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. DISCLAIMER

The results contained in this report are based on source term data that are incomplete because none of
the facilities evaluated have been fully characterized. We assume that the information given to us is
representative of the number, size, and kinds of contaminated sites present. An assessment based on this
kind of data should be sufficient for comparing relative risks and benefits of broad program alternatives
(e.g.. cleanup to Applicable and/or Relevent and Appropriate Requirements (ARARS) vs. use of land-use
restrictions). This assessment is not, however, intended to accurately characterize the true ecological nisks
of contamianated sites present at the facilities described in this report. This level of detail can be achieved
only through site-specific assessments performed to satisfy facility-level Comprehensive Environmental
Response Compensation and Liaoility Act (CERCLA) and National Environmental Protection Agency
(NEPA) requirements.
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ECOLOGICAL KISK ASSESSMENT FOR THF
ENVIRONMENTAL RESTORATION
PROGRAMMATIC ENVIRONMENTAL
IMPACT STATEMENT

EXECUTIVE SUMMARY

L.W. Barnthouse, G.K. Eddlemon, L.K. Mann, and L.L. Sigal

This report assesses the ecological risks of
the Department of Energy’'s (DOE)
Environmental Restoration Program. The
assessment is programmatic in that it is
directed at evaluation ot the broad
programmatic altemnatives outlined in the
DOE Implementation Plan. It attempts to (1)
characterize the ecological resources present
on DOE facilities, (2) describe the
occurrence and importance of ecologically
significant contamination at major DOE
facilities, (3) evaluate the adverse ecological
impacts of habitat disturbance caused by
remedial activities, and (4) determine
whether one or another of the programmatic
alternatives is clearly ecologically superior to
the others.

Methodology Overview

The assessment focuses on six representative
facilities: the Idaho National Engineering
Laboratory (INEL); the Fernald Environmental
Management Project (FEMP); the Oak Ridge
Reservation (CRR), including the Oak Ridge
National Laboratory (ORNL), Y-12 plant, and K-
25 plant; the Rocky Flats Plant; the Hunford
Reservation; and the Portsmouth Gaseous
Diffusion Plant. Six genevic categories of
ecological resources of concern were evaluated
for each facility: threatened and endangered
species, wetlands, recreational fish and wildlife,
agriculture and timber production, parks and
public lands, and general biodiversity. Specific
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resources (e.g., receptor species and
communities) belonging to these categories were
identified for each. facility and, where possible,
the spatial patterns of occurrence of thesc
resources were described.

Information on the types, quantities, and
distributions of contaminants on the six facilities
was onbtained from the Pacific Northwest
Laboratory (PNL) Source Term Database;
concentrations in soil, water, and sediment were
obtained from the human exposure and risk
assessment team in ORNL’s Health Sciences
Division. Estimates of the ioxicity of
radionuclides and chemical contaminants to
aquatic biota, wildlife, and terrestrial plants were
obtained from the published literature. These
three kinds of information were used to perform
a screening-level ecological risk assessment. The
objectives of this assessment were (1) to separate
those contaminants that clearly pose no risk at
levels believed to be present from those
contaminants that might be ecologically
hazardous, and (2) to dr-elop a rough rank
ordering of the importance of different
contaminants and the vulnerability of different
biological resources. Risk assessments of this
type are termed "screening-level” assessments
because they do not include enough site or
species-specific information to permit firm
conclusions about the actual magnitude of risk
present.

Finally, the significance of the potential risks
identified in the screening-level risk assessment
performed for each facility was addressed in a
cumulative impact ass¢ssment. In this assessment



an aiicmpi was made {0 provide an ecoiogicai
context for the contaminant risks by compa,ing
the home rages of individual organisms and the
distribution of species to the area believed (based
on PNL's source-term data) to be contaminated.
For the two most extreme of the alternatives
identified in the Programmatic Environmental
Impact Statemeni (PEIS) Implementation Plan
[the Appropriate, Relevant, and Applicable
Requirements (ARAR) altenative and the
Restricted Land uUse alternative], relati /e degrees
of contaminant risk reduction and habitat
disturbance impact were evaluated and compared.

Below is a summary of major findings and
conclusions.

Fcological Resources at Risk

The DOE facilities collectively represent an
important reservoir of biological diversity. The
three largest reservations examined (Oak Ridge,
INEL, and Hanford) occupy up to several
hundred square miles of land. Only small
fractions of these reservations are occupied by
developed facilities; most of the undeveloped
land has been isolated from majoi human
intrusions (except for grazing at INEL and
forestry at Oak Ridge) for up to 50 years. All
three of these reservations are large enough to
support substantial populations of wildlife and all
contain species (including federal and state-listed
species) and ecosy~tem types that are becoming
rare in surrounding regions due to rapid increases
in agricultural industrial, and residential
deveiopment. All three reservations are included
in DOE’s National Environmental Research Park
system.

The three smaller facilities examined (Rocky
Flate, Fernald, and Portsmcuth) were more
variable in terms of ecologicai value but all
contain some ecolcogical resources. Rocky Flats,
the most diverse and least disturbed of the three,
contains many small, perennial wetlands and is
utilized by the bald eagle, peregrine falcon, and
several other endangered species. Fernald and
Portsmouth were heavily disturbed by
agricultural activities prior to acquisition by
DOE; they nevertheless contain small areas of
wetland and hardwood forest and provide habitat
for a variety of wildlife. -

Although they ware not specifically examined in
this study, available information suggests that
other large DOE reservations such as the
Savannah River Site, Los Alamos National
Laboratory, and Nevada Test Site are probably as
ecologically rich as are Oak Ridge, INEL, and
Hanford. Smaller facilities may contain
significant ecological resources in buffer zones
surrounding developed plant areas.

Ecological Risks of Existing
Contamination

The screening-level risk assessments showed that
potentially ecologically significant contamination
exists at all of the facilities examined. Although
radionuclides are the most widespread
envionmental contaminants, heavy metals,
PCBs, and other organic contaminants appear to
be present in potentially toxic quantities on most
facilities. Both aquatic and terrestrial biota were
found to be at risk.

Although the most contaminated sites appear,
based on PNL’s data, to be highly hazardous to
biota, the arcal extent of these sites appear to be
quite small. The spatial extent of contamination
appears limited to relatively small fractions (1 to
25%, including developed plant areas) of most
facilities. Most of these contaminated areas are
waste disposal sites (trenches, burial grounds,
etc.) or developed plant areas that are already
highly disturbed ard provide poor habitat for
most biota. Surface water and sediment,
including waste ponds, are important exceptions
to this generalization. These habitats, some of
which are relatively undisturbed streams, ars far
more important ecologically than is indicated by
there surface area relative to the area of an entire
reservation. Aquatic habitats such as streams,
ponds, and wetlands are utilized by a wide
variety of biota, including fish and terrestrial
vertebrates (waterfowl, deer, fish-cating birds and
mammals). Sediment and flood-plain soil are
major sinks for many radionuclides and toxic
chemicals, especially in regions were rainfall is
abundant (e.g., Oak Ridge). Waste ponds
themselves can be important ecological
resources, especially in tne arid West where they
may be the only available surface water during
large parts of the year.
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Evaluation of Alternatives

Remedial actions taken to reduce human and
ecological exposure to contaminants often
involve removal of large quantities of soil or
sediment. Koads and supportt facilities are also
required. These activities cause adverse
ecological impacts that must be balanced against
the benefits of contaminant reduction. The
alternatives described in the PEIS
Implementation Plan differ significantly in terms
of the degree of contaminant removal and
concomitant habitat disturbance. The ES-I
summariezes result of a bounding analysis of the
three most extreme alternatives included in the
PEIS: the No Action alternative, th ¢ ARAR
alternative, and the Restricted Lan? Use
altemmative. Only radioncuclides were examined,
but the results of the anaiysis probably ae
representative of other contaminants as well.
The ARAR altermnative involves the greatest
contaminant removal and also the greatest habitat
disturbance. The Restricted Land Use altemnative
involves little or no contaminant reduction but
also little or no habit disturbance. The land use
restricitions associated with this alternative
would presumably preserve existing ecological
resources and might also permit recovery of
resources affected by past DOE activities. The
No Action alteraative would similarly minimize
habitat disturbance, however, in the absence of
land use restriction future development could
lead to modification or destruction of existing
ecosystems.

None of the alternatives appeared clearly
preferable from an ecological perspective.
Remediation altematives focused on human
health risk reduction, so that ecological risks are
reduced only if they invole significant human
exposures. In general, for extremely large
reservations such as Hanford and INEL, the
fraction of e total reservation area
contaminated oy past DOE activities is small
enough that habitat disturbance impact appear
negligible as well. For small facilities such as
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Rocky Flats and Ferrald relatively large (up to
25%) fractions of the total reservation arcas
could be disturbed under the ARAR alternative.
The benefit gained from contaminant removal at
these sites could be relatively large, if the areas
remediated are restored to a natural or semi-
natural condition. For either aitemative, the
resources most likely to be at risk are (1)
endangered and threatened species (because even
very small impacts on the species have
regulatory significance) and (2) wetlands and
aquatic ecosystems. The optimal approach for
minimizing ecological risks is probably an
intermediate strategy in which remediation
activittes are focused on sites of highest
contamination, where the degree of habitat
disturbance per unit contaminant removed is the
smallest. Specific remedial pricrity decisions
would be made at the level of th: individual
facility’s Environmental Restoration Program.

Uncertainties

Key uncertainties limiting this assessment
include the (1) validity of source-term estimates,
(2) the actual distribution of receptor species on
the facilities relative to sites where contamination
is present, and (3) the urknown degree of
conservatism of the transfer coefficients and
toxicity benchmarks used in the hazard
assessment. The first two uncertainties can be
addressed in facility-specific assessments that
focus on optimizing the balance between
remediation and habitat preservation based on
reservation-wide distributions of contaminants
and ecological resources. The third uncertainty is
a function of the state-of-the-science of
environmental toxicology; it can be reduced by
performing (1) periodic updating of the
toxicological data base as new information
becomes available from the scientific
community, and (2) field studies at the DOE
fa. .ties to generate site-specific exposure and
cffects data.
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Facility Total Ares Resouarces at' Alternative® % Risk % Facility
(ocres) Risk Reduction’ Disturbed*
INEL! 570,000 Soil: none No Action Soil: NR 0
Water: 0
Water (waste ponds):
wildlife, endangered
species
ARAR Sail: NR 0.03
water: 0
Restricted land use | Soil: NR 0
Water: 0
Hanford* 365.700 Soil: none No Action Soil: NR 0
Water: 0
Water (waste ponds):
wildlife, endangered
species
ARAR Soil: NR 0.1
{ Water: 98
Restricted land use | Soil: NR 0.02
Water: 0
Femald’ 1050 Soil: wikdlife, endangered | No action Soil: 0 0
species, biodiversity Water: 0
Water: fish
ARAR Soil: 99.95 19
Water:0.0
Restricted land use | Soil: 0 19
V/ater. 0
0ak Ridge 37.500 Soil: wildlife, endangered | No action Soil: 0 o
Reservation® species, biodiversity Water: 0
Water: fish, wetlands
ARAR Soil: 99.99 1.1
Water: 99.5
Restricted land use | Soil: O 08
Water: 0
Rocky Flais” 6330 Soil. wildlife. endangered | No action soil: 0 Y
species, biodiversity Water: 0
Water: wetlands
LIRALC
Water:>99.99
Wenricted Tand use | Soi: 0 [3
Water: 0
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*Resources at risk are defined separateiy, by principai exposure medium. Resources were determined
to be “at risk” if (1) the are present on the facility and possibly present in known contaminated areas,
and (2) comparison of estimated contaminant concentrations to regulatory criteria or other
toxicological benchmarks indicates a moderate or severe risk to organisms inhabiting contaminated
areas.

Alternatives are defined in the PEIS Implementation Plan.

*Percentage reduction in contaminant exposure, as approximated by % reduction in risk to on-site
farmers. Radionuclides were used ans reference contaminants.

‘% of total facility area either temporarily or permanently disturbed by remedial activities. Estimates
include adjustments for access roads anc soil borrow areas.

Major areas of INEL containing contaminated soil (e.g., the Radicactive Waste Management
Complex) are already heavily disturbed and provide poor habitat for terrestrial biota, hence, terrestrial
resources are not at risk. Contaminated waste ponds are utilized by wildlife, hence these resources are
considered to be at nisk for purposes of the PEIS. None of the remegiation alternatives for INEL
include remediation o waste ponds.

®Major areas of Hanford containing contaminated soil are already heavily disturbed and provide poor
habitat for terrestrial biota, hence, terrestrial resources are not at risk. Contaminated waste ponds are
utilized by wildlife, hence these resources are considered to be at risk for purposes of the PEIS.
"Wildlife have free access 10 contaminated areas; aquatic resources at risk include waste ponds and
statutory wetlands. None of the remediation alternatives for Fermald include remediation of waste
ponds or wetlands.

*This facility has many widely-dispersed contaminated areas; wildlife have free access to many of
these. Contaminated aquatic resources include both on-site waste ponds and on- and off-site streams.

"Wildlife have free access 1o some contaminated aress. Small wetlands are widely dispersed over the
site.

'°NR = no resources at risk
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CHAPTER 1:

This report presents an assessment of impacts of
environmental restoration and (ER) altematives
to be included in the Programmatic
Environmental Impact Statement for
Implementation (PEIS) of an Integrated
Environmental Restoration and Waste
Management Program (ER PEIS) by the US.
Department of Energy (DOE). Impacts
addressed in this report include current
contamination, residual contamination following
remeadial action, and adverse ecological impacts
of remediation and new facility construction.

The impacts assessment focuses on cumulative
impacts of ER activities on reservation-wide
ecological resources. Of the 30 facilities
discussed in the ER PEIS, ecight are singled out
for detailed ecological risk assessments: the
Idaho National Engineering Laboratory (INEL),
the Hanford Reservation, the Fernald
Environmental Management Project (FEMP),the
Rocky Flats Plant (RFP), the Portsmouth
Gaseous Diffusion Plant (PORT), and the three
facilities [Oak Ridge National Laboratory
(ORNL), Y-12 Plant, and K-25 Site] occupying
the Oak Ridge Reservation (ORR).

The assessment process consists of the following
five tasks:

1.  Description of climatic regims and
ecosystem types, drawn from
environmental data available for each
reservation. This information includes
meteornlogy, surface and subsurface
hydrology, topography, soil and vegetation
types, land use, and ecology {aquatic and
terrestrial). Locations of ecological
resources falling into the six endpoint
categories identified in chapter 2 were
identified from site maps. Site maps were
also used to identify areas for which ER
activities are pianned.

2. Specification of exposure pathways linking
ER activities to ecological endpoints.
Exposures considered include exposures to
contaminants and physical disturbances
caused by the remedial actions themselves.

INTRODUCTION
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Estimation of the exposure of ecological
resources to habitat disturbance associated
with site remediation.

4.  Assessment of the ecological effects
associated with contaminant exposure and
physical disturbance. This task draws on
current information on acute toxicity,
chronic toxicity, and bioaccurmulation of
contaminants included in the source-term
inventories developed for the ER PEIS.

5. Fvaluation of the cumulative ecological
impact of remedial activities on ecological
resources on or near the reservations
included in the assessment.

The general procedure for the ecological risk
assessment is shown in figure 1-1. First, the
specific ecological resources falling into each of
the six endpoint categories defined in chapter 2
are identified from documents, maps, and
contacts with resource management personnel at
each site. The distribution of each resource on
and near the facilities is mapped. These resource
distributions are overlaid on the distributions of
ER activities at each facility. General locations
of activities are availablc from the site ER
programs. For contaminant exposures, transport
media are identified and exposures are quantified
from (1) existing environmental characterization
reports and (2) output from the Multimedia
Environmental Pathways Assessment System
(MEPAS) (Droppo et al. 1989). For habitat
alteration, disturbed areas are estimated for cach
remedial action or construction activity including
both the actual contammation site and the
surrounding area expected to be disturbed by
road construction, dust, erosion, or noise.

The programmatic alternatives for both the ER
and the waste management (WM) components of
the PEIS consist of many individual remedial
actions or waste types. The exposure
assessment for each altemative consists of
(1) estimates of the types and, if possible,
quantities of contaminants to which each
endpoint is exposed; and (2) the total area of
habitat disturbed by restoration or construction
activities (figure 1-1).



Researchers  peifoiied  cuiiuialive  rinpaci
assessments (figure 1-1) for each endpoint by
(1) using information on ecological effects of
the identified contaminants to evaluate the
likelihood of adverse impacts due to contaminant
toxicity or bioaccumulation, and (2) comparing
the area disturbed with the total area occupied by
the resource.

1-2

Chapier 2 of ihis repori describes the generai
classes of ecological resources for which impacts
are addressed.  These are often termed
assessinent  endpoints in the ecological nsk
assessment literature (Suter and Bamnthouse
1993). Chapter 3 describes the method to be
used for cumulative impact assessment. Chapt s
4-9 present the results obtained for the six
reservations addressed in this report. appendices
A and B present detailed documentation of the
methods 2nd daia used for the assessments.
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CPIAI TER 2: ECO

This charter describes the ecological resources to
ve addressed in the ecological impact sections of
the ER PEIS. Once identified, these resources
will serve as endpoims for the ecological risk
assessment components of the PEIS, in the same
way that cancerous and noncancerous health
effects serve as endpoints for health nsk
assessments.

Any assessment must have defined endpoints.
An endpoirt is a formal expression of an
environmental value to be protected during and
after the action for which the assessment is being
performed (Suter and Barnthouse 1993). A clear
statement of an endpoint is as important to an
assessment as a clear statement of a hypothesis
is to an experimental research project. Defining
an endpoint involves two steps: (1) identifying
valued attributes of the environment that are
considered to be at risk and (2) defining these
attributes in operational terms.  Suter and
Barnthouse (1993) described five criteria that any
endpoint should satisfy:

1.  Societal relevance. The endpoint should
be understood and valued by the public
and the decision maker.

2.  Biological relevance. The endpoint must
represent important population or
ecosystem characteristics.

3.  Unambiguous operational definition.
The endpoint must be explicitly defined.

4. Accessibility to prediction and
measurement. The endpoint must be
empirically measured or estimated;
otherwise, an assessment of impacts on
that endpoint is impossible.

5.  Susceptible to the hazardous agent. The
endpoint must be susceptible to exposure
to the stress being ¢ valuated; otherwise,
there is no point in performing an
assessment.

For the ER PEIS, selection of endpoints involved
identification of (1) general categories of
ecological resources that meet the criteria of

Suter and Bamthouse (1993) and are inclusive of
the ecological resources present on DOE
facilities, and (2) for each facility. the specific
resources (ie., receptors) falling into those
categories. Following are the descriptions of the
six ecological endpoints used in this assessment.

1. Threatemed and endamgered species.
Species that are legally protected under
federal or state endangered species acts have
by definition societal relevance. Because of
the rarity of the endangered species, losses
of even a small amount of habitat or a few
individual organisms can have potentially
adverse impacts on populations of those
species.  Population characteristics are
amenable to study with the use of standard
field techniques and hence meet the criteria
+f unambiguous operational definition 2nd
accessibility to prediction and measurement.
Contaminants related to DOE operations or
adverse impacts of remedial actions,
including construction activities related to
the ER/WM Program, may affect organisms
or habitats ar DOE facilities. Federally or
state-licted and candidate species are known
to occur at each of the facilities.

2. Wetlands. Wetlands are aiso legally
protected and hence by definition have
societal relevance. They are important for
flood control and natural biodegradation of
pollutants, and as spawning and nursery
habitat for many fish and wildlife species.
Methods for assessing wetland status are
well developed, and data on wetlands are
available for each of the DOE facilities.

3. Recreational fish and wildlife. Many
species of fish and wildlife valued for
recreation flourish on and in the immediate
vicinity of DOE facilities. Methods for
study of fish and wildlife populations are
well developed, and some of the facilities
with wildlife management programs have
conducted wildlife population studies.

4. Agricultural or timber production.
Portions of some DOE reservations are
managed for timber, livestock, or crop
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threaten the survival of managed crops or
forests, reductions in the productivity or
marketability of these resources consttute
valid endpoints for ecological risk
assessment.

Parks and other pablic lands. Severai of
the DOE reservations border state parks.
national forests, or other public lands.
Contaminants migrating off DOE property
may affect these other public lands;
moreover, many wildlife species migrate
freely between DOE and non-DOE lands so
that actions having adverse impacts on DOE-
resident populaticns can have impacts on
wildlife inhabiting non-DOE land as well.

Biodiversity. The worldwide decline and
disappearance of species and communities,
gencrally termed loss of biodiversity, is
atracting both scientific debate (Wilson
1988) and public attention (May 1992). As
a result, special consideration of impacts to
biodiversity is now part of the National
Environmental Policy Act (NEPA) process
(CEQ 1993). Generally, biological diversity
is considered from the perspective of
regional or local ecosystem diversity, species
diversity, genetic diversity, and relationships
and interactions among species (CEQ 1993).

Gioval ainl laige-scaic rodiversity issucs are

more difficult to translate into eadpoints, but
assessment is possible if specifi. taxonomic
groups or well-defined community types can be
identified as being "2t nisk.”  For purposes of
this assessment, species or communities that do
not otherwise have explicit legal protection are
defined as at risk if (1) they belong 0 a
taxonomic group known or suspected to be
declining worldwide, (2) they are rare outside
areas that are protected from disturbance or
development, or (3) they are a critical component
of a larger landscape. Because of their long
isolation from human influence, many DOE
reservatioas provide refuge for such species and
communities. Examples of the worldwide loss
of biodiversity include the worldwide decline of
amphibians, bats, and neotropi-al migratory birds
(McCracken 1988; Blaustein and Wake 1990;
Terborgh 1989). Wild stocks of anadromous
salmonid fishes are also declining in many
regions (Nehisen et al. 1991); mos: of the wild
stocks in the upper Columbia River basin in the
northwestern United States are being considered
for protection under the Endangered Species Act.
Some types of plant communities are susceptible
to invasion by nonnative species, especially after
disturbance (Cheater 1992), and other once-
common plant communities have become rare
because land has been converted for agricultural
use or urban/suburban development.
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BACKGROUND

Action-forcing requirements in the National
Environmental Policy Act of 1969 (NEPA) (Sect.
102) and Council on Environmental Quality
(CEQ) regulations that implement NEPA require
analysis of potential cumulative impacts in
environmental impact statements (EISs) [40
(CFR) Pts. 1508.7 and 1508.8]. Cumulative
impact is defined as "... the impact on the
environment which results from the incremental
impact of the action when added to other past,
present, and reasonably foreseeable future actions
regardless of what agency (Federal or non-
Federal) or verson undertakes such other actions.
Cumulative impacts can result from individually
minor but collectively significant actions taking
place over a period of time.”

The concept of cumulative ecological impacts is
still evolving, and researchers, regulators, and
managers may differ in the emphasis placed on
various aspects. However, there is a general
agreement that cumu'ative impact assessment
examines the consequences of multiple sources
of environmental disturbance that impinge on the
same set of valued environmental components.
The characteristic “multiple” nature of the
sources of cumulative impacts may arise in three
ways: (1) the same kind of source recurs
sufficiently frequently through time; (2) the same
kind of sour-e recurs stfficiently densely through
space; and (3) different kinds of sources impose
similar consequences on a valued environmental
component, such that the individual disturbances
canpot be assimilated by the natural
environment. The key components of an
analysis should (1) identify a threshold of
acceptable effect (i.e., within a regulatory
standard or by public perception) and
(2) determine the extent to which the proposed
action or actions add to effects from other
actions in approaching or exceeding that
threshold.

The cumulative effects analysis for the PEISs
differs from those in most site-specific EISs in
that it is an analysis of proposed actions to
remediate unacceptable conditions at existing
waste sites. Thus, for some of the ecological
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endpoints, the cumulative effects of the proposed
action(s), when added to other past, present, and
reasonably foreseecable future actions, might be
beneficial in the long term, whereas short-term
impacts might be expected from habitat alteration
during remediation. Specifically, the proposed
ER altermatives would tend to reduce
contaminant exposure risk to ecological
endpoints while tending tc simultaneously
increase risks from coastruction activities.

The objective of the programmatic cumulative
risk assessment is to compare the ecological
benefits of remedial activities with the ecological
impacts of those activities.

APPROACH

Cumulative risks to ecological endpoints should
be considered within the context of well-defined
spatial and temporal scales; otherwise, there are
cndless possibilities that trivialize the effort. The
barriers to effective cumulative risk analysis at
the programmatic level include a lack of both
data and models, particularly at the regional
level, and more fundamentally, the limited
understanding of environmental processes and
how biological effects occur. Chances for
success rely on recognition of the important
connections on which we need to concentrate.
For purposes of this analysis, the relevant spatial
scales are local and regional. Relevant temporal
scales range from short to long term or
permanent. For these analyses, cumulative risks
are believed to occur at the local level (e.g.,
within the reservation) and at the regional level
as defined by the region-of influence for the
human health analyses. Traditionally, cumula-
tive risks at the local level would include rnisks
from existing and planned sources other than
those of the proposed actions. In this analyses,
cumulative risks at the local level are considered
to b the aggregate risks from all restoration or
WM activities for each alternative.

Existing sources of contaminants subject to
remediation within each reservation are included
in the analyses here, and any contaminant
releases from future developments would be
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snhiect to current Apnrooriate, Relevant, and
Applicable Requirements (ARARs). Although
source terms were not available for the
reservations in areas not currently considered for
remediation, this is believed to be a reasonable
approach to assessment of cumulative risks from
contaminant exposure for each reservation and
will provide adequate information for comparing
proposed alternatives.

Construction could result in habitat alteration that
would pose direct and indirect risks to the
ecological endpoints. Such risks are assumed to
be proportional to the amount of habitat altered
(i.c.. the total area affected on each reservation)
as a result of remediation of the contaminated
site, soil borrow areas, new roads, and newly
constructed waste treatment or storage areas.
Risk from construction of current and future
projects other than ER/'WM projects was
excluded from these cumulative analyses because
of uncertainty in predicting habitat alteration.

Furthermore, quantitative assessment of
cumulative risks to ecological endpoints from
regional (i.e., off-site) activities that result in
habitat alteration (i.e., urban development,
forestry, agriculture) is precluded because of
financial constraints and data availability. For
regional cumulative analysis of habitat loss,
natural ecosystems within the DOE reservations
are compared with similar ecosystems in the
surrounding regions for ecach alternative.

Analysis of cumulative risks for the purposes of
the PEIS will include on-site and off-site risks
to the six ecological endpoints defined in
chapter 2.  Ecological risks associated with
remediation of the three facilities located on
ORR are aggregated because they lic or exist
within a single contiguous ecosystem. Further
aggregation (i.e., across all DOE reservations) is
unnecessary because the geographic distances
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and acnlnoiral diccimilantisc amnne rmeesevatianc
ana ecological disaimilanties among reservations

are large enough to ensure independence of
impacts.

On-site cumulative construction risks consist of
the total areas disturbed by capping, soil/
sediment removal, and construction (i.c., roads,
waste treatment facilities, and storage areas).
Methods used to calculate the total disturbed area
for each remediation alternative are described in

appendix B.

For on-site cumulative contaminant exposure
risks, base-line exposure concentrations were
derived from source terms provided by Pacific
Northwest Laboratory (PNL) (sec appendix B).

