicals indicate those selected for evacuationin the case study. The OUS where each chemiealis
considered to be a COPC are indicated; “WAG H“ refers to sites other than the three OUS.

destruction of facilities and/or any remedial activities may impose additional physical stress on
wildlife and vegetation and could allow exotic floral species to invade and alter the natural
ecosystems of the INEL.

These potential physical stressors may present significant impacts to the natural ecology of
the INEL, however, the remedy for these physical stressors is not required under CERCLA
regulation. Therefore physical stressors are considered outside the scope of screening-level ERA
and are not addressed in the case study.

1-2.4 Ecosystem Components

This section outlines the ecological setting of WAG H. Descriptions of the regional and
local ecology provide an understanding of the habitats and species of concern at WAG H and the
behavior and effects of the COPCS as they are transported from their source through the abiotic
and biotic environment.

1-2.4.1 Regional and Local Ecosystems

The INEL is located in the intermountain sagebrush ecoregion [U.S. Department of
Agriculture (USDA) 1980] at the boundary of two physiographic provinces, the Great Basin and
Range and the Columbia Plateau, a cool desert ecosystem characterized by hot summers and
moderately cold winters with little precipitation. The temperature extremes are -44 to 38°C with
an annual average of 11°C (Clawson et al. 1989). The mountains to the west of the INEL create
a rain shadow that limits the annual precipitation to an average of 22 cm, falling mostly as snow in
December and January with rain in May and June. Annual snowfall ranges from 17 to 152 cm
per year and single event snowfall depths range to 51 cm. The predominant wind patterns are
from the southwest during the day and from the northeast during the night. Storm events may
bring winds of short duration from other directions.

,

The topography of INEL is generally flat or gently rolling, and the elevation is approximately
1,520 m above mean sea level. A few prominent buttes are located on and near the site.
Although many different soil types occur within the boundaries of the INEL, most have similar
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physical and chemical characteristics based upon origin. Only two soil types are found at
WAG H. The northeast-southwest dividing line is east of the building complex (see Figure I-5).
The majority of WAG H lies in the Typic Camborthids-Typic Calciorthids (TCC) soil type;
however, two of the OUS lie on the dividing line between TCC and the Typic Torrifluvents type
(TFF). Both of these soils are alluvium deposited by the Big Lost River; the TCC are older
deposits and the TFF are newer deposits closer to the river. The TCC soils are loams or silty
loams over gravelly or sandy loams, and the surface is frequently hardened due to the alkaline
conditions. The TFF soils are loams or sandy loams over gravelly subsoils. Generally the gravel
of the TFF soils is finer and more frequently found on the surface than the TCC soils. Both soils
are often dry and are generally alkaline and saline, impermeable, erodible, and have little organic
accumulation in the upper layer (USDA 1975, 1980). Spring thaws and intense rainstorms may
lead to significant soil erosion.

The major type of vegetation at the INEL is sagebrush shrub-steppe characterized by
sagebrush and perennial bunch grasses. Other important plants include shrubs (rabbit brush,
winter fat, spiny hopsage) and grasses (bottlebrush wheat grass, Indian rice grass, and
needle-and-thread). Scattered communities may be found to include Great Basin wild rye, blue
bunch wheat grass, and prickly phlox. Limited riparian communities exist along the Big Lost
River and Birch Creek beds. These riparian communities may include cottonwood, willow, water
birch, chokecherry, and common spike-rush. A complete list of plant species likely to occur at
INEL with their scientific names is provided in the manual.

The wildlife species of the cool desert ecosystem of the INEL include 184 birds,
37 mammals, 9 reptiles, 2 amphibians, and 6 fish (Reynolds 1986 as updated, Tim Reynolds,
personal communication). A complete list of these species and their scientific names is presented
in the manual. There are also diverse invertebrate populations characteristic of the region.
Thirty-two of the bird species are game birds, most of which are waterfowl and upland birds. The
most common resident game birds are the mourning dove and sage grouse. Mallards and
blue-winged teal are common waterfowl breeders on the INEL. The most common passerine
species are the horned lark, black-billed magpie, robin, sage thrasher, Brewer’s sparrow, sage
sparrow, and the western meadow lark.
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Pronghorn are the most common large game mammal on the INEL. Coyote and long-tailed
weasel are two of the common predatory mammals. The deer mouse, harvest mouse, Great-Basin
pocket mouse, mountain vole, Oral’s kangaroo rat, bushy-tailed wood rat, least chipmunk, and
Townsend’s ground squirrel are all common small mammals at INEL. The black-tailed jackrabbit
is also abundant periodically (Stoddard 1983). Several reptiles are commonly found at INEL.
These include the short-horned lizard, sagebrush lizard, gopher snake, and western rattlesnake.

Fish are not expected to be found on the INEL, due to the dryness of the Big Lost River.
Floodwaters likely to flow to the INEL are now diverted to spreading areas near the southwestern
border of the area. This direction drastically limits any possibility of fish inhabiting the Big Lost
River within the boundaries of the INEL.

A diverse terrestrial invertebrate community exists on the INEL. These species play
important roles in nutrient cycling and in the food chain.

1-2.4.2 WAG H Ecosystems

The vegetation types found on WAG H are a subset of those found across the INEL
(Figure I-6). The ecosystem types and the percent of area they cover at WAG H are provided in
Table 1-15.

The waste burial pit (OU-1) is covered with planted crested wheatgrass, and Russian thistle
has invaded disturbed areas of the pit cap. The area immediately surrounding the pit is
dominated by big sagebrush, green rabbitbrush, and bluebunch wheatgrass. The habitat on and
surrounding the waste burial pit provides habitat for numerous species of small mammals and food
for herbivorous mammals, predato~ mammals, and raptors. Fences surrounding the waste burial
pit limit large wildlife access to the site. The burn pit (OU-2) is similar to the waste burial pit in
vegetation cover and inhabiting species, but is much smaller.

The waste pond is an artificial aquatic system. No fish inhabit the pond, but aquatic
free-swimming and benthic invertebrates and plankton are present. Some free-floating and rooted
aquatic vegetation is also found. The principal invertebrates in the pond include dragonflies,
damselflies, mayflies, water boatman, diving beetles, midges, and caddisflies. The principal
planktonic species include Navicula, Cyanthomonas, Pleurotaeium, and Achnanthes spp. No
identification of free-floating vegetation has been conducted but rooted aquatic vegetation
includes small areas of sedges, bulrushes, and cattails.

1-2.4.3 Threatened, Endangered, and Sensitive or Rare Species of the INEL

Threatened, endangered, and sensitive or rare species maybe categorized in Idaho by
federal or state agencies such as the U.S. Fish and Wildlife Service (USFWS), U.S. Bureau of
Land Management (BLM), U.S. Forest Service (USFS), Idaho Department of Fish and Game
(IDFG), and Idaho Parks and Recreation (IPR). The Idaho Native Plant Society (INPS)
sensitive plant listing has been adopted by the IDFG. Table 1-16 provides a listing of the federal
and state species of concern found at INEL.
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Table 1-15. WAG H ecosystem types.

Approximate Percent of
Ecosystem typesa area (ha) WAG H area Dominant cover types

Sagebrush/Rabbitbrush/Salt 262 52 Sagebrush, green rabbitbrush,
Desert Shrub bunchgrasses, shrubs

Sagebrush Steppe on Lava 151 30 Sagebrush, desert shrubs,
grasses, forbs

Facilities and Disturbed Areas 57 11 Lawns, planted shrubs and
trees, annual grasses and weeds

Grassland 25 5 Grasses and forbs

Playa/Bare Ground 8 1.5 Naturally barren or disturbed
areas

Waste Pond Complex 3 0.5 Surface water, bulrush, sedges,
cattail

a. Based on preliminary inventory of wetlands and vegetation communities (Center for Environmental
Monitoring and Assessment, INEL).

A survey for rare and endangered plants at the INEL was conducted by Cholewa and
Henderson (1983, 1984). None of the species found by Cholewa and Henderson were federally
listed as threatened or endangered. However, many were considered by the INPS and IDFG as
sensitive species. These are listed in Table 1-16. The association of these sensitive plants with
particular vegetation communities was also investigated by Cholewa and Henderson (1984). None
of the regulated/sensitive plant species found on the INEL are expected to occur at WAG H.

The bald eagle and peregrine falcon are the only federally threatened faunal species found
on the INEL. These are also state endangered species. However, several species including the
ferruginous hawk, northern goshawkj loggerhead shrike, black tern, pygmy rabbit, and Townsend’s
big-eared bat are all federal candidate species for listing (Arthur et al; 1984). The State of Idaho
lists the common loon, American white pelican, ferruginous hawk, northern pygmy owl, California
myotis, merlin, and great egret as species of special concern.

The threatened, endangered, and sensitive or rare plants and wildlife that are likely to be

found within the boundaries of WAG H are highlighted in Table 1-16. Eight wildlife species of

concern considered likely to occur, other than as occasional transients, are the bald eagle,
ferruginous hawk, burrowing owl, long-billed curlew, loggerhead shrike, Swainson’s hawk, pygmy
rabbit, and Townsend’s big-eared bat.

1-2.5 Pathways of Contaminant Migration and Exposure

Contaminant types released from the WAG H complex include numerous trace elements,
radionuclides, and organic compounds. The air, soils, surface water, groundwater, and biota are
all potential avenues of contaminant transport and exposure. These are also the potentially
affected media for WAG H. Transport of contaminants via groundwater is not considered in the
case study because groundwater does not discharge to surface water at WAG H.
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Table 1-16. Threatened, endangered, or sensitive species that maybe found at or near WAG H.a

Slams

Common name Scientific name Federal State BLM USFS INPS Abundance

FIOm

Lemhi miI!wetch

Painted milkvetch

Plains mill.wetch

Thistle milhwetch

Whtged-seed evening primrose

Nipple cactus

Large-ffoweredgymnosteris

Spreading gilia

King’sbladderpod

AsuagaIus aqui[onius

Asuagalus cerarrdcus var. apus

Asvagalus gilvijlorus

Aswagalus Iwnuophyta var. je.rsiae

Camissonia pwrospenna

Coyphantha missoun”ensis

Gymnowris nudicautis

Ipomopsis (GiIia) polycladon

Lesquirella king”i var. cobrensis

Oqvheca dendroidea

— s s s 2

3C – – – M

NL s s s 1

NL s s– s

NL s s– s

NL s s– M

NL – – – M

NL s s– 2

M

— s s– s

8

8

8

8

8

8

8

8

8

8

Bti

Peregrine falcon Fa[copere~”nus LE E––– S5, M5, W5

Merlin Falcocolumbarius NL – s–– R5

Gyrfalcon Falconmicolus NL Ssc s – – 8

Common loon Gavia immer — Ssc – – – M5

American white pelican Pelicanusaythrorhyncos Ssc – – – M5

Great egret Casmerodiusalbus Ssc – – – S5, M5

White-faced ibis Plegadk chihi c2–––– S5, M5

Northern goshawk Accipi!er genrilk C2 s––– S5, M5, W5

Trumpeter swan Cygnusbuccinalor C2 Ssc s s– 8

,
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Table 1-16. (continued).

status

Common name Scientificname Federal State BLM USFS INPS Abundance

Fringed myotisc Myods thysonoda Ssc – – – 8

California myo[isc &f_,o[isco\ifom.icus Ssc – – – 8

Fiih

Shorthead sculpinc Ssc – – – 8

Reptiles artd AMpfdb-

Spot[ed frogc Ranapretiosa c2–––– 8

Mojave black-collaredIizsrdc Crolophynu bicincrores Ssc – – – 8

Ringneck snakec Diadophis punc!ams NL SSC S – – 8

Night snakec Hypsiglena torqua[a s–– 8

Abundanct codes

Key

Status codes

1

2

3C

BLM

C2

E

IDFG
INEL

INPS
LE

M
NL

s
Ssc

USFS

USFWS
WAG I-f

=

.