There are no scieatifically defensible methods for
directly comparing or combining habitat
disturbance risks and contaminant risks. Thus,
these two kinds of risks were addressed
scparately, and results were summarized in
tabular form. A qualitative companson of these
sources of risk was performed by establishing
scales of relative severity. For contaminants, a
cumulative hazard index (HI) (appendix A) of
less than | was assumed to indicate no long-term
contaminant risk; an HI from 1 to 10 was
assumed to indicate a moderate risk, and an HI
of 10 or greater was assumed to indicate a
potentially severe contaminant risk. A negligible
habitat disturbance risk was assumed to exist for
a given alternative if less than 3% of the total
area of the reservation (or of the habitat occupied
by a particular endpoint) was expected to be
disturbed; a moderate habitat disturbance risk
was assumed to exist if 3-10% of the total
reservation (habitat) area was expected to be
disturbed; and a severe habitat disturbance risk
was assumed to exist if more than 10% of the
reservation (habitat) was expected to be
disturbed.
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The Idaho National Engineering Laboratory
(INEL) reservation covers 230,500 ha (570.000
acres) in Idaho, and elevations range from 1,400
m (4,770 ft) to more than 2,000 m (6,570 ft) at
the top of several extinct volcanoes (figure 4-1).
All of the reservation was Bureau of Land
Management (BLM) land prior to acquisition,
and sheep or cattle currently graze on 60% of the
reservation (Reynolds 1993). The Little Lost
River, Lemhi, Bitterroot, and Beaverhcad
mountain ranges border INEL on the north and
northwest. The Big Lost River, the Little Lost
River, and Birch Creek originate in the
mountains to the north and west of INEL. These
rivers do not usually extend onto the INEL
reservation. When flow is adequate, they end in
playas within the site boundaries (Tkachyk et al.
1990). Vegetation is principally shrub-steppe;
and sagebrush-grassland, juniper-grassland,
crested wheatgrass, and giant wild cye are the
dominant plant communities. Trees are found in
juniper-grassland communities in the foothills to
the northwest and southeast and in the riparian
communities along the Big Lost River (Arthur et
al. 1984). McBride et al. (1978) describe the
vegetation in detail, and Adams et al. (1979)
describe vegetation and wildlife at the waste
management (WM) complex of INEL.

Contaminated sites are associated with facilities
that lie mostly in the southwestern portion of the
INEL reservation. Additional facilities and
associated waste sites are in the southeastern and
northen portions of the reservation. No
contaminated sites are known to exist in the
central region of INEL. According to the ER
PEIS source-term data base (appendix A), 4,500
ha (11,000 acres) of the 230,500-ha (570,000-
acre) INEL rcservation are cortaminated,
including 15 ha (36 acres) of buried waste and
10 ha (24 acres) of waste ponds. The ER PEIS
data base contains data on surface areas of 20%
of the waste areas on the INEL reservation. We
assumed that these were a representative sample
of the surface areas of all waste sites at INEL.

ECOLOGICAL ENDPOINTS AND SPECIES
DISTRIBUTION

The dominant ecosystem type on the INEL
reservation is shrub-steppe, and there are some
trees in the surrounding foothills and riparian
areas. Nine federally listed or candidate species
are known to visit, breed, winter, or stay year-
round (table 4-1). Waste ponds are important
wetlands on the reservation, and natural
ephemeral wetlands are found along the rivers
and in depressions in lava flows. Recreational
fish are found in the rivers on the reservation
when they contain water, but flow is intermittent
on-site. Although hunting is not allowed on
most of the site, several recreational wildlife
species are present. Sheep or cattle currently
graze 60% of the reservation, and the reservation
is surrounded ty Burcau of Land Mana;. -ment
(BLM) and national forest lands. The INEL
reservation is a very large, relatively undisturbed,
and protected block of native sagebrush-steppe
ecosystem. Important species groups of concem
for conservation of biodiversity at INEL include
bats, raptors, and wintering/migratory wildlife:
sensitive habitats include lava tube caves,
wintering grounds for wildlife, and wetlands.

Determining nisks to endpoints requires
(1) defining distribution and composition of
endpoints and (2) selecting receptor species. The
distribution of endpoints must be known in order
to determine both exposure pathways for
contaminants and nrisks to eadpoints from
construction.

For purposes of determining risk of exposure to
contaminants, distribution of endpoints is
considered to be cither ubiquitous (i.e., more or
less uniformly distributed throughout the
reservation or region), discrete (i.e., located in
one clearly identified location), or discontinuous
(i.e., found in several locations within a limited
area or areas). Risks to ubiquitous endpoints are
assumed to be related to the total surface area
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TABLE 4-1—Distribution of Endpoints on the Idahko National Engineering Laboratory

Small playa wetlands in
lava flows

Recreational fish when water
flow in rivers is sufficient

[ —
Ubiquitous Discontinuous Discrete
Resident, breeding, and Wetlends and riparian Grazing land for sheep and
wintering federaly listed vegetation along rivers cattle (agricultural
and candidate species production)
Waste pond wetlands and
Lava tube caves' associated migratory waterfowl | Public lands surrounding the
(biodiversity) (biodiversity, recreational reservation
wildlife)

Recreational wildlife

Important components of
biodiversity not included in
the above (bats, food
sources for protected
species, sagebrush
communities)

' The distribution of all lava tube caves at INEL is not documented, and we assume they are found throughout the reservation.

affected by contaminant exposure or by
disturbance from remediation. Risks to
discontinuous and discrete endpoints are
determined if their locations are known to be
within contaminated areas or within areas
affected by remedial activities or
contaminant exposures.

As a result of the reiative ecological
uniformity of the INEL reservation, most
endpoints are ubiquitous (table 4-1).
Exceptions are wetlands and associated
species, which are discontinuous along the
rivers and waste ponds, and grazing areas on
the reservation and surrounding public lands,
which are discrete. Locations of endpoints
were determined from existing maps and
publications, as well as personal
communications with ecologists at INEL
(Reynolds 1993).

4.1.1 Threatened and Endangered Species

4.1.1.1 Receptors

There are nine federally listed or candidate
birds and mammals at INEL but no known
federally listed or candidate plants (table 4-
2) and no known designated or proposed
critical habitats. Of the nine species, four
birds (the endangered peregrine falcon and
the candidate white-faced ibis, northern
goshawk, and black tern) are present only
for a few days during migration (Reynoids
1993) and were, therefore, not included in
our risk analysis.

The endangered bald eagle is usually present
from November through March, mostly in
the northern part of the reservation
(Reynolds 1993; Arthur et al. 1984). This
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species roosts off-site. Although normally a
fish eater, the baid eagie feeds almost
exclusivsly on carrion at INEL, and it may
occasionally kill a jackrabbit. The candidate
ferruginous hawk breeds on the reservation
and is usually present from March through
September (Reynolds 1993). It is found
throughout INEL and feeds almost
exclusively on jackrabbits. . [here is also a
breeding population of the candidate
loggerhead shrike on the reservation, which
we assume is present from March through
September (Reynolds 1979). Shrikes eat
mostly insects and small mammals; although
small birds are a minor component of the
shrike’s diet. they were not included in our
analyses. The candidate pygmy rabbit lives
in sagebrush, which is its food source, but
little is known about the abundance or
distribution of the rabbit on the reservation
(Reynolds 1993). The candidate Townsend’s
big-eared bat is a colonial hibemnating
species that roosts and hibernates in lava
tube caves (Reynolds 1993). It eats flying
insects. Both of these mammals are on the
reservation year-round.

4.1.1.2 Distribution

Except for the pygmy rabbit, all of the
federally listed or candidate species are
known to occur throughout the INEL
reservation.  Although many species of
concern are likely to be unevenly distributed
rather than uniformly dispersed over the
entire reservation (Morris 1992), for this
programmatic analysis, we assume all listed
and candidate species are uniformly
distributed.

4.1.2 Wetlands

4.1.2.1 Receptors

Benthic macroinvertebrates, fish, muskrats,
and aquatic plants are representative wetland

4-4

species for which some toxicity benchmark
data are available. Although these biota do
not necessarily occur in all wetlands on the
reservation, they were selected as receptors
in our risk analysis because they cover the
range of wetland ecosystem components that
could be present. We therefore calculate
risks to these receptors in all wetlands.

4.1.2.2 Distribution

The only perennial wetlands on the
reservation zre the waste ponds, which are a
source of Jrinking water for wildlife, a rest
area for migratory waterfowl, and habitat for
breeding and summer resident waterfowl
(Arthur et al. 1984; Reynolds 1993). Most
of the waste ponds are in the southwest
comer of the reservation.  Ephemeral
wetlands along the Big Lost River and the
Little Lost River, especially near the sinks,
and in many small playas [mostly less than
2 ha (5 acres)] on old lava beds primarily in
the central portion of the reservation are also
water sources for wildlife and livestock and
rest areas for migratory birds (Arthur et al.
1984).

National Wetland Inventory {NWI) maps
(USFWS 1980 and 1984) were usxd to
identify locations of waste ponds and
wetlands along the Big Lost River. Major
wetlands on the INEL reservation total 800
ha (2000 acres) (Arthur et al. 1984).
Because most of the small ephemeral playa
wetlands on the NWI maps are in lava
flows, which are mainly in the central part
of the INEL reservation, we assume none are
located in curmrently contaminated areas.
However, these playa wetlands could occur
in areas where treatment facilities might be
located in the future. Although the NWI
maps probably underrepresent these small
wetlands, for our analyses we assum~ ‘hese
small ephemeral wetlands are found
throughout the reservation at a density
comparable to that of a representative
sample area of INEL fiom the NWI quad
maps. We estimate that at least 0.2% of the



TABLE 4-2—Rare Species on the Idaho National Engineering Laboratory

RN TN

Species Common Name Status’
Birds i
Haliaeetus leucocephalus Bald eagle E
Falco peregrinus Peregrine falcon E
Accipiter gentilis Northern gashawk c2
Buteo regalis Ferruginous hawk C2
Chlidonias niger Black tem c2
Lanius ludovicianus Loggerhead shrike C2
Plegadis chihi White-faced ibis C2
Mammals
Brachylagus idahoensis Pygmy rabbit C2
Plectotus .ownsendii Townsend's big-eared bat C2

' Compiled from Markham [987; DOE 1985; Arthur et al. 1984; Cholewa and Henderson 1984; Moseley and Groves 1992; and

Reynolds 1993.

! Endangered and threatened wildlife and plants. 50 CFR 17.11 & 17.12, July 15, 1991; endangered and threatened wildlife and
plants: animal candidate review, 56 FR 5880458836, November 21, 1991. E=endangered, C2=candidate under review.

reservation is in small ephemeral wetlands in any
given area.

4.1.3 Recreational Fish and Wildlife
4.1.3.1 Receptors

Determining contaminant risks to aquatic species,
including recreational fish, does not require the
use of specific receptor species. We determined
risks to fish in general to represent recreational
fish in the Big Lost River (e.g., the rainbow
trout). The sage grouse, mallard, pronghorn
antelope, jackrabbit, and coyote were selected as
common species representative of recreational
wildlife, which are also important components of
the food web on the reservation. Except for the
mallard, all of these species are year-round
residents on the reservation, although some of
the sage grouse and antelope populations cotne
from surrounding areas to winter in the northen
part of the reservation (Rope and Stahly 1993).
To be conservative in our analyses, we assume
that all populations are year-round residents,

except for the mallard, which we assume to be
present when ponds are not frozen, from March
through October. Thus, our analysis estimates
potential rnisks to populations continuously
exposed to contaminants. Exposure risks to cage
grouse and an‘elope populations that winter off
the reservation would be lower than to resident

populations.

4.1.3.2 Distribution

Recreational fish are present on the reservation
only when the Big Lost River contains enough
water for them to survive. Although the
reservation is closed to public access, many
wildlife species suitable for recreational use are
present, including resident bird species,
migratory waterfowl, ruminants, furbearers, and
large predatcrs (Arthur et al. 1984).
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4.14 Agricultural or Timber Production
4.1.4.1 Receptors

Sheep and cattle are ecologically similar: both
are grazing livestock. Exposure and uptake data
were available only for cattle; therefore, cattie
were chosen to represent the agricultural
endpoint. For calculating maximum potential
risk, assume that livestock would be exposed to
contaminants year-round.

4.1.4.2 Distribution

Sheep or cattle graze approximately 60% of the
reservation. (Rope and Stahly 1993; Reynolds
1993).

4.1.5 Parks and Other Public Lands
4.1.5.1 Receptors

Risks to these endpoints were determined by
calculating risks to food web components at
reservation boundaries adjacent to public lands.
We assume that risks are maximal closest to the
reservation,

4.1.5.2 Distribution

Public lands (national forest and BLM lands)
surround most of the reservation.

4.1.6 Biodiversity
4.1.6.1 Receptors

The candidate Townsend's big-eared bat, which
is ecologically similar to most bats found or. the
reservation and is a large year-round resident,
was chosen as a conservative representative of
bat species. Raptors are well represented in our
analyses by federally listed or candidate species
(e.g., endangered bald eagle and candidates
ferruginous hawk and shrike), and migratory
waterfowl are represented by the n iard. The
robin, which is a common sitewide, summer
breeding migrant, was chosen as a representative
songbird. Other important food web components
(figure 4-2) include major food organisms of
receptors chosen to represent other endpoints
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(ie, small mammals eaten by rapiors and
coyotes, and insects eaten by loggerhead shrikes
and bats) and other endpoints discussed in the
preceding paragraphs. Although very important
to ecosystem function and as food for other
species, invertebrates were not included in our
analyses because there was a lack of benchmark
data for them. Benchmark data were generally
not available for reptiles, ‘nother important
species group at the site.

4.1.6.2 Distribution

All of the reservation may be classified as
sagebrush-steppe (Morris 1992). Its existence as
a large block of relatively undisturbed sagebrush-
steppe ecosystem is its greatest value to
biodiversity. The surrounding counties contain
extensive BLM and national forest lands, which
also support native sagebrush-steppe rangeland
and lava flows comparable to most of the INEL
reservation. The northem portion of the INEL
reservation is an important wintering ground for
pronghom and sage grouse from surrounding
mountains, and the reservation is an important
nesting and wintering ground for raptors
(Reynolds et al. 1986). The large undisturbed
expanse of sagebrush-steppe provides protected
habitat for several species groups whose
populations are in general decline. These groups
include 22 species of raptors (e.g.. bald and
golden ecagles, American kestrels, owls, and
vultures), 6 species of bats, 6 species of
camivores, and 11 species of reptiles and
amphibians (e.g., the Great Basin spadefoot toad,
snakes, and lizards) (Reynolds et al. 1986).

Within the sagebrush-steppe ecosystem on the
INEL reservation lava tube cave habitats and
associated lava flows are important sensitive
habitats, providing sheiter for bats, snakes, owls,
and camivores (Rope and Stahly 1993). The
distribution of all lava wte caves on the
reservation is not documented. We therefore
made the conservative assumption that the caves
are ubiquitous.

Invasion of sagebrush-steppe communities by
nonnative cheatgrass on the reservation is an
increasing threat to native biodiversity on the
reservation (Markham and Morris 1991),

Cheatgrass invades disturbed areas, crowding out
native species and inhibiting or preventing their



establishment on fresh disturbances. We assume
that the abundance oi iitis species is inversciy
proportional to the quality of native sagebrush-
steppe habitat and that cheatgrass is most
abundant in and adjacent to disturbed sites.

4.2 CONTAMINANTS OF POTENTIAL
CONCERN

The constituents of potential concern on INEL
include radionuclides, inorganic, and organic
contaminants. The primary radionuclides,
according to relative average concentrations, are
YCs and “Co; the primary inorganics are Ba,
Cr, Pb, Ni, and Zr. The concentrations of
organic chemicals on the site are relatively low
and thus are not expected to pose a potential
hazard.

Maximum and average concentrations of
chemical and radiological constituents in soil,
surface water, and sediment were determined
from the source terms provided by PNL (tables
4-3, 44, and 4-5, respectively). Determination of
these average and maximum concentrations
required that certain assumptions be made with
regard to data interpretation and compensation
for data gaps. Appendix A describes the
methodology used to develop the source terms
for input into the exposure and risk assessment.

4.3 EXPOSURE ASSESSMENT

Estimating contaminant exposure for
representative species on the INEL reservation
depends on knowing the amount of time spent in
waste areas, and the amount of contaminants
ingested. Since specific home ranges and habits
of many of the representative species on INEL
are not well known, and only a few species with
small home ranges (c.g.. small mammals, birds)
would reside within contaminated areas for most
of their lives, and very few individuals would
contact areas of maximum concentrations (see
Appendix B for discussion of home ranges), an
initial screening assessment for contaminant
exposure was conducted. Where available for
INEL, the maximum concentrations of each
contaminant in each medium (i.e., soil, water,
and sediment) were used to identify the worst-
case potential contaminants. Contaminants that
did not pose a risk to any of the receptor specics

from exposure to the maximum values were not
considered furiner. if exposure 0 the maximum
concentrations of contaminants posed a risk to
organisms, then the average concentrations of
those contaminants were used in the assessment
to estimate the most probable and reascnable
exposure and risk.

The risk assessment considers chronic exposures
of vegetation, terrestrial wildlife, and aquatic
organisms to radiological and nonradiological
contaminants. Due to limited availability of
sensitivity data for many species (¢.g.. threatened
and endangered species) and to similarities in
exposure (e.g., similarly sized raptors feeding on
the same prey), representative organisms for each
endpoint were chosen for evaluation. A food
web showing relationships among these
representative receptors is presented in figure 4-
2. Conservative estimates of exposure and risk
were made by selecting receptors most sensitive
to contaminants or habitat zlteration. most likelv
to experience additional nsk due to
bicaccumulation or larger body size, or at
greatest risk due to rarity. Other abundant species
on the reservation were included as important
prey components cr the food web, such as mice
and insects (risk estimates were not determined
for insects).

The primary exposure routes for terrestrial
wildlife species are exposure to external
radiation, ingest.on of food (including soils for
some species) and water. Table 4-6 lists the body
weights and consumption rates for the
representative species. The rabbits, pronghom,
cow, and sage grouse are assumed to feed
exclusively on the vegetative parts of plants. The
mouse and mallard duck are assumed to feed
exclusively on the fruiting bodies of plants (i.e.,
sceds). On the basis of a review of the
literature, the percentage of prey items consumed
by omnivores and predators was estimated (table
4-6; figure 4-2). The robin is assumed to eat
70% fruit/seeds and 30% insects; the loggerhead
shrike eats 60% insects and 40% mice; the
ferruginous hawk ecats 100% jackrabbits; the
coyote eats 45% mice, 45% jackrabbits, and 10%
sage grouse; and the bald eagle is assuined to eat
only carrion, consisting of 50% jackrabbits and
50% pronghom. The bat is assumed to eat 100%
insects, and the insects are assumed to eat 100%
vegetative plant parts.

4-7



.? / 7o

DA A i

~
(A

FIGURE 4-2. REPRESENTATION OF THE TERRESTRIAL FOON WEB OF THE
IDAHO NATIONAL ENGINEERING LABORATORY




Tm&HmﬂAw&HMuhlﬂon
Leboruiory [mging Dry Weighi (for Cnemicai Consiiixenis) or pCirkg Dy Weight (for

Radionxclides))
Average
Constituent Maximum Cencentration Constituent Cencentration
Beazeae 4.0GE-(3 Tokeene 2.00E-03
BEHP 6.20E-01 Astmony 5.80E+00
Maethylene chionde 4.00E-02 Arsemic 4.50E+00
Temachicroesheae 71.60E-02 Bariem 2.1TE«03
Tolsene 2.00E-03 Cadminm 3.06E+00
Trichioroesthene 4.00E-03 Chromizn 3.02E+02
Xylene 4.00E-0 Cobal 4.0TE-06
2-betwnone 9.00E-02 Lead 1.96E+01
4-metvyl-1-pestanone 4.00E-02 Mescoery 6.03E+00
Astimosy S.30E+00 Noackel 2.15E«@
Arsenic 9.30E +00 Sclcamm 117TE-H
Bariem 3A3E«03 Sitver 3.74E+00
Beryliam 3.90E+00 Thaliom 1.35E+00
Cadminm I S3E+01 Uranium 531E+00
Cesinm S E-04 Zmc 1.43E+2
Chromem 3.02E+02 Zarconimm 1.05E+04
Cobak 4.07E-06 Arcclor 1254 9.18E+00
Lead 6.31E+02 Cyunide 9.83E-01
Mexcary LISE«@ Cesinm-134 4$.48E+04
Nackel 325E+02 Cesium-137 1.14E+07
Seleniam 8. 70E+00 Cobelt-60 4.60E+06
Sitver L74E+01 R Plowsiem-239 LT2E+0¢
| Swontem 4.06E-06 N Thoriem-232 1.30E+03
i Thallivex 1.90E+00
Uraaiwra 4.33E+00
Zimc 1.43E+2
Zsrconiem 1.0SE+04
Arsocior 1254 1.19€401
Cyanide 9.83E-01
Amencram-241 1.60E+05
Canm-134 4.43E+04
Cesivm-137 4.01E+07
Cobalt-60 4.61E+06
Currsm-244 6.75SE+0)
Evropism-152 1.OTE+05 ..
Esroprum-154 4.TUE+06
Eetopum-155 9.67E+03
| Potsssum-40 §1.80E+0¢
| Plotcaium-238 2.30E+06
i Plutoniom-239 1.24E+05
Ruthenium-103
Ruthenium- 108
Swrontium-90 2.80E+06
Thoriem-228 2T2E+04
Thorium-230 1.41E+0¢
Uraniom-234 5.52E+03
Uraniom-235 3.00E+06
Uranium-238 1.66E+03 !

NA = no measured soil concentration available.




TABLE 4-4—Maximam and Average Water Concentrations on the ldahe National Engincering
Laboratory [mg/L (for Chemical Constituents) or pCUL (for Radionnclides)]

3.33E-12
2.29E-12
2.90E-01

Cestum-137
Cobalt-60

2.59E+00

TABLE 4-5—Maximum and Average Sediment Concentrations on the Idake National Engineering

lnbom[ug/kg ({orChmb)orpCdkg(for)]

astit Const Average Cencentrat
Acetone T wE-m ¥ Methylene chlonide Z60E+D1
Ethybenzene - 1.60E-02 § Toluene 4.00E+00
Methylene chloride 2.60E+0! Antimony 1.68E+01
Toluene 4 00E+00 Arsenic 1.16E+C1
Xylene 1.00E-02 Barium 2.93E+02
4-methyl-2-pentanone 1.70E-01 Cadmium 3.80E+00
i Antimony 1.68E+01 Chromium J44E+03
Arsenic 1.16E+01 Cobakt 8.14E+00
Barium 293E+2 g Lead 4.39E+01
Beryllium 2.20E+00 Mercury 2.80E+00
Cadmium 3.80E+00 Nickel 3.60E+01
Chromium 3.44E+03 Selenium 1.20E+00
Cobakt 8.14E+00 Silver 1.50E+01
| Lead 4.39E+01 Vanadium 6.80E+01
| Mercury 2.80E+00 Zinc 3.12E+02
Nickel 3.60E+01 Cesium-134 1.48E+13
Selenium 1.20E+00 Cesium-137 2.58E+13
Silver 1.50E+01 Cobx '1-60 9.19E+12
Tin 2.17E+01 | Plutonium-239 1.59E+08
| Vanadium 6.80E+01 Uranium-234 9.86+06
Zinc 3.12E+02
Cesium-134 1.48E+13
Cesium-137 2.09E+08
Cobak-60 9.19E+12
Plutonium-239 1.59E+08
Uranium-234 9.86E+06

All species are assumed to purposely or
incidentally ingest soil while eating, grooming,
or preening except for the shrike and other
raptors, bat, and coynte for which soil ingestion
was assumed to be negligible. Soil ingestion
rates (Q,) were obtained from the literature for
the jackrabbit (6.3% of the dry-matter intake;
Arthur and Gates 1988), pronghom (5.4% of the
dry-matter intake; Arthur and Gates 1988), cow
(7% of the dry-matter intake; Mayland et. al.
1977), mallard duck (8.2% of the dry-matter
intake; Beyer et al. 1991), and the mouse (Beyer
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et al. 1991) (table 4-6). Since published values of
soil ingestion rates were not found for the robin
or sage grouse, it was conservatively estimated to
be 10% of the dry-matter intake. The soil
ingestion rate for pygmy rabbits was assumed to
be the same as that reported for black-tailed
jackrabbits.

The estimated daily rates of food and water
consumption (Q, or Q,. and Q,, respectively) for
cach representative species were calculated from
allometric regression equations that are based on



TABLE 4-6—80dy Weights and Consumption Ratez' for Terrersrial Species’ on the ldahe Nasionsl Enginsring Laboratories

Pygmy

Parameter Mouse Rabbit
Body waight, BW (kp) 2 206-02" CW0E-OV
Waser minas rue. Q. (LAD) $.00E-03 3 76E-02
Wax ingesmon fraceos, FL, 1.00E+00 1. 00E+00
Sosl mmahe ree, Q, (kpAd) 8 36E-05" 1 2SE-03"'
Soul ingsstion fracuoa, F| 1.00E+00 1.00E+00
Vegoution wiake rae, Q, 0.00 2 14E-02
kpMd)
Vegeunos mgesoa fncuon. 000 ) O0E+00
Fowisceds wmtahe rase. Q, 4 S0E-0) 000
(kghd)
Frew/sccds wgeation fracuos, | O0E+00 0.00
R,
Prey { makan raee, Q, (k) 0.00 0.00
Srey | mgessoa fraction, 0.00 000
A,
Prey 2 intake came, Qy (Ngid) 000 000
Prey 2 mgestion fracoom, 0.00 0.00
e
Prey ) ke rate. Qi (hgid) 000 000
Pyey 3 ingesnon fracuom, Q00 0.0

Ry

Seagbird Sape TB.E Beld
Jackrahbit | Pronghern Cow Rebin) Greuse Mallard Shrike Bat P. Hawh Raghe Coyote
12TE+00" 6601 40064027 | TI0B0T | 1006W00 | 1.1BEGO0" | ASE0 [ 10000 | TIRAT g 4SBT | T |
1.83E-01 2.26E+00 1.238+01 1.43E-02 1.908-01 1.258-01 1.008-02 2.908-03 1.438-0) 3.998-01 7 7108-0)
1 00E+00 1.00E+00 | ODE+00 1.00E+00 1 ODE+00 7.008-01 6.00E-0| 1.00B+00 6.00€-0) 3.00E-01 | 00R+00
9.326-03" 4.68E-02" 4.30E-01" 3. 46E-04" 1.088-027 $.64E-03" 0.00 0.00 0.00 0.00 000
1 ODE+00 1.00E+00 } O0E+00 1.00E+00 1 .00E+00 7.008-01 0.0n 000 000 0.00 000
1 S9E-0) 9.34FE-0) T7.47E+00 0.00 1.13E-0I 0.00 0.00 000 0.00 000 000
(Ar43) (Seh8)
| O0E+00 | ODE«00 1 OOE+00 0.00 | ODE«00 0.00 0.00 0.00 0.00 0.00 0.00
000 000 0.00 S 88E-03¥ 0.00 1.416-02 0.00 0.00 000 0.00 0.00
000 0.00 000 1. 00E+00 0.00 7.008-01 0.00 0.00 0.00 0.00 000
0.00 000 0.00 1.526-0) 0.00 0.00 1.66E-03" 1.108-0) 4.44E-02" 1.508-0}" 1.638-01®
(insects) (imsects) (insects) (ackrabbit) (Jackrabbit) (mbcw)
0.00 000 0.00 1.0NE+0D 0.00 0.00 6.00E-01 1.008+00 6.006-01 $.00E~01 | 00E+00
[1144] 000 000 000 0.00 0.00 244E-0) 0.00 0.00 6.428-02 2.638-0)
(mice) (pronghore) (Jickrabbit)
000 0.00 000 0.00 0.00 0.00 6.008-0) 0.00 0.00 5.008-01 | 00E+00
000 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 1.048-02
| growse)
000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 | 00B+00
M*

' Al values arc on 4 wet weight basis.  For sosls, the wetdry rasio is 0.98 (Rope <t al. 1988), for vegetation the rasio is 0.9) (the lower bouad on the range for hay/grasses reported in Seier 199)), and for fruita/seeds, the nwio is 0.17 (Mosrison 199,
! Wamer and food comumption rates were computed by methods in U.S. EPA 1968 (tadle 8) usiess atherwise nowd.

I
i
E

® (v and Grossenhuider 1976)

B The sage grouso 0il ingsstion rais is assumed 10 be (0% of the dry vegetation intabe res.

® The maliard 30il intake rate is 8.2% of dry vegetation intake (Beyer ot ol. 1991).
* The robia is ssumad 10 eat T0% fruits/sceds and 30% insects (Terres 1960).% The loggerhead shrikis is assumed 10 eat 60N insects and 40% mice (interpreted from information in Taves 1990).
® The forrugincus hawk is ssumed 10 sat 100% jackrabbits (intnrpretsd from iaformmion ie Brorva and Amados 1968).
7 The bald cugle is sasumad 10 cat 70% jackrabbit carrion and 0% proaghors camion (pervonsl communication with T. Reynolds 1993).
® The coyom is assumed 10 sat 45% mice, 43% jackrabbits, and 10% sags growse (imserpreted from dam in Bun and Grossenheider 1976).

“ Mouse sei! ingeesion rate is 2% of dry vegetatioa intaks (Beyer ot al. 1991)

* Pygeuy rebbit is sssumed 10 hove the tame 30l ingestioc Tuie a8 the jackrabbit (6. 3% of dry mewer iatake).

* Jechrahbit seil ingestior rats is abomt 6.3% of the dry vegetanos istale vase (Arther and Gases 1988)
 Proaghers seil ingeetion raw is bowt 3.4% of the dry vegestion iatabe rem (Arvew sad Cases 1988).
® Camis soil ingsstion et is abowt 7% of the dry vegetation ingestion rae (Mayland et al. 1977).
® The rebia i meumed 0 have 2 10il mgestion rae equal 0 10% of the dry vegetion iataks rem.
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the weight of the organism (EPA 1988)

(M. Ar) 1’1-.- oo ntemm e ae | P Gii ﬂ"'

combined measurements for laborstory animals,
Measured values for some rates were obtained
from the literature for several species and are

noted in appendix A.

Because information on the specific habits and
behaviors of most of the representative wildlife
species is not well known, it is assumed that all
species spend 100% of thewr time on the
reservation. The exceptions are the raptors, the
mallard duck, and the loggerhead shrike (see
discussion in chapter 4.1), whose specific time
spent o the INEL reservation has been
documented by site ecologists (Reynoids 1993).
Therefore, the fraction of contamicated
veggtation, fruit, prey, soil, and water consumed
(FL, Fl,, Fl;, F1,, and F1,, respectively) is set at
100%, except for those species noted above, for
which the FI values are set accordingly. The
bald eagle, for instance, is present 6 months out
of the year, so values are set at 50% (table 4-6).

Contaminast concentrations in vegetation, the
first level in the food chain, are estimated from
source-tern  concentrations in the soils using
published soil-to-plant element- or chemical-
specific transfer factors (Baes et al. 1984; Travis
and Arms 1988) (table 4-7). Transfer factors for
inorganic chemicals are available for both the
vegetative and fruiting parts of plants (Baes et al.
1984); however, the transfer factors for organic
chemicals do not make this distinction (Travis
and Amms 1988). The methodology used to
predict contaminant concentrations in vegetation
does not make a distinction between different
plant types or species. Therefore, ail species
ingest “generic” vegetation containing
contaminant concentrations derived from soil
concentrations by the use of transfer factors.

Transfer factors for contaminants of concemn are
applied to predict concentrations in the tissues of
terrestrial mammalian receptors from
consumption of vegetation, soil, and water
(collectively termed B,) (Baes et al. 1984; Travis
and Arms 1988) (table 4-7). Data on transfer
factors from vegetation or soil to insects and
carthworms are very limited in the literature.
Therefore, the concentration in insects was
derived from vegetation concentrations, and a

default, conservative one-to-one transfer between
rationale and limitations for applying these
transfer factors are discussed in appendix A.

or no-observable-adverse-effect level (NOAEL)
values are typically reported in wet weigits,
whereas the vegetation and soil conceatrations
are typically reported in dry weights. Therefore,
coaversion factors were applied to account for
this difference. The wet- to dry-weigit
conversion factor for the vegetative parts of
plants on INEL was assumed to bc 0.91 [the
lower end of the range of the percemt age of
water content for hay and grasses (Suter 1993)).
The wes- to dry-weight conversion factor for the
fruiting parts of plants on INEL was assumed to
be 0.17 (Morrison 1959). The dry- to wet-weight
converston factor for soils is 0.98; it is the mean
for 16 sampling locations in the southwest
portion of INEL (Rope et al. 1988).

For the baseline assessmemt of INEL, the
concentrations of radionuclides in animal tissues
and the resulting doses were not decay-corrected.
The doses are estimated for the current situation
and not at some point in the future. The primary
radionuclides of concem, “"'Cs and “°Co, have
relatively long half-lives, so this assumption is
reasonable. PNL  decay-corrected the
radionuclide concentrations in the source terms
to the time of disposal or release. To estimate
dose to terrestrial receptors, all short-lived
daughter products were included.

Aquatic organisms considered in the assessment
included benthiz macroinvertebrates and, for
radiological analyses, emergent vegetation (i.e.,
cattails) and muskrats. All aquatic organisms,
except tor benthic macroinvertebrates, are
exposed to con'uvninants in surface water.
Benthic macroinvertebrates are assumed to be
exposed only to sediment pore-water for
calculation of internal radistion dose and
exposure to chemicals. The extemal radiation
dose from exposure to surface water was
calculated for all organisms.



TABLE 4-7—Soil to deMmeamewﬁcWomemuﬁc
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Constitwent Soll 80 Vegetation Tramsfer Factor | Vegetation 00 Beef Tramsler Facter
Accoae 533E401 1.458-08
Bezaene 237E+00 3.16E-06
BEHP 437E-02 J.I6E-03
Exbdylbenzene S48E-01 3 98E-05
Medhylere chioride 6.96E+00 SO0IB-07
Tewachiorocthene 4 20E-01 631B-08
Tolwene 1.0TE+00 126808
Trichioroethewe 1 59€+00 631E-06
Xy'eme SALE-O1 3 98E-05
2-butancee 263E+01 4S0E-08
#-methyl-2-pestanone 7 B4E+00 INE-07
Antimony 2.008-01 1.00B-03
Arsenic 4 00E-02 2.00E-03
Barsm 1.S0E-01 1 S0B-04
Berylliom 1.00E-C2 1. 00B-03
Cadmninm 5.50E-01 5.50E-04
Cescom 8.00E-02 2.00E-02
Chromiura 7.50E-03 S SOE-03
Cobalt 2.00E-02 2.00B-02
Lead 4 S0E-02 3.00E-04
Mercury 9.00E-01 2. 50E-01
Nickel 6.00E-02 6.00E-03
Scicnium 2.50€-02 1.508-02
Silver 4 00E-01 3.008-03
Strostism 2.50E+00 3.00E~-04
Thailiwm 4.00E-03 4.00E-02
T 3.00E-02 8.00B-02
Uraninm 8.50E-03 2.00B-04
Vanadism 5 S0E-03 2.50E-03

° Zinc | SOE+00 1.00B-01
Zircomium 2.00E-03 5.50B-03
Aroclor 1254 224E-2 1. 00E-02 '
Cyanide S.41E+01 141E-08
Americiem-241 5.50E-03 31 50E-06
Antimony-125 2.00E-01 1.00E-03
Cerium-141 1. 00E-02 7.50B-04
Cesiom-134 8.00E-02 2.00B-02
Cesiwrn-137 8.00E-02 2.00B-02
Cobalt-60 2.00E-02 2.00B-02
Curiom-244 8.S0E-04 3. 0E-06
Esropium-| 52 1.00E-02 5.00E-03
Euwropium- |54 1.00E~02 5.00E~03
Esropiem-155 1.00E-02 5.00E~03
Manganese-54 2.50E-01 4 00804
Potassiem-40 { O0B+00 2.00B-02
Platoniem-238 4.50E-04 5.00B~07
Plutomiem-239 4. 50E-04 5.00R~-07
Ruthenivm- 103 7.50E~-02 2.00E~03
Ruthenium- 106 1.50E-02 2.008~03
Strontiem-90 2.50E+00 1.008-04
Thoriem-228 8.50E-04 6.00B-06
Thoriem-230 8.50E-04 6.00E-06
Thoriem-232 8.50E-04 6.00E~06
Uraniem-234 8.50E-03 2.00E-04
Uraninm-235 8.50E~03 2.008-04
Ursniom-238 8 S0E-03 2.00B-04
Zirconium-93 2.00E~03 5.508-03

Source: For orgasics, ths tassfer factors are calculated from. squations from Travis snd Arwe usiog K__ vabuss from the Saperimd Chomicel Dets Mairix, Por iserganics sad radioneciides. the wanuler
fechors were tshaw from Bass ot of. The K__ for cyanids was wakes from MEPAS, and Owe ransfer fuctors wers calculated from equenons from Travis and Arms.
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44 CONTAMINANT EFFECTS ASSESSMENT

To quantify risk to terrestrial receptors exposed
to organic and inorganic contaminants, the daily
consumption rate of contaminated food and
water, normalized to body weight (in units of
mg/kg/d), was compared with the NOAEL
benchmark (mg/kg/d). Ratios more than | are
considered to pose a potential risk to organisms
but do not necessarily indicate the severity of the
effect(s). However, it is reasonable to assume
that the higher the ratio, the greater the risk of
adverse effects. Dose to terrestrial receptors,
including vegetation. from intemsl and external
exposure to radionuclides was also determined
from calculated tissue concentrations and soil
concentrations,  respectively. Doses that
exceeded 0.1 rad/d were considered to pose a
potential risk to terrestrial organisms (IAEA
1992). Methods used tc iculate exposure and
risk are described in app.ndix A.

Toxicological benchmarks for terrestrial
organisms, excluding vegetation, were obtained
from Opresko and Suter (1992) (table 4-8). For
representative receptor species that were not
listed in the data base, extrapolation techniques
were employed to obtain the chronic NOAEL by
adjusting for differences in body weight between
the receptor and a test organism, If a NOAEL
was available for a laboratory test species, the
NOAEL for a receptor species could be
calculated. Many of the NOAEL benchmarks
were derived by extrapolation from small-
mammal laboratory data (Opresko and Suter
1992). No wildlife toxicity data werc found for
a few contaminants. For these cases, wildlife
NOAELs were extrapolated from human
noncarcinogenic toxicity data (i.e., RfDs) listed
in the MEPAS constituent data base, normalized
to the "standard man" body weight of 70 kg.
Thus, for our purposes, wildlife species that
weigh less than 70 kg would have a higher
benchmark than humans, and the opposite would
be true for wildlife species weighing more than
70 kg.

Literature sources for inorganic terrestrial
phytotoxicity benchmarks were summarized and
reported by Suter and Futrell (1°75) (table 4-8).
Where applicable, the lowest source
concentration in a soil medium that produced
phytotoxically excessive effects was chosen from

from expennmls using mtnent sohmons.
However, uncertainty values were not applied 10
these data to account for differences in growth
media.

As cited in the MMR Air National Guard Risk
Assessment Handbook (1992), Eskew and Babb
developed a methodology for deriving
phytotoxicity beachmarks for organic
constituents (table 4-8). Estimated critical
concentrations (mg/kg wet weight) for soil were
calculated from experimental data on the uptake
of compounds from nutrient solution or vapor
phase by determining the distribution of a
compound between the soil solution and
absorption to organic matter with the use of a
K, value. The K value was estimated from the
chemical-specific K. Assumptions used t
derive toxicity beanchmarks were (1) a soil
organic content of 1%, (2) a bulk soil density of
1.3 g/cm’, and (3) a soil water content of 18%.
The organic fraction of the soil is the primary
factor in determining bioavailability of organic
compounds to plant roots. Use of these
assumptions was determined to be applicable
since the average soil organic matter at INEL is
1.7% (0.8 - 24%; (Rope et al. 1988).
Uncertainty factors were applied to adjust the
data from acute to chronic effects and from 50%
inhibition of growth to lowest toxic effect levels.

Riskc to aquatic organisms from exposure to
organic and inofganic contaminants in water and
sediments (pore water) were calculated through
comparison of the water or sediment nore-water
concentrations with the chemical-specific aquatic
benchmark (Suter et al. 1992) (table 4-8). To
determine internal dose to aquatic plants, fish,
and muskrats from exposure to radionuclides, the
surface-water concentrations were multiplied by
radionuclide and organism-specific aquatic
(internal) dose conversion factors to produce a
daily dose in rads (Killough and McKay 1976).
To determine the intemmal dose to benthic
macroinveriebrates and other bottom-dwelling
organisms (e.g., fish larvae) from exposure to
radionuclides, the sediment pore-water
concentrations were multiplied by radionuclide
and organism-specific aquatic (intemmal) dose
conversion factors to produce a daily dose. The
extemal dose to all organisms was determined by



TABLE 4-8—Criteric Benchmarks for Tervestrial' and Aquatic’ Species on the Idshe Netional Engineering Laboratory
(NOAELs Listed in mg/kg/d for Terrestrial Benchmarks or mg/L fer Aquatic Benchmarks)

Jackrabbit

5.36E+00
6.29E+00 1.34E+00
NA NA NA
NA NA NA
147E+01 3.14E+00 1.15E+00
1.55E+00 33iE-01 1.21E-01
S61E+0! 1 20€+01 437E+00
1.66E+02 3.5SE+01
126E+03 2.63E+02

231E+01 4.93E+00

1 26E+01 2.68E+00
1.2SE+04 267E+03
1.31E+00
2.73E-01
2.90E-01
5.16E-03
NA

4 92E-03
NA NA
1 4IE+02 5 15E+01
$.36E-03 1.96€-03
NA NA NA
1.56E-0)
2.37E-01
2.44E+01
1.76E-02
1.45E-01

2.72E+01

NA = Benchrark not available.

' The sourcce for all terrestrial organisms except vegetation was Opresko and Suter (1993). For vegetation, the source was Suter sad Futrell (1993), and the Massachusetts
Military Reservation Risk Assessment Handbook (1992).

! The source for aquatic benchmarks was Suter et al. (1992).
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ABLE (cont'd) ~ ° Jor Terrestrial Species on the Idaho National Engineering Laboratory

(NOAELS listed in mg/kg/d)

Constitucat Shrike TBEbu | F.Hawk | Baideagie | Coyete Aquatic | Vegetation
Acctone 197E+01 | 327E+01 | 631E+00 | 4233400 | 2806400 | 237E+01 | 9.65E+01
Benzene 494E+00 | B.ISE+00 | 1SSE+00 | 10TE+00 | 699E-01 | 2.10E-m NA
BEHP NA NA NA NA NA 300804 | 1408400
Ethylbenzene NA NA NA NA NA 4 40E-01 NA
Methylene chioride 1.1SE+O1 191E+01 | 3696400 | 250E+00 | 164E+00 | 4.108-01 | 5608400
Terrachloroethene 122E400 | 202E400 | 33:E-01 | 263E-01 | 1.73E-01 | SO00E-01 | 1.57E+01
Toluene 4408401 | 7.29E401 141E+01 | 9.52E+00 | 6.24E+00 { 260E-02 | 9.70B+00
Trichloroethene 148E+02 | 216E+02 | 474E+01 | 320E+01 | 18SE+01 | S76E+00 | 6.70E-01
Xylene 987E+02 | 164E+03 | 3.16E+02 | 213E«02 | 1.40E+02 | 268E+00 | 2408401
2-butanone 1.82E+01 301E+01 | SBIE«00 | 393E+00 | 257E+00 | 1.78E+01 NA
4-methyl-2-pentanone 987E+00 | 164E+01 | 316E+00 | 213E+00 | 140E+00 | 1.59E+00 NA
Astimony 9.81E+03 163E+04 | 3.14E+03 | 212E+03 | 1.39E+03 | 190E+00 | S.008+00
Arsenic 827E-02 | 137E-01 | 261E+00 | 1.77E+00 | 1.16E+00 | 932E-01 | 1.508+01
Barium 101E+00 | 167E+00 | 3226-01 | 218E-01 | 1436-01 | 203E+01 | sooE«02 §
Beryllium 1076400 | 1.77E400 | 341E-01 | 23iE-01 | 1s1E-01 | 380E-03 | 1.008+01
Cajmium 170601 | 3isE-2 | 224603 | 151E-03 | 260E~-03 | 1.10E-03 | 3.008400
Cesiom NA NA NA NA NA NA NA
Chromium 478E400 | 785E400 | 152E400 | 1026400 | 67E-01 | 1.10E-02 | 7.50E401
Cobalt NA NA NA NA NA 440E-07 | 2508401
Lead 188E-02 | 949E-03 | L1IE+01 | 751E+00 | s.i1E-04 | 320E-03 | 1.008+02
Mercury 3776400 | 192E+01 | S74E-01 | 388E-01 | 291E-03 | 1.30E-03 | 3.008-01
Nicke! 493E+00 | 7.90E401 1586400 | 107Es00 | 675E+00 | 1.60E-01 | 1.00E+02
Selenium 296E-01 | 822602 | 9476-02 | 640E~02 | 7.03E-03 | 350E-02 | 5.00B400
Silver NA NA NA NA NA 200604 | 2.00E+00
Strontium SI19E+02 | 861E+02 | 166E402 | 112E+02 | 736E+01 NA NA
Thallium 197E-02 | 32702 | 631E-03 | 427E~03 | 280E-03 | 6.40E-02 | 1.00B+00
Tin NA NA NA NA NA NA NA
Uranyum % 59E+01 203E-01 | 830E+00 | S61E+00 | 1738-02 | 270E-02 NA
Vanadium 1.86E-01 308E-01 | S9sE-m | 402802 | 263E-02 | 4.10E-02 NA
Ziac 1.91E+01 317B401 | 613E400 | 414400 | 271400 | 1.1E-01 | 7.00€s01
Zirconium 6 9E-02 1.01E~01 195e-02 | 1326~02 | s63e-03 | 251B-01 NA
Aroclor 1254 377E+00 | 1.89E-01 14TE400 | 992E-01 | 2528-02 | S20E-04 | 1.00E40)
Cyanideion 2I3E401 | 3SIE40 | 6826400 | 611E~G2 | 400E-02 | S.208-03 NA

e e ——————— el s et e ettt e el e
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multiplying the surface-water concentration by
the external radionuclide-specific dose
conversion factor. Combined internal and
external doses more than 1 rad/d are considered
to pose a potential risk to aquatic organisms
(NCRP 1991).

For contaminants and receptors that did not pass
the average corcentratior: screening (section 4.3),
an attempt was made to further define exposure
risks by comparing receptor species’ home range
sizes with the potential fraction of the home
range occupied by contaminants in food and
water from waste sites.

Receptor species at INEL have home ranges or
temritories that range from small [e.g., less than |
ha (J acre) for aquatic species in waste ponds] to
large (e.g., thousands of hectares (acres) for bald
eagles and coyotes (table 4-9)]. Some small
species have home ranges small enough to be
completely within individual waste sites. Other
species have such large home ranges that the
waste sites would represent only a small part of
the arra they would occupy, if the waste sites
were used at all. To further interpret the results
of the risk analysis, the following assumptions
were made about the contaminant exposure to
receptors.

1.  Burrowing small mammals, insects,
and vegetation are known to move
radiological contaminants from
buried waste where it is presumably
redistributed on the surface through
the food chain, excrement, and soil
dust (Arthur 1982; Markham 1987,
Arthur and Markham 1982). The
same is probably true for
nonradiological contaminants.
Because the waste sites are the
original sources of contaminants,
and data were not provided by PNL
for contaminant levels outside the
waste sites, the assumption was
made that source terms outside
waste sites are negligible.

2.  The assumption was made that small
species with home ranges of 2 ha (5
acres) or less (table 4-9) could
receive as much exposure as our
average screening indicates.

The assumption was made that wide-
ranging species with home ranges
more th.n 2 ha (5 acres) but less
than the total area within the waste
complexes on the reservation could
receive at most 25% of the exposure
calculated by the average screening
if their home range includes as much
contaminated area as possible. This
assumption is based on the 3600 ha
(8800 acres) of waste sites contained
within the 14,000-ha (35,000-acre)
block where most of the waste sites
are located (figure 4-3) (see
appendix B). Exposures could be
higher if, for instance, the sole
source of contaminants is a waste
pond used as the only source of
drinking water.

The assumption was made that
species with very large home ranges,
greater than the largest waste
complex of 14,000 ha (35,000 acres)
could receive at most a fraction of
exposure comparable to the fraction
of its home range contained in the
total area of waste sites.

Only 4500 ha (11,000 acres) or 2%
of the surface area of the INEL
reservation is waste sites, which is
the only part of the reservation
considered for remediation. Biota
living in the remaining 98% of the
reservation are exposed only to
contaminants that have moved from
waste sites by dust and by
contaminated wildlife and plants.
Although this contamination may be
measurable, source terms do not
exist for them and assume they are
negligible compared with the
contamination in the waste sites.
Because the assumption was made
that the entire INEL reservation is
similar habitat, only 2% of the area
supporting  ecological endpoints
would be affected by contaminants
from the waste sites.

Except for threatened and
endangered species, for which the
loss of an individual is considered a
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TABLE 4-9—Territory Sizes of Receptors Chosen for Analysis on the Idaho National
Engineering Laboratory Reservation'

Endpoint Receptor
Threatened and Pygmy rabbit X
Endangered Shrike X
Townsend's big-eared bat x?
Ferruginous hawk X
Bald eagle X
Weilands Generic X X
Recreational wildlife Jackrabbit X
Pronghom antelope X
Sage grouse X
Mallard X
Coyote X
Agricultural Cow X
Biodiversity Mou ;e X
Songbird x X
Correction factor for
average HIs* 0.25

' Daua sources are discussed in appendix B.
? Sizes of feeding temitories of bats in general are not known. We assume that Townsend's big-cared bats at INEL
have feeding areas of more than 5§ acres.
> The songbird selected for our risk analyses was the robin, which generaily has a territory size of more than 2 ha. but
smaller birds can have territories of less than 2 ha.
* We assume that this will result in His for less than 2% of the populations on the INEL reservation. See appendix
B for discussion of correction factors.

significant risk to the population, the
assumption was made that other endpoints
are at risk only at the small scale
represented by the 2% of the INEL
reservation that is in waste sites.

All contaminated wetlands are waste
ponds. The assumption was made
thatall aquatic biota receive the
average exposure to contaminants if
they occur in waste ponds. Similarly,
the assumption was made that biota
in other wetlands are not exposed to
contaminants.

Grazing livestock are not allowed
into contaminated sites. Risks to
livestock would be applicable
only if livestock were allowed to
graze in waste areas.

4.5 CONTAMINANT HAZARD ASSESSMENTS

4.5.1 Comparison of Modeled Doses with
On-Site Measurements

To validate the model assumptions and
calculations used in determining contaminant
exposure and risk to INEL receptors occupying
wasle sites, site-measured data were compared
with modeled values of risk from exposure to the
maximum contaminant concentrations. A
literature search of the INEL data provided
radiological contaminant concentrations in water
and selected organisms and nonradiological
concentrations in soils and vegetation. Several
comparisons were made to validate different
aspects of the model. Contaminant concentrations
were measured in mice, cottontail and Nuttall’s
rabbits, pronghom, swallows, ducks, coots,
arthropods, mourning doves, inveriebrates, and
sage grouse. Comparisons were made between
the modeled hazard indices (HIs) for chemical
contaminants or doses for radiological
contaminants for the pygmy rabbit and



jackrabbit, and the calculated Hls (or doses) for
cottontail rabbits; between the modeled vziues

P RN Py |

10'[ un :onguuu III.I QIIIIAC. llll ll‘ caiciiaicu

HIs (or doses) for swallows and doves, and
between the modeled values for the mallard and
the calculated His for ducks and coots.

Doses were calculated for receptor species using
(1) measured water concentrations for drinking
water only, (2) measured soil and vegetation
values, (3) measured water and applicable prey
tissue concentrations, and (4) measured tissue
concentrations in the organism. External dose
from exposure to radionuclides was also applied,
using measured soil concentrations.

Results of the comparisons indicated that the
modeled Hls or doses were similar to the
measured values. With few exceptions, the
modeled values were generally within one to two
orders of magnitude of the measured values.
Most modeled values were greater than the
measured values, indicating that the model is not
underestimating risk. This was to be expected,
since the comparison was made with the
modeled maximum contaminant concentrations.
In general, the model tended to overestimate the
risk from exposure to mercury, '"'Cs, and “Co
and underestimate the risk from strontium and
%Sr.

4.5.2 Baseline

Baseline HIs for terrestrial receptors exposed to
the maximum source concentrations were greater
than the criteria limit of | for 15 out of 21
inorganic contaminants. There were no exposures
to organic contaminants that resulted in Hls
greater than 1. Exposure to the maximum
concentrations of radionuclides resulted in Hls
for all receptors of 30. Radiological exposure
was dominated by external exposure to '’Cs in
soils.

Exposures to average soil concentrations at the
waste sites were calculated for those
contaminants whose maximum concentrations
resulted in Hls greater than 1 (table 4-10).
Compared with the maximum Hls, exposure to
the average concentrations at INEL waste sites
resulted in a 28% decrease in the number of
contaminants with Hls greater than 1. In other

words, 72% of the contaminants that resulted in
Hls greater than | from expowte to the

ulwuuuuu uuul.cuuluuu; IIQU ll‘l rm pcac

than | from exposure to average concentrations.

About 90% of the HI values were less than 10,
8% were above 10 but less than 1000, and 2%
were still greater than 1000. Exposure te
zirconium was responsible for those Hls that
exceeded 1000.

Exposure of aquatic organisms to maximum
concentrations of nonradiological contaminants in
surface water did not result in any Hls cver 1
(cesium and cobalt were the only constituents
with measured concentrations in surface water).
Exposure of benthic macroinvertebrates to the
maximum sediment pore-water concentrations
(calculated from sediment concentrations)
resulted in many His greater than 1.%iazard
indices resulting from exposure to the average
pore-water concentrations were identical to the
maximum Hls (table 4-11); this :s because there
was only one value given in the source terms,
and it was not clear whether it represented the
maximum or the average concentration

Exposure to both the maximum and average
concentrations of radionuclides in the surface
water or in the sediment pore water
(macroinvertebrates only) resulted in HIs (or
doses) greater than | for only benthic
macroinvertebrates (table 4-12). The primary
contributing radionuclide was the gamma emitter
1¥Cs.

The initial screening using average contaminant
values indicated 21 contaminants resulting in HI
values greater than 10 (i.e., severe risk from
contaminants) or HI values greater than 1 (i.e.,
moderate risk from contaminants) for various
endpoints (tables 4-10, 4-11). Following the
assumptions outlined in section 4.4, the
approximate home range or territory size of
receptors was used to determine the proportion
that could potentially be contained within waste
sites. Of the receptors included in the analyses,
only the shrike and the deer mouse occupy a
small enough area (table 4-9) to potentially live
entirely within contaminated areas [(e.g., less
than 2 ha (5 acres)]. Some small wetlands are
less than 2 ha (5 acres) in extent, and vegetation
and small songbirds can occupy small areas. All
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other receptors included in the analyses had
territories or home rangee greater than 2 he (5
acres) and less than the largest waste complex
[1400 ha (35.000 acres)) (appendix B). The
basis of the assumptions discussed in section 4.3
and appendix B, appropriate cosrection factors
were applied to HIs in table 4-10, 4-11 and 4-12
to determine potential severity of risks to
endpoints. For species with home ranges or
territories less than 2 ha (5 acres) (e.g., the
shrike and the deer mouse), no correction factor
was used. For species with home ranges or
territories more than 2 ha (5 acres) but less than
1400 ha (35,000 acres), a correction factor of
0.25 was used. No species had home ranges or
territories more than 1400 ha (35,000 acres).

Some contaminants may be highly localized, but
data do not exist for their areal distribution. Of
the contaminants which analyses indicate result
in moderate to severe risks, source terms for Zr
represent less than 0.004 ha (0.01 acres), and Sb,
Ni, and Tl represent less than 0.2 ha (0.5 acres)
of contaminated land (appendix A). Except for
total radiological contaminants, for which our
source terms represent more than 120 ha (300
acres), source terms for all other contaminants
represent 1 to 40 ha (3 to 100 acres). Although
data for most contaminants were reported for
only a small fraction of the total area in waste
sites, the data were assumed to be representative.
All source terms used in our risk analysis are,
therefore, assumed to be present in all 4500 ha
(11,000 acres) of waste sites (appendix B).
Although this may not be a realistic assumption
for all contaminants, it is acceptable for
comparison of risks from remediation
altematives.