.

.

.

.

.

.

.

.

.

.

.
=

.

.

.

State Priority i.

State Priority 2.

No longer considered for listing.

USDI Bureau of Land Management.

Federal candidate for listing.

State endangered.

Idaho Department of Fish and Game.
Idaho National Engineering Laboratory.

Idaho Native Plant Society.
Federally listed endangered.

State monitor species.
Not listed.

Sensitive.
Slate species of special concern.

U.S. Forest Service.

U.S. Fish and Wildlife Setvice.
(hypothetical) Waste fiea Group.

B

M

R

s

w

u

1
2

3
4

5
6

7
8

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Summer breeder.

Migrant.

Residentmreeder.

Summer visitor.

Winter visitor.

Unknown breeding status.

Abundant.

Common.

Uncommon.

Occasional or local.

Rare.

Vagrant/accidental.

Possible.

Not present.
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a. Compiled from the USFWS, cross-checkedand updated with the IDFG Conservation Data Center Threatened, Endangered,
and Sen~itiveSpecies for the State of Idaho (Mosel~ and Groves 1992).

b. Highlighted species represent those expected to be found at WAG H.

c. No documented sizhtinw at the INEL. ,



All areas within WAG H, including the OUS, maybe contaminated with radionuclides due to
past and ongoing operations and via atmospheric fallout from past nuclear detonations and
accidents around the world. Releases of contaminants at each of the OUS may arise from
materials transported to the burial pit or to the burn pit for disposal or effluents dispersed to the
waste pond. The contaminants from WAG H source areas may then be transported to other
areas or mobilized in the food chain as described below for each OU. These sections summarize
the potential for contaminant migration and receptor exposure and present models for each OU
that represent the most significant transport and exposure pathways. The number of pathways
chosen was limited to be consistent with the scope of the case study. Further details on relevant
aspects of transport and fate of specific COPCs at WAG H are provided in the “Analysis”
(Section I-3).

I-2.5.1 Waste Burial Pit (OU-1)

Once contaminants have been released from the waste burial pit, several transport pathways

may result in exposure to the biota of WAG H. These pathways are outlined on Figure I-7. The

wastes buried in the pit may be released from leaking containers to the subsurface soil. Through

plant uptake, burrowing mammal translocation, leaching and infiltration, and wind and water

erosion, soil on and near the burial pit may also be contaminated. These soils may then become

an exposure medium for biota inhabiting the burial pit and the surrounding area.

The major routes of exposure for biota may include ingestion of contaminated soil and food
items, direct contact with contaminated soil, and plant uptake from contaminated soil with
subsequent mobilization through the food chain via herbivorous biota. Inhalation is another
potential pathway however, it is not expected to be a large contributor to the total exposure of
biota at the burial pit and will not be evaluated in the case study because the concentrations of
VOCs are very low (<0.43 mg/kg).

1-2.5.2 Burn Pit (OU-2)

Transport and exposure pathways at the burn pit (Figure I-8) are similar to those of OU-1

except for the potential aerial transport of combusted materials. This pathway increases the

potential for surface soil contamination in areas downwind from the site. Unlike the waste burial

pit, the burn pit is assumed to be uncovered and unfenced, and surface contamination is,

therefore, more directly accessible to plants and wildlife. Since the burn pit is no longer active,

exposure through inhalation of combusted materials is not of concern. The lack of many volatile

contaminants at the burn pit also supports the decision not to consider the inhalation pathway.

1-2.5.3 Liquid Radioactive Waste Pond (OU-3)

The major transport pathways for the waste pond include deposition from the water column
to the sediments and leaching and infiltration of contaminants to the subsurface soils and
groundwater. Wildlife using the pond could also translocate contaminants to other areas. In
addition, burrowing mammal translocation and plant uptake may occur from the s~ils surrounding
the pond or from dry areas of the pond itself (Figure I-9). Exposure routes include ingestion of
and direct contact with pond water and aquatic and terrestrial plant uptake from the water.
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Figure 1-7. Pathways of contaminant migration and exposure for the waste burial pit (OU-1).
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Figure 1-8. Pathways of contamination migration and exposure for burn pit (OU-2).
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Ingestion of and direct contact with contaminants from soil and plant uptake from soil could also

mobilize contaminants through the food chain. Inhalation is not expected to be a significant

exposure route because of the lack of volatile contaminants.

1-2.5.4 Summary of Selected Pathways of Contaminant Migration and Exposure

The major contaminant migration pathways from each of the OUS include transport from the
source to surrounding surface soils via wind and water erosion, plant uptake, and burrowing
mammal translocation. Of these, the wind and water erosion are likely to be the most significant.
Leaching and infiltration from surface soil to subsurface soils are other potential transport
pathways. However, the limited rainfall and rapid evaporation of the INEL region will limit the
depth of contaminant penetration except in areas of standing water such as the waste pond. The
deposition of contaminants from surface water to sediments is another migration pathway at
WAG H.

The most important exposure pathways were determined for the case study using

professional judgment and analysis of the selected contaminant migration pathways. The presence

of contaminants in surface soil, water, and sediments presents several significant routes of

exposure to biota. These include ingestion of surface soil, water, and sediment and uptake of

contaminants by vegetation. Direct contact with these media is also a likely pathway of exposure,

but dermal uptake factor data are insufficient to measure this pathway. Finally, the exposure of

biota that are prey for other biota provides the potential for exposure of the predator to COPCS.

Therefore, ingestion of prey is another exposure pathway to be considered during the case study.

1-2.6 Ecological Effects

Available toxicological literature was reviewed to aid in the selection of ecological endpoints
appropriate for WAG H. Details of the literature review are provided in Section I-3.2, but
general ecological effects information is pertinent to endpoint selection and development of the
conceptual model and is briefly described below.

I-2.6.1 Chromium

Chromium is an essential trace element in the diet of some animals and may also be
beneficial to growth in plants at typical levels in the environment. At high environmental
concentrations, however, chromium is a mutagen, teratogen, and carcinogen. More soluble forms
of chromium tend to be more highly toxic. The toxicity of chromium is related to its chemical
form. Biologically incorporated chromium is typically found in the trivalent state, and
chromium (III) is considered less toxic than chromium (VI). Chromium (III) adversely affects
normal metabolism at high dietaxy levels, and growth and survival can be reduced. The effects of
chromium (VI) on mammals have been extensively reviewed and include liver and kidney damage.
High doses can lead to failure of critical organs and death. Biomagnification of chromium has not
been observed in food chains, and lower trophic levels usually have the highest co~centrations.
Chromium toxicity data for terrestrial invertebrates are sparse.
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1-2.6.2 Strontium-90

The toxicity of elemental strontium is generally quite low at normal levels of calcium intake.
Therefore, emphasis is placed on the toxic effects of radioactive 90Sr. In the environment, %r is
transferred to animal diets primarily through terrestrial pathways and is primarily retained in

90Sr decays by beta emission and penetrates only a few millimetersvertebrate organisms in bone.
in water or solid materials. For most species of wildlife, the internal radiation dose is a more
significant source of exposure than the external dose. Sensitivity to chronic low-level radiation
varies markedly among taxa. In general, mammals, birds, reptiles, and a few tree species appear
to be the most sensitive receptors, and terrestrial species are more sensitive than aquatic
organisms. Effects on reproduction, including gametogenesis and embryonic development, are
likely to be the most critical endpoints in terms of populations.

1-2.6.3 Tetrachloroethene

Although extensive toxicological information is available for the effects of PCE on laborato~
rodents, very little or no information is available for other receptors. Effects of exposure to PCE
include liver damage and carcinogenesis in laboratory animals. The majority of PCE in surface
soil evaporates into ambient air. Lhtle is known of the phytotoxicity of PCE in soils. However,
breakdown products of PCE are known to adversely affect plants.

1-2.6.4 Summary of Ecological Effects

A variety of potential ecological effects could occur as a result of exposure to COPCS at
WAG H, affecting organisms at multiple trophic levels. However, both chromium and 90Sr may
affect the reproductive process and PCE appears to affect the liver. Good toxicological
information is not available to evaluate potential effects of each of the COPCS on all the major
groups of animals and plants. However, due to the variety of potential effects, a range of wildlife
and plant species could be impacted and should be evaluated.

1-2.7 Ecological Endpoints

Ecological endpoints are receptors and their characteristics that may be adversely affected by
environmental stressors. Ecological risk assessment guidance specifies two types of endpoints:
assessment and measurement (EPA 1992a). Assessment endpoints are qualitative or quantitative
expressions of environmental values to be protected from site-related stressors. The identification
of assessment endpoints at any site is dependent upon several factors including the species that
are considered to be of concern and the stressors that are present within the assessment area.
Assessment endpoints link the ERA process to the risk management process. Measurement
endpoints are characteristics of species or ecosystems that can be evaluated through ecological
monitoring or other sampling activities and can be quantitatively or qualitatively related to the
assessment endpoints. The measurement endpoints are generally determined for indicator species
likely to inhabit the areas of contamination. In the case study, these species are t<rmed
measurement species. The following sections describe the selection of the”assessment endpoints
and identi[y the measurement endpoint species and measurement endpoints for WAG H.

.

i
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I-2.7.1 Assessment Endpoints

Criteria used for the selection of assessment endpoints for site investigations include the
following regulatory and social significance, ecological relevance, amenability to measurement or
prediction, and susceptibility to contaminants (EPA 1992a). Social significance indicates that the
assessment endpoint has value to the public or to regulatory agencies (e.g., population abundance
of game animals, viability of endangered species). Ecological relevance refers to the role of the
assessment endpoint in the ecosystem or community. Measurability indicates that some measure-
ment exists to allow evaluation of the endpoint. Susceptibility to contaminants indicates the
potential for the assessment endpoint to be exposed and adversely affected by the site
contaminants.

Numerous characteristics of species, communities, and ecosystems at WAG H could be

considered as potential assessment endpoints. For example, species of regulatory or social

significance such as the pygmy rabbit, pronghorn, or ferruginous hawk may occur at the areas of

concern. These species could be susceptible to COPCS through ingestion of contaminated media

or food items, and the COPCs could affect their growth, survival, or reproduction. In terms of

ecological relevance, functional groups such as small mammals could also be considered, as these
are important prey items for higher trophic levels. These receptors would also be highly
susceptible to COPCs in surface or subsurface soils due to their burrowing habitats. The criterion
of measurability is also an important consideration since toxicological data for native plants and
wildlife are limited, and assessment endpoints must be carefully selected to allow evaluation.

Taking these considerations into account, a few representative categories of assessment
endpoint species were selected for the terrestrial and aquatic ecosystems of WAG H (Table 1-17).
Because of the large numbers of species and the complexity of the ecosystem, a systematic
method was developed to identify assessment endpoint species. Details of the methodology are
provided in the manual. The application of the method to the case study proceeded as follows.
All the species likely to be found at WAG H were divided into taxonomic groups as described in
the manual. The groups were further segregated taxonomically into different orders and families.
To reduce the number of wildlife to be considered as assessment endpoint species, the relative
abundance of each species likely to occur at WAG H was evaluated. With the exception of the
regulated species or other rare species identified as species of concern in Table 1-16, only species
known to be abundant or common at WAG H were considered for selection as assessment
endpoint species.