4.5.2.1 Threatened and Endangered
Species

Risks to some threatened and endangered
species would be moderate or severe if
individuals a small songbird can occupy waste
sites. Potentially severe risks would be present
for shrikes (sum of radioactive contaminants) and
pygmy rabbits (zirconium). Potentially moderate
risks would be present from these and other
contaminants to all threatened and endangered
species (table 4-13a). Although the analyses
indicate potential risks to these species, a site-
specific survey of individual waste sites for
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occurrences of threatened and endangered species
wonld be necessary to detarmine if thers are
actual risks.

45.2.2 Wetlands

Risks to wetlands receptors (e.g., benthic
macroinvertebrates) would be severe from ten
contaminants in waste ponds and moderate from
nickel and vanadium (table 4-13b). However,
because it was assumed that non-waste-pond
wetlands are not contaminated, risks to receptors
in natural wetlands from contaminants would be
negligible.

4.5.2.3 Recreational Species

For some recreational species occupying waste
sites, risks from Ba, Zr, and Pt would be severe
(table 4-13c). Additional moderate risks would
also be possible from Cd, cyanide, Hg, and total
radioactive contaminants. Risks to individualsthat
do not occupy waste sites would be negligible,
and because less than 2% of the reservation is
waste sites, ovenall risks to populations of
wildlife on the reservation would be negligible.

4.5.2.4 Agriculture

Barium, Pb, and Zr would pose severe risks to
cattle if waste sites were used for grazing (table
4-13d). Similarly, cadmium, cyanide, and total
radiological contaminants would pose moderate
risks to cattle. However, cattle do not graze in
waste areas; therefore, potential risks to livestock
are negligible.

4.5.2.5 Public Lands

Because risks to receptor spucies in the food web
would be negligible unless receptors occupy
waste sites and because the reservation
boundaries adjacent to public lands are more
than 10 km (6 miles) from waste sites, risks to
public lands would be negligible. Although
wide-ranging species (e.g., coyote, hawks, eagles,
sage grouse, migratory waterfowl, and
pronghom) are capable of transporting
contaminants to public lands, risks to populations
of these species would be negligible.



TABLE 4-10—Baseline Hazard Indices for Terrestrial Organisms on the Idako National Engineering Laboratory

Hazard Indices Calculated Using Average Con

taminant Concenirations'

Mouse m Jackrabhit  Preaghern Cow Songhird cs-.. Mallard Shrike TB.E Bat F.Hawk  Baid Ragh Coyete Vegrintion
Touse

Vethylene 2 30E-04 3 E-04 8 S4E-04 6.67E-04 1.28E-03 2.99E-04 6.66E-04 237604 1.56E-04 3.32E-04 30IE-1§ T.13E~13 363E-ii 2.11E-03
hloride
Tohsene 1. 4E-06 1 83E-06 461E-06 3.ME-00 6.99€-06 1.73E-00 383E-06 1.48E-06 1.47E-07 1.59E-06 4.08E-12 9 S6E-12 4.96E-11 | S0E-04
Annmony 207608 7 14E-06 1 T8ECS 1 J0E-03 2.°9E-08 6.36E-06 1. 74E-03 3.66E-06 1.A3E-06 3.ME-06 1.296-09 283E-09 1 $3E-09 1010000
Arsemc 1.53E-0) 6.33E-03 1.S8E-02 6.44E-0) 1.51E-02 4 34E-0) 1.80E-02 B43E-03 1.36E-02 1.15E-02 1.31E-06 2.85E-08 1 66E-06 2.(€-01
Barvem Sl 228N 399801 405804 L.548481 2.138+0) 3648401 1.998+0! 4908+00 1068400} 5.89E-04 1.326-03 7.ME-04 LY T W
Cadmwern w © 351N IME 7.198¢80 1468400 J0IE-01 200 1.005+00 1.53E-01 291400 996E-04  231E-0)  449E-O4 9.1LE-0)
Clzovmem 1.79€-0) 3 63E-0I 9.06E-01 6 VIE-0} 1908400 $.03E-01 109500 $.24E-0) 1.138E-03 1.57E-02 3.50E~04 7.49E-04 44TE-04 3414000 -
Cobeh NA NA NA NA NA NA NA NA NA NA NA NA NA t4TE-07

f Leass 1M 2B 9B 40080} 2408001 4798400 1.106-02 3.13E-03 1.23E-0) S038+00 2.03E-07 448607 1.98E-03 LIE-0)
Mercury AMEQ} 4N 23501 LB RV M) 3.57E-02 2.48E-01 9.60E-0) 2.2)E-02 1.S4E-02 S 18E-03 1.21E-02 $.526-0) 'ﬂ” ) N
Nickel 1 95E-02 3 3SE-Q2 837602 3.80E-02 1.3SE-01 4.12E-01 $M4E-0! 4ATE-O) 4.04E-02 8.88£-0) J4IE-04 7.49E-04 4 43E-08 lmd
Sclcaium 4STE-02 907E-02 2 26E-01 1 SSE-01 1NE-01 205E-02 442E-02 2.29E-02 9.35E-04 1L19E-02 4.00E-03 8.63E-03 303E-0¢ | TVE-0}
Sitver NA NA NA NA NA NA NA NA NA NA NA NA NA 'ﬂ”ﬂ ?
Taloum L B4E-01 A82E-01 9 SIE-O01 6 41E-0) LB 5.33E-01 1.82E+00 6.10E-0) 1.696-02 8.98E-03 2.68E-0) 5.72E-0) 1.43E-03 l-ﬂW 4"
Uranium t 21E-01 249E-01 6.21E-O01 4 196-0t LOI0 1.62E-03 3.52E-03 1.84E-0) 2.69E-0% 1.21E-02 4.11E-08 801E-08 1.11E-0% NA
Vansham! 0.00 000 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 000 NA
Zoac 203E-0! 41260} _. 7.92E-01 m 1.06E-0) 8.36E-0} 2.13E-01 , ».73;—01 kY . -01 7.20E-03 s.'ma-‘o% l.'»fi-o: m
Zewn U AR 300 ‘ BN AN LIS SRS . ML SUEOL LR TR M
Araciar 1234 263E-01 441E-01 ‘m 2.046-02 1.62E-(R 1.88E-02 BASE~O4 $9IE-02 2.17E-08 4. S9E-03 1.12E-04 S.20E-01
Cyomds 6RE-02 8. 30E-02 207€E-01 7.14E-02 1.59E-01 5.56E-02 1.36E-02 8.20E-02 2.04E-10 3.66E-08 1.06E-08 NA
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' NA = Beachmark s a0t aveilable: tharefore. hazard indea could not be calcelaned.
! Vansdium was fownd oaly in sodiment. thovefose, 20 pathway exists for sorresirial exposure.




TABLE 4-11—Baseline Chemical Hazard Indices for Agquatic Organisms
on the ldaka National Engincering Laksratory

Serface Water Hazard Index Benthic Macrelaveriebrate Hazard

! NA = Benchmark was not available; therefore, hazard index could not be calculated.

TABLE 4-12—Average Internal and External Radiological Doses to Aquatic Organisms (rad/d)'
on the Idaho National Engineering Laboratory

External B:: and Internal Benthic Internal
Gamma Internal Flants  Macroinvertebrates Internal Fish Muskrats
Cesium-134 0.00 0.00 8.53E+04 0.00 0.00
Cesium-137 9.53E-09 6.99E-07 7.79E+04 3.50E-06 4.93E-06
Cobalt-60 341E-07 3.97E-0S 3.13E+06 3.97E-06 7.81E-06
Plutonium-239 0.00 0.00 9.61E+00 0.00 0.00
Thorium-232 0.00 0.00 0.00 0.00 0.00
Uranium-234 0.00 0.00 5.52E+00 0.00 0.00
Total dose 3.50E-07

' The benchmark for aquatic organisms is | -ad/d, therefore the total dose equals the hazard index.
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4.5.2.6 Biodiversity

Risks to overall biodiversity of the sagebrush-
steppe ecosystem on the reservation would be
negligible because waste sites occupy only 2% of
the total land area. However, as discussed for
other endnoints, there would be potential risks to
some receptors important to  biodiversity in
waste sites. [n addition to the receptor species
discussed previously, Pb, Zr, and total
radiological contaminants pose potentially severe
risks, and Ba and Cd pose potentiaily moderate
risks to mice or scngbirds that could occupy
waste sites (table 4-13¢). In addition to these
contaminants, vegetation is also potentially at
severe risk from Hg an? at moderate risk from
Sb, Cr, Ni, Ag, T1, and Zn in waste sites. On
the basis of calculated risks to Townsend’s big-
cared bat (table 4-9), risks to bats inhabiting lava
tube caves and feeding within waste sites would
be moderate for Ba, Pb, Zr, and total radiological
contaminants table (4-13a).

4.6 HABITAT DISTURBANCE ASSESSMENT

As urban and agricultural development
increasingly fragments the nation’s ratural
landscape large, undisturbed, and protected
blocks of natural landscape are becoming more
important for the protection of biodiversity. The
INEL reservation is a large block of relatively
undisturbed native sagebrush-steppe grassland.
Rangeland and lava flow areas in the
surrounding counties are similar ecologically.
As is clearly seen on aerial photos, much of the
surrounding area (table 4-14) is in agricultural
use (ie. farm or rangeland), especially to the
north and west of the reservation.

The nine major facilities on the reservation
occupy 150 ha (370 acres). and public roads,
utility, and railroad rights-of-way occupy an
additional 13,349 ha (33,480 acres)
(predecisional draft EIS for INEL, September

4.6.1 Baseline

Because no additiona! disturbance resulting from
restoration activities is included in the baseline
alternative, no additional disturbance beyond the
current 6% of the reservation is expected.

4.7 CUMULATIVE ASSESSMENT
4.7.1 On-Site
4.7.1.1 Baseline

For 17 contaminants, HIs suggest potential risks
to organisms inhabiting waste sites (table 4-15).
Of these contaminants, 4 pose potential risks
only to waste pond wetlands ind two (antimony
and thallium) pose potential :isks only to other
elements of biodiversity (e.g., w:getation growing
on waste sites; table 4-13¢). Basium, Cd, Cr, Pb,
Hg, Zr, and total radiological contaminants pose
potential risks to many endpoints occupying
waste sites. Most of the waste sites are highly
developed areas that do not provide suitable
habitat for most organisms. Actual risks
associated with these sites are probably lower
than indicated by the Hls. Wildlife and
waterfow! probably use waste ponds; therefore,
for these organisms current exposures may be
substantial. For all of the sites, a future scenario
involving closure of the INEL facility without
restoration would result in reoccupation of all
waste sites by plants and animals; risks similar to
those indicated in table 4-15 would then be
expected.

Determining cumulative risks to endpoints that
do not occupy waste sites is more problematic.
Data were not adequate to determine facility-
wide contaminant levels. Moreover, many of the
inorganic contaminants (e.g., metals) included in
our analyses are known to occur in soils
throughout the United States at concentrations
greater than or equal to concentrations in the
INEL scarce-term data base (table 4-16). For
some of these substances, it is possible that the
source terms reflect  naturally  occurring
concentrations rather than contamination. Even
when background levels are known,
interpretation of Hls for inorganic substances is
often difficult because most analytical techniques
do not distinguish between chemical forms that
are available for uptake by organisms (e.g.,
dissolved in soil pore water or loosely bound to
particles) and those that are biologically
unavailable (e.g., insoluble salts).
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TABLE 4-13A—Baseline Potential Risks' to Threatened, Endangered, and Candidate Species that
ocenpy Waste Sites. Risks to Individuals that do not Occupy Waste Sites are Negligible. Wasts
Sites Account for 2% of the Surface Area of the Idaho National Engineering Laboratory
Reservation

Shrike
M
M
M

R

! Potential risks based on assumptions discussed in Section 4.4.3.
? M = moderate, S = severe.

TABLE 4-138—Baseline Potential Risks to Wetlands that are Waste Sites.
Risks to Wetlands that are not Waste Ponds are Negligible

tam ts tes

<

Cadmium
Chromium
Cobalt

Lead
Methylene chloride
Mercury
Nickel
Silver
Toluene
Vanadium
Zinc
Radiclogical

nuZTununInuwunnn

'Based on Environmental Protection Agency Water Quality Criteria (Suter
etal. 1992). Itis assumed that benthic invertcbrates are exposed to pore-
water concentrations, whereas other wetland (aquatic) organisms are
exposed to surface water.
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TABLE 4-13C—Baseline Potential Risks to Recreational Wildlife that occupy Waste Sites. Risks to
Individuals that do not Occupy Waste Sites are Negligible, and Overall
Risks to Populations of Wildlife on the Reservation are Negligible

TABLE 4-13D0—Baseline Potential Risks to Cattle that Occupy Waste Sites. Risks to
Individuals that do not occupy waste sites are negligible; hence, risks to cattle are negligible
in the areas currently used for livestock grazing

Banum
Cadmium
Chromium

Cyanide
Lead
Zirconium
Radiological
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Reservation. Risks are for Endpeints that Occupy Waste Sites’

[Contaminant | Bascline Risk |
"Construction”
Antimony B*
Barium ERB
Cadmium EWRFB
Chrom.ium WFB
Cobalt w
Cyanide RF
Lead EWRFB
Mercury EWRGB
Methylene chloride w
Nickel WB
Siiver wWB
Thallium B
Toluene W
Vanadium w
Zinc wB
Zirconium ERFB
Radiological EWRFB

' Only those contaminants are listed that our analyses showed could pose severe or moderste risks to some eadpoints. Risks
could be severe from at least one contaminam for cach endpoint (see table 4).

! Risks to endpoints that do not occupy waste sites are assumed o be negligible (see Section 4.4.3).

} These are short-term risks. Long-term risks could be reduced with successful restoration of appropriste habitat.
* Ecological endpoints: E = threatened, endangered, and candidste species; W = wetlands; R = recrestional fish and wildlife;
F = agriculture and forestry; P = public land; B = biodiversity (oaly for receptors not inciuded under other endpoints).

TABLE 4-16—Comparison of Source-Term Concentrations of Contaminants with Naturally
Occuring Concentrations in Parts per Million

' From Rope et al. (1988).

! Prom Shackiette and Boerngen (1984).
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' NA = not available.

P —————
Naturally

Contaminant i Occurring Conc.!
Antimony 58 NAY 05 <l -26
Barium 2170 298 580 70 - 5000
Cadmium kN 06 NA NA
Chromium 30 18 41 3 - 2000
Lead 19.6 12 17 <10 - 700
Mercury 6.0 024 0.05 <0] -
Nickel 21§ I8 15 <5 - 700
Silver 37 NA NA NA
Thallium 14 NA NA NA
Zinc <10 - 2100
Zirconium <20 - 1500

.




It was not possible to definitively determine
cither the fraction of inorganic substances in the
source term data base actually attributable to
contamination or the fraction of those substances
biologically available to organisms living on the
reservation. However, evaluation of existing
data on regional background levels permits some
tentative conclusions. Ranges of concentratidas
for thallium throughout the Uniied States are
higher than our average source-term data for that
clement (table 4-16). Therefore, risks from
thallium due to waste sites are probably
negligible. At present, no data characterizing
ranges of concentrations of cadmium, thallium,
and silver are available. All other inorganics for
which data were available range in
concentrations from less than those given in
source terms to much greater than source terms.
However, geometri: means for the westem
United States were rauch less (.., generally less
than 1/10) than source terms for Sb, Ba, Cr, Hg,
Ni, and Zr. Lead and zinc source term
concentrations were somewhat higher than
average background concentrations. Because of
the high toxicity of lead, and the uncertainty
associated with background variability, risks
from lead in waste sites ma; be present. Zinc,
however, is an essential element for iife, and

rce-term concentrations were only about three
times the average concentration for the westem
United States. Risks from zinc, which were
found to be present only in wetlands and in
vegetation growing on waste sites, are probably
negligible.

Despite difficulties in interpretation of the Hls,
cunnlative risks from available source-term and
benchmark dasta are adequate to compere
alternatives. Because of the relatively small
fraction of the INEL reservation that is
contaminated, potential risks to all endpoints
except for (1) endangered and threatened species
and (2) wildlife using waste ponds appear
negligible. Because no restoration activities are
included in the beseline case, habitat
disturbance/fragmentation risks would also be
m&" .

4.7.2 Off-Site

The only curmrently known mechanism for
transport of contaminants from waste sites off
the reservation is through ingestion by wide-
ranging wildlife (e.g.. migratory waterfow] or
pronghom antelope). Of the three classes of
contaminants in waste sites (i.c., organics,
inorganics, and radionuclides), the only source of
radionuclides in the region would be INEL
reservation waste sites. Therefore, regional (off-
sitz) camulative risks for radionuclides would be
the same as on-site risks. At the time of our
analyses no regional data for organics or
inorganics were available, and cumalative risks
for the region of influence could not be
estimated.
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CHAPTER 5: HANFORD RESERVATION

The Hanford Reservation in south-central
Washington State is about 148,000 ha (365,700
acres; 560 miles?) of semiarid sagebrush-steppe
vegetation located just zorth of the confluences
of the Snake and Yakima rivers with the
Columbia River (figure 5-1). About 6% of the
land area has been disturbed and is actively used.
Public access to the reservation is restricted
(Woodruff and Hanf 1992). The reservation is
bordered on the north by the Saddle Mountains.
The Columbia River flows through the northemn
part of the site, and tumning south, forms part of
the eastern boundary. The Yakima River runs
along part of the southern boundary. Rattlesnake
Mountain, Yakima Ridge, and Umtanum Ridge
form the southwestern and wesiem boundary.
Two small east-west ridges, Gable Butte and
Gable Mountain, rise above the plateas of the
central part of the reservation (Cushing 1991).
The Arid Lands Ecology (ALE) Reserve, a
protected environmental research area, occupies
the southwestemn edge of the reservation. Saddle
Mountain National Wildlife Refuge and Wahiuke
Slope Wiidlife Refuge Area occupy the portion
of the reservation north of the Columbia River.

This semiarid reservation is one of the largest
undisturbed tracts of native sagebrush-steppe
remaining in the state of Washington. Big
sagebrush is thc most common shrub species.
Additional shrubs include other species of
sagebrush, antelope bitterbrush, gray rabbitbrush,
greasewood, spiny hopsage, and winterfat.
Common grasses are bluecbunch wheatgrass,
Sandberg’s bluegrass, and cheatgrass. In the past,
trees were planted for windbreaks and shade. and
some have persisted at abandoned farmsteads on
the reservation. Wildlife includes 12 species of
reptiles and amphibians, almost 187 species of
birds, 40 species of mammals, including
6 species of bats (Fitzner and Gray 1991), and
43 species of fish. Most species are characteristic
of the semiarid shrub-steppe and niver
environments of the region. Ecology of the
Hanford Reservation is described in detail in
Cushing (1991) and Sackschewsky et al. (1992);
information is taken from these reports unless
noted otherwise.

Contaminated sites are associated with facilities
in major operational areas and have been
grouped into four aggregated arcas using
identifiable geographic boundaries (figure 5-1).
The four aggregated areas, which have been
placed on the US. Environmental Protection
Agency’s (EPA) National Priorities List, are as
follows:

. The 100 Area occupies about
11 kn?? (4 mi®). It lies along the
Columbia River in the northern
portion of the Hanford
Reservation and is the site of
eight cetired plutonium
production reactors and the
N Reactor (currently in retired
status).

. The 200 West and 200 East
Areas cover about 16 km’
(6 mi®). They lie in the center of
the Hanford Reservation near the
basalt outcrops of Gable
Mountain and Gable Butte.
These areas historically were
dedicated to fuel reprocessing
and waste processing
management and disposal
activities.

. The 300 Area covers 1.5 km’
(0.6 mi®). It is near the south
border of the Hanford
Reservation and is the site of
nuclear research and
development.

. The 1100 Area is a cormidor
northwest of the city of
Richland used for vehicle
maintenance and other support
activities.

On the basis of information from the
Environmental Restoration PEIS source term data
base (appendix A), about 870 ha (2150 acres) of
the 148,000 ha (365,700 acres) Hanford
Reservation are contaminated, including about
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820 ha (2030 acres) of contamirated soil and
45 ha (110 acres) of waste ponds. This is about
06% of the total area of the Hanford
Reservation and about 10% of the disturbed
areas. It was assumed that this is a representative
sample of the surface area of all waste sites at
Hanford.

5.1 ECOLOGICAL ENDPOINTS AND SPECIES
DISTRIBUTION

Endpoints can be represented by many different
receptors. The ecological endpoints and receptors
chosen for the Hanford Reservation ecological
risk assessment are described in this section of
the report. In summary, 11 federally listed
threatened and endangered or candidate species
of piants and am.mals occur, visit, or nest on the
reservation; welands are found along the
Cciumbia River, in the Rattlesnake Hills, at West
Lake, and in surface ponds and ditches
associated with fuel and waste processing
activities; recreational wildlife species are present
but hunting is not allowed; no grazing or
agricultural activities are allowed, although the
reservation is surrounded by range and
agricultural land; several public areas lie within
the reservation but access is restricted; and
finally, the Hanford Reservation is one of the
largest relativery undisturbed and protected tracts
of sagebrush-steppe in the state of Washington.
Because of these important ecological endpoints,
the reservation has value for the conservation of
biodiversity. Important groups of species include
raptors, salmonids, large mammals, and
wintering/migratory wildlife.

Determining risks to endpoints requires
(1) defining distribution and composition of
endpoints and (2) selecting receptor species. The
distribution of endpoints must be known in order
to determine both exposure pathways for
contaminants and risks to endpoints from
construction (i.e., habitat disturbance).

Fer purposes of determining risk of exposure to
contaminants, distribution of endpoints is
considered to be either ubiquitous (i.c., more or
less uniformly distributed throughout the
reservation or region), discontinuous (i.e., found
in several locations within a limited area or
areas), or discrete (i.e., located in one clearly

identified location). Risks to ubiquitous
endpoints are assumed to be related to the total
surface area affected by contaminant exposure or
by disturbance from remediation. Risks tc
discontinuous and discrete endpoints are
determined if their locations are known to be
within contaminated areas or within areas
affected by remedial activities or contaminant
exposures.

Although the terrestrial ecology of the
reservation is generally uniform, the wetland
areas (i.e., rivers, ponds, seeps, and springs) are
scattered. Thus, eadpoints (e.g., biodiversity) can
be both ubiquitous (e.g., shrub-steppe vegetation)
and discontinuous (e.g., pelicans) depending on
the receptors (table 5-1). Locations of endpoints
were determined from existing maps and
publications, supplemented by personal
communications with ecologists at the Hanford
Reservation.

5.1.1 Threatened and Endangered Species
5.1.1.1 Receptors

There are 11 federally listed or candidz‘-. species
of plants, birds, and mollusks at the Hanford
Reservation (table 5-2). Of the federally listed
species of birds, the Aleutian Canada goose is a
rare visitor, the peregrine falcon is known tc
reside full-time on the reservation but is listed as
rare, and the bald eagle is found during the fall
and winter. Of the candidate species of birds, the
we stern sage grouse and loggerhead shrike are
year-round residents, and the ferruginous hawk
winters off-site (Fitzner and Gray 1991). The
plants and mollusk are, of course, full-time
residents.

The peregrine falcon feeds almost exclusively on
birds, and the Canada goose and bald cagle fesd
exclusively on vegetation and salmon,
respectively. The ferruginous hawk feeds almost
exclusively on jackrabbits. The sage grouse has
not been observed since the mid-1980s and
probably no longer resides at the Hanford site
(Fitzner and Gray 1991). The loggerhead shrike
eats mostly insects and small mammals.
Exposure risk to populations that migrate would
be less than to resident populations.



TABLE S-1—Distribution of Ecological Endpoints and Receptors

Recreational wildlife (deer,
elk, jackrabbits, and upland
gamebirds)

Biodiversity (important
components not included eagle)
above- bats, food sources for
protected species, sag~hrush

Recreational wildlife (salmon)

Biodiversity (pelican, bald

at the Hanford Reservation
Ubiquitoas Discontinuouas Discrete
Resident, breeding federally Wetlands (vegetation, benthic Public lands (Arid Lands
listed and candidate species invertebrates, fish, muskrats, Ecology Reserve, Saddle
(peregrine falcon, western sage | and migratory watcrfowl) Mountain Wildlife Refuge,
grouse, loggerhead shrike) Wahluke Slope Wildlife
Refuge Area)

cornmunities)
_' A
TABLE 5-2—Rare Species on the Hanford Reservation
- e
Species Common Name Status* I
Plants
Artemisia campestris borealis wormskioldii Northern wormwood Cli
Astragalus columbianus Columbia milk vetch C2
Rorippa columbiae Columbia yellowcress 2
Lomatium tuberosum Hoover's desert parsley C2
Birds
Branta canadensis leucopareia Aleutian Canada goose T
Falco peregrinus Peregrine falcon E
Haliaeetus leucoephalus Bald cagle T
Buteo regalis Ferruginous hawk C2
Centrocercus urophasianus phaios Western sage grouse C2
Lanius ludovicianus Loggerhead shriek C2
Mollusc
Fluminicola columbianus Columbia pebblesnail C2
00

“Endangered and threatened wildlife and plants, Fed. Regist. 50 CFR 17.11 & 17.12, August 29,
1992; endangered and threatened wildlife and plants: animal candidate review, Fed. Regist. 50 CFR pant
17, Nov. 21, 1991; endangered and threatened wildlife and plants: review of plant taxa, Fed. Regist.

50 CFR part 17, August 29, 1992. E = endangered, T = threatened, C1, C2 = under review.



5.1.1.2 Distribution

Most of the federaiiy iisted or candidate species
are known to have parchy distributions rather
than uniform dispersal over the entire
reservation. There is no known designated or
proposed critical habitat. The plant species are
generally found near the Columbia River
(Sackschewsky et al. 1992). The mollusk,
Aleutian Canada goose, and bald eagle are found
in or near the Hanford Reach of the river. For
this programmatic analysis, the falcon, hawk,
grouse, and shrike -~ assumed to be uniformly
distributed in Hanford shrub-steppe
environment.

5.1.2 Wetlands
5.1.2.1 Receptors

Although the Hanford Reservation is located in
a semiarid region, various types of wetlands are
on reservation. Benthic macroinvertebrates, fish,
muskrats, and aquatic plants are representative
species of wetlands for which some toxicity
benchmark data are available. Although these
biota do not necessarily occur in all wetlands on
the reservation, they were selected as receptors in
our risk analysis because they cover the range of
wetland ecosystem components that could be
present. Thus, risks are calculated to these
receptors in all wetlands (excluding West Lake
which is recharged from groundwater and has
not received direct effluents from site activities).

5.1.2.2 Distribution

Wetlands on the Hanford Reservation include the
Columbia River; on-site ponds (i.e., West Lake,
B Pond, and FFTF Pond); small spring streams
and seeps, located mainly on the Arid Lands
Ecology Reserve in the Rattlesnake Hills, that
disappear into the ground before reaching any
major water bodies; artificial ponds and ditches,
formed as a result of wastewater disposal
practices associated with the operation of the
reactors and separation facilities that support
aquatic and emergent flora and fauna (Gray and
Rickard 1989); and ponds resulting from
irrigation runoff in the Saddie Mountain Wildlife

Refuge and the Wahluke Slope Wildlife Refuge
Area (Cushing 1992).

5.1.3 Recreational Fih and Wildlife
5.1.3.1 Receptors

Many wildlife species having recreational,
aesthetic, or commercial importance are present
on the reservation, although access to the
Hanford Reservation is restricted and the site is
closed to hunting and fishing. Determining
contaminant risks to aquatic species, including
recreational fish, does not require the use of
specific receptor species. Risks to fish in general
were determined to represent recreational fish in
the Columbia River (e.g., salmon). The mule
deer. jackrabbit, and coyote were selected as
common terrestrial species representative of
recreational wildlife that are also important
components of the food web on the reservation.
All of these species are year-round residents on
the reservation. Thus, our analysis estimates
potential risks to populations continuously
exposed to contaminants. However, it is highly
unlikely that Hanford populations of fish, birds,
or animals are continuously exposed to
contaminants throughout their lifetimes.

5.1.3.2 Distribution

Game animals including deer, elk, jackrabbits,
and upland gamebirds were considered to be
common and found throughout the Hanford
Reservation. Recreational fish are found in the
Hanford Reach of the Columbia River which
provides valuable spawning habitat for salmon
and steelhead trout and is a major resting and
feeding area for migratory waterfowl and
shorebirds (Fitzner and Gray 1991).

S.1.4 Agricultural or Timber Production

Because of arid conditions, natural productivity
on the Hanford Rescrvation is low. Although
closed to agricultural activity, data are available
on productivitv of native vegetation (see
references in Cushing 1991). The reservation is
surrounded by range and agricultural land to the
west, north, and east.



5.1.5 Parks and Other Public Lands
5.1.5.1 Receptors

Within the Hanford Reservation, there are several
public areas with restricted access (figure 5-1).
Risks to these receptors were determined by
calculating risks to food web componeats at
reservation boundaries. Risks are assumed to be
maximal closest to the reservation.

5.1.5.2 Distribution

The Ard Lands Ecology Reserve (ALE)
occupies the southwestern section of the
reservation, and the Saddle Mountain National
Wildlife R:iuge and the Washington State
Department of Game Wahluke Slope Wildlife
Refuge Ara occupy the portion of the
reservation north of the Columbia River
(figure S-1). Other public lands include the Priest
Rapids Wildlife Area on the Columbia River to
the northwest, the Columbia National Wildlife
Refuge to the north, and the Sacajawea State
Park and McNary National Wildlife Refuge to
the southeast of the reservation.

5.1.6 Biodiversity
5.1.6.1 Receptors

The Hanford Reservation is a very large,
relatively undisturbed, native sagebrush-steppe
ecosystem; most of the plant and animal species
are characteristic of semiarid and river
environments of the region. Conservation of such
a large area of nawral sagebrush-steppe
vegetation contributes to the conservation of
biodiversitv. Raptors are well represented in our
analyses by federally listed or candidate species
(e.g.. the endangered peregrine falcon, threatened
bald eagle, and candidate ferruginous hawk and
loggerhead shrike). The common pallid bat
(Antrozous pallidus), which is ecologically
similar to most bats found on the reservation, is
a year-round resident and was chosen as a
conservative representative of bat species. The
robin, which is abundant site-wide and year-
round, was chosen as a representative songbird.
Other important food web components
(figure 5-2) include major food organisms of
receptors (e.g., small mammals eaten by raptors
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and coyotes, and insects eaten by loggerhead
shrikes and hats) which were chosen to represent
other endpoints. Although very important to
ecosystem function and to other species as food,
invertebrates were not included in our analyses
due to lack of benchmark data for them.
Benchmark data were generally not available for
reptiles, another important species group at the
reservation.

5.1.6.2 Distribution

Rocky Mountain elk inhabit the Arid Lands
Ecology Reserve. Mule deer, hawks, upland
gamebirds, and other shrub-steppe birds (e.g.,
sage sparrows, sage thrashers, loggerhead
shrikes, and long-billed curlews) find refuge on
the reservation from expanding agriculture and
urbanization. Eagles, pelicans, and geese benefit
from riverine management practices that restrict
public access and ensure critical resources such
as food, perches, and cover for broods. This
large undisturbed expanse of sagebrush-steppe
with its associated wetlands provides protected
habitat for several species groups whose
populations are in general decline. These species
groups found on the Hanford Reservation include
raptors (26 species), bats (seven species), reptiles
and amphibians (12 species), and native Pacific
salmonid populations (four species). In addition,
the reservation is an important resting area for
migrant waterfowl and is within a major sandhill
crane flyway.

Invasion of sagebrush-steppe communities on the
reservation by nonnative plant species (e.g.,
cheatgrass, Russian thistle) is an increasing threat
to biodiversity. Nonnative species invade
disturbed z-eas, crowd out native species, and
inhibit or prevent their reestablishment on fresh
disturbances. The abundance of these species is
assumed to be inversely proportional 1o the
quality of native sagebrush-steppe habitat and
most abundant in and adjacent to disturbed sites
and old cultivated fields.

5.2 CONTAMINANTS OF POTENTIAL
CONCERN

The contaminants of potential concem at the
Hanford Reservation include radionuclides and
inorganic and organic contaminants (table 5-3).
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TABLE 5-3—Maximum and Average Concentrations of Organic, Inorganic, and
Redionuclide Contaminants in Seil at the Hanford Reservation
[mg/kg dry weight (for chemical constituents) or pCi/kg dry weight (for radionuclides))

Maximem
Conceatration

Constituent

Aversge
Coucestration

Ammonia (carbonate)
Benzo(a)pyrene
4-methyl-2-pentanone
Tributyl phosphate (TBP)
Trichloroethene
Aluminum (fluoronitrate)
Beryllium

Cadmium

Chromium

Copper

Cyanide (iron)

Fluoride

Iron (nitrate)

Lead

Magnesium (nitrate)
Mercury

Nickel

Nitrate

Nitric acid

Nitrite

Phosphate

Potassium (borate)
Sodium

Sulfate

Sulfuric acid

Zinc

Americium-241
Carbon-14

Cobalt-60

Cesium-134

Cesium-137
Europium- 152
Europium-154
Europium-155
Todine-129

Nickel-63

Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Promethium-147
Ruthenium- 106
Strontium-90
Tin-113
Tritium
Uranium-235
Uranium-238
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4.43E+04
1.80E+04
1.35E+05
2.35E+06
1.O5E+03
2.75E+05
3.92E+00
7.85E+00
1.92E+02
7.85E+03
1.5TE+04
1.08E+06
$S.23E+04
2.35E+02
2.35E+05
2.94E+04
i.18E+03
4.04E+06
1.18E+05
2.88E+05
6.02E+05
2.82E+05
2.72E+06
1.31E405
3.00E+03
1.92E+02
1.57TE+0S
1.62E408
4 96E+08
1.56E+05
5.05E+09
1.32E+07
$.81E+06
1.36E407
2.04E+04
1.B4E+06
1.16E+05
3.07E+12
8.33E+06
8.05E+06
8.52E+05
1.36E+06
2.09E+09
8 41E+02
3.52E+09
6.59E+02
4.90E+07

Benzo(a)pyrene
4-methyl-2-pentanone
Trichloroethene
Cadmium
Chromium

Copper

Cyanide (iron)
Iron (nitrate)

Lead

Magnesium (nitrate)
Mercury

Nickel

g Zinc

Cnobalt-60
Cesium-137

§ Europium-152
Plutonium-239

f Strontium-90

§ Uranium-238

1.15¢+04
2.65¢+04
7.89%e+02
6.25E-01
3.51e401
5.07¢402
1.12¢+03
5.23404
4.69¢+01
2.35¢405
3.94¢4+00
8.20e+01
351e401
5.82¢405
1.58e+07
4 9e+06
31.77e+09
1.19¢+07
3.96e+04




The primary radionuclides, according to relative
amgeconcenuations,u'e“’(:o "C, "¥'Cs, Pu,
M, and YSi; ihe piimary inofgANICS ibai arc not
essentiai nutrients (i.e., sodium) are Al, cyanide,
Pb, Hg, Ni, and Zn; the primary organics are
ammonia, benzo(a)pyrene, tributyl phosphate,
trichloroethene, and 4-methyl-2-pentanone.

Maximum and average concentrations of
chemical and radiological constituents in soil,
surface water, and sediment were determined
from the source terms provided by PNL
(tables 5-3, 54, and 5-5. respectively).
Determination of these average and maximum
concentrations required that certain assumptions
be made with regard to data interpretation and
compensation for data gaps.

Appendix B describes the methodology used to
develop the source terms for input into the
exposure and risk assessment.

5.3 EXPOSURE ASSESSMENT

Where available for Hanford, the maximum
concentrations of each contaminant in each
medium (i.e., soil, water, and sediment) were
used to identify the worst-case potential
contaminants. Contaminants that did not pose a
risk to any of the receptor species from exposure
to the maximum values were not considered
further. If exposure to the maximum
concentrations of contaminants posed a risk to
organisms, then the average concentrations of
those contaminants were used in the assessment
to estimate the most probable and reasonable
exposure and risk.

Estimating contaminant exposure for receptor
species on the reservation also depends on
knowing the amount of time species spend in
waste areas and the amount of contaminants
ingested. Because specific home ranges and
habits of many of the representative species on
the Hanford Reservation are not well known, an
initial screening assessment for contaminant
exposure was conducted using conservative
assumptions. Even though only a few species
with small home ranges (e.g., small mammals
and birds) could reside within contaminated areas
for most of their lives and even fewer individuals
could contact areas of maximum concentrations

(see chapter 5.4 for discussion of home ranges),
the conservative assumptions were applied
routineiy.

The ecological risk assessment (appendix B)
estimates the risk to vegetation, terrestrial
wildlife, and aquatic organisms from chronic
exposure to radiological and nonradiological
contaminants. In our exposure analyses, the
ecological endpoints and their receptor species
were considered. However, due to limited
availability of sensitivity data for many species
(e.g., threatened and endangered species) and to
ecological similarities in exposure risk (e.g.,
similarly sized raptors feeding on the same prey),
a representative organism for cach endpoint was
chosen for evaluation. A food web was
developerd which includes receptor species
representing the endpoints (figure 5-2). In all
cases where data were available, conservative
estimates of exposure and risk were made by
selecting receptors most sensitive to
contaminants or habitat alteration, most likely to
expenence additional risk due to bioaccumulation
or larger body size, or at greatest risk due to
rarity. Other abundant species on the reservation
were included as important prey components of
the foodweb, such as mice and insects (risk
estimates were not determined for insects).

The primary exposure routes for terrestrial
wildlife species are exposure to extemnal
radiation, and ingestion of food (including soils
for some species), and water. Table 5-6 lists the
body weights and consumption rates for the
receptor species. The jackrabbit, sage grouse, and
Canada goose are assumed to feed exclusively on
the vegetative parts of plants. The mule deer is
assumed to eat 80% vegetation and 20% fruits
and seeds. On the basis of a review of the
literature, the percentage of prey items consumed
by omnivores and predators was estimated
(table 5-6; figure 5-2). The mouse is assumed to
cat 80% fruits and seeds and 20% insects; the
robin is assumed to eat 70% fruits and seeds and
30% insects; and the coyote eats 35% mice, 35%
jackrabbits, 20% sage grouse, and 10% fisis. The
loggerhead shrike is assumed to eat 60% insects
and 40% mice, the ferruginous hawk eats 100%
jackrabbits, and the bald eagle eats 100% fish.
The pallid bat is assumed to eat 100% insects,
and the insects eat 100% vegetative plant parts.
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Radionuclide Contaminants in Water at the Hanford Reservation
[mg/L (for chemical constituents) or pCVL (for radionuclides)]

m
Average
Concentration

1.99e+00 1.22¢+00
6.82¢+01 - jum- 9.64¢-01
2.64e+00 : i 5.10e403
8.35¢+00 i 6.49e+12
7.33¢-01
9.64¢-01
3.47¢4+00
7.14e401
8.34e+00
5.10e+03
9.87e+12
7.33e+03
3.10e-01
1.86¢+01

TABLE 5-5—Maximum and Average Concentrations of Organic, Inorganic, and
Radionuclide Contaminants in Sediment at the Hanford Reservation
{mg/kg (for chemicals) or pCukg (for radionuclides)]

Aversge
Constitaent Concentration Constituent Concentration

Cesium- (37 2.45E+03 Cesium-137 2.45¢403
Plutonium-239 5.40E+04 Plutonium-239 5.40e+04
Potassium-40 2.19E+04 Srontium-9% 2.94e4+02
Stontium-90 1.57E+03 Uranium-238 5.13e+03
Uranium-235 1.91E+02
Uranium-238 5.13E+03
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TABLE 5-6--Body Weights and Consumption Rates' for Terrestrial Species’ on the Hanford Reservation

Great Basin Black-t~ded Cansda Loggerhend | Ferrugineus
Parameter Pocket Mouse Jackrabbit Pallid Bat Mule Derr Robin Sege Grouse Geose Shriie Hawk Bald Eagle Cavete
Body weight, BW (kg) 2.38E-02° 2.27E+00° 1.30E-02° 1.10E+02* 7.50E-02' 2.00E+00 2.76E+00" 4.5SE-02% 1.39E+00" 4.50E+00" l.ﬁwool"‘
Water intake e, Q, (L/) 6.30E-03 1.83E-01 7.50E-03 4.45E+00 1. 43E-02 1.90E-01 2.830E-0) 9.708-03 1.67E-01 4.05E-01) 7. 7301
Water ingestioa fraction, F1, 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 {.00E+00 1.00E+00 7.00E~01 1.00E-01 $.00B-01 1.70E+00
Soil itake rasc, Q, (kg/d) 3.22E-05% 9.2E-0}" 0.00 2.9E-2" 3.56?—04‘ 1.038-02" 1.3SE-02"* 0.00 0.00 0.00 0.00
Soil ingestion fraction, Fl, 1.U0E+00 1.00E+00 0.00 1.00E+00 1.00E +00 1.00E+00 1.00E+00 0.00 0.00 0.00 0.00
Vegetation intake rate, Q, (kg/d} 0.00 1 S9E-01® 0.00 2.13E+00% 0.00 1.13E-O1 1.778-0) 0.00 0.00 0.00 0.00
Vegetation ingestion fraction, Fl, 0.00 1.00E+00 0.00 | .00E+00 0.00 | .00E+00 1.00E+00 0.00 0.00 0.00 0.00
Fruw/socds imake raie. Q, (kg/d) 3.76E-03¥ 0.00 0.00 $.32E-0l S.W—O}’ 0.00 0.00 0.00 0.00 0.00 0.00
Fruit/secds ingestioa fraction. Fl, 1.00E+00 0.00 0.00 |1 .00E+00 1 .00E+00 0.00 0.00 0.00 0.00 0.00 0.00
Prey | istake rate, Q, (kghd) 9.40E-04 0.00 4.40E-03 0.00 2.50E-03 0.00 0.00 3.36E-03% 9.91E-02 2.678-01 2.(4E-017
(insects) (insects) (insects) (insecis) (rabbits) (fizh) (mice)
Prey | iagestion fractioa, Fl,, 1 .00E+00 0.00 1 O0E+00 0.00 1.00B+00 0.00 0.00 7.00E-01 7.008-0} $.00E-01 1.00E+00
Prey 2 intake rate. Q; (kghd) 0.00 0.00 0.00 000 0.00 0.00 0.00 2.248-03 0.00 0.00 2.M48-01
(mice) (1abbits)
Prey 2 ingestion fraction, Fl, 000 0.00 0.00 0.00 0.00 0.00 0.00 7.00E-01 0.00 0.00 1.0E+00
Prey 3 intake rate. Qy, (kg/d) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1TE-O}
yirowse)
Prey 3 ingestion traction, Fly, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.008+00
Prey 4 intake rasc. Q. (kgid) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 S.ME-02
(fish)
Prey 4 iagestion fracuoa, Fl, 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.120B+00
L AR R

‘AN values ase om 2 wet weight basis. For soils, the wet:dry ratio is 0.98 (Rope et al. 1988), for vegetation the ratio is 0.91 (the lower bound on the range for hay/grasses reposted in Suter 1993) snd for fruits/soeds, the ratio

0.17 (Moerison 1959}

Waker and food comsamption ratcs were computed by methods in U.S. EPA 1988 (1able 4-8) unless otherwise noted.

‘Whitaker 1968

‘Bant and Grosseahcider 1976.
SAaderson and Wallmo 1984.

*Anderson and Wallmo 1984.

*Tesres 1980.

*Terres 1980.

*Western Baad Birdiag Association 1984

*Terres 1980,

‘'Brown aad Amadon 1968
“Brown and Amadoa 1964
8Burt aad Grosseahelder 1976.

“The mouse s0il ingestion raie is 2% of dry vegetation intake (Beyer o al. 1991).

U
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" The soil ingestion rate of the jackrabbit is 6.3% (Arthur and Gates 1988).
“The mule deer soil ingestion rutc is 1.35% of dry matter istake (Anthur and Alldredge 1979).
"The soil ingestion rate of the -obin is assumed (0 be 10% of dry malter intake.
"*The sage grouse soil ingesu.  rate is assumed to be 10% of dry marter intake.
"The Canada goose soil ingestion raie is assumed 10 be 8.2% of dry mateer intake (Beyer et al. 1991).

®The biack-tailed jackrabbit ingestion rate is 159 g/d wet weight (Whitaker 1988),

"The mule doer is assumed to est 30% vegeation and 20% fruit/scods (Anderson aad Walimo 1984).

The mouse is assumed to eat 80% fruivseeds and 20% insects.

*The robin is assumed to eat 70% (ruit/seeds and 30% insects (Terres 1980).

*The loggerhead sheike is assumed to est 60% insects and 40% mice (Terves 1980).
mcomilmwﬂllﬁm,ljﬂm.mww.-dINM(MMMWW‘



All species are assumed to purposely or
incidentally ingest soil while eating, grooming,
or preening except for the bat, raptors, and
coyote (table 5-6). The soil ingestion rate (Q)
for black-tailed jackrabbits is said to be 6.3% of
the dry matter intake (Arthur and Gates 1988);
for mule deer, 1.35% of the dry matter intake
(Arthur and Alldredge 1979); and for the mouse
and goose, 2% and 8.2% of the dry-maier
intake, respectively (Beyer et al. 1991). Since
published values of soil ingestion rates were not
found for the robin and the sage grouse, they
were conservatively estimated to be 10% of the
dry matter intake.

The estimated daily rates of food and water
consumption (Q,, Q; or Q. and Q,, respectively)
for each receptor species were calculated from
allometric regression equations that are based on
the weight of the organism (EPA 1988)
(Appendix A). These equations are based on the
combined measurements for laboratory animals,
livestock, and selected wildlife and bird species.
Measured values for some rates were obtained
from the literature for several species and are
noted in appendix A.

Because information on the specific habits and
behaviors of some of the receptors is not well
known, it is assumed that all species, except the
loggerhead shrike, the ferruginous hawk, and the
bald eagle spend 100% of their time on the
reservation. Therefore, the fraction of
contaminated vegetation, fruit, prey, soil, and
water consumed (FL, FI, Fl,, FI, and FI,
respectively) 1s set at 100% (table 5-6). The
loggerhead shrike and the ferruginous hawk are
assumed to winter off the reservation; thus, their
FI values are set at 70%. The bald eagie is
present on the reservation approximately
6 months or less each year (Fitzner and Gray
1991), and its FI value is set at 50%.

Contaminant concentrations in vegetation, the
first level in the foodchain, are estimated from
source-term  concentrations in  soils using
published clement-, or chemical-specific
soil-to-plant transfer factors (Baes et al. 1984;
Travis and Arms 1988) (wable 5-7). Transfer
factors for inorganic chemicals are available for
both vegetative and fruiting parts of plants (Baes
et al. 1984); however, transfer factors for organic
chemicals apply only to "vegetation” in generai
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(Travis and Arms 1988). The methodology used
to predict contaminant concentrations in
vegetation does not distinguish between different
plant types or species. Therefore, all species
ingest “genmeric™ vegetation containing
contaminant concentrations derived from soil
concentrations via transfer factors.

Contaminant concentrations in the tissues of
terrestrial mammalian receptors are based on
transfer factors for consumption of vegetation,
soil, and water by beef (collectively termed B,)
(Baes et al. 1984; Travis and Arms [988)
(table 5-7). Data on transfer factors from
vegetation or soil to insects and earthworms are
very limited in the literature. Therefore, the
concentration in insects was derived from
vegetation concentrations, and a default,
conservative one-to-one transfer between
vegetation and insects was assumed. Fish
bioconcentration factors (BCF) were applied to
estimate the concentrations of contaminants in
fish tissue for consumption by the bald cagle
(Droppo et al. 1989) (table 5-7). The rationale
and limitations for applying these transfer factors
are discussed in appendix B.

The consumption rates and the benchmark limit
or no-observable-adverse-effect level (NOAEL)
values are typically reporsd in wet weights,
whereas the vegetation and soil concentrations
are typically reported in dry weights. Therefore,
conversion factors were applied to account for
this difference. The wet- to dry-weight
concentration conversion factor for the vegetative
parts of plants on the Hanford Reservation was
assumed to be 0.91 [the lower end of the range
of percent water content for hay and grasses
(Suter 1993)]. The wet- to dry-weight
concentration conversion factor for the fruiting
parts of plants on the reservation was assumed to
be 0.17 (Morrison 1959). The wet- to dry-weight
concentration conversion factor for soils was
assumed to be 0.98 [this factor is based on the
mean for 16 sampling locations in southwest
Idaho (Rope et ai. 1988)].

For the baseline assessment of the Hanford
Reservation, the concentrations of radionuclides
in animal tissues and the resulting doses were
not decay-corrected. The doses are estimated for
the current situation and not at some point in the
future. The primary radionuclides of concern



TABLE 5-7—Fish Biocencentration Focters and Soil te Vegetation, Seil » Fruit, and Plant
te Beef Transfer Facters, for Contaminants of Concern on the Hanford Reservation

Aluminum (fluoronitrate) 1.00E+00 4.00E-03 6.50E-04 1.50E-03
Betyllium 2.00E+00 1.00E-02 1.506-03 1.00E-03
Cadmium 2.00E+02 5.S0E-01 1.50E-01 5.S0E-04
Chromium 2.00E+01 7.50E-03 4.S0E-03 5.S0E~03
Copper 5.00E+01 4.00E-0 2.50E-01 1.00E-02
Cyanide (iron) 3.79€-01 SA2E+01 5.60E-01 1.41E-08
fron (nitrate) 1.00E+02 4.00E-03 1.00E-03 200E-02
Lesd 1.00E+02 4 50E-02 9.00E-03 3.00E-04
Magnesium (nitrate) 5.00E+0! 1.00E+00 5.S0E-01 5.00E-03
2.00E+05 9.00E-01 2.00E-01 2. S0E-01
Nickel 1.00E+02 6.00E-02 6.00E-02 6.00E-03
Phosphate 1.00E+05 NA NA NA
Potassium (borate) 1.00E+03 1.00E+00 5.S0E-01 2.00E-02
Sodium 1 00E+02 7.506-02 $.S0E-02 $.50E-02
Zinc 2.00E+03 1 SOE+00 9.00E-01 1.00E-01
Americium-241 2.50E+0! 5.S0E~03 3.00E- 02 3.50E-06
Antimoay-125 1.00E+00 2.00E-0! 3.00E-02 1.00E-03
Beryllium-7 2.00E+00 1.00E~02 1.50E-03 1.006-03
Carbon-14 4.60E+03 1.00E+00 1.00E+00 1.00E+00
Cobah-60 5.00E+01 2. 00E-02 7.60E-03 2.00E-02
Cerium-144 1.00E+00 1.00E-02 4.00E-03 7.50E-0%
Cesium-134 2.00E+03 8.00E-02 3.00E-02 2.00E-02
Cesium-13? 2.00E+03 8.00E~02 3.00E-02 2.00E-02
Europium-152 2.50E+01 1.00E~02 4.00E-03 5.00E~03
Europium-154 2.50E+01 1.00E~02 4.00E-03 5.006-03
Europium-155 2.50E+01 1.00E~02 4.00E-03 5.00E~03
lodine-129 1.S0E+01 1.50E-01 5.00E-02 7.00E~03
Nickel-63 1.00E+02 6.00E~02 6.00E-02 6.00E-03
Plutonium-238 3.50E+00 4 S0E-04 4.50E-05 5.00E-07 ﬁ
Plutonium-239 3.50E400 4.50E-04 4.SOE-05 5.G0E-07
Plutonium-240 3.S0E+00 4.50E~04 4.50E-05 5.00E~07
Plutonium-241 3.50E+00 4.50E-04 4.S0E~03 5.00E~07
Potassium-40 1.00E+03 1 .00E +00 $.50E-01 2.00E~02
Promethium-147 NA 1.00E~02 4.00E-03 $.00E-03
Ruthenium-106 1.00E+0] 7.50E-02 2.00E-02 2.00E-03
Strontium-90 3.00E+01 2.50E+00 2.50E-01 3.00E-04
Technetinm-99 1.50E+01 9.50E+00 1.50E+00 8.50E-03
Tin-113 3.00E+03 3.00E-02 6.00E-03 8.00E-02
Tritium 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Uranium-234 2.00E+00 8.50E-03 4.00E-03 2.00E-04
Uranium-235 2.00E+00 8.50E-03 4.00E-03 2.00E-04
Uranium-238 2.00E+00 8.50E~03 4.00E-03 2.00E-04
Zinc-65 2.00E+0) 1.50E+00 9.00E-01 1.006-01
Zirconium-95 3.30€+00 2.00E-03 $.00E-04 5.S0E-03

NA = Transfer factor could not be calculated.

Source: For organics. the transfer factors were calculated from equations in Travis and Arms (1988) using K,
values from the Superfund Chemical Data Matrix (1991). For inorganics and radionuclies, the transfer factors were
taken from Baes et al. (1984). The K, for cyanide was taken from MEPAS and the transfer factors were calculated
from equations in Travis and Arms (1988).
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have rel=tively long half-lives, so this assumption
is reasonable. The radionuclide concentrations in
the source terms were deczy-cosrected by PNL to
the time of disposal or release. To estirnate dose
to terrestrial receptors, all short-lived daughter
products were included.

Aquatic organisms considered in the assessment
included benthic macroinvertebrates and a
genenic fish species. For radiological analyses,
emergent vegetation (i.¢., cattails) and muskrats
were included as well. All aquatic organisms, are
exposed to contaminants in surface water.
However, for this analysis, benthic
macroinvertebrates are assumed to be exposed
only to the sediment pore water for calculation
of intena! radiation dose and exposure to
chemicals. The external radiation dose from
exposure to surface water was calculated for all

ofganisms.

§4 CONTAMINANT EFFECTS ASSESSMENT

Two pathways are used to determine the effects
of contaminant exposure (chapter 5.3) on
ecological endpoint receptors. For terrestrial
receptors, consumption rates of contaminated
food and water are compared with toxicological
benchmarks. For aquatic receptors, contaminant
concentrations in water or sediment pore water
are compared with chemical-specific aquatic
benchmarks.

To quantify nisk to terrestrial receptors exposed
to organic and inorganic contaminants, the daily
consumption rate of contaminated food and
water, normalized to body weight (in units of
mg/kg/d), was compared with the NOAEL
benchmark (mg/kg/d). Ratios greater than | are
considered to pose a potential risk to organisms
but do not necessarily indicate the severity of the
effect(s). However, it is reasonable to assume
that the higher the ratio, the greater the ri:.. of
adverse effects. Doses to terrestrial receptors,
including vegetation, from internal and external
exposure to radionuclides was also determined
from calculated tissue concentrations and soil
concentrations, respectively. Doses that exceeded
0.1 rad/d were considered to pose a potential risk
to terrestrial organisms (IAEA 1992). Methods
used to calculate exposure and risk are described
in appendix A.
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Toxicological benchmarks for terrestrial
organisms. exchuding vegetation. were ohtained
from Opresko et al. (1993) (table 5-8). For
represeptative receptor species that were not
listed in the data base, extrapolation techniques
were employed to obtain the chronic NOAEL by
adjusting for differences in body weight between
the receptor »>nd a test organism. If a NOAEL
was available for a laboratory test species, the
NOAEL for a receptor species could be
calculated. Many of the NOAEL benchmarks
were derived by extrapolation from small
mammal laboratory data (Opresko et al. 1993).
There were a few contaminants for which no
wildlife toxicity data were found. For these
cases, wildlife NOAELs were extrapolated from
human noncarcinogenic toxicity data (i.e., RfDs)
listed in the MEPAS constituent data base,
normalized to the “standard man” body weight of
70 kg. Thus, for our purposes, wildlife species
that weigh less than 70 kg would have a higher
benchmark than humans and the opposite would
be true for wildlife species weighing more than
70 kg.

Literature sources for inorganic terrestrial
phytotoxicity benchmarks were summarized and
reported by Suter and Futrell (1993) (table 5-8).
Where applicable, the lowest source
concentration in a soil medium that produced
phytotoxically excessive effects was chosen from
the data base. Several benchmarks were derived
from experiments using nutrient solutions.
However, uncertainty values were not applied to
these data to account for differences in growth
media. A methodology for deriving phytotoxicity
benchmarks for organic constituents was
developed by Eskew and Babb [as cited in the
MMR Air National Guard Risk Assessment
Handbook (1992)] (table 5-8).