Next, each taxonomic group was divided into functior,al groups by combining species with
similar potential for exposure to COPCs. This grouping was done by defining the trophic level,
the feeding habitat, and the nonfeeding habitat of each wildlife species expected to occur at
WAG H. The trophic levels were generally defined as herbivore, insectivore, carnivore,
omnivore, and detritivore. The feeding habitat and nonfeeding habitat types were air, terrestrial,
terrestrial/aquatic interface, and aquatic. Each of the feeding and nonfeeding habitats may be
further subdivided to represent different niches within each habitat. [To limit the number of
functional groups for consideration at WAG H, only those groups presented in Table 1-18 were
selected for further analysis]. These groups represent five assessment endpoints species groups at
WAG H including birds (raptors and waterfowl), mammals (small and large herbivorous), and
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Table 1-17. Assessment endpoint species–WAG H.

Assessmentendpoint Regulatoryor Measurabilityor
species categories Ecologicalrelevance socialsignificance Susceptibilityto COPCs predictability

Native shrubs and grasses Provide nesting, food, and cover Potential importance as rangeland Roots may penetrate to
for wildlife. for grazinglivestock. Habitat for

game animals.
subsurface contamination.
Contaminants in surface soil could
also be mobilizedand absorbed.
Some COPCs are known to be
phytotoxic.

Levels of COPCs in soils and
plant tissues can be measured or
predicted and related to
published toxicitybenchmarks for
crops or native plants.

Small mammals

Large herbivorous

mammals

Waterfowl

.

Base of the food chain for raptors
and carnivores.

Significtmt consumers of
vegetation in terms of biomass

and abundance.

Top predators in terrestrial food
chain.

Important breeding wildlife at the

waste pond.

Small mammalsare important as
a communitybecause of
significanceas a food item for
other speciesof concern. Some
speciesare utilized for game.
The pygmyrabbit is a federal
candidate for listing(C2 species).

Game animals.

Of recreational and aesthetic
importance. The bald eagle is
federallyendangered. The
ferruginous hawk is a C2 species,
and severalspeciesof raptors are
state speciesof special concern.

Game animals. Waterfowl are

protected under the Migratory

Bird Treaty Act.

Highlysusceptible to exposure
due to burrowing habits and
occurrence in fenced and
disturbed areas. Some mammals
are sensitiveto effects of
radionuclidcs.

May ingest contaminated soil,
forage, and drinking water. Some
mammals are sensitive to effects
of radionuclides.

Could be exposed through
consumption of contaminated
food items.

Could be exposed through
consumption of contaminated
food, sediment ingestion,and
direct contact with and ingestion
of water.

Dose rates ean be estimated and
related to published toxicity
benchmarks. Toxicological
information is relativelygood for
rodents due to widespread use as
surrogates for testing effects of
COPCs on humans.

Dose rates can be estimated and
related to published toxicity
benchmarks for domestic
livestock,deer, or other
mammals.

Dose rates em be estimated
from small mammal tissue
residues measured in previous
ecological investigationsof the
site. Limited toxicologicaldata
are available for birds of prey.

Dose rates ean be estimated and
related to published toxicity
benchmarks for waterfowl or
other birds. .’,:,+
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Table 1-18. Selected wildlife functional groups–WAG H.

Functional Feeding Non-feeding
group Commonname Trophiclevel habitat habitat Abundancea

Raptors(Uass A- OrderFafcnnWmes) -
1 American kestrel 2/3 2.2 2.1 132,M2, W3

Rough-legged hawk 3 2.2 2.4 S6, M2, W2

GoIden eagle 3 2.2 2.1 133,M4, W2

Bald eagle 3 2.2 2.1 MS, W3

Raptors(ClassAv~ OrderStrig@rmes)
2 Burrowing OWI 3 2.2 2.3 B3, M3, W6

Waterfowl (Class A= Order Anseriformes)

srnauMammafs(aas3M ‘- , Order Rodcntia)

4 Western harvest mouse 1 2.2 2.2 R2

Montane vole 1 2.2 2.3 R 1, R4 (cyclic)

Bushy-tailed woodrat 1 2.2 2.3 R2

Oral’s kangaroo rat 1 2.2 2.3 R2

5 Townsend’sground squirreI 4 2.2 2.3 R2

6 Black-tailed jackrabbit 1 2.2 2.2 RI, R4 (cyclic)

Pygmy rabbit 1 2.2 2.3 R2

Nuttali’s coUontaiI 1 2.2 2.3 R2

brge Herbivorous Mammals (Clas Mammalia, Order Artindactyka)

1=
TrophicLevelcodes: 2=

1 = Herbivore. 2.1 =

2 = Insectivore. 2.2 =
3 = Carnivore. 2.3 =

4 = Omnivore. 2.4 =
5 = Detritivore. 3=

3.1 =
3.2 =

3.3 =
3.4 =

4=
4.1 =

4.2 =
4.3 =

Aerial.
Terrestrial.
Canopy.
Ground surface.
Subsurface.
Verlical.
Semi-aquatic.
Canopy.
Ground or water surface.
Subsurface.
Vertical.
Aquatic.
Water surface.
Water column.
Bottom.

.

a. SeeTable 1-16 for abundance codes.

b. Highlighted species are selected as measurement endpoint species.
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plants. For purposes of the case study, each of the species in a functional group was considered
representative of others in the same group with regard to potential exposure to COPCS and
toxicological effects.

The selected assessment endpoint species are representative of concerns at the site, both
from a regulatory point of view and from a broader ecological perspective. The assessment ‘
endpoint species are presented as major functional groups (e.g., raptors, small mammals) rather
than as individual species. The assessment endpoints for these functional groups could be the
predicted or measured effects of COPCS on survival, growth, or reproduction of individuals of
important species within each group. However, with the exception of threatened or endangered
species, adverse effects on populations or communities of these organisms are considered as the
assessment endpoints for WAG H. Other assessment endpoints could be considered but will not
be addressed for the purposes of the case study.

1-2.7.2 Measurement Species

The assessment of all species inhabiting a potentially contaminated area is rarely feasible.
Therefore, certain measurement species were selected to reduce the time, energy, and expense
involved in assessing the effects of site-related stressors on plants and wildlife. These species are
considered indicators of potential ecological risks to other species within the same functional
groups at WAG H. These measurement species maybe surveyed, sampled, or otherwise
measured for exposure or effects. For purposes of the screening-level ERAs, however, exposure
of these measurement endpoint species is estimated from the available sampling data.

Considerations for the selection of measurement species include the following: relevance to
and consistency with the assessment endpoints; rapidity and low variability of response, and
sensitivity to area stressors; diagnostic attributes of the response; and ease of measurement (EPA
1992a). In selecting particular measurement species from those functional groups listed in
Table 1-19, emphasis was placed on the availability of toxicological information that would allow
evaluation of effects. The selected species are widely used in monitoring at other locations in the
western United States and are common enough at the INEL to be considered for use in future
studies undertaken ~or detailed risk assessments. Other considerations included those shown in
Table 1-19. The measurement endpoint species selected for evaluation at WAG H are bunchgrass
and sagebrush, deer mouse, northern harrier, pronghorn, and mallard (Table 1-19).

1-2.7.3 Measurement Endpoints

Measurement endpoints are measurable responses to contaminants that can be related to the
assessment endpoints. For the screening-level risk assessments, actual environmental effects to
species are not measured. Therefore, the measurement endpoints are derived from published
values of chronic and acute toxicity of COPCS in food, environmental media, or tissues of
measurement endpoint species or their surrogates. The measurement endpoints vary but are
generally selected to be indicative of significant effects on survival, reproduction, or growth of the
measurement endpoint species. Given the ecological effects of the selected COPCS provided in
Section A-2.6, effects on the reproduction and livers of the measurement species were preferred.
However, the toxicological database i$ limited and the actual measurement endpoints are
determined by available data. The particular endpoints used in the case study are identified in the
“Analysis” (Section I-3).
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Table 1-19. Measurement endpoint species–WAG H

Measurement Relevance to assessment endpoints Responsiveness and
endpoint species diagnostic attributes Ease of measurement

Bunchgrass, Dominant species of native shrubs
Sagebrush and grasses.

Deer mouse Most common small mammal at the
site. Likely to occur in disturbed
habitats at or near the OUS.

Pronghorn

y Northern harrier
3

Mallard

Most common large herbivore at the
INEL.

Common raptor, breeds at the lNEL
near WAG H.

Common waterfowl species, assumed
to utilize the waste pond aquatic
habitat during breeding and
migration.

Rooting plants are in direct contact
with contaminated soils. Phytotoxic
effects may include specific responses
to COPCS.

Herbivorous and burrowing habits are
representative of worst-case exposure
for small mammals. Prolific breeding
and short lifespan allow for rapid
response to COPCs.

Regarded as a transient al the site but
could be exposed to wind-blown
COPCk or via drinking water.
Difficult to assess due to migratory
behavior and large home range.

Consumption of small vertebrates as
prima~ food item and year-round
presence at the site are representative
of worst-case exposure for raptors.

Literature indicates measurable uptake
of radionuclides occurs over short
durations of exposure.

Published toxicological information
available for similar species of grasses
and shrubs. Can be easily collected or
surveyed for detailed studies.

Extensive toxicological database
available for related species of
rodents. Previously used for site
monitoring.

Toxicological data available for
radionuclides in grazing food chain.

Commonly used as an indicator
species for contaminant studies.

Relatively extensive database of
toxicological effects exists for
mallards. Previously used for site
monitoring.



If potential risks are determined to be present at WAG H, a detailed risk assessment maybe
initiated in which field investigations of exposure and effects could be conducted. In this event,
WAG H specific measurement endpoints can be developed to guide the investigations.

1-2.8 Ecological Conceptual Site Model

Generally the ecological conceptual site model depicts all routes of contaminant migration
and exposure at a given area. However, as applied to the final step of the problem formulation in
screening-level EIU4 for WAG H, the model was used to clearly picture the most important
aspects”of the assessment which were delineated in the previous sections of the Problem
Formulation and are to be examined further during the Analysis and Risk Characterization
phases. As shown in Figure 1-10, the case study will focus on the ingestion and uptake of
contaminants by deer mice, pronghorn, northern harriers, mallards and plants from soil, water,
sediments, plants and prey items. This ecological conceptual model for WAG H can be
summarized in the following set of working hypotheses:

Hypothesis 1: Potential ecological risks are presented to the selected terrestrial receptors at
WAG Has a result of their exposure to the selected COPCS in surface soils.

Soils at WAG H are contaminated with a variety of site-related constituents including
chromium, 90Sr and PCE. Contaminants could affect the OUS and areas surrounding the OUS as
a result of win; and water erosion, or translocation of contaminants by wildlife. These COPCS
may be mobilized in the terrestrial food chain, and direct exposure may result via ingestion of soil
by wildlife. In addition, uptake of COPCS from surface soil by vegetation of the sagebrush/steppe
ecosystem may result in effects to the vegetation. Small and large herbivorous fauna that feed on
the native vegetation and raptors that prey on small mammals represent other trophic levels that
may be exposed to COPCS through the food chain.

Hypothesis 2 Potential ecological risks are presented to selected aquatic and terrestrial
receptom at WAG H as a result of exposure to selected COPCS in surface water
and sediments.

Surface water and sediments at the site are contaminated with site-related constituents
including ‘OSr. Contaminants could migrate to the surface soils of the OUS and areas surrounding
the OUS as a result of air deposition of windblown contaminants (during periods of pond dryness)
or translocation of contaminants by wildlife. These COPCS may then be mobilized in the aquatic
and terrestrial food chains, and exposure may result through ingestion of sediment, surface water,
and nearby surface soils by wildlife. Since the pond is artificial, its integrity as an ecosystem is not
of primary concern, but potential effects on waterfowl and other wildlife using the pond are of
concern.

Each of these hypotheses are evaluated during the Analysis and Risk Characterization
phases of the case study. ,
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Figure 1-10. Ecological conceptual site model for WAG H.
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1-3. ANALYSIS

The analysis phase of screening-level ERA involves the evaluation of exposure to COPCS
(see Section 1-3.1) and potential effects of exposure (Section I-3.2). These activities are
conducted interactively to ensure that the methods used to evaluate exposure and effects are
compatible. Analysis of exposure and effects is based on the ecological endpoints and conceptual
model derived during Problem Formulation (Section 2).

I-3.1 Exposure Assessment

The exposure assessment at WAG H involves estimating exposure to contaminants for the
measurement endpoint species identified in Section 2. To derive these estimates, assumptions
were made regarding ecological receptors’ contact with and uptake of COPCS. When available,
site-specific and species-specific exposure parameters were used to derive exposure estimates.
Otherwise, exposure parameters were derived from published or readily available information, as
described in this section. The exposure assessment is divided into the following sections:

●

●

●

●

1-3.1.1

In

“Contaminant Transport and Fate” (Section 1-3.1.1)

“Exposure Point Concentrations” (Section 1-3.1.2)

“Exposure Scenarios and Pathways” (Section 1-3.1.3)

“Exposure Estimates” (Section 1-3.1.4).

Contaminant Transport and Fate

this section, information on the behavior of COPCS in environmental media at WAG H is
qualitatively reviewed. No formal transport and fate modeling will be conducted for this
screening-level ERA.

/-3. 7.7.7 Chrornhun. Chromium is a multivalent element and can exist in the +2, +3, and
+6 oxidation states. The latter two, chromium (III) and chromium (VI), are the most stable in
the environment. In soils and sediments, chromium is influenced by oxidation/reduction reactions
and can be adsorbed on the mineral and organic exchange complex or exist as a coating in iron
and manganese hydrous oxides particles. Moreover, chromium can remain in solution in the
porewater phase, become chelated by an organic Iigand, or precipitated as sparingly soluble or
highly insoluble (Adriano 19S6; Bodek et al. 1988).

The adsorption of chromium (VI) by hydrous metal oxides and other soil’mineral
components decreases as pH increases. Therefore, in the alkaline soils of WAG H,
chromium (VI) adsorption to soils may be low. The presence of other anions (e.g., sulfate and
phosphate) significantly affects the extent of adsorption by competing for adsorption sites.
Formation of ion pairs, such as dissolved calcium chromate, can also reduce the extent of
adsorption. In contrast to chromium (VI), the adsorption of chromium (III) increases with pH.
In general, it appears from laboratory studies that chromium (III) is adsorbed more strongly than
chromium (VI). This may be especially true in the alkaline soils of WAG H. Organic material
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may also be an important adsorbent in sediments and soils. The soils of WAG H are generally
low in organic materials, which indicates a decreased potential for adsorption.

Typically, in normal, well-drained arid soils, the great majority of chromium is in the form of
chromium (III) which may not be mobile in the WAG H soils. On average, chromium (VI) was
found to be less than 1% of total chromium at WAG H so exposure to chromium (VI) is not
expected to be widespread. Although the exposure to and concentrations of chromium (VI) are
expected to be relatively low, this form of chromium is mobile in alkaline soils and is more toxic
than chromium (III).

/-3. 7.7.2 Stronthm?-90. Strontium is an alkaline earth element and is, therefore,
chemically similar to calcium and barium. Strontium follows calcium through food chains from
environment to organism, but some degree of discrimination exists against strontium (Kirchman
et. al. 1993). Because strontium acts similarly to calcium in biota, it is retained in vertebrate
organisms primarily in bone and in the hardshells of invertebrates.

‘“Sr is a radionuclide formed during nuclear fission. It has a radioactive half-life of
29.1 years and decays by beta emission. Its daughter radionuclide, yttrium-90 (goY), also is
radioactive. ‘OY has a half-life of 64 hours and decays by beta emission to the stable isotope
zirconium-90 (90Zr) (Shleien 1992).

During the 1950s and 1960s, large quantities of 90Sr were released to the atmosphere in
above-ground nuclear detonations and were subsequently dispersed throughout the world. In
temperate latitudes, wet deposition from precipitation (rain and snow) accounts for 80 to 90% of
the total 90Sr in atmospheric fallout. Hence, some ‘OSr in the environment at the INEL may be
fallout 90Sr from above-ground nuclear testing.

Because 90Sr is produced in the fuel of nuclear reactors, some 90Sr in the environment at the
INEL maybe from the reactors operated there or from waste transported onto the site. The
World Health Organization (WHO) (1983) reports that small amounts of 90Sr produced in reactor
fuel may reach the coolant through defects in the fuel cladding. In coolant purification or
following coolant leakage, 90Sr may reach the gaseous and/or liquid effluent streams and, in
controlled amounts, be released to the environment.

In terrestrial ecosystems, 60 to 80% of 90Sr from fallout is retained in the upper 5 cm of
90Sr in soil typically is slow and dependsundisturbed soil (Home 1978). The rate of movement of

on soil type; low cation exchange capacity, rapid water movement, and high electrolyte
90Sr by root uptake andconcentrations increase migration rates (WHO 19S3). Plants acquire

direct deposition onto foliage. Adsorption into the leaves is relatively slow, and superficial
material is readily lost. Uptake from soil normally is the primary mode of 90Sr entry into plants.
The amount of exchangeable calcium in soil is a key factor in determining the extent of 90Sr
uptake by plants; uptake is greatest from soils of low calcium content. The relatively high levels
of calcium found in WAG H soils may decrease the plant uptake of 90Sr. 90Sr in plants can be
transferred to herbivorous animals and subsequently to higher trophic levels (WHO 1983;
Kirchman et al- 1993).

In the aquatic environment, strontium, like calcium, exists primarily in ionic form (Sr2+) and
is not strongly sorbed by suspended particulate matter. Stable strontium concentrations in inland
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waters in the United States range from 12 pg/L (Sebago Lake, Maine) to 2,100 pg/L (Great Salt
Lake, Utah) (Home 1978). Many aquatic organisms acquire strontium and calcium by direct
uptake from water. Consequently, strontium accumulation in aquatic biota depends little on
trophic level (WHO 1983).

90Sr in the environment at the INEL most likely is from both atmospheric fallout and release
from reactors onsite. 90Sr in the environment is transferred to animal and human diets primarily
through terrestrial pathways, is retained in vertebrate organisms primarily in bone, but also is
retained in muscle tissue and various internal organs (Kirchman et al. 1993).

Because the 90Sr beta particle penetrates only a few millimeters in water or solid materials
(Shleien 1992), most organisms absorb 100% of the radiation dose from 90Sr in their bones and
soft tissues. The external radiation dose from low levels of 90Sr in the environment is probably

90Sr beta particle travels only about 40 cmnegligible for most birds and mammals because the
through air. However, soil invertebrates and small burrowing mammals may receive a significant
external radiation dose from 90Sr in soil.

Research has been conducted at the INEL on 90Sr in soil, sediment, and water, and uptake
by plants, mammals, birds, and invertebrates (Appendix F in the manual). For the case study,
relevant INEL research was reviewed to identi~ qualitative and quantitative information useful
for the exposure assessment at WAG H. Significant concentrations of 90Sr are likely to be found
in the soils, surface water, and sediment of WAG H. ‘

/-3. 7.1.2 Tetrachloroethene. Tetrachloroethene (~Cld; CAS number 127-18-4) is a
nonflammable volatile organic compound that exists as a liquid between -22 and 121°C. The
compound’s water volubility is 150 mg/L at 20”C so, once transported to an aqueous medium, it is
very soluble. Common synonyms for tetrachloroethene include carbon dichloride, ethylene
tetrachloride, PCE, and tetrachloroethylene (WHO 1984). The compound is artificial and is not
known to occur as a natural product.

Tetrachloroethene is mainly used in dry-cleaning and decreasing operations. At WAG H,
the compound was found in soil from the burn pit, probably as a result of disposal of decreasing
compounds at this location. Most (about 85%) tetrachloroethene disposed of on land evaporates
into ambient air (WHO 1984). In the atmosphere, the compound is photodegraded in the
presence of water, ultimately to form trichloroacetic acid (TCA), hydrochloric acid, and carbon
dioxide. Some tetrachloroethene disposed of on land will infiltrate into soil and may possibly
reach groundwater where it is moderately mobile (Fetter 1988). The compound can be relatively
persistent in the subsurface environment and undergoes biodegradation only under anaerobic
conditions (Parsons et al. 1984).

At WAG H tetrachloroethene is likely to evaporate rapidly from surface soils because of the
warm dry climate. If it reaches surface soils, it may persist. In surface water tetrachlorethene is
likely to remain in solution, with some volatilization and some deposition to sediments.,

1-3.1.2 Exposure Point Concentrations

The exposure media of ecological concern at WAG H include surface water, sediment,
surface soil. For these media, the average exposure case was considered. Exposure point
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concentrations (EPCS) calculated for the average exposure case are the average surface water,
sediment, and soil concentrations of COPCS at WAG H (see Table 1-20). The EPCS for surface
water and sediment were estimated using data collected from the waste pond (OU-3). The EPCS
for soil were conservatively estimated from surface and subsurface soil samples from the waste
burial pit (OU-1) and burn pit (OU-2), and from the maximum concentrations detected at other
WAG H locations outside the OUS. The use of the average concentrations to calculate EPCS is
conservative since the sampling at WAG H is biased toward areas of known and suspected
contamination. This approach results in estimated exposure doses that are most likely higher than
the actual doses received by ecological receptors at the site. Therefore, the average COPC
concentration in each of the affected media is considered to be an estimate of the RME for the
case study.

I-3.1.3 Exposure Scenarios and Pathways

As discussed in Section 2, five functional groups were selected for the quantitative ecological

risk assessment: a species of shrub or grass, a small mammal, a large herbivorous mammal, a
raptor, and a waterfowl. Shrub and grass species are represented by bunchgrass or sagebrush;
small mammals are represented by the deer mouse; large herbivorous mammals by the pronghorn;
raptors by the northern harrier; and waterfowl by the mallard.

Each of the wildlife endpoint species was assumed to be exposed to COPCS via the following
three pathways: the food chain (aquatic or terrestrial), incidental soil or sediment ingestion, and
drinking water from the waste pond. Since the mallard was assumed to feed entirely from the
aquatic food chain, 90Sr (in surface water and sediment) and chromium (VI) (in sediment) are the
COPCS to which the mallard is exposed. The deer mouse, northern harrier, and pronghorn are
assumed to be exposed to all COPCS through the ingestion of soils and food as well as to 90Sr
through drinking water.

The exposure model for nonradiological contaminants (discussed in Section 3.1.4.1, below)
allows for the determination of food-chain exposure through ingestion of multiple dietary items.
The use of multiple dietary items is recommended for actual assessments; however, for the case
study, each endpoint species’ diet was assumed to be composed of a single food type. This
assumption was made to simpli~ the presentation of calculations for food-chain exposure. The
food item selected to represent the entire diet was the staple in the actual diet, as discussed in
sources such as Martin et al. (1961) and DeGraaf and Rudis (1992). The mallard was assumed to
obtain all its food from the waste pond aquatic food chain in the form of macrophytes. The deer
mouse and pronghorn diets were assumed to be composed entirely of various terrestrial plants.
The northern harrier’s diet was assumed to be composed of various small mammals.

1-3.1.4 Exposure Estimates

This section discusses the methods used to quantitatively estimate the exposure of selected
WAG H endpoint species to the COPCS. The calculations for total exposure of each of the
endpoint species to nonradiological COPCS is discussed in Section 3.1.4.1. The calculations used
to estimate terrestrial food-chain exposure arc described in Section 3.1.4.2. Radionuclide dose
estimates for the terrestrial measurement species are provided in Section 3.1.4.3. The exposure of
the mallard to ‘OSrwas assessed using a published computer model (CRITR2) and is discussed in
Section 3.1.4.4.
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Table 1-20. Exposure point concentrations-WAG H.