Risks to aquatic organisms from exposure to
organic and inorganic contaminants in water and
sediments (pore water) were calculated by
comparing the water or sediment pore-water
concentrations with the chemical-specifiz aquatic
benchmark (Suter et al. 1992) (table 5-8). To
determine internal dose to aquatic plants, fish,
and muskrats from exposure to radionuclides, the
surface-water concentrations were multiplied by
radionuclide and organism-specific aquatic
(internal) dose conversion factors to produce a
daily dose in rads (Killough and McKay 1976).



TABLE 5-8—Criteria Benchmarks for Terrestrial' and Aquatic® Species on the Hanford Resei ‘ation
(NOAELSs listed in milligrams per killogram per day for terrestrial benchmarks or milligrams per liter for aquatic benchmarks)

GB.P. Blackiadled Pallid Sage Loggerhead Canads Mule Bald

Canstituent Meuse Jackrabblt Bat Rebin Greuse Shrike Gesse Deer F. Hawk Eagle Coyote Vegetation | Agquatic
Beazo(a)pyreae 2452 5.36E-03 2.20E-02 1.67E-02 S.59E-03 1.97E-02 S.02E-03 1.47E-03 6.31B-0] 4.27E-03 2.80B-03 1.288~-02 2.99E-03
4-methyt- 2-pestancas 1.22E+01 2.68E+00 1. 10E+0! 8.36E+00 2.80E+00 9.87E+00 2.31E+00 7.35E-01 3. 16E+00 2.13E+00 1.408+00 NA 1.59E+00
Trchlorocthene 1.62E+02 4.02E+0!1 1.6SE+O2 1.11E+02 4.20E+0!} 1.3IB+02 3. 778+0) 1.10E+01 4. 74E+0I 3.20E+01 2.10B+01 6.70E-0} 5.76E+00
Almisum NA NA NA NA - NA NA NA NA NA NA NA 8.00E«00 | 8.708-02

{flworoaitraie)

Berylhum 1.32E+00 2.90E-01 1.19E+00 9.02E-01 3.02E-01 1.07€+00 2.7{E-Ot 794E-02 141B-01 2.31E-0t 1L.S1E-0M 1 .00E+O1 3.808-03
Cadwmiem 2.36E-02 5.16B-03 2.12E-02 1. 44E-0! 1.06E-02 1.708-01 1.783-03 1.42B-03 2.24E-03 1.81E-03 2.698-03 3.00E+00 1.10B-03
Chromium S 88E+00 1.29E+00 $.27E+00 4.00: 00 1.34E+00 4.74E+00 1.21E+00 3.53E-0! 1.52E+00 1.02E+00 6.11E-0I 7.30E+0) 1.108-02
Copper | 84E-O1 71.31E-0I 1.65E-01t 6.88E+01 1.86E+01 8.12E+01 1.67E+01 2.068-01 2.10E+0) 1.42B+01 INE-0) 6.00B+0) 1.208-02
Cyamide (iron) 1 .6SE+01 5. T9€+00 2.37E+01 | .80E+01 6.04E+00 2.13E+01 $.43E+00 2.10E-0? 6.82E+00 6.1 E-02 4.00B-02 NA $.206-03
trom (mitrase) NA NA NA NA NA NA NA NA NA NA NA 1.00E+(4 1 .00E+00
Lead T10E-03 1.S6E-03 6.37E-03 1.59E-02 9.8SE+00 | .88E-02 8 84E+00 427E-04 1.1IE+O1 1.51E+00 8.11E-04 1.00E+02 3.208-03
Magaesium (nitraic) 4.31E+01 9 44E+00 3.87E+01 2.94E+01 9.8SE+00 3.47E+0I 8.84E+00 2.59E+00 1.{IE+01 7.S1BE+00 4.92B+00 NA 1 60E-04
Mercury 1.44E+01 S.58E-03 1.29E+01 3. 19E+00 S.08E-0) 3.77E+00 4.57E-0! 1.72E-02 3. 4E-0I 3.88E-01 3.27E-02 3008 « §.J0R-03
Nickel S 92E+0I ) 29E+01 $.3IE+0) 4.17E+0U 1.40B+00 4.93E+00 1.28B+00 3.SSE+00 1.S3E+00 1.07B+00 6.75E+00 1.00E+02 1.60E-01
Potassium (borac) NA NA NA NA NA NA NA NA NA NA NA NA 1.30B-04
Sodium NA NA NA NA NA NA NA NA NA NA NA NA 4.00B-0)
Zac 2.38E+01 5.20E+00 2.13E+01 1.62E+01 $.43JE+00 1.91E+0L 4 87E+00 1.43E+00 6.13E+00 4147400 2.71E+00 7.00E+01 1.10B-04

"The source for all serrestrial beachmacks, cacept for vegetation is Opresko et al. 1993. For vegetation, the sowrce is Suter and Futrell 1993 and Eskew and Babb 1992.
*The sowrce for aquatic benchmarks is Suter et al. 1992.
NA = Beachmack aot available.
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To determine the intemnal dose to generic benthic
macroinvertebrates and other bottom-dwelling
organisms (e.g., fish larvae) from exposure to
radionuclides, the sediment pore-water
concentrations were multiplied by radionuclide
and organism-specific aquatic (internal) dose
conversion factors to produce a daily dose. The
external dose to all organisms was determined by
multiplying the surface-water concentration by
the extermal radionuclide-specific dose
conversion factor. Combined internal and
external doses greater than | rad/d are considered
to pose a potential risk to aquatic organisms
(NCRP 1991).

For contamunants and receptors that did not pass
the average conc.entration screering (chapter 5.3),
an attempt was made to further define exposure
risks by comparing receptor species’ home range
sizes with the potential fraction of the home
range occupied by contaminants in food and
water from waste sites.

Receptor species at the Hanford Reservation
have home ranges or territories that range from
small [e.g., less than one heciare (2.5 acres) for
mice and robins] to large [e.g., thousands of
hectares (acres) for bats and coyotes (table 5-9)).
Some small species have home ranges small
enough to be completely within individual waste
sites. Other species have such large home ranges
that the waste sites would comprise only a small
part of the area they would occupy, if the waste
sites were used at all. To further interpret the
results of this nsk analysis, the following
assumptions are made about contaminant
exposure to receptors.

l. Burrowing small mammals,
insects, and vegetation are
known to move radiological
contaminants from buried waste
to the surface where it is
presumably redistributed through
the food chain, excrement, and
soil dust (Arthur 1982;
Markham 1987. Arthur and
Markham: 1983). The same is
probably true for nonradiological
contaminants. Because the waste
sites are the original sources of
contaminants, and data are
lacking for contaminant levels
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outside the waste sites, source
terms outside waste sites are
assumed to be neghgble.

It is assumed that small species
with home ranges of about § ha
(12 acres) or less (table 5-9)
could receive as much exposure
as our average screening
indicates.

It is assumned that wider ranging
species could receive at most
30% of the exposure calculated
by our average screening. This
assumption is based on the
approximately 800 ha
(2,000 acres) of waste sites
contained within the two major
waste areas [ie., 100 and
200 Areas; total area of 2700 ha
(6670 acres)]. Exposure could be
greater if, for instance, the sole
source of contaminants is a
waste pond used as the only
source of drinking water. Or
exposure could be less if the
species home range or territory
is very large.

Waste sites occupy about 800 ha
(2,000 acres) or 0.6% of the
surface area of the Hanford
Reservation; this is the only part
of the reservation considered for
remediation. Biota living in the
remaining 99.4% of the
reservation may be exposed to
contaminants that have moved
from waste sites in dust and that
exist in contaminated wildlife
and plants. Although this
contamination may be
measurable, source terms for it
are not available and
contamination is assumed to be
negligible compared with the
contamination in the waste sites.
Because we assume that the
overall habitat at the Hanford
Reservation is similar, it is also
assumed that only 0.6% of the
area supgorting  ecological



TABLE 5-9—Home Ranges’' of Hazard Index (HI) Correction Factors (CF)
Jor Tervestrial Receptor Species at the Hanford Reservation

m
Home Range (ha)

Receptor Species 5-800 >800 Correction Factor
Bald eagle X 1.0°
Aleutian Canada goose X 0.30
Generic vegetation 1.0
Black-tailed jackrabbit X G.15
Mule deer X 027
Sage grouse X 0.15
Canada goose X 0.30
Coyote X 0.09
Great Basin pocket mouse X 1.0¢
Pallid bat by 0.004
Robin X 1.0
Loggerhead shrike X 0.15
Ferruginous hawk X 0.11

'Data are from Schoener (1968), Teires (1980), Chapman and Feldhamer (1982), Nowak and Paradiso
(1983), Anderson and Wallmo (1984), and Fitzner and Gray (1991).

’A CF of 1.0 was applied to Hls for each contaminant for each species having a home range <5 ha
(12 acres); other CFs are based on the ratio of contaminated land and water to the area of the waste complex;
CFs for wide-ranging species are based on the ratio of contaminated land and water to the area of their home
ranges (see text for discussion of CFs).

’A CF of 1.0 was applied to the bald eagle because it is assumed to feed exclusively in the Columbia

River.

‘Sizes of home ranges for bats are generally unknown. Foraging distance ranges between 25 to 97 km.
The CF is based on the area of a circle with a 25 km radius.

endpoints is affected by contaminants

from the waste sites.

Except for threatened and
endangered species, for which
the loss of an individual is
considered a significant risk to
the population, it is assumed that
other endpoints are at risk only
at the small scale represented by
the 0.6% of the Hanford
Reservation that is in waste
sites.

Contaminated wetlands are
found in B Pond and the FFTF
Pond. It is assumed that all
aquatic biota receive the average
exposure to contaminants if they
occur in these waste ponds.
Similarly, it is assumed that

biota feeding exclusively on fish
from the Hanford Reach of the
Columbia River recrive the
average exposure to
contaminants.

5.5 CONTAMINANT HAZARD ASSESSMENT

Risk to terrestrial and aquatic receptors from
contamination at the Hanford Reservation was
modeled. For terrestrial receptors, hazard indices
(HIs) were generated for maximum and average
contaminant concentrations for chemical
constituents, and maximum and average doses
were generated for radiological constituents. For
aquatic receptors, maximum and average internal
and extemal doses were generated for
radiological constituents.
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§.5.1 Baseline

The next step in the ecological nsk assessment
generates Hls that are representative of potential
risk and that estimate the level of effects from
exposure to contaminants. Baseline HIs for
terrestrial receptors exposed to the maximum
source concentrations were greater than the
criteria limit of 1 for 11 out of 12 inorganic
contaminants and for 3 out of 3 organic
contaminants for which we had benchmarks.
Benchmarks for many of the contaminants could
not be cbtaineu. Exposure to the total maximum
concentrations of radionuclides resulted in Hls
for all receptors of about 2E+04. Radiological
exposure was dominated by exposure to “Pu,
%Sr, ®Tc, “Co, and '’Cs in soils.

Exposures of terrestrial species to average soil
and water concentrations at the site were
calculated for those contaminants whose
maximum concentrations resulted in Hls greater
than 1 (table 5-10). About 18% of the HI values
were above 1 but below 10, 61% were above 10
but below 1000, and about 21% were still above
1000. The Hls for all specics exposed to the
average concentrations of radionuclides were still
over 1, as a result of ®Pu and ™Tc exposure
(table 5-11).

Concentrations of nonradiological contaminants
in surface water and sediment at the Hanford
Reservation were not provided in the source
terms obtained from PNL. Therefore, risks to
aquatic organisms from nonradiological
contaminants could not be calculated. Exposure
to maximum concentrations of radionuclides in
the surface water or in the sediment pore water
resuited in Hls (or doses) greater than | for all
aquatic organisms (except benthic
macroinvertebrates) as the result of internal and
external exposure to Tc in surface water.
Exposure to average concentrations did not
substantially reduce the HIs because the
concentratio. of ®*Tc in the water did not change
significantly (table 5-12).

Of the receptors included in these analyses, the
Great Basin pocket mouse and robin occupy
small enough areas (table 5-9) to potentially live
entirely within contaminated areas {e.g., less than
5 ha (12 acres)]. The black-tailed jackrabbit, sage
grouse, and loggerhead shrike have home ranges
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or territories greater than 5 ha (12 acres) and less
than the total etimated contaminated areas [ie |
800 ha (2000 acres)}. Of the remaining ~eceptors,
the home territory of the Canada goose was less
than the total area of the waste complex [ic.,
2700 ha (6670 acres) for Areas 100 and 200},
whereas the home ranges or temntories of the
pallid bat, mule deer, ferruginous hawk, bald
cagle, and coyote exceeded the area of the waste
complexes.

On the basis of assumptions discussed in
chapter 5.3, appropriate correction factors were
applied to the Hls for chemical constituents and
radionuclides in tables 5-10, 5-11, and 5-12 to
determine potential severity of risks to receptors.
(Information for concentrations of
nonradiological contaminants in surface water
was unavailable; therefore, HIs for aquatic
organisms could not be calculated.) For biota
with home ranges or territories less than 5 ha
(12 acres), no correction factor was applied to
the hazard index. For species with home ranges
or termritories greater than S ha (12 acres) but less
than 800 ha (2000 acres), a correction factor of
0.15 was used. It was assumed that species with
home ranges up to 800 ha (2000 acres) would
spend half of their time in one or the other of the
aggregated areas but not in both because the
200 Area is about 10 km {6 miles) south of the
100 Area. Thus, the ratio of contaminated area to
the area of the waste complex was divided by 2
for a correction factor of 0.15 (i.e., 800/2700 =
0.3072 = 0.15). For species with home ranges or
territories greater than 2700 ha (6670 acres), the
cormrection factor is determined by dividing the
total estimated contaminated area by the area the
species home range or temritory in hectares {i.c.,
800/home range].

Some contaminants on the Hanford Reservation
may be highly localized; however, there are no
data for their areal distribution. Of the
contaminants that result in moderate to severe
risks (i.e., HI from 1 to 10 and HI gr=ater than
10, respectively), source terms for Mg represent
about 0.02 ha 0.US acre), cyanide and Pb
represent about 2 ha (5 acres), and Cd, Cu, and
Hg represent about 6 ha (15 acres) of
contaminated land (appendix B). Source terms
for radionuclides range from 0.4 ha (1 acre) to
36 ha (90 acres). Source terms for all other
contaminants range from 0.0C02 ha (0.000S$ acre)



TABLE 5-10—Baseline Hazard Indices for Terrestrial Organisms on the Hanfcrd Reservation

NA = Beachmark not available, therefore hazard index could not be calculated.

TABLE S-11—Baseline Average Radiological Doses for Terrestrial Organisms on the Hanford Reservation

Pocket Mowse  Jachrabbit  PadidBat MulkeDeer Robin  Grewse Gosse Shrike Hawk Eagle Coyete vﬁ
Beazoa)pyrene 738802 13680 2948+02  2SIEAGS v LOTBARE 127408 2.078+01 0.00 1958+01  (.0B+0
4-methyl-2-pentancnc 459842 1.78B+03 S09B+02 1998+ 1958403 309402 6.78B-08 0.00 3.S7B-0S NA
Trichlorocthene 2.14E-01 1.71E-01 324B-01  8.13E-01 734801 1.59B-01 46307 0.00 ISE07  1.06B+0D)
Cadmium 1.39E~01 1.94E+00 693801  1.66B+00 SMW0 . IME-D2 2.79B-04 0.00 868805  1.83E-0)
Chwomium 7.99€-03 1.05E-01 213703 277E-02 133801 9.198-04 3.57E-08 0.00 S28B-05  4.21B-01
Copper 2.198+01 8.5SB+00 S2SB01  TATBMO . : 3.83-01 4.136-02 3.47E-04 0.00 7.048-03  7.618:00
Cyanide (irom) 6.38E-01 23642 1098402 LMBORT SAGROT PR 23080 ANBOL- 320807 0.00 1.96B-08 NA
lron (nitrate) NA NA NA NA NA NA NA NA NA NA 4. T B«00
Lead 9.63E+00 1428402 1.41B+01 W01 1MBWOLI  264B-02  282B-02  1.06Be0O 6.75E-07 0.00 378E-03  422B-01
Maguesium (nitraie) 1.71B+01 6.50B+02 2.598+02 &M 1.‘&& W a2 1128402 3.13E-01 0.00 2.61E-01 NA
Mercury 131E-03 169840} LEe 18 20402 162B-01  197B-0 1.568-02 4.64E-0 0.00 301802 1.188+0)
Nickel 3.926-03 1LI19E-02 396E-03 150802 1.12B-01 34IB-01  3.688-01 1.658-02 1.78E-04 0.00 L69E-0S  7.38E-0)
i Zinc 375602 2.52E-01 10SB-01  232B-01 69802 20501 25301  4SSE-02 242E-03 0.00 201803 431801

Radislogical Doses (red/d) Calculated Using Average Contaminant Concentrations —
Great Basin _ Black-talled Segr  Camsds  Legmerhesd
Pocket Mouse  Jackrabbit  Palid Bst  Muls Deer  Robin Growse  Goose Shrike Hawk Baid Eagle  Coyote Vegutation

Coban 60 coTE02 S9TE 02 GOTEDI  6OIB0Z  GVIRGI  69IE0I  6ITE:L  69E0 SSTEDL YR GT  SIB0I 6 B0l
Cesivm-137 $91E-01 S9IB-01 SOIE-0)  S92B01  S9IBOI  SOIBOI S9IE0)  S91B-0I SOIE-01  S9IB-01  S9IBI .00

| Europium 152 288E-01 288801 288801 288801 288801 288801 288801  238B-0) 2888-01 288801 238801 0,00
Putoniem-239 1.29E+00 1.298400 1298400  129B+00  129B+00  1.29B¢00 1298400 1298400 120400 1298400 1298400  5.00E-01
Srontium-90 6.19E-01 6.19E-01 6.19B-01 6.198-01 6.19E-01 6.19B-01 6.19B-01 6.19E-01 6.198-01 6.19E-01 6.198-01 5918401
Technetum-99 1.80E+00 5.22E+01 2.14E+00 1.27E+03 4.08E+00 S4B+ 7.98B+01 1. M4E+00 333801 6.29B4+02 5.28B+02 000
Uranium-238 1.66B-03 1.66E-03 166B-03  166B-03  166B-03  166B-03 166803  1.66B-03 L66B-03  166B03  1.66B-03 127800
Total dose 4 66E+00 5.508+01 SO0E+00  127E+03  G.4Bs00  SJOE01 8268401  4.808+400 I6IB401  632Be02  SIIE402  3.S4E+00

4.668+01

5.508+02

$.00B+01 1278404

S4BV01

s-m

3.618+02

Radiological H1

616




TABLE 5-12—Baseline Average internel and External Radiological Doses for
Aquatic Organisms (rad/d) on the Hanford Reservation

Internal Internal Internal Internal

External Plants Invertebrates Fish Muskrats

| Cobalt-60 1.60E-07 1.87E-05 0.00 1.87E-06 3.68E-06

| Cesium-137 3.17E-08 2.32E-06 7.38E-06 1.16E-05 1.64E-05
! Europium-152 0.00 0.00 0.00 0.00 0.00
Plutonium-239 0.00 0.00 3.25E-03 0.00 0.00

} Strontium-90 1.40E-04 1.40E-G1 4.83E-05 1.40E-03 6.15E-01

} Technetium-99 1.60E+04 1.24E+06 0.00 4.62E+05 9.07E+04
Uranium-238 0.00 0.60 2.50E-03 0.00 0.00

Total dose

The benchmark for aquatic organisms is | rad/d; thus the hazard index is equal to the total
dose.

to 32 ha (80 acres). Although data for most
contaminants were reported for only a small
fraction of the total area in waste sites, it is
assumed that the data are representative. All
source terms used in this risk analysis are,
therefore, assumed to be present in all 800 ha
(2000 acres) of waste sites (appendix B).

Threatened and Endangered Species. Risks to
some threatened and endangered species would
be severe or moderate if individuals occupy
waste sites. Potentially severe risks would be
present for geese, eagles, and hawks from total
radioactive contaminants and for geese from
organic contaminants and cyanide and
magnesium (table 5-13a). Potentially moderate
risks also would be present for the goose
(cadmium) and the hawk [benzo(a)pyrene].
Although these analyses indicate potential risks
to these species, a site-specific survey of
individual waste sites for occurrences of
threatened and endangered species would be
necessary to determine if there are actual risks.

5.5.2 Wetlands

Risks from total radionuclides to wetlands
receptors (e.g., plants, invertebrates, fish and
muskrats) if present in waste ponds would be
severe based entirely on an elevated source term
for ®Tc (table 5-12; the benchmark for aquatic
organisms is | rad/d; thus for radioactive
contaminants the HI equals the total dose). Risks
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to wetland receptors from nonradiological
contaminants were not estimated because source
term data were lacking. However, because it is
assumed that wetlands that are not waste ponds
are free of contamination, risks to receptors in
natural wetlands from contaminants would be
negligible.

5.5.3 Recreational Wildlife

For some recreational species occupying waste
sites, risks from organic contaminants, cyanide,
lead, magnesium, and total radioactive
contaminants would be severe (table 5-13b).
Additional moderate risks would also be possible
from copper and mercury. Risks to individuals
that do not occupy waste sites would be
negligible, .ud because less than 0.6% of the
reservation is waste sites, overall nisks to
populations of wildlife on the reservation would
be negligible.

5.5.4 Public Lands

The size, geography, and restricted access to the
Hanford Reservation provide buffers to the
contaminated waste sites. The Columbia River in
particular is a barrier that inhibits wide-ranging
wildlife (e.g., deer and elk) from transporting
contaminants to public lands north and east of
\vie reservation, whereas the Yakima River and



TABLE 5-13A—Baseline Potential Risks' to Federally Listed Threatened,
Endangered, or Candidate Receptor Species’ That Occupy Waste
Sites on the Hanford Reservation

Receptor
Aleutian Ferruginous
Canada Goose Bald Eagle Hawk
Benzo(a)pyrene s’ M
4-Methyl-2-pentanone S
| Cadmium M
1 Cyanide ion S
Magnesium (nitrate) S
| Total Radionuclides S

'Potential risks based on assumptions described in Section 5.4. Risks to individuals that do
not occupy waste sites are negligible. Waste sites account for about 0.6% of the surface area of

the Hanford Reservation.

ISee Table 5-2 for complete list of federally listed endangered, threatened, and candidate

species.

’M = moderate risk, where HI is equal to or greater than 1.0, but less than 10; S = severe
risk, where HI is equal to or greater than 0.

TABLE 5-13B—Baseline Potential Risks' to Recreational Wildlife Receptors
That Occupy Waste Sites on the Hanford Reservation

Receptor
Black-Tailed Sage
Contaminant Jackrabbit Mule Deer Grouse Coyote
Benzo(a)pyrene s? S S M
4-Methyl-2-pentanone S S S
Copper M M
Cyanide ion S S
Lead S S
Magnesium S S S
Mercury M
Total Radionuclides S S S S
-

‘Potential risks based on assumptions described in Section 5.4. Risks to individuals that
do not occupy waste sites are negligible, and overall risks to populations of wildlife on the
reservation are negligible. Waste sites occupy about 0.6% of the surface area of the Hanford

Reservation.

M = moderate risk, where HI is equal to or oreater than 1.0, but less than !0; S = severe
risk, where HI is equal o or greater than 10.
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and west. Although other wide-ranging species
{c.8., e fomugincus hawk, bald cggle. and
coyote) are capable of transporting contaminants,
the risk to public lands would be negligible
because of the size of home ranges or temitories
in relation to the size of the reservation. Risks
from receptor species in the food web
(table 5-13c) would be negligible because the
home ranges or territories of these species are
small, they are limited by geographic barriers
from access to public lands, and/or individuals
do not occupy waste sites and thus pose no risk
to public lands.

5.5.5 Biodiversity

Risk to overall biodiversity of the sagebrush-
steppe ecosystem on the reservation would be
negligible because waste sites occupy only about
0.6% of the total land area. However, as
discussed for other endpoints, there would be
potential risks to some receptors which are
important to biodiversity in waste sites (¢.g., the
mouse as a food source or the robin as an
indicator for risk to songbirds). Total radiological
contaminants, organic contaminants, and cyanide
and magnesium pose potential risks to raptors
(e.g., shnkes and hawks) and bats that could feed
on prey that occupy waste sites (table 5-13d). In
addition to these receptors, vegetation is also
potentially at severe risk from uptake of
benzo(a)pyrene, trichloroethene, Mg, and total
radiological contaminants in waste sites
(table 5-13c). Copper and Fe pose moderate risks
to vegetation.

5.6 HABITAT DISTURBANCE ASSESSMENT

As our national natural landscape is increasingly
fragmented by agricultural and urban
development, large, undisturbed, and protected
blocks of natural landscape are becoming more
important for protection of biodiversity. The
Hanford Reservation is a large block of relatively
undisturbed native sagebrush-steppe. Adjoining
lands to the west, north, and east are principally
range and agricultural land. The cities of
Richland, Kennewick, and Pasco (Trn-Cities)
located southwest of the reservation are the
nearest urban areas.
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1450 km’ (about 560 mi?). Of this about 665 km?

l"(’! -n-z\ QMNMM\M Andl ande Ecoloay

s baatetnd 3]

(ALE) Reserve. the US. Fish and Wildlife
Service Saddle Mountain National Wildlife
Refuge, and the Washington State Department of
Game Reserve area (Wahluke Slope). About
90 km’ (36 mi’) is actively used for facilities
operations including roads, utilities, and railroad
rights-of-way. These disturbed areas, which are
about 6% of the total reservation, are dominated
by introduced plant species such as cheatgrass
(Bromus tectorum), tumble mustard (Sisymbrium
altissimum), and Russian thistle (Salsola kali)
that also intrude into surrounding native
sagebrush-steppe.

5.6.1 Baseline

Because no additional disturbance due to
restoration activities is included in the baseline
altemnative, no additional habitat disturbance or
fragmentation beyond the current 6% of the
reservation is expected.

5.7 CUMULATIVE ASSESSMENT
5.7.1 On-Site
5.7.1.1 Baseline

For 11 contaminants, including organic and
inorganic chemicals and radionuclides, Hls
suggest potential risks to organisms inhabiting
waste sites (table 5-14). Of these contaminants,
six pose potential risks to federally listed
threatened, endangered, or candidate species
(table 5-13a); only one (®Tc) poses a potential
risk to species in wetlands, (no data are available
for organic and inorganic contaminants in
wetlands); eight pose potential risks to
recreational wildlife species (table 5-13b); and
ten pose potential risks to important food web
components (table 5-13c) and species important
to biodiversity (table 5-13d). The waste sites are
mostly in highly developed areas that do not
provide suitable habitat for many organisms.
Thus, actual risks associated with these sites are
probably lower than indicated by the Hls. Waste
ponds, however, are utilized by wildlife and
waterfowl; consequently, exposure may be
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Contaminant
Benzo(a)pyrene st S S
4-Methyl-2-pentanone S S
Trichloroethene S
Copper S M
Cyanide ion S
Iron (nitrate) M
Lead M S
Magnesium (ritrate) S S
Mercury
Total Radionuclides

'Potential risks based on assumptions described in Section 5.4. Risks to individuals that
do not occupy waste sites are negligible and overall risks to populations of wildlife on the
reservation are negligible.

’M = moderate risk, where HI is equal to or greater than 1.0, but less than 10i S =
severe risk. where HI is equal to or greater than 10.

TABLE 5-13D—Baseline Potential Risks' to Receptor Species that are Important for
the Conservation of Biodiversity’ on the Hanford Reservation

m
Receptor
Pallid Loggerhead Ferruginous
Coataminant Bat Shrike Hawk
Benzo(a)pyrene M S M
4-Methyl-2-pentanone M S
Cyanide ion M
Magnesium M S
Total Radionuclides M S
R

'Potential risks based on assumptions described in Section 5.4. Risks to individuals that do not
occupy waste sites are negligibie and overall risks to populations on the reservation are negligible.

1See Tabie 5-18¢ for potential risk to other receptors important for the conservation of
biodiversity (¢.g.. Great Basin pocket mouse, robin, and vegetation).

'M = moderate risk, where HI is equal to or greater than 1.0, but less than 10; S = severe risk,
where HI is equal to or greater than 10.
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Ecological Endpoints on the Hanford Reservation

e |

E.R.B
E.R. B
B
E
R B
E.R.B
B
R.B
E.R. B
R B
E.W.R.B

'Only those contaminants are listed for which our analyses showed potential moderate or severe

risk 10 endpoint receptors.

*Ecological endpoints: E=federally listed threstened, endangered, and candidate species:
Wa=wetlands; R=recreational wildlire; F=agriculture or Timber production; P=parks and other public

land; and B=biodiversity.

"Risk to aquatic resources from organic and inorganic contaminants is unknown; source terms

were provided for radienuclides only.

*These are short-term risks; long-term risks could be reduced by successful restoration of

appropriate habitat.

substantial for these organisms. For all of the
sites, a future scenario involving closure of the
Hanford facility without restoration might result
in reoccupation of the waste sites by plants and
animals; risks stmilar to those indicated in tables
5-13a, b, ¢, and d would then be expected.

Determining cumulative risks to receptors and
endpoints that do not occur at waste sites is more
problematic. Data were not adequate to
determine facility-wide contaminant levels.
Moreover, many of the inorganic contaminants
(c.g.. metals) included in our analyses are known
to occur in soils throughout the United States at
concentrations greater than or equal to
concentrations in the Hanford source-term data
base (e.g., Fe, Pb, Mg; Shacklette and Boemgen
1984). For some of the substances, it is possible
that the source terms reflect naturally occurring
concentrations rather than contamination. Even
when background levels are known,
interpretation of HIs for inorganic substances is
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often difficult because most analytical techniques
do not distinguish between chemical forms that
are available for uptake by organisms (e.g.,
dissolved in soil pore water or loosely bound to
particles) and those that are biologically
unavailable (e.g., insoluble salts).

Despite difficulties in interpreting the HIs,
cumulative risks from available source term and
benchmark data are adequate to compare
alternatives. Because of the relatively smali
fraction of the Hanford Reservation that is
contarninated, potential risks to all endpoints
except for (1) endangered and threatened species
and (2) wildlife utilizing waste pends appear
negligible. Because no restorat.on activities are
included in the baseline case, habitat
disturbance/fragmentation risks would also be
negligible.



5.7.2 Off-Site

The only currently known mechanism for
transport of contaminants from waste sites off
the reservation is through ingestion of
contaminants by wide- ranging wildlife (e.g.,
migratory waterfowl or mule deer). Of the three
classes of contaminants in waste sites (i.c.,

Organics, inorganics, and radionuclides), the only
source of radionuclides in the region would he
the Hanford Reservation waste sites. Therefore,
regional (off-site) cumulative risks for
radionuclides would be the same as for on-site
risks. At the time of our analyses no regional
data for organics or inorganics were available,
and cumulative risks for the region of influence
could not be estimated.
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CHAPTER 6: FERNALD ENVIRONMENTAL
MANAGEMENT PROJECT (FEMP) ECOLOGICAL
RISK ASSESSMENT

The 425 ha (1050 acres) of the Femald
Environmental Management Project (FEMP)
reservation lie in a transition zone where the
mixed mesophytic forests of the east give way to
oak-hickory forests to the west. Very little of
the natural vegetstion communities that
dominated the region prior to ciearing by settlers
of European origin, however, survives. The site
and immediate environs, moreover, have no
virgin forests at all. Most of the remaining
reservation area outside the industrial and waste
storage areas is dominated by grasses,
particularly red fescue, that are regularly mowed
or grazed. Agriculture (especially pasture and
croplands) is the primary land use in the
environs near the reservation, followed by heavy
and light industries, and a scattering of
individual residences and small villages.

The Great Miamu River flows within 1.2 km
(0.75 mile) of the eastem boundary of the
reservation on its way (o0 the Ohio River,
approximately 39 river km (24 river miles) to the
southwest. This river averages about | m (3 ft)
in depth and ranges in width from 40 to 120 m
(130-390 ft). Average flow is about 94 m'/s
(3200 cfs), whereas the maximum and minimum
discharges were about 3100 m%s (110,000 cfs)
and 4.4 m’/s (155 cfs), respectively. A much
smaller, first-order, intermittent stream, Paddy's
Run, flows southward through the reservation
along the western boundary, finally emptying
into the Great Miami River about 2.9 river km
(1.8 miles) south of the site’s southem boundary.
Riparian woodland borders most of Paddy's Run
and its principal tributary. Both streams support
aquatic communities fairly typical of warmwater
streams of the region that are slightly to
moderately polluted.

The reservation itself (figure 6-1) is characterized
by (1) a centrally located (former) production
area and waste storage area, totaling only 55 ha
(140 acres), that is almost completely devoid of
natural ecological communities, (2) small
plantations of pine and spruce planted in 1972 in
the vicinity of the northeast and southwest

comers of the reservation, (3) fairly extensive
areas of introduced grassiand currently mowed or
used for grazing of cattle, (4) relatively small
areas of mature riparian woodlands along Paddy’s
Run and two of its small tributaries, (5) an area
of scrub growth as well as young to mature
upland woodlands in the northwesteru part of the
reservation, and (6) fly ash piles towards the
southeast comer of the reservation. Although the
geographic ranges of at least four federally listed
threatened and endangered species encompass the
reservation, only one, the Indiana bat, is likely to
actually occur on the reservation. One forested
wetland of approximately 3.8 ha (9.5 acres) lies
in the north central part of the reservation.
Other smaller wetlands of the emergent type
occupy certain drainage ditches and swales in the
vicinity of the waste storage areas. Recreational
fish species may occur occasionaily in the reach
of Paddy’s Run that passes along the western
boundary of the reservation. Although hunting
is not allowed on the reservation, several
recreational  wildlife species are present.
Approximately 60% of the reservation is
currently grazed by cattle. Important species
groups of concem for conservation of
biodiversity at FEMP include songbirds, raptors,
deer, fox, other bats, amphibians, fish, and many
flowering plants.

6.1 ECOLOGICAL ENDPOINTS AND SPECIES
DISTRIBUTION

The ecological endpoints chosen for the Fernald
reservation are described in this chapter. In
summary, only one federally listed threatened,
endangered, or candidate species is likely to
occur on the reservation; wetlands are found
along swales, ditches, and streams, and in
topographic depressions; recreational wildlife
from contaminated species are present but
hunting is not allowed; grazing is limited to
specific non-contaminated areas; no public areas
occur in or adjacent to the reservation; and the
vegetation and wildlife (i.c.,
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biodiversity) are typical of that found in the
surrounding area.

Determining rnisks to endpoints requires
(1) defining distribution and composition of
endpoints and (2) selecting representive receptor
species. The distribution of endpoints must be
known in order to determine both exposure
pathways for contaminants and risks to endpoints
from construction.

For purposes of determining risk of exposure to
contaminants, distribution of endpoints ts
considered to be either ubiquitous (i.e., more or
less uniformly distnbuted throughout we
reservation or region), discrete (i.e., located in
one clearly identified location), or discontinuous
(i.c., found in several [ocations within a fimited
area or areas). Risks to ubiquitous endpoints are
assumed to be related to the total surface area
affected by contaminant exposure or by
disturbance from construction. Risks to
discontinuous and discrete endpoints are
determined if their locations are known to be
within contaminated areas or within areas
affected by remediation-related construction or
contaminant exposures.

Ubiquitous endpoints on the FEMP reservation
include recreational wildlife and certain
components of biodiversity (table 6-1).
Wetlands, the only federally listed endangered
species, and other elements of biodiversity and
recreational wildlife, on the other hand, exhibit
discontinuous distributions. The distribution of
agricultural production and public lands
endpoints can best be described as discrete.
Locations of endpoints were determined from
existing maps and publications.

Endpoints can be represented by many different
receptors. The following chapters describe
endpoints on the FEMP reservation and endpoint
receptors selected for our analyses.

6.1.1 Threatened and Endangered Species
6.1.1.1 Receptors

The geographic ranges of several species listed
by the U.S. Fish and Wildlife Service as

threatened or endangered theoretically encomnpass
northern wild monkshood (an herb, Aconitum
noveboracense) and the endangered peregrine
falcon (Falco peregrinus), Yald cagle (Haliaeetus
leucocephalus), and Indiana bat (Myotis sodalis).
The range of one state-listed endangered species,
the cave salamander (Eurycea lucifuga), also
overlaps the reservation. For reasons statec in
the next paragrapns, the Indiana bat was selected
as the only receptor representative of federally
listed threatened or endangered species on the
reservation.

Foraging habitat for one colony of Indiana bats
was found to range from 1.5 ha (3.6 acres) in
carly summer to 4.5 ha (11.2 acres) after young
bats are flying (Humphrey et al. 1977). In the
summer, these bats forage for insects in the
upper woodland canopy (Thomson 1982). They
prefer mature riparian woodland containing dead
trees for shelter, along small- to medium-sized
streams. Winters are generally spent hibernating
in caves (October—April).

6.1.1.2 Distribution

Although the northern wild monkshood occurs in
northeastern Ohio, it does not occur on or near
the reservation (McCance and Bums 1984).
Individual peregrine falcons and bald eagles
might occur rarely as transients along the Great
Miami River, but they do not nest in any of the
counties surrounding the reservation. Neither
have cave salamanders been found on the
reservation. For these reasons, none of these
four species will be considered further in this
assessment. A survey for threatened and
endangered species did not find Indiana bats on
the reservation, but eight bats of this species
were captured about 5.3 km (3.3 miles) northeast
of the FEMP boundary along a tributary creek to
the Great Miami River. Moreover, potential
Indiana bat habitat along Paddy's Run ranges in
quality from poor to excellent. Therefore, the
Indiana bat was chosen for this assessment as the
only representative of a threatened or endangered
species under the Endangered Species Act that
may actually reside, or at least forage, on the
reservation.
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TABLE 6-1—Distribution of Endpoints and Recepiors at

Fernald Environmental Management Project

Ubiquitous Discontinuous Discrete
Recreational wildlife Resident, breeding, or Agricultural production
(rabbit, deer) foraging Federally listed (pine plantations, grazing

and candidate species land)

Important components of (Indiana bat)
biodiversity not included in (No public lands on or
the above (mice, fox, other | Wetlands and riparian adjacent to FEMP)

bats, robin, hawk,

vegetation along rivers

vegetation) (aquatic plants, benthos)
Biodiversity (aquatic
bentiios), recreational
wildlife (fish)
6.1.2 Wetlands 6.1.3 Recreational Fish and Wildlife

6.1.2.1 Receptors

Representative wetland organisms include
minnows and other small fish species,
benthic invertebrates, and wetland vegetation
such as cattails and rushes. For this
assessment, benthic invertebrates and
vegetation were selected as the receptors
representative of reservation wetlands.

6.1.2.2 Distribution

With the exception of approximately 3.8 ha
(9.5 acres) of forested wetland near the
north-central boundary of the reservation,
most (8 ha or 20 acres) of the jurisdictional
wetlands on the reservation consist of
drainage ditches and swales supporting
emergent vegetation such as cattail, sedges,
and rushes (DOE 1992). For the purposes of
this assessment, at least some of the
reservation wetlands are also considered to
be within or under the influence of the waste
sites. These wetlands, and the receptors
chosen to represent them, exhibit
discontinuous distributions.
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6.1.3.1 Receptors

Several iecreationally desirable wildlife
species occur or may occur on the FEMP
reservaticn, although, with the exception of
a few dairy farmers who lease land to graze
cattle, the reservation is closed to public
access. Fish, particularly those of the catfish
and sunfish families, the cottontail rabbit,
and the white-tailed deer were selected for
this assessment as representative of the
recreational fish and wildlife on the
reservation. The data available for fish are
not specific to species of interest; therefore,
the assessment is limited to risks to fish in
general.

6.1.3.2 Distribution

For the most part, recreationally desirable
fish (mostly of the sunfish family) are
limited to the Great Miami River to the east
and south of ihe reservation. Occasionally,
a few specimens of catchable size may occur
in Paddy's Run or its tributaries within the
reservation. None are expected to occur in
the waste sites themselves. Game mammals



and birds that occur on the reservation
include the easterm cottontail rabbit
(Sylvilagus floridanus), white-tailed deer
(Odocoileus virgir.inus), and the bobwhite
(Colinus virginianus). The fish have a
discontinuous  distribution, while both
mamn.>lian species are considered to be
ubiquitous in distribution.

6.1.4 Agricultural or Timber Production
6.1.4.1 Receptors

Although cattle are allowed to graze on the
FEMP reservation, under normal
circumstances they do not have access to
contaminated sites. Therefore, vegetation
(representing grass and planted pines), but
not cattle, were selected for this assessment
as the endpoint receptors representative of
agricultural and timber production.

6.1.4.2 Distribution

Approximately 170 ha (430 acres) of grazing
land is leased to local dairy owners for cattle
grazing. This land, dominated by introduced
red fescue (Festuca rubra) and Kentucky
bluegrass (Poa pratensis), exhibits a
discontinuous distribution on the reservation.
Small pine and spruce plantations have been
established in the northeast and southwest
comers of the reservation. On the basis of
soil classifications, the U.S. Department of
Agriculture, has designated much of this
land as prime agricultural land.  This
assessment considers only vegetation on or
adjacent to the contaminated sites.

6.1.5 Parks and Other Public Lands
6.1.5.1 Receptors
No likely receptors in terms of parks and

public lands were identified for this
assessment.

6.1.5.2 Distribution

There are no parks or public lands on or
adjacent to the reservation. Nearly all of the
land adjacent to the reservation is privately
owned agricultural or open land. To the
southeast, an industrial area has developed
along about 0.37 km (0.23 mile) or 4% of
the reservation penmeter's 8.4-km length
(5.2 miles). To the northeast lies a Girl
Scout camp. Although camp property
commences only 0.50 km (0.31 mile) from
the nearest reservation boundary, the camp is
topographically upgradient of the entire
FEMP reservation and consequently is not
considered to be subject to contamination
from the waste sites.

6.1.6 Biodiversity
6.1.6.1 Receptors

As indicated carlier, the ecosystems of the
reservation and its environs began to
undergo substantial aiterations in structure
and function beginning with the arrival of
the first European settlers. Virgin forests
and the complex plant and animal
communities they supported no longer exist
in the area. What v.oodland persists is
highly fragmented, and current practices in
land management on the reservation,
including mowing and grazing, prevent the
establishment of truly climax communities.
Even so, the fragmented and disturbed
terrestrial systems now dominant on the
reservation support a variety of plant and
animal communities.

Except for cattle, all of the animals and
plants used as representative of the other
endpoints discussed above are considered as
representative elements of area biodiversity
and, therefore, are used in this assessment of
impacts on bivdiversity (i.e., the mouse,
rabbit, deer, robin, bat, hawk, fox,
vegetation, aquatic invertebrates, and fish).
Note that for this assessment aquatic
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organisms are assumed to be absent from the
actual waste sites.

6.1.6.2 Distribution

A!l but two of the selected receptors
representative of the area's biodiversity are
considered to have ubiquitous distributions.
Fish and benthuic invertebrates have
discontinuous istributions.

6.2 CONTAMINANTS OF POTENTIAL
CONCERN

The contaminants of pofential concem at
FEMP include numerous inorganic, organic,
and radioactive contaminants (table 6-2).
The most prevalent radionuclide, according
to relative average concentrations, is “*U;
Al, Ba, Cu, U and Zn exhibit the highest
concentrations among inorganic
contaminants. The concentrations of organic
chemicals on the site are fairly low and,
thus, are not expected to pose as great a
potential hazard s the inorganic and
radioactive contamir:ants.

Maximum and average suii, surtace water,
and sediment concentrations used in the
assessment were detcrmined from the source
ter- provided by I L (tables 6-2, 6-3, and
6-- Developn:cnt of average and
maximum source terms for use in exposure
and risk assessment involves certain
assumptions concerning interpretations of
and compensation for data gaps. / ppendix
A describes the methodology eniployed to
develop useabl: source terms for input into
the exposure and risk assessment.

6.3 EXPOSURE ASSESSMENT

Estimating exposures for all representative
species on the reservation accurately is
difficult because of the lack of data for
numbers of individuals actually exposed to
wastes, the amount of time they spend in
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waste areas, and the actual amounts of
contaminant uptake. Site-specific home
ranges, behavior, and habitat requirements of
many of the representative species at FEMP
are not necessarily well known, and only a
few species with small home ranges (e.g.,
sinall mammals and birds) may reside within
contaminated areas for most of their lives.
Of these, only a very few individuals may be
subject to exposure to maximum
concentrations (see chapter 6.4 for discussion
of home ranges). Therefore, an initial
screening assessment was conducted, using,
where available, the maximum
concentrations of each contaminant in each
medium on-site to identify worst-case
potential contaminants Contaminants that
do not pose a risk to any of the receptor
species from exposure to the maximum
values will not be considered further. If
contaminants pose¢ a risk to organisms
exposed to the maximum concentrations,
however, the average concentrations of those
contaminants will be used in the assessment
to estimate a more reasonable exposure and
risk.

The ecological assessment estimates the risk
to vegetation, terrestrial wildlife, and aquatic
organisms from chronic exposure to
radiological and nonradiological
contarninants [appendix A]. It is desirable in
exposure analysis t¢ consider ali possible
ecological endpoints and receptor species
within each endpoint. However, due to
limited availability of exposure sensitivity
data for many species (e.g., threatened and
endangered species) and ecological
similarities in exposure risks (e.g., similarly
sized hawks feeding on the same or similar
prey), certain organisms considered
representative of each endpoint were chosen
fo evaluation. A food web was developed
that includes terrestrial receptor species
tepreserting all endpoints (figure 6-2).
Wiere data were available, we tried to
ensure conservatism in our estimates of
exposure and risk by selecting receptors
most sensitive to contaminants or habitat



TABLE 6-2—Constituents of Potential Concern w/Maximum and Average Soil
Concentrations [mg/kg dry weight (for chemical constituents) or pCi’kg dry weight (for
radionuclides)] on the Fernald Environmental Management Project

Maximum ‘==T= Average
Constituent Concentration ; Counstituent Concentration

1.4 dioxane 1.29E+01 il Arocior 1248 5.65E-01
2-butanone 1.20E-02 fl Aroclor 1254 9.77E-01
2-methy’napthaienc 1.10E+01 H Di-n-butyl phthalate 7.30E-02
Acenapthene 2.80E+01 B Alurairum 5.85E403
Acetone 2.30E-01 ll Antimony 2.53E+01
Aroclor 1242 1 60E+00 | Arsenic 4.50E+10
Aroclor 1248 5.65E-01 Hl Barium 5.84E+01
Aroclor 1254 1.10E+00 ! Beryllium 8.00E-01
Aroclor 1260 6.10E-01 H Cadmium 5.10E+00
BEHP 3.10E-01 8l Chromium 1.45E+01
Dibenzofuran 1.90£+00 | Copper 1.52E+02
Diethyl phthalate 8 40E-02 | Cyanide ion 1.70E+00
Di-n-butyl phthalate 7.306-02 | Lead 1.99E+01
Di-n-octylphthalate 2.10E-01 | Mercury 1.00E—-01
Fluoranthene 6.10E-02 Molybdenum 4.80E+00
Methylene chloride 2.40E-01 1Nickel 2.62E+01
Napthalene 1.90E+01 Selenium 5.00E-01
Octachlorodibenzo-p-dioxin 7.30E-03 Silver 9.60E+00
Pyrene 5.00E-01 Uranium 2.97E+03
Toluene 1.80E-01 Vanadium 1.75E+01
Aluminum 1.17E+04 Zinc 4.02E+01
Antimony 3.25E+01 Technetium-99 R.90E+03
Arsenic 1.54E+01 || Uranium-238 9.51E+05
Barium 2.23E+02
Beryllium 1.60E+00
Cadmium 7.70E+00
Chromiun: 5.18E+01
Cobalt {.70E+01
Copper 2.01E+01
Cyanide ion 1.70E+G0
Lead 1.47E+02
Mercury 2.00E-01
Molybdenum 1.88E+01
Nickel 5.02E+01
Selenium 6.20E-01
Silver 2.17E+01
Sodium ion 1.85E+02
Strontium 5.00E-09
Thallium 6.80E-01
Uranium 1.31E+D5
Vanadium 2.69E+01
Zinc 7.99E+01
Cesium-137 2.00E+02




F _

Coastituent

Lead-210
Neptunium-237
Plutonium-238
Plutonium-249
Radium-224
Radium-226
Radium-228
Strontium-90
Technetium-99
Thorium-228
Thorium-230
Thorium-232
Uranium-234
Uranium-235
Uranium-236
Uranium-238
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TABLE 6-3—Maximum and Average Fernald Water Concentrations [mg/L (for chemical constituents) or pCi/L (for radionuclides)]

on the Fernald Environmental Management Project

Drinking Water' Aquatic Water’
Ceastitoent Maximum Comc. Constituent Average Conc. Constituent Maximum Conc, Constituent Average Conc.
7 Dutamone S.00E-02 Aroclor 1248 3.28E-01 Cadmium $.00E-03 Cadmium 2.30E-03
Acetone 1.92E+00 Aroclor 1254 6.1SE-01 Copper 1.47E-02 Copper 1.03E-02
Amthracene 4.T7E-O1 Benzo(ajpyrene 7.12E-01 Lead 1.40B-02 Uranium-234 3.43E+03
Aroclor 1248 3.28E-01 Di-n-buty! phalate 1.81E+00 Mercury 1.00E-03
Aroclor 1254 3.28E-01 Aluminum 1.00E-0O1 Uranium 1.90B-02
Beaz{a)anthracene 9 46E-01 Antimony 3.70E-02
Beazo(a)pyreac T.12E-01 Anenic 9.25E+00
Beazo(b)luoranthene 7.54E-01 Banum 32E<M
Benzo(g hi)perylene 245E-0) Beryllium 9.67E+00
Beazo(k iluossathenc 7.96E-01L Cadmium 1.90E+00
BEHP 5. 9SE-0) Chronuum 1.69E+01
(hoysenc 1.06E+00 Copper 197E+02
Dr-a-buty) phthalaie 1.81E+00 Cyanide ion 9.76E+00
Fluoranihene 3.29E+00 Lead 1.94E+01
wdeno( 1 2,3-cd)pyrenc 2.29E-01 Mercury 1.55E+00
Methylene chionde 6.80E-01 Molybdenum 1.80E-02
Pheoanthrene 2.24E+00 Nickel 7 12E+01
Pyreae 1.49E+00 Selemum 3.95E+00
Aluminum 9.97E--02 Silver I 76E+00
Antimoay 1.69E-02 Uranium 7.27E+02
Arsemic 1.85E+01 Vanadium 1.712E+03
Banum 6.64E+03 Zinc 9.16E+01
Beryltium 9.67E+00 Technetium-99 3.28E+0S
Boroa 2.43E-01 Uranium-238 2.34E+0S
Cadmium 7.59E+00
Calcrum (oxxde) 4.79E+01
Chromium 7.38E+01
Cobaht 1.96E+01
Copper 1.19E+03
Cyanide jon 9.76E+00
lroa 3.33E-02
Lead 7.75E+01
Magnesium 4.78E+0)
Mangancse 1.14E-01
Mercury 4.65E+00
Malybdenum R.13IE-02
i Nackel 7.12E+01
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Drinking Water' 'Aquatic Water’
Ceomstituent Maximum Cenc. Ceastituent Average Conc. Constituent Maximum Conc. Conatituent Averags Caisc.

Potassium 1 32E+01
Seicaium 3 95E+00
Silicca 1.04E+00
Silver 113E-02
Sodiem wa 2 TE+R2
Urnaiue 2.13E+03
Vasadiem 1.72E+03
Zinc 1.83E+(2
Cesium-137 4.79E+0S

Neptunium-237 28SE+0
Plutoaium-238 9.59E+01
Radium-226 3.24E+08
Radium-228 1.20E+00
Technetivm-99 I A9E+0S
™ num-228 5.37E+04
Thonem-230 4 61E+06
Thonwm-232 4. HE+)4
Ursaagm-234 3 ¥WE+00
Urshium-235 5 16E+04
Urnhiwn-238 7.03E+08 ﬂ

NA = No \uuhed voaceatratbon avatable
' Damk -é' M Fermald were uted a terrestnal expown pethways and were denved from all sises, including the Great Minmu River and Paddy's Run.

Mvmmuhﬂdmuﬂmu org P pathway and were derived from the Great Miamu River and Paddy's Run only.
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TABLE 6-4—Maximum and Average Fernaid Sediment Concentrations’ jmg/kg (for chemicals) or pCi/kg (for

radionuclides)] on the Fernald Environmental Management Project

Constitnent

Aluminum
Radium-226
f Radium-228

§ Thorium-228
Thorium-230
Thorium-232

§ Uranium-234

Uranium-238

e

! Sediment concentrations were used only in the aquatic pathway and were derived from the Great Miami River and Paddy’s Run values

only.

alteration, most likely to experience additional
risk due to bioaccumulation or larger body size,
or at greatest risk due to rarity. Other abundant
species on the reservation were included as
important components of the foodweb, such as
mice and insects (exposure and risk estimates
were not determined for insects).

The primary exposure routes for terrestrial
wildlife species at FEMP are ingestion of water
(including soils for some species) and food.
Table 6-5 lists the body weights and
consumption rates for the selected representative
species. Cattle are assumed to feed exc!usively
on the vegetative parts of plants. The cottontail
rabbit and white-tailed deer are assuried to eat
50% vegetation and 50% fruits and seeas. Based
on a review of the literature, the percentage of
prey items consumed by omnivores and predators
was estimated (table 6-5; figure 6-1). The
mouse and robin are assumed to eat 70%
fruit/seeds and 30% insects; the red-tailed hawk
to eat 80% mice and 20% rabbits; and the red
fox to eat 70% mice and 30% rabbits. Bats are
assumed to eat 100% insects, and insects to eat
100% plant material.

All species are assumed to purposely or
incidentally ingest soil while eating, grooming,
or preening except for the bat, hawk, and red fox
(table 6-5). The soil ingestation rate (Q,) for
cottontail rabbits was assumed to be the same as
that reported for the jackrabbit (6.3% of the
dry-matter intake) (Arthur and Gates 1988). The

white-tailed deer soil ingestion rate is assume ? 3.
be the same as that reported for the mule deer
[1.35% of the dry-matter intake (Arthur and
Alldredge 1979)]. The soil ingestion rates for
the cow and mouse are 7% and 2% of the dry-
matter intake, respectively (Mayland et al. 1977
and Beyer et al. 1991). Because published
values of soil ingestion rates were not found for
the robin, the rate was conservatively estimated
to be 10% of the dry-matter intake.

The estimated daily rates of food and water
consumption (Q, or Q,, and Q,, respectively) for
each representative species were calculated from
allometric regression equations that are based on
the weight of the organism (EPA 1988) (table 6-
5). These weights, in tum, are based on
combined measurements for laboratory animals,
livestock, and selected wildlife and bird species
(EPA 1988) (appendix A).

Because details of the behavior and habitat
requirements of most of the representative
wildlife species are not well known, it is
assumed that all species spend 100% of their
time on the reservation. Thus, all selected
representative species are considered to be year-
round residents at FEMP. Therefore, the fraction
of contaminated food, soil, and water consumed
(F1,; is set at 100% (table 6-5).