Surface ,3vater Sediment Soil

Average Average Average

COPC concentration N’ concentration N concentration N

Chromium (HI) — 66.3 @/g 45

Chromium (VI) 0.39 /@g 9 0.44 pgg 11

Strontium-90 1.58E-06 .uCi/mL 68 314 pci/g 28 534 pCi/g 38

PCE — — 0.035 @g 8

a.N= Numberof samples.

i-3. 1.4.1 Exposure Parameters and Formulas for Nonradiological Contaminants.
Total exposure of each of the wildlife receptors to nonradiological chemicals was calculated as the

sum of the dieta~, soil (or sediment), and drinking water exposure estimates:

‘%ater

Total exposure (mg/kg BW ● day)

Estimated exposure to COPCS from food ingestion (mg/kg BW ● day)

Estimated exposure to COPCS from soil ingestion (or sediment) (mgllcg
BW ● day)

Estimated exposure to COPCS from drinking water ingestion
(mg/kg BW . day).

The exposure estimates for the nonradioactive COPCS from dietary exposure and exposure

from ingestion of soil, sediment, or surface water for each wildlife receptor were calculated by

multiplying each prey species tissue concentration by the proportion of that prey in the diet;

summing these values; multiplying by the receptor’s site use factor (SUF), exposure duration

(ED), and ingestion rate (IR); and dividing by the receptor’s body weight (BW). The exposure
parameters used for these calculations are provided in Table 1-21 (with the exception of prey
tissue concentrations, which are discussed below in Section 3.1.4.2). Dietary exposure is
represented mathematically as:

EE [(PI‘Tl)+(P2XT2)+-(P.XTJIXSUFXED‘m
food = BW

where: ,

EEfood = Estimated exposure to COPCS from food ingestion (mgikg BW

Pn = Percentage of diet represented by food item ingested (Pl + P2

equal 100%).
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Table I-21. Exposure parameters for measurement endpoint species.

Percent of dicta

Home Ingestion
Small Soil/ rangec Site use Exposure Drinking rater Bodyweightc

Receptor Plants mammals sedimentb (acres) factord duratione rater (L/day) (k#day) (kg)

Mallard I 00 — 2 192 1 lg 0.0986 0.061 1.08

Deer mouse 100 — 2 2 1 1 0.0060 0.004 0.027
Nor[hernharrier — 100 2 243 1 1 0.0482 0.033 0.42

Pronghorn 100 — 5 2,530 0.50 I 1.699 1.418 46.1

a. Approximate valuesassumed for simplicity. Values greater than 100% result from the soil/sedimentintake being calculated as a percentage of and added to the
food intake percentages.

b.

c.

$ ‘“

c.

f.

g.

Beycr et al. (1992).

DeGrtiaf and Rudis (1986) for mallard and northern harrier; Burt ZmdGrossenheider (1976) for deer mouse and pronghorn.

Si[c usc factor (unitlcss) is derived by dividingthe site size ( 1,2S3acres) by the receptor home range. Value is not to exceed 1.

Fraction of year spent in region, Oto 1 (unitlcss).

Scc text for method for calculation.

For radionuclidcs,exposure duration was assumed to bc I (365 days)for a resident mallard and 0.016(6 days) for a migratory mallard (see text).



SUF =

ED =

IR =

BW =

Tissue concentration in food item n (mg/kg), calculated by multiplying the

chemical concentration in media (or food item) by a bioaccumulation factor

(BAF).

Site use factor, equal to the area of WAG H (acres) divided by area of home

range (acres) to a maximum of 1.0.

Exposure duration (unitless), equal to the fraction of the year spent

inhabiting WAG H.

Ingestion rate of receptor [kg Dry Weight (DW)/day]

Body weight of receptor (kg).

Literature sou~ces of dietary information for the measurement spec;es included Martin et. al.
(1961) and DeGraaf and Rudis (1992). Home range sizes were taken from Burt and
Grossenheider (1976) and DeGraaf and Rudis (1992). Food ingestion rates were calculated from
the intake formulas presented in Suter (1993); the equations are listed in Table I-22. Literature
sources for body weights of receptor species included Dunning (1993), DeGraaf and Rudis (1992),
and Burt and Grossenheider (1976).

The SUF was calculated by dividing the WAG H area by the home-range area (to a
maximum of 1.0). This process conservatively assumed the home ranges were centered on
WAG H. An Exposure Duration (ED) value of 1.0 was used for receptor species that are
year-round residents of the region, and a value between O and 1.0 was used for migratory species
(mallard) based on the fraction of the year spent in the region. For the case study, each of the
endpoint species was conservatively assumed to be a year-round resident, with the exception of
the mallard (see Section 3.1.4.4).

Receptor exposure to chemicals from soil (or sediment) ingestion (EE~Oil/~~dim~~t)was
estimated by multiplying the soil concentration (mg/kg) by the percentage of soil in the diet of
each receptor (kg/d); multiplying by the SUF, ED, and IR; and dividing by BW. Soil ingestion
data as a percentage of diet were taken from Beyer et al. (1994).

Table 1-22. Food intake formulas for wildlife?

Food intake formulab
Wildlife group (g/day)

Rodents 0.621 (BW)0-5a

Herbivorous mammals 0.577(BW)0.727

Birds 0.648 (BW)0.G51,

a. Suter 1993.

b. Dry-weight basis.
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To estimate drinking water intake for nonradionuclide COPCS, the following formula from
Suter (1993) should be used:

water intake (L/day) = 0.093 BW0-75W (3)

where:

BW = Body weight of receptor (kg).

The exposure to a COPC via water ingestion (E~V,,,,) is then calculated by multiplying the water
ingestion rate (L/day) by the concentration of the COPC in water (mg/L); multiplying by the SUF,
and ED; and dividing by BW.

No nonradiological contaminants were selected for evaluation in surface water at WAG H.
Therefore, the E~,t~P as des~ribed here, was not utilized in the calculation of total exposure of
the measurement species at WAG H. The drinking water exposure was calculated only for 90Sr
which requires a separate calculation process (see below).

/-3. 1.4.2 Terrestrial/ Food-Chain Exposure Ca/cu/ations. To calculate uptake of
contaminants in the terrestrial food chain, contaminant transfer from environmental media or
food to plant or animal tissues was estimated from published concentration factors. These
contaminant-specific concentration factors are referred to as “uptake factors” for plants and
“food-chain transfer factors” for wildlife. The plant uptake factor is generally described as the
plant tissue concentration of a COPC divided by its soil or sediment concentration. The plant
uptake factor was used to calculate the concentration of COPCS in plant tissues. The plant tissue
concentration of the COPC was then used as Tn in Equation (2).

A plant uptake factor for chromium in soil was taken from Baes et al. (1984). Alternatively,

site-specific plant uptake factors could be calculated using data in Arthur and Gates (1988). For
PCE, the plant uptake factor was calculated from the octanol-water partition coefficient, using the
approach described by Travis and Arms (1988). A site-specific plant uptake factor for 90Sr of 1.11
was calculated from 90Sr levels in soil and crested wheatgrass from the INEL, based on data from
Arthur (1982). This uptake factor falls within the range of published ‘OSr plant uptake factors
(0.13 to 2.3) for common crop plants reported by Kirchman et al. (1993). Plant uptake factors for
nonradiological COPCS at WAG H sites are listed in Table 1-23.

The food-chain transfer factor is the animal tissue concentration of a COPC divided by the
concentration in its food. To estimate the tissue levels of COPCS in prey items of wildlife at
different trophic levels, the food-chain transfer factors for each trophic level were’ multiplied
together to derive a BAF, which is the concentration of a COPC in the tissues of an animal
divided by the soil or sediment concentration. The BAF accounts for the transfer of contaminants
at each trophic level up to the species of concern. For example, the BAF for an herbivorous
small mammal is the plant uptake factor times the plant-to-herbivore transfer factor. The BAFs
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Table 23. Uptake factors for plants–nonradiological contaminants.

Uptake
Habitat COPC facto? Remark Reference

Terrestrial Chromium (III) 0.0075 Vegetative parts. Baes et al. (19f34)

Aquatic

PCE 1.22 Calculated from log NW Travis and Arms
(19s8)

Chromium (VI) 0.26 Sediment to macrophyte Hoffman et al. (1990)
uptake factor. Calculated by
dividingtotal chromium in
macrophytes by total
chromium in sediment; value
is an average for cattail,
bulrush, and pondweed.

a. Dry weight basis (plant DW concentration)/(soilor sediment DW concentration).

were used to estimate the tissue levels of a COPC in a particular small mammal by multiplying the

small mammal BAF times the concentration of a COPC in the soil inhabited by the mammal.

This tissue level may then be used to estimate exposure for predators of smali mammals as Tn in

Equation (2).

For animal receptors, BAFs and food-chain transfer factors for COPCS were taken from the
literature or calculated from literature data. Data on chemical concentrations in wild animals, as
opposed to domestic or laboratory animals, were used when available. Food-chain transfer factors
for herbivores and birds are provided in Table I-24. Estimated tissue levels ~n in equation (2)] in
food-chain components are provided in Table I-25.

/-3, 7.4.3 Radiation Dose Esfhnafes for Terrestrial Receptors. Internal radiation dose
estimates were calculated using the approach presented by IAEA (1992). Consistent with this
approach, the steady-state concentrations of radicmuclides in reproductive organs of animals were
estimated. For the case study, these concentrations were assumed to be equal to the
concentration in the whole body, although data on stable concentrations of strontium in tissues

Table 1-24. Food-chain transfer factors for wildlife–nonradiological contaminants.

Transfer
Animal group COPC factor Remark Reference

Herbivorous Chromiuma 0.008 Determined in feeding Taylor (1980) as
mammals studies with cotton rats. cited by Eisler

(1986).

PCE 1.6 X 10-4 Calculated from log KOW Travis and Arms

and an assumed muscle- (1988); Suter (1993)
tissue moisture content for tissue moisture.
of 54’%0.

a. Transfer factor used for both chromium (III) and chromium (VI).
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Table 25. Bioaccumulation factors and estimated tissue levels–nonradiological contaminants.

Plants Macrophytes Herbivorous mammals

Uptake Tissue level Uptake Tksue level T~ue level
Chemical factor (m#kg) factor (mfykg) BP (mg/kg)

Chromium (III) 0.0075 0.497 NC NC 0.00006 0.00398

Chromium (VI) 0.0075 0.0033 0.262 0.102 0.00006 0.0000264

PCE 1.22 0.0427 NC NC 0.000195 6.83E-06

a. Mammal BAF derived by multiplyingplant to herbivore transfer factor by plant uptake factor.

could have been used to estimate reproductive tissue concentrations [International Commission

on Radiological Protection (ICRP), 1959]. Dose rates were then calculated from the following

equation:

Dose rate (Gy/day) =

[90Sr tissue [average decay . [fraction of decay

level (Bq/kg)] “ energy (MeV/dis)] energy absorbed] . [8-64 x 104dis/day . Bq] (4)

[103g/kg][6.25 x 109 MeV/g . Gy]

The 90Sr tissue concentrations were derived by multiplying the concentration of radionuclides

in soil for plants and in food items for fauna, by the concentration factors provided in Table I-26

and then multiplying by the SUF and the ED shown in Table I-27. The tissue levels are shown in

Table I-27 in units of pCi/kg. Units were converted to Bq/kg by dividing the value by 27.03. The

average decay energy for the 90Sr ~ particle (0.1958 MeV/dis) was taken from Shleien (1992).

The fraction of decay energy absorbed was assumed to be 1.0; this is a reasonable assumption

given the short distance (<1 mm) that 90Sr ~ particles can travel through solid materials (Shleien

1992). The last term in the numerator (8.64 x 10q dis/day . Bq) is a unit conversion factor and

comes from the equality 1 Bq = 1 dis/sec. The two terms in the denominator of Equation (4)

also are unit conversion factors; 6.25 x 10-9MeV/g . Gy comes from the equality 1 Gy = 6.242 x

109 MeV/g (Shleien 1992). Table I-27 lists calculated internal dose rates from 90Sr for the

terrestrial receptors at WAG H.

Intake of 90Sr for drinking water was calculated from Equation (3) and was compared to the

intake from dietary sources for each of the measurement species. As the intake from drinking

water was found to be 6 to 8 orders of magnitude less than intake from food, this source of
exposure was negligible for terrestrial wildlife.

/-3. 1.4.4 Radiation Dose Estimates for Semi-Aquatic Wildlife. To estin@e radiation
doses to the mallard from 90Sr releases to the WAG H waste pond, the computerized exposure

model CRITR2 was used. CRITR2 provides a simplified means of calculating radiation doses to
semi-aquatic or aquatic biota from radionuclide concentrations in water and/or sediments, using a
restricted number of parameters relating to the discharge and the receiving water body (NCRP
1991; Baker and Soldat 1992)- Two exposure scenarios were simulated for the mallard. For the
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Table 1-26. Strontium-90 concentration factors.

I

Concentration

Receptor facto? Remark Reference

‘Sr concentration in crestedBunchgrass/Sagebrush 1.11 Calculated by dividing the Arthur (1982)
‘Srconce.ntration in soil. Plant and soil datawheatgrass by the

from lNEL site.

Deer mouse 1.07 Mouse BAF (carcass/soil). Calculated by dividing the 90Sr Arthur et al. (1987) for mouse tissue

activity in a deer mouse carcass from a background site by the data; Arthur and Markham (1983) for

90Sr levels in background soils surrounding the INEL site. soil data.

Pronghorn 1.54 Antelope BAF (carcass/soil). Calculated by dividing the ‘Sr Markham and Halford (1980) for ‘Sr

activity in pronghorn bone ash from a background site by the data.
90Sr activity in soil from the site. The resulting BAF was

adjusted to a whole-carcass BAF by multiplying by 0.08. The
animal’s body composition was assumed to be 8% skeleton and

92% soft tissues.

Northern harrier 1.10 Bird carcass/soil BAF. Conservative assumption. None. No 90Sr tissue data are available
for raptors on or near the INEL site.

a. Dry wcig.htbasis (tissue DW conccnlralion)/(soil DW concentration).

.
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Table 27. Estimated internal dose rates to terrestrial endpoint Strontium-90 species.

Internal
Site use Exposure Tissue Ievelc dose rated

Receptor Concentration factora factorb durationb (pCi/kg) (~lday)

Bunchgrasslsagebrush 1.11 1 1 592,740 5.94E-05

Deer mouse 1.07 1 1 571,380 5.73E-05

Northern harrier 1.10 1 1 534,000 5.35E-05

Pronghorn 1.54 0.5 1 822,360 4.12E-05

a. For bunchgrass and sagebrush, vahreis the plant uptake factor (see Table I-3.4); for kangaroo rat, northern harrier, and
pronghorn, value is the BAF (see Table I-24).

b. See Table I-27.

c. Tksue level equals level in soil times theconcenwa[ion factor times the site use factor times the exposure duration.

d. See text forexplanation ofealculation ofinternal dose rate from tissue concentration.

simulation for migratory mallards, calculations were done by hand following procedures described

by Baker and Soldat (1992). The exposure parameters used in the simulations for the mallard are

shown in Table I-28. The simulations performed for the waste pond assumed no dilution or

recirculation.

/-3. 1.4.5 Total Exposure Estimates. The total estimated exposure of the measurement

species to the selected COPCS is presented in Table I-29. Exposure to nonradiological COPCS

was assessed using Equations (1) and (2) for wildlife measurement species. For plants no

exposure assessment was necessary for nonradionuclides because the soil concentrations of

contaminants were used to determine the risks to plants. The exposure to radiological COPCS

was estimated using Equation (4) for the bunchgrass/sagebrush, deer mouse, northern harrier and

the pronghorn. The mallard was assessed for exposure to radionuclides using the CR1TR2 model.

1-3.2 Ecological Effects Assessment

The purpose of the ecological effects assessment is to characterize the potential toxicity of
the COPCS to the measurement species at WAG H. The assessment presents an overview of the
sources of toxicological information and methods for evaluation and is divided into the following
sections:

● “Toxicity Benchmark Values” (see Section 1-3.2.1)

● “Uncertainty Factors” (see Section I-3.2.2)

● “Toxicity Reference Values” (see Section 1-3.2.3).

The approach taken for ecological effects assessment is as follows. Toxicity benchmark
values (TBVS) were selected from the ecotoxicological database. These TBVS served as the basis
for developing TRVS, using selected uncertainty frtctors to relate the TBVS to the appropriate
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Table 1-28. Radionuclide exposure parameters used in the CRITR2 Model for the Mallard.

Exposure Body Ingestion Occupancy Proportion of time
duration Macrophytes in weight” rate” Equivalent factorb Immersionb spent on surface Roughnessb

Receptor (days) diet” (%) (kg) (kg/day) radiusb (cm) (unitless) (unitless) waterb (unitless) (unitless)

Mallard 365’, 6~ 100 1.08 0.061 5.0 0.20 0.30 0.5 0.2

a. See Table I-3.2.

b. Values are default parameters of the model.

c. Resident mallard scenario.

d. Migratory mallard scenario.

~ Table 1-29. Total estimated exposure for measurement endpoint species–WAG H (mg/k@lW-day).
4+ Strontium-90

Receptor Chromium (III) Chromium (VI) PCE (Gy/day)

Bunchgrass 6.63E+01 4.40E-01 3.50E-02 5.94E-05

Mallard (resident) NC 6.23E-03 NC 1.60E-02

Mallard (migratory) NC NC NC 2.76E-04

Deer mouse 2.69E-01 1.79E-03 6.40E-03 5.73E-05

Northern harrier 1.05E-01 6.95E-04 5.56E-05 5.35E-05

Pronghorn 6.21E-02 4.12E-04 6.79E-04 4.12E-05

,-



first scenario, year-round residence of the mallard at the waste pond was assumed. For the
second scenario, ducks were assumed to be migrato~ and their exposure duration was limited to
six days. This is the average waterfowl residence time at the waste pond estimated by Halford
et al. (1982). Year-round residency is a default assumption of CRITR2; to perform the
measurement endpoints and measurement species. The TRVS were expressed in terms of a dose
(e.g., mgikg-d) and were used in the assessment of risks to mammalian and avian measurement
endpoint species. In the assessment of the potential effects of chromium and PCE on terrestrial
plants, phytotoxicity TRVS are expressed in terms of soil concentrations rather than doses. The
TRVS were derived from published information as described in this section.

I-3.2.1 Toxicity Benchmark Values

TBVS are doses from published toxicological studies that are considered to be the most
consemative and defensible thresholds for adverse effects of COPCs on particular animal groups.
A comprehensive literature and database search was performed to identify relevant TBVS for
ecological receptors at WAG H. The principal data sources included:

● Primary literature sources (journal articles and scientific publications).

● Regist~ of Toxic Effects of Chemical Substances (RTECS) [U.S. National Institute of
Occupational Safety and Health NIOSH) 1994].

b Hazardous Substances Database (HSDB) [National Library of Medicine (NLM) 1994].

● Integrated Risk Information System (IRIS) (EPA 1994).

● Toxicological Profile Series of the Agency for Toxic Substances and Disease Regist~
(ATSDR) [U.S. Department of Health and Human Services (HHS) 1992 1993].

● Phytotox Database (PHYTOTOX) (EPA 1992c).

● Chemical Evaluation Search and Retrieval System (CESARS) [Michigan Department
of Natural Resources (MDNR) 1994].

● Oil and Hazardous Materials/Technical Asistancc Database (OHMflADS)

(EPA 1994b).

Regardless of the source of the data, the primary reference was obtained whenever possible to

fully interpret and review the data as presented by the authors of the original study.

Because toxicity data for the measurement endpoint species were often unavailable for the
COPCs at WAG H, toxicity data for closely related species or species in the same functional
group were used to identify TBVS. The threshold contaminant intake level is likely to fall
between the Lowest Observed Effect Level (LOEL) and the No Observed Effect ‘Level (NOEL).
For the case study, a chronic NOEL was selected as the TBV, since it likely provides greater
protection against potential adverse effects than a LOEL and is a conservative approach
appropriate for screening-level ERA. Toxicity values representing the highest NOEL were
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preferred, but other values such as the concentration that is a lethal dose to 50% of population
(LD50) were considered if a NOEL was not found. Data for chronic toxicity were chosen when
available, but subchronic or acute data were used if no chronic data were found. If toxicity data
were unavailable for a COPC, that COPC was not evaluated quantitatively in the screening-level
ERA.

For most COPCS, several sources were available to select TBVS. These sources provide data
associated with a variety of toxicological endpoints and critical effects. The process of selecting
an appropriate toxicity endpoint for use as a TBV required assessment of the appropriateness of
various endpoints. In general, data indicative of overt health effects to individual organisms that
may result in population level effects, such as reproductive impacts, were preferred. Other less
adverse effects data, such as changes in organ weight or subtle physiological effects, which are less
likely to be directly associated with adverse population effects, were used only in the absence of
the preferred toxicity data.

Toxicity data reported as dietary concentrations [i.e., parts per million (ppm) or mg/kg in
food], were converted to a dose (i.e., mg/kg BW as an average daily intake] using data presented
in the source study or from information on average ingestion rates and BWS of test animals. For
each of the COPCS at WAG H, the pertinent toxicological data are reviewed and TBVS are
derived, as follows. The TBVS are summarized in Table 1-30. “

/-3.2. 1.7 Chromium (/f/). Rat and mouse oral LD~Ovalues range from 260 mg/kg-BW as
chromic nitrate to 2,369 mg/kg-BW for chromic acetate, and chronic NOELS for chromium range
from 2.7 mg/kg-BW for chromic chloride to 1,400 mg/kg-BW for chromic oxide (MacKenzie and
Hoppert 1958; Ivankovic and Preussman 1975). These data indicate the importance of the
chemical form of chromium with regard to its toxicity. Given this importance, it is very difficult to
choose the appropriate TBV without specific information on the form of the chromium
compounds found in WAG H soils. However, since in general chromium (III) is less toxic than
chromium (VI) and the majority of chromium in site soils is in the form of chromium (III), the
subchronic NOEL of 1,400 mg/kg-BW (Ivankovic and Preussman 1975) was chosen as the
chromium TBV for mammals. In addition, this NOEL is presented by the EPA in the integrated
risk information system (IRIS) as the. basis for the oral reference dose for human health risk
assessment. The endpoints studied during the investigation included effects on hematology, liver,
spleen, kidney, lung, heart, pancreas, stomach, small intestine, and bladder examination; food
intake; weight changes; life expectancy; fertility; and reproduction (Ivankovic and Preussman
1975).

Avian species were represented in the literature by studies of black ducks, which were fed
4.75 mg/kg-BW over a 5-month period with no effects on survival or reproduction (Haseltine
et al. 1985). Because this chronic NOEL was the only avian endpoint Iocatedi it was selected as
the chromium TBV for the mallard and the northern harrier. As trivalent chromium is an
essential trace element in the diet of birds and other animals, levels below this TBV could cause
dietary deficiencies (Puls 1988), and this value is likely to be highly conservative in comparison to
the NOEL for rats.

,

For chromium, potential phytotoxicity was addressed qualitatively by obtaining threshold soil
concentrations of COPCS from the literature. A TBV of 75 pg/g chromium in soil was the
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Table 1-30. Summary of toxicity benchmark values–WAG H.

Test
Chemical organism Exposure route-duration Endpoint Critical effects (m@~BW) Reference

PCE

Chromium (111)

Chromium (VI)
y

2

S[ronlium-90

Mouse

Oats

Black duck

Plants

Rat

Black duck

Plants

Ral

Rabbil

Black duck

Vole

Donkey

Swallow

Plants

Orai-6 weeks

Root uptake from heavy soil

Oral-5 months

Root uptake from agricultural
soils

Oral-90 days

Oral-5 months

Root uptake from agricultural

soils

Oral-1 year

Oral-6 weeks

Oral-5 months

Unspecified-Lifelime

Unspcciticd-3months

Unspccificd-Hatch to fledge

Unspecified-Lifetime

LOEL

NOEL

NOEL

LOEL

NOEL

NOEL

LOEL

NOEL

LOEL

NOEL

NOEL

NOEL

NOEL

NOEL

Liver damage

Sumival, Reproduction

Adverse effects on crop
yields

Various organ and
histopathologicaleffects

Survival,Reproduction

Adverse effects on crop
yields

Body weight, Patholobv

Liver damage

Survival,Reproduction

Survival

General health, Mortality

Growth

Production, Leaf fall

100

1 /lglg

4.75

75 ilglg

1,400

4.75

5 #g/g

2.4

1.7

4.75

0.015 GyJd

0.001 Gy/d

0.006 Cry/d

0.010 Gy/d

Buben and Flaherty (1985)

Adena and Henzen (1989)

Haseltine et al. (1985)

Kabata-Pendiab and
Pendiab (1992)

Ivankovicand Preussman
(1975)

Hasekine et al. (1985)

Adriano (1986)

Mackenzieet al. (1958)

Tandon et al. (1978)

Haseltine et al. (1985)

Mihok et al. (1985)

Garner and Barber (1966)

Zack and Mayoh (1982)

IAEA (1992)



lowest threshold value found in a review of soil concentrations considered to be phytotoxic by
various authors (Kabata-Pendias and Pendias 1992).

/-3.2.1.2 Chromium (VI). Acute LD~Ovalues for chromium (VI) range from 5 mg/kg-BW
for mice (Steven et al. 1976) to 22.5 mg/kg-BW for rats (ATSDR 1993). However, in another
study, subchronic exposure at 98 mg/kg-BW only resulted in hypoactivity in rats (Diaz-Mayans
et al. 1986). Hypoactivity was not seen at 9.8 mg/kg-BW during the same subchronic study, but
this concentration was not considered to be an appropriate NOEL because other, more sensitive
endpoints may exist.

MacKenzie and Hoppert (1958) found that chronic exposure of rats to chromium (VI) in
drinking water at 2.4 mg/kg-BW per day resulted in no toxic symptoms. This research examined
body weight, clinical blood chemistry, and gross and microscopic pathology. Other studies of rats
found that approximately 50 mg/kg-BW in food resulted in a slight toxic effect indicating that
chromium (VI) in food may be less toxic to rats than chromium (VI) in water. However, rabbits
were affected (blood chemistry and liver damage) at 1.7 mg/kg-B W of chromium (VI) (Tandon
et. al. 1978), indicating that rabbits may be more sensitive to chromium than rats, although
comparisons across different studies are conjectural.

The rat NOEL of 2.4 mg/kg-BW was chosen as the TBV for the deer mouse in the case
study, because the laborato~ rat more closely resembles the deer mouse than does the rabbit.
This value is also promoted by EPA as the basis for the oral reference dose for humans, which “
lends additional credence to this value. The rabbit LOEL of 1.7 mg/kg-BW was chosen as the
TBV to represent the pronghorn. This value was selected as the most conservative approach
given the lack of toxicity data for large herbivores. Moreover, due to the lack of chromium (VI)
toxicity data for birds, the chromium TBV of 4.75 mg/kg-BW was selected for birds (see
Section 1-3.2.1.1).

For plants, a chromium (VI) TBV of 5 ug/g in soil was the lowest threshold considered to
have adverse effects on plant growth (Adriano 19S6). No avian effects data were located for
chromium (VI).

/-3.2. 1.3 StrOntkJm-90. Effects of elemental strontium are not found except at high
concentrations in the diet [s530 mg/kg-BW for mice (NLM 1994)] and LD50S range from
2,629 mg/kg-BW for the rat to 8,100 mg/kg-BW for the mouse (NIOSH 1994). Because of the
low toxicity of elemental strontium, the major effects at WAG H are expected to be due to the
radioactivity of 90Sr. Therefore, only radiological TBVS were calculated for strontium.

Acute LD~o values for small mammals range from approximately 5 Grays (Gy) to 11 Gy, and
LDI values have been determined at 2 Gy (IAEA 1992). Mean litter sizes and number of
pregnancies were also reduced in mice at 4.8 Gy (Whicker and Schultz 1982), and 0.25 Gy
resulted in reductions in spleen weight and reduced platelet and Ieucocyte numbers in kangaroo
rats (Haley et. al. 1960).

.

Chronic studies on the effects of radionuclides have shown that the rate of chronic exposure
is more important than the total dose (IAEA 1992). In small mammals, decreased sumival was
detected at greater than 20 mGy/d; but at approximately 15 mGy/d, no population effects were
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noted in a population of voles, and at 13 mGy/d, no reproductive effects were noted in albino
rats. Chronic exposure of pigs and donkeys at 100 mGy/d resulted in death after several months,
but 1 mGy/d was found to be a NOEL (Garner and Barber 1966). The highest NOEL presented
in these data is 15 mGy/d and this value was chosen as the TBV for small mammals.

These data show that large mammals, such as donkeys, may be quite sensitive to
radionuclides. Since the pronghom is a large herbivorous mammal somewhat similar to the
donkey, the TBV for the pronghorn was based upon the donkey toxicity data. A chronic NOEL
of 1 mGy/d was chosen as the TBV for large herbivorous mammals.

The effects of irradiation on birds are not well documented. Several studies found 1 Gy/d
down to 200 mGy/d resulted in reduced hatching success and emb~onic mortality, respectively, for
passerine species. A chronic NOEL was established for swallows and wrens exposed to 6 mGy
(IAEA 1992) and was chosen to represent the avian TBV.

The most sensitive plant species was the pine tree; 20 mGy/d produced reduced litter

production and leaf fall. Doses of <10 mGy/d were predicted to represent a NOEL for plant

species (IAEA 1992) so 10 mGy/d was chosen as the TBV for plants.

/-3.2. 7.4 Tetrachloroethene. The LD~Ovalues for PCE range from 2,629 mg/kg-BW for
the rat (NIOSH 1994) to 8,850 mg/kg-BW for the muskrat (EPA 1994b). Oral LDLO

concentrations were listed as 4,000 mg/kg-BW for the cat and dog, and 5,000 mg/kg-BW for the

rabbit (NIOSH 1994). This information indicates that the rat was more sensitive to acute PCE

exposure than other species that have been tested.

Subchronic studies listed in IRIS show that mice exposed at 100 mg/kg-BW or higher for six
weeks had higher liver-to-body weight ratios and higher liver triglyceride concentrations (Buben
and O’Flaherty 1985). A LOEL for rats based upon similar effects was listed as 400 mg/kg-BW
(EPA 1994a). In the same study on rats, the next lowest dose below 400 mg/kg-BW was
14 mg/kg-BW, which was described as a NOEL. This large range between the LOEL and NOEL
does not allow a clear definition of the effects threshold. Given the unknown effects between 14
and 400 mg/kg-BW and the fact that rats do not appear more sensitive to chronic exposure than
mice, the mouse subchronic LOEL of 100 m@g-BW provided in Buben and O’Flaherty (1985)
appears to represent the best estimate of a TBV for small mammals. Because data for large
herbivorous mammals were unavailable, the small mammal TBV was used for the pronghorn.

No chronic studies were found for plant or animal exposure to PCE. Therefore, although
the above studies are subchronic, they represent the best available information. No avian toxicity
studies were located to establish TBVS for PCE for these receptors.

For plants, no studies were found on the phytotoxicity of PCE in soils. However, one of the
breakdown products of PCE degradation is the compound TCA, which is highly phytotoxic and
has been manufactured and widely used as an herbicide. Therefore, toxicity benchmarks for TCA
were evaluated as surrogates for PCE. The lowest threshold TBV for TCA is 1.0 ‘pg/g, which is a
NOEL for oats grown in a loamy soil (Adema and Henzen 1989).
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1-3.2.2 Uncertainty Factors

The toxicity data for wild, free-ranging wildlife are not as complete as those found for
laborato~ or domestic test species. Therefore, extrapolation of toxicity data from laboratory or
domestic animal studies is often necessary to obtain TRVS for measurement endpoint species.
Additional sources of uncertainty include extrapolation from acute or subchronic exposure doses
to chronic doses, and extrapolation to sensitive or protected species. Because of the uncertainty
associated with these extrapolations, uncertainty factors were applied to the TBVS to derive TRVS
in an effort not to underestimate risks. The approach taken to derive TRVS for this assessment is
provided in Table 1-31. References for the chosen uncertainty factors are provided where
possibl~ however, several of the uncertainty factors used in the case study are based upon
professional judgment.

For those COPCS for which only acute lethal values (e.g., LD50) were available, TRVS were
derived by dividing the acute toxicity value by the appropriate uncertainty factors. Dividing by an
uncertainty factor of 5, the LD~Owas extrapolated to a value representative of an acute toxiciv
threshold. This uncertainty factor is based on an analysis of dose-response data for pesticides
(EPA 1986b). In the case of acute LOELS, which would be expected to lie between an LD50 and
an acute NOEL, a conservative uncertainty of 5 was also used to extrapolate to an acute NOEL.
An uncertainty factor of 2 was used to extrapolate from the acute NOEL to a chronic NOEL.
This procedure results in an overall uncertainty factor of 10 to extrapolate from an acute LOEL
to a chronic NOEL (Newell et al. 1987). An uncertainty factor of 5 was used to extrapolate from
a chronic LOEL to a chronic NOEL.

In cases where test species differed phylogenetically from the measurement endpoint species,
an uncertainty factor of 2 was used to extrapolate between different families within the same
order. A factor of 4 was used if the extrapolation was between different orders within the same
class. Finally, an additional factor of 2 was used to provide more conservative TRV estimates for
threatened, endangered, or other protected or sensitive species. These uncertainty factors were
based on professional judgment and are consistent with factors used at other sites, such as at the
Rocky Mountain Arsenal (Calabrese and Baldwin 1993).

An exception to this approach was taken t’or radionuclides, where extensive toxicity studies
have been conducted and the threshold TRVS for the most sensitive species in various animal and
plant groups have been established (see Section A-3.2.1.3). Hence, for radionuclides the chosen
TBVS were not adjusted using uncertainty factors.

1-3.2.3 Toxicity Reference Values

The TRVS for the measurement species at WAG H are presented in Table I-32. The
following summarizes the TRV calculations for each species.

Ingestion toxicity data were unavailable for the pronghorn, so othe[
mammal data were used when available. If no data were found for large
laboratory rodent data were extrapolated to calculate a TRV.
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Table 1-31. Uncertainty factors for mammalian and avian receptors.

TRV Divide by

TBV (or intermediate) (uncertainty factor)

Acute Lethal Dose (LD50)

Acute or Subchronic LOEL

Chronic LOEL

Different Family-Same
Order

Different Order-Same Class

Nonprotected Species

Acute Toxicity Thresh- 5
old (Acute LOEL)

Chronic NOEL 10

Chronic NOEL 5

Nonprotected Species 2
TRV

Nonprotected Species 4
TRV

Protected Species TRV 2

As an example in developing TRVS for an endangered, threatened, or rare species of
rabbit when the only value available is an LD50 for a rat, the following steps would be
taken:

Rat LD50 for COPC = 50 mg/kg BvV

1. Acute lethality ---->

2. Acute toxicity ---->
threshold

3. Different order ----s
Within Class

4. Nonprotected ---->

species TRV

Acute toxicity threshold 50 mq/kg BW = 10 mg/kg BW
5

Chronic NOEL 10 m~/k~ BW = 1 mg/kg BW
10

Nonprotected 1 mu/kq BW = 0.25 mg/kg BW
species TRV 4

Protected 0.25 mq/kq BW = 0.125 mg/kg
BW

species TRV 2

As 10 mGy/d was considered a NOEL for plant species, this value was chosen as the
90Sr TRV for bunchgrass and sagebrush. Other TRVS were the soil concentrations provided
in Table 1-32.
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Table 1-32. Toxicity reference values for measurement species-WAG H.

Acuteor Chronic
LD50 to subchronic LOEL LOEL

TBV acute LOEL or NOEL to to chronic Phylogenetic Combined TRV
COPC Species (mg/kg-d) Test species Endpoint UF chronic NOEL UF NOEL UF UF UF (mgkgd)

PCE Pronghorn 100

Deer mouse 100
Northern harrier NA

Bunchgrass 1 pglg

Chromium (III) Pronghorn 1,400

Deer mouse 1,400
Northernharrier 4.75
13unchgrass 75 J@

Chromium(W) Pmnghorn 1.7
Knngarr)orat 2.4
Northernhwricr 4.75
Mzillard 4.75
13unchgrass 5pgJg

Smmtium-90 Prnrtjjhorn 0.001Gy/d
I)ccr mouse 0.015 Gy/d

Norlhcrn harrier 0.006 Gy/d

Mallard 0.006 Gy/d

Bunchgrass 0.010 Gy/d

Mouse

Mouse

NA

Oats

Rat

Rat

Black duck

Agricultural
plants

Rabbit

Ra(

131ackduck

Black duck

Agricultural
plants

Mwmmals

Vole

swallow

swallow

Plants

LOEL

LOEL

NA

NOEC

NOEL

NOEL

NOEL

LOEL

1

1

NA

1

1

1

1

1

10

10

NA

1

1

1

1

1

1

1

NA

1

1

1

1

.1

4

2

NA

1

4

2

4

1

40

20

NA

1

4

2

4

1

2.5

5

NA

1 llfjg

350

700

1.19

75 /f@g

0.0425

1.2

1.19

4.75 %

Spgfg

0.001 Gy/d

0.015 Gy/d

0.0015
Gy/d

0.0015
oyjd

0.010 Gy/d

LOEL

NOEL

NOEL

NOEL

NA

10
1

1

1

1

4

2

4

1

1

40

2

4

1

1

1

1

1

1

1

1

1

1

1

1

NOEL

NOEL

NOEL

1

‘1

1

1

1

1

1

1

1

1

1

4

1

1

4

NOEL 1 41 1 4

NOEL 1 11 1 1

.
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For the deer mouse, the TRVS for nonradionuclide COP(2S were extrapolated from

laboratory mice and rats. The TRV for 90Sr was calculated from an investigation of wild,

free-ranging voles inhabiting a contaminated area.

Avian toxicity data are less complete than mammalian toxicity data. Species-specific toxicity

data for the northern harrier and mallard were unavailable for any of the COPCS, and no PCE

data were located for any avian species. The northern harrier and mallard TRVS were

extrapolated from other available avian studies when available.
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1-4. RISK CHARACTERIZATION

In this section, the ecological risks posed by COPCS at WAG H are identified and
summarized. Risk characterization involves two major steps, risk estimation and risk description
(EPA 1992a), as described below.

1-4.1 Risk Estimation

The risks of site contamination were estimated by calculating a hazard quotient (HQ) for

each COPC and receptor. The HQs were calculated as follows:

HQ = EEfI’RV (5)

where

HQ . Hazard quotient

EE = Estimated exposure

TRv = Toxicity reference value.

The estimated exposures were derived in the exposure assessment (Section 3.1). These

exposures were based on the average concentration of COPCS in environmental media that were

considered to be representative of the reasonable maximum exposure scenario because of the

biased sampling which has occurred at WAG H. TRVS were derived in the ecological effects

assessment (Section 3.2) and represent the concentration of a given contaminant that is

considered to be toxic to the receptor of concern. A HQ greater than 1 would be considered

presumptive evidence for a potential risk of adverse chronic effects of a chemical on a given

ecological receptor for a given case, a given pathway, and a given critical effect.

Total hazard indices (THIs) were also calculated for all species (or contaminants) be

assessed. These values are the additive results of each of the HQs across all COPCS. The

addition of all HQs across the COPCS is considered a conservative approach to account for

possible synergism due to exposure of a receptor to multiple COPCS. The conservatism results
from the fact that actual synergism is likely to be less than 100% additive across all COPCS
because some contaminants are expected to negate the effects of others. Therefore, the
predicted. THIs are likely higher than the actual hazard indices would be.

I-4.1.1 Hazard Quotients

The HQs and THIs for measurement endpoint species at WAG H are presented in
Table I-33. With one exception, all the HQs are less than 1, indicating that risks due to the
individual COPCS are likely to be negligible for mosl COPCS and measurement species. The
exception is the 90Sr HQ for resident mallards, which was approximately equal to 11. Therefore,
a potential risk may be posed as a result of exposure of the mallard to this radionuclide in the
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‘Table 1-32. Summary of wildlife hazard quotients.

Mallard (rcsidcm) Mallard (migratory) Deer Mouse Northern Harrier Pronghom

Chemical” EEtotal TRV I.[Q EEtolal TRV HQ EEIO,O, TRV HQ EEtola, TRV HQ ‘Etotal ‘v HQ

Chromium (III) NC NC NC NC NC NC 2.69E-01 7.00E+02 3.80E-04 1.05E-01 1.19E+O0 8.82E-02 6.21E-02 3.50E+02 1.80E-04

Chromium (VI) 6.23E-03 4.75E+O0 1.31E-03 NC NC NC 1.79E-03 1.2E+O0 1.49E-03 6.95E-04 1.19E+O0 5.84E-04 4.12E-04 4.25E-02 9.69E-03

S1ronlium-90 1.60E-02 1.5E-03 1.07E+OI 2.76E-04 1.5E-03 1.84E-01 5.73E-05 1.50E-02 3.82E-03 5.35E-05 1.50E-03 3.57E-02 4.12E-05 1.00E-03 4.12E-02

[’c& NC NC NC NC NC NC 6.40E-03 1.25E+OI 1.28E-03 5.56E-05 NA NA 6.79E-04 2.50E+O0 2.72E-04

Total Hazard Indices 1.07E+01 1.84E-01 6.97E-03 1.24E-01 5.13E-02

a. Units are m@g 13W-day for chromium, chromium (VI),andPCE,Gy/dayfor strontium-90.



Table 1-33. Summary of plant hazard quotients.

Bunchgrass/sagebrush

Chemicala EE,Ota, TRv HQ

Chromium 6.63E+01 7.50E+01 8.84E-01

Chromium (VI) 4.40E-01 5.00E+OO 9.00E-02

Strontium-90 1.00E-02 1.00E-02 5.94E-03.
PCE 3.5E-02 1.00E+OO 3.5E-02

Total Hazard Index 1.OIE+OO

a. Units are mg/kg for chromium, chromium (VI), and PCE, Gy/day for strontium-90.

waste pond. Note that the HQ for migratory mallards was less than 1, indicating that only the
resident portion of the waterfowl population is potentially exposed to harmful levels of radiation.

Table I-34 shows the HQs for plant receptors at WAG H. All
the THI was 1.01. This result indicates a slight potential for effects
COPCS.

1-4.2 Risk Description

HQs were less than one, but
to plants due to the selected

,

Risk description involves summarizing risks and their ecological significance. In addition, the
uncertainties of the ecological risk assessment are discussed. A weight-of-evidence approach was
used to determine whether the risks predicted using calculation methods are indicative of impacts
to individuals, populations, communities, or ecosystems. This approach takes into account
information outside of the risk assessment such as the literature regarding exposure, which was
reviewed in the literature evaluation (Appendix F of the manual). The spatial and temporal scale
of contamination was considered, along with corroborating evidence from field investigations.

I-4.2.1 Summary and Ecological Significance of Risks

Risks of adverse effects to plants and wildlife at WAG H were evaluated for contaminants
found in soil, surface water, and sediment. For the purposes of providing an overview of the
approach and methods for screening-level ERA, the numbers of potential receptors and
contaminants were limited to a representative subset for use in the case study. The species
selected for evaluation included terrestrial wildlife (raptors, small mammals, large herbivorous
mammals), semi-aquatic wildlife (waterfowl), and terrestrial shrubs and grasses. The contaminants
selected for evaluation were a metal (chromium), an organic (PCE), and a radionuclide (90Sr).
Exposure routes evaluated included ingestion of contaminated media and exposure through the
food chain for selected wildlife measurement species and direct contact with, and uptake of, soil
contaminants for plants. ,

Based on this evaluation, exposure 0[ semi-aquatic wildlife (e.g., the mallard) to ~OSrin the
waste pond was identified as posing the most potential risk of adverse ecological effects.
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Table 34. Summary of plant hazard quotients.

Bunchgrass/sagebrush

Chemicala EE,O,al TRv HQ

Chromium 6.63E+01 7.50E+01 8.84E-01

Chromium (VI) 4.40E-01 5.00E+OO 9.00E-02

Strontium-90 1.00E-02 1.00E-02 5.94E-03

PCE 3.5E-02 1.00E+OO 3.5E-02

Total Hazard Index 1.OIE+OO

a. Units are mg/’kg for chromium, chromium (VI), and PCE; Gy/day for strontium-90.

However, this potential risk was calculated for a resident mallard. Since very few mallards reside
on the pond during the full course of a year, the actual hazard to individual mallards is lower than
predicted and the potential for any population effects is even lower yet.

The only other pathway evaluated with the likelihood of resulting in ecological effects was
from surface soils to plants. The THI of 1.0 for plants suggests a slight potential for effects to
vegetation of WAG H, but this is still a relatively low THI, and the potential effects to plants are
not likely to be significant given the consematism built into the assessment. The results may
suggest the need for a more detailed investigation of the potential effects of COPCS on plants.

1-4.2.2 Uncertainties in the Assessment

Uncertainty can arise during any stage of the screening-level ERA. In the Problem
Formulation phase of the case study, the principal uncertainties were related to the design of
sampling activities and lack of data from several media at the OUS. Certain areas of potential
contamination were not recently sampled, such as the soil and biota on the waste burial pit.
Sampling the periphety of this OU is not likely to represent the worst-case exposure for
ecological receptors. However, as the burial pit occupies a relatively small area of WAG H, the
effects of contamination are likely to be restricted to a few individuals. Published ecological
studies conducted at the waste burial pit could also bc examined in detail to allow estimation of
potential risks of buried radioactive waste.

In the Analysis phase, the principal uncertainties arise from the use of generic exposure
parameters and toxicity reference values. Site-specific values were used whenever possible to
reduce this uncertainty in the exposure assessment; however, the lack of exposure and toxicity
values for wildlife and plants represents a significant data gap. In addition, soil sampling at
WAG H was not designed to estimate exposure for ecological receptors at the appropriate spatial
scale. This uncertainty was resolved by using a conservative approach to estimate the reasonable
maximum exposure from the available data. For the ecological effects assessment. conservative
assumptions and uncertainty factors were used to extrapolate from published toxicity benchmarks
to avoid underestimating risks.
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Numerous other uncertainties could be identified, but the general approach taken was to
apply conservative worst-case assumptions in the screening-level ERA. As a consequence of the
conservatism of this approach, ecological risks are more likely to be overestimated than
underestimated at WAG H.
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