Contaminant concentrations in vegetation, the
first Jeve) in the food chain, are estimated from
concentrations measured in sJils using published
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TABLE 6-5—Body Weights and Consumption Rates' for Terrestrial Species® on the Fernaid

Environmetnal Management Project

——
White-footed Eastern Deer Cow Robin Indiana Bat Red-Tailed Hawk Red Fox
Mouse Cottontall rabbit
Body weight, BW (kg) 240E02" T.19E+00" S6SE+01" 3 006402 7,502 7.306-03" T.39E+00" 6.00E+00"Y
Water intake rate, Q, (L/d) 6.40E-03 1.14E-0) 2.63E+00 1.23E+0t 1.43E-02 2.30E-03 1 43E-0) 4.51E-01
Water ingestion fraction, Fl, 1.00E +00 1 .00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1 .OOE+00 1.00E 00
Soil intake rate, Q, (kg/d) 4.38E-05" 1.28E--03"? S.83E-03" 1.86E-01" 3.87E-04" 0.00 0.00 0.00
Soil ingestioa fraction, Fl, 1.00E+(0 1.00E+00 1.00E+00 1.00E+00 1.00E+00 0.00 0.00 0.00
Vegetation intake rate, Q, (kg/d) 0.00 A 7IE-02" 7.93E-01" 7.47E+00 0.00 0.00 0.00 0.00
Vegetation ingestion fractior, Fl, 0.00 1.00E+00 1.00E+00 1.00E+00 0.00 0.00 0.00 0.00
Fruit/sceds istake rate, Q, (kg/d) 3 36E-03% 3INE-2 7.93E-01 0.00 $.80E-03" 0.00 0.00 0.00
Fruit/seeds ingestion fraction, Fl, 1.00E+00 1.00E+00 1.00E+00 0.00 1.00E+00 0.00 0.00 0.00
Prey | istake rate, Q,,, (kg/d) 1 40E-03 0.00 0.00 0.00 2.50E-03 1.30E-03 7.926-02% 1.88E~01"
(insects) (insecis) (insects) (mice) (mice)
Prey | ingestion fraction, Fl,,, 1.0CE+00 0.00 0.00 0.00 1.00E+00 1.00E+00 1.00E+00 1 .OOB+00
Prey 2 imake mate, Q, (kg/d) 0.00 0.00 0.00 0.00 0.00 0.00 1.98E-02 8.068~01
(rabbits) (rabbits)
Prey 2 ingestioa fraction, Fl, 0.00 0.00 0.00 0.00 0.00 0.00 | .00E+00 1.00B+00
Prey 3 imake rate, Q, (kg/d) 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00
Prey 3 ingestion fraction, Fl,, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
g -1 ]

AR values are oa a wet weight basis. For soils, the wevdry ratio is 0.90 (Clark et al. 1977), for vegetation the ratio is 0.32 and for fruits/seeds, the ratio is 0.17 (Mocrison 1959).
Water and food coasumption rates were computed by methods in U.S. EPA 1988 (table 8) unless otherwise noted.

]

1

' Lackey et al 1985.
¢ Chpman ot al. 1980.
3 Smith 199).

¢ US. EPA 1988.
? Teves 1980,

¢ Thomson 1982.

* Browa and Amadoa 1968
* Opresko and Suter 1992,

"' Mouse soil ingestion rate is 2% of dry vegetation intake (Beyer et al. 1951).

' The robin soil ingestion ralc is assumed 10 be 10% of dry matier intake.
“ The castern cottondail rabbit is assumed to eat S0% fruit/sceds and 30% vegetation (Whitaker 1988),
"7 The white-tailed deer is assumed 10 eat 50% vegetation and S0% fruitseods (Whitaker 1988).

'* The mouse is assumed to cat 70% fruit/seeds and 30% insects (Lackey et al. 1985).

" The robin is assumed to eat 70% fruiv/seods and 0% insects (Terres 1980).

° The red-tailed hawk is assumed t0 east 0% mice and 20% rabbits (Terres !980).

' The red fox is assumed to eat 70% mice and 30% rabbits (Whitaker 1988).

2 The eastem cottontail is assumed 1o have the same soil ingestion rate as the jackrabbit (6.3%) (Arthur and Gates 1988).
3 The white-tail deer is assumed to have a soil ingestion rate of 1.35% of dry matter intake (Arthur and Alldredge 1979).
' Cattle soil ingestion rate is about 7% of dry matter intake (Mayland et al. 1977).
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element-specific, soilto-plant wansfer Goto
(Baes et al. 1984; Travis and Arms 1988) (table
6-6). Transfer factors for inorganic chemicals
are available for both the vegetative and fruiting
parts of plants (Baes et al. 1984); published
transfer factors for organic chemicals, however,
do not make this distinction (Travis and Arms
1988). The methodology used to predict
contaminant concentrations in vegetation does
not make a distinction between different plant
types or species. It is assumed, therefore, ail
species ingest "generic” vegetation containing
contaminant concentrations derived from soil
concentrations by the use of published transfer
factors.

Transfer factors for contaminants of concern are
used to predict concentrations in the tissues of
terrestrial mammalian receptors  from
consumption of vegetation, soil, and water
(collectively termed B,) (Baes et al. 1984; Travis
and Arms 1988) (table 6-6). The rationale and
limitations for applying these transfer factors are
discussed in appendix A. Data on transfer
factors from vegetation or soil to insects and
earthworms are very limited in the literature.
Therefore, the concentration in insects was
derived from vegetation concentrations, and a
default, conservative one-to-one transfer between
vegetation and insects was assumed.

The consumption rates and the benchmark limits
or no-observable-adverse-effect level (NOAEL)
values are typically reported in wet weights,
whereas the vegetation and soil concentrations
are typically reported in dry weights. Therefore,
conversion factors were applied to account for
this difference. The wet- to dry-weight
conversion factor for the vegetative parts of
plants at FEMP was assumed to be 0.32 [the
average for meadow fescue, Kentucky bluegrass,
wild bromegrass, and orchard grass (Morrison
1959)]. The wet- to dry-weight conversion
factor for the fruiting parts of plants on Fernald
was assumed to be 0.17 (Morrison 1959). The
wet- to dry-weight conversion factor for soils is
0.90.

For the base-line assessment of FEMP, the
concentrations of radionuclides in animal tissues
and the resulting doses were not decay-corrected.
The doses are estimated for the existing
conditions and not as some point in the future.
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MU, have a very long half-lives, so this
assumption is reasonmable. The radionuclide
concentrations in the source terms have been
decay-corrected by PNL back to the time of
disposal or release. Estimated dose to terrestrial
receptors was based not only on the radionuclide
itself, but on all radioactivity of the short-lived
daughter products as well.

Agquatic organisms considered in the assessment
include benthic macroinvertebrates and a generic
fish species. For radiological analyses, emergent
vegetation (i.e., cattails) and muskrats are
included as well. All aquatic organisms, except
for benthic macroinvertebrate s, are assumed to be
exposed to contaminants in the surface waters of
the Great Miami River and Paddys Run only.
For this analysis, benthic macroinvertebrates are
assumed to be exposed only to the sediment pore
water in the Great Miami River and Paddys Run
for calculation of intemal radiation dose and
exposure to chemicals. The external radiation
dose from exposure to surface water was
calculated for all organisms. Although
contaminant concentration source terms in
surface water and sediments were provided by
PNL for all sites at FEMP, only those maximum
and average source terms corresponding to the
Great Miami River and Paddys Run were
included in the aquatic exposure scenarios.
Surveys indicate there are no year-round aquatic
communities living in waste ponds or streams
(e.g., lime sludge ponds, the clearwell, or the
storm sewer outfall ditch). For the terrestrial
drinking water exposure pathway, however,
maximum and average source-term
concentrations were derived from all sites,
including waste ponds and the Great Miami
River and Paddys Run.

6.4 CONTAMINANT EFFECTS ASSESSMENT

Two pathways are used to determine the effects
of contaminant exposure (chapter 6.3) on
ecological endpoint receptors. For termrestrial
receptors, consumption rates of contaminated
food and water are compared with toxicological
benchmarks. For aquatic receptors, contaninant
concentrations in water or sediment pore water
are compared with chemical-specific aquatic
benchmarks. To quantify risk to terrestrial
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TABLE 6-8—30ii-to-Vegemtion and Piant-to-Besf Transfer Factors jor the Constituents of Concern
on the Fernald Environmental Management Project

Soll to Vegetation Transfer | Vegetation to Beef Transfer
Constituent Factor Factor
1.4 dioxanc 5.5SE+01 1.35E-08
2-butanone 2.63E+01 4. 90E-08
2-methylnapthalene 2.27E-01 1.82E-04
Acenapthene 2.16E-01 2.00E-04
Acetone 5.33E+01 1.45E-08
Aroclor 1242 2.24E-(2 1.00E-02
Aroclor 1248 2.24E-02 1.00E-02
Aroclor 1254 2.24E-02 1.00E-02
Aroclor 1260 2.24E-02 1.00E-02
BEHP 4.37E-02 3.16E-03
Diethy! phthalate 5.48E-01 3.98E-0S
Di-n-butyl phthalate 3.82E-02 3.98E-03
Di-n-octylphthalate 1.86E-04 3.98E+01
Fluoranthene 5.12E-02 1.98E-03
Methylene chloride 6.86E+00 5.01E-07
Napthalene 3.22E-01 1.00E-04
Pyrene 3.35E-02 5.01E-03
Toluene 1.07E+00 1.26E-05
Aluminum 4.00E-03 1.S0E-03
Antimony 2.00E-01 1.00E-03
Arsenic 4. 00E-02 2.00E-03
Barium 1.50E-01 1.S0E-04
Beryllium 1.00E-02 1.00E-03
Cadmium 5.50E-01 5.S0E-04
Chromium 7.50E-03 5.50E-03
Cobalt 2.00E-02 2.00E-02
Copper 4.00E-01 1.00E-02
Cyanide ion 5.42E+01 1.41E-08
Lead 4.50E-02 3.00E-04
Magnesium 1.00E+00 5.00E-03
Manganese 2.50E-01 4.00E-04
Mercury 9.00E-01 2.50E-01
Radium-226 1.50E-02 2.50E-04
Radium-228 1.50E-02 2.50E-04
Thorium-228 8.50E-04 6.00E~06
Thorium-230 8.50E-04 6.00E—06
Thorium-232 8.50E-04 6.00E~06
Uranium-234 8.50E-03 2.00E-04
Uranium-238 8.50E-03 2.00E-04
00200 U m ]

Sourcs: For organics, the transfer factors were calculsted from equations in Travis and Arms (1988) using K., values from the Superfund
Chemical Data Matrix (1991). For inorganics and radionuclides, the transfer factors were taken from Baes ct al. (1984). The K, for
. . cyanide was taken from MEPAS and the transfer factors were calculated from equstions in Travis and Arms (1988).
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receptors exposed to ocganic and inorganic
contaminants, the daily comsumption rates of
contaminated food and water, normalized to
body weight (in units of mg/kg/d), is compared
to the NOAEL benchmarks (mg/kg/d). These
ratics are termed hazard indices (HIs). Ratios
greater than | are considered to pose a
potentially unacceptable risk to organisms but do
not necessarily indicate the severity of the
effects. However, it is reasonable to assume that
the higher the ratio, the greater the nisk of
adverse effects. Dose to terrestrial receptors,
including vegetation, from internal and external
exposure to radionuclides was also determined
from calculated tissue concentrations and soil
concentrations, respectively. Doses that exceed
0.1 rad/d are considered to pose a potentially
unacceptable risk (i.e., an HI greater than 1) to
terrestrial  organisms (IAEA 1992). The
"Ecological Risk Assessment Methodology for
the PEIS" (1993) and appendix A describes in
more detail methods used to calculate exposure
and risk.

Toxicological benchmarks for terrestrial
organisms, excluding vegetation, were obtained
from Opresko et al. (1993) (tabie 6-7). For
representative receptor species that are not
specifically listed in the data base, extrapolation
techniques were employed to obtain the chronic
NOAEL by adjusting for differences in body
weight between the receptor and a test organism.
If a NOAEL is available for a laboratory test
species, a NOAEL for a receptor species can be
derived by extrapolation. Many of the NOAEL
benchmarks were derived by extrapolation from
small-mammal laboratory data, where available
(Opresko et al. 1993). There were a few
contaminants, however, for which no animal
toxicity data was found. For these cases,
wildlife NOAELSs were extrapolated from human
noncarcinogenic toxicity data listed in the EPA
IRIS data base based on the "standard man"
body weight of 70 kg. In relation to human
toxicity values, the wildlife species that weigh
less than 70 kg have higher benchmarks than
humans; wildlife species weighing more than 70
kg have lower benchmarks.

Literature sources for inorganic terrestrial
phytotoxicity benchmarks were summarized and
reported by Suter and Futrell (1993) (table 6-7).
Where available, the lowest concentrations in a
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soii medium that produced phytotoxically
excessive effects were chosen from the data base.
Several benchmarks were derived from
experiments using nutrient solutions as the
experimental medium. Uncertainty values were
not applied to this data to account for differences
in experimental growth medium. A methodology
for deriving phytotoxicity benchmarks for
organic constituents has been developed by
Eskew and Babb (in preparation, as cited in the
MMR Air National Guard Risk Assessment
Handbook (1992)] (table 6-7).

Risks to aquatic organisms from exposure to
organic and inorganic contaminants in water and
sediments (pore water) were calculated by
comparing the water or sediment pore-water
concentrations with the chemical-specific aquatic
benchmark (Suter et al. 1992) (table 6-7). To
determine internal dose to aquatic plants, fish,
and muskrats from exposure to radionuclides, the
su: face water concentrations were multiplied by
aquatic (internal), radionuclide-specific dose
conversion factors to produce a daily dose in
rads (Killough and McKay 1976). To determine
the internal dose to benthic macroinvertebrates
and other bottom-dwelling organisms (e.g., fish
larvae) from exposure to radionuclides, the
sediment pore-water concentrations were
multiplied by radionuclide and organism-specific
aquatic (internal) dose conversion factors to
produce a daily dose. The external dose to all
organisms was determined by multiplying the
surface water concentrations by the external
radionuclide-specific dose conversion factors.
Combined internal and external doses greater
than | rad/d are considered to pose a potential
risk to aquatic organisms (i.e., HI is equal to or
greater than 1) (NCRP 1991).

Although it is reasonable to assume that most
species are exposed to contaminants only some
of the time and that contaminant concentrations
are not as high as maximum values, an initial
screening assessment was conducted using the
maximum concentrations of each contaminant
on-site to identify worst-case potential
contaminants. Following this initial screening,
average concentrations were used for a more
realistic maximum exposure for contaminants
and receptors that did not pass the initial
screening.



TABLE 6-7—Crite:ia Benchmarks for Terrestrial' and Aquatic’ Species (NOAELSs listed in mg/kg/d for terrestrial
benchmarks or mg/L for aquatic benchmarks) on the Fernald Environmental Management Project

m‘ —ﬁ _q
Footed Cottontall American Red-Talled White-Talled |
Constituent Meuse Rabbit lndiana Bat Robin Hawk Deer Cow Red Fox Aquatic Vegetation ‘

1.1.2-Tnchioro- 122 NA NA NA NA NA NA NA NA NA 2.608+00 .
mifluorocthane
1.1 -dichiorocthanc NA NA NA NA NA NA NA NA 1.59E+00 8.60E—01
2-butasonc 2.2SE+01 6.12E+00 3. M4E+0) 1.54E+0) 5.81E+00 1,69E+00 8.80E-01 3.57E+00 1.78E+01 NA
2-methyinapthalenc NA NA NA NA NA NA NA NA NA 2.10E+01
Aceaapthene NA NA NA NA NA NA NA NA 1.978-0} 1.28E+02
Acetone 2.H4EH) 6.65E+00 3.63E+0! 1L67E+01 6.31E+00 1.84E+00 9.56E-01 3.88E+00 2.37E+0! 9.65E+0}
Anthracene NA NA NA NA NA NA NA NA 8.208-03 1.28E+02
Arclor 1242 1.16E-01 316E-02 1.73E-01 1.S9E-01 6.02E-02 8.74E-03 4.53E-03 1.85E~ 2.90E-03 1.00E+0)
Arocloc 1248 6.22E-01 6.0SE-Q2 9.25E-01 4.25E-01 5.7SE-02 1.67E~02 8.70E-03 3.53E-02 4.00E-04 NA
Arockx 1254 1.41E-01 4. ME-2 2.10E-01 1.19E+00 1.47E+00 1.73E~02 9.03E-03 3.50E-02 5.208-04 1.00E+01
Arsoclor 1240 1 46E+00 2.92E-03 2.17E+00 9.96E-01 2.77E-03 8.06E-04 4.20E-04 1.70E-03 2.10E-03 NA
Beaz{a)aathracenc NA NA NA NA NA NA NA NA 6.50E-04 1.28B+02
Bunzo(a)pyrenc 2 44E-02 6.65E-03 R63E-02 1.67E-02 6.31E-03 1.84E-03 9.56E~04 3.88E-03 2.99€-03 1.28E+02
Beazo{bMluoranthene NA NA NA NA NA NA NA NA NA 1.28B+02
Beazo(g.h.i)perylene NA NA NA NA NA NA NA NA NA 1.28E+02
Benzo(k Mluocanthene NA NA NA NA NA NA NA NA NA 1.788+02
BEHP NA NA NA NA NA NA NA NA 3.00E-04 1.40E+01
Chrysene NA NA NA NA NA NA NA NA NA 1.28E+02
Chlordane 1.72E-03 4.69E-04 2.56E-03 3.98E-01 1.SIE-0 1.30E-04 6.7SE-05 2.74E-04 1.70E-04 1.99E+04
Dibenzofuran NA NA NA NA NA NA NA NA 2.00E-03 NA
Dicthyl phehalate NA NA NA NA NA NA NA NA 1.00E+00 NA
Di-n-bucyl phihalate 4 S6E+01 1.24E+0 6.78E+01 141E-02 5.34E-03 3.43E+00 1.78E+00 7.23E+00 2.708-01 1.48E+04
Di-n-octylphthalese NA NA NA NA NA NA NA NA 3.10E-0! NA ‘
Fuoranthene NA NA NA NA NA NA NA NA 3.20E-02 1.28B+02 |
indeso(1.2.3-cd)pyrenc NA NA NA NA NA NA NA NA NA 1.28B+02
Methyleae chioride 1.43E+01 _3.39E+00 2.13E+01 9.78E+00 3.69E+00 1.07E400 $.60E-01 2.27E+00 4.10E-01 5.60E+00
Napthalenc NA NA NA NA NA NA NA NA 4.50B-0) 1.12E+02
Octachlorodibenzo-p- dioxin 2. M4E-M 6.65E-03 3.63E~02 1.67E~02 631E-03 1.84E-03 9.56E-04 3.88E-03 NA NA
Phenanthrenc NA NA NA NA NA NA NA NA 1.10E-01 1.28B+02
Pyrenc NA NA NA NA NA NA NA NA NA 1.28E+02
Toluene 5.45E+01 1.438E+01 8.10E+01 3.73E+01 1.41E+0) 4.10E+00 2.13E+00 8.65E+00 2.60B-02 9.70E+00
Alumisum NA NA NA NA NA NA NA NA 8.70E-02 8.00E+00
Amimony 1.21E+04 33IE+03 1.B1E+04 8.31E+03 3.14E+03 9.13E+02 4.75E+02 1.93E+0} 1.90E+00 $.00E+00
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Table 6-7 (cont’d)

White. fm“ MR SR,
Foeted Cottentall American Red-Talled White-Talled
Meuse Rabbit Indiana Bat Robin Hawk Deer Cow Red Fox Aquatic Vegetation
1.02E-01 1.62E+00 152E-0 7.006-02 2 61E+00 7.60E-01 3.96E-01 1.606+00 9.3 'E-01 1.50B+01 |
1.2SE+00 3.39E-01 1.8SE+00 8.52E01 3.22E-01 9.37B-02 438E-02 1.98E-01 2.03E+01 $.00E+02
1 32E+00 3.59E-0) 1 96E+00 9.02E-01 3.41E-01 9.92E-02 S.16E-02 2.09E-01 3.80E-03 1.008+01
NA NA NA NA NA NA NA NA 7.00E-03 NA
2.3SE-O° 6.4E-03 3.50E-02 1.44E-01 2.24E-03 1.77E-03 9.21E-4 3.73E-03 1.10E~03 3.00B+00
NA NA NA NA NA NA NA NA NA NA
5.86E+00 1.60E+00 8.72E+00 4.01E+00 1.52E+00 441E-01 2.30E-01 9.31E-01 1.10E-02 7.50E+0)
NA NA NA NA NA NA NA NA 4.40E-03 2.50B+01
1. 83E-01 9.31E-01 2.12E-01 6.88E+01 2.10E+01 2.57E-01 1.34E-01 $.43E-0) 1.20E-02 6.00E+0)
2. 64E+01L 7.18E+00 3926401 1 80E+01 6.82E+00 2.63E-02 1.37E-02 3.SSE-02 $.20E-03 NA
NA NA NA NA NA NA NA NA 1.00E+00 1.00E+04
7.09E-03 1.93E-03 1.0SE-02 1.S9E-02 1.11E+01 5.33E-04 2.77E-04 1.12E-03 3.208-03 1.00B+02
233E+R2 6.ME+01 3.46E+02 1.59E+02 6.02E+01 1.75E+01 9.12E+00 3.70E+01 1.60E-04 NA
2.00E+00 S 4SE-01 297E+00 1.37E+00 5.17E-01 1.50E-01 7.83E-02 3.18E-01 1.10E+00 1.50E+03
1.43E+01 6.92E-03 2.13E+01 3.19E+00 $.74E-01 2.1SE-02 1.12E-02 4.04E-03 1.30B-03 3.00E-01
NA NA NA NA NA NA NA NA 3.60E-01 2.00E+0)
S 90E+01 1.61E+01 8.77E+01 4.17E+00 1.S8E+00 4.44E+00 2.3 E+00 9.37E+00 1.60E-01 1.00E+0?
NA NA NA NA NA NA NA NA 1.30B-04 NA
6.14E-02 1.67E-02 9.13E-02 2. SIE-0I 9.47E-02 4.62E-03 2.40E-03 9.758-03 3.50E~02 $.00E+00)
NA NA NA NA NA NA NA NA 2.00E~04 2.008+00
NA NA NA NA NA NA NA NA 4.80E-01 NA
6.43E+02 1.75Ew 9.56E.02 4.40E+02 1 66E+02 4.83E+01 2.52E+01 1.02E+02 NA NA
2 4E-02 6.65E-03 3.63E-02 1 67E-02 6.31E-03 1.84E-03 9.56E~04 3.38E-03 6.40E-02 1.00E+00
1.51E-01 4.12E-02 2.25E-01 2.20E+01 8.30E+00 1.14E-02 $.93E-03 2.40E-02 2.70E-02 NA
2.30E-01 6.26E-2 3.42E-01 1.57E-01 $.95E-02 1.73E-02 9.01E-03 3.65E-02 4.108-02 5.00E+0!,
. 2.37E+0! 6.45E+00 3.52E401 1.62E+01 6.13E+00 1.78E+00 9.28E-01 1.76E+00 1.10B-01 7.008+0)
- - - ]

NA = Beachmark not available.

! The sowrce for all eqrestrial benchmarks cxcept those for vegetation was (Opresko 1993). For vegelation, the source was (Suter 1993) and the Massachusetts Military Reservation Risk Assessment Handbook, 1992.
! The somrce for aquatic beachmarks was (Suter, et al. 1992).
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Estimating realistic cxposures for all eadpoints
on the reservation is impossible because data for
numbers of individuals actually exposed to
wastes, amount of time spent in waste areas, and
actual amounts of contaminants ingested are
lacking or incomplete. In some cases, for
example, benchmarks were lacking;
consequently, hazard indices (HIs) could not be
calculated and risks could not be assessed.
Specific home ranges and habits of many of the
representative species at FEMP are not well
known or vary widely, and only a few species
with small home ranges (e.g., very small
mammals and small birds) may reside within a
contaminated area for most of their lives.

For contaminants and receptors that did not pass
the average concentration screening (see above
discussion), an attempt was made to further
define exposure risks by comparing the home
range sizes of receptor species with the potential
fraction of the home range that is contaminated.

Receptor species at FEMP have home ranges or
territories that range from small fe.g., | ha
(about 2.5 acres) or less for very small animals
such as the robin, mouse, and certain aquatic
species)] to hundreds of hectares for hawks and
foxes. Some small species have home ranges
small enough to be contained within individual
waste sites. Some other species have such: large
home ranges that the waste sites would comprise
only a part of the area they would occupy, if the
waste sites were used at all. To further interpret
results of this risk analysis, the following
assumnptions about the contribution of waste
sources to receptor exposure are made.

1.  For most of the DOE sites assessed
in this PEIS, correction factors based
on the ratio of the total contaminated
area to the home range of terrestrial
receptors were developed and
applied to the Hls calculated for the
average concentrations screening.
This is appropriate where
contaminant uptake pathways other
than drinking water predominate.
For most terrestrial endpoint
receptors at FEMP, however, results
of the exposure assessments indicate
that nearly all of the exposure of a
receptor to a particular contaminant

cesults from the drinking water
pathway (typically 97% or more),
although in a very few instances
(e.g., uptake of cyanide ion by deer),
ingestion of contaminated soil,
insects, and/or vegetation rivaled the
drinking water pathway in
importance. With the exceptions of
Cd, Cu, Pb, Hg, and U, ail water-
borne contaminants for which
concentration data are available
appear tc be associated with the
small clear well and sludge ponds of
the waste storage area in the
northwest quadrant of the
reservation. Many contaminants in
these waste facilities occur at
extremely high levels. Therefore,
where the drinking pathway
dominates (except for the five metals
identified above), it is assumed that
the ratio of the length of shoreline of
contaminated waters within an
animal's home range to the total
shoreline of waters available to that
animal is the more appropriate
correction factor (table 6-8) to apply
to the caiculated HIs in tables 6-9
through 6-11) to determine the
effective HIs used to characterize
nsk in (tables 6-12a through 6-12¢.).
Shoreline was determined by
measuring the length of streams and
the circumference of ponds
(including waste ponds)
circumscribed by a circle equal in
area to the minimum reported range
of a given receptor species, and
centered on the contaminated sites.

Drinking water concentrations of Cd,
Cu, Pb, Hg, and U ., on the other
hand, are based on the average
concentrations for a total of 77 ha
(190 acres, of surface waters (all
water bodies on the reservation
including Paddy’'s Run as well as a
reach of the Great Miami River off-
site). The resulting Hls for these
metals thercfore require no
correction (i.c., the correction factor
is 1.0) since none of the receptor
species under consideration have
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TABLE -8 Home ranges' of and Hazard Index (HI) corvection factors (CFY for terpestrial receptor species at

Fernald Environmental Management Project
Receptor Species Home Range’(ha)
< 22ha >22ha
White-footed mouse X 1.0
(02-06)
Eastern cottontail rabbit X 1.0
(10-238)
Indian bat X 1.0; 0.56
(15-45)
Red fox X 1.0; 0.35
260 - 520
White-tailed deer X 1.0; 0.55
:60 - 520)
American robin X 1.0
0.1 -20)
Red-tailed hawk X 1.0; 0.42
(130 - 420)
Vegetation X 1.0
(<0.1)
_——=—=—=———-—==—-—=:——-*::——

' Burt and Grossenheider 1976; Chapman er al. 1980; Smith 1991; Schoener 1966.

! A CF of 1.0 was applied to HIs for each contaminant for each species having home range < 1.0 ha. Other CFs based on ratio of circumference of
contaminated water bodies tc total length (shoreline) of water bodies 2vailable within home raage, except for cadmium, copper. lead, mercury, and uranium,
which require a cosrection factor of 1.0 because of their extensive distribution throughout reservation si rface waters.

* Where terrestrial sources of cantaminant are most important to exposure. 37 ha should be used as the maxim.:m termritory size that can result in a correction
factor of 1.0.
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TABLE 6-9—Buseline Hazard Indices for Terrestriai Organisms’
on the Fernald Environmetal Management Project

Hazard indices Caicalated Using Average Contaminant Coucentrations

Meouse Rabbit Deer Cow Rebia Ind Bat RTHawk  Red Fex Vegetation
1.43E-01 5.30E-01 9.22E-01 1.198+00 1 S4E-01 L12E-01 5.36E-01 6.98E-01 N/A
1.18E+00 1388+00 1668400 2.15E+00 3.84E-02 928E-01 4 30E-02 1.328+00 N/A
71.77E+00 1.02B+01 1 SOE+OL 229E+01 S.12E+00  6.17E+00 1.168+01 138501 0.00

0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00
1.06E-02 139%E-02 2.46E-02 3.12E-02 24LE01 8.42E-03 31428401 1.88E-02 4 43E-06
NA NA N/A NA NA NA NA NA 6.S8E+2

9.92E-06 2.51E-05 3.13E-05 8.83E- 7% 1.97E-05 9.2TE-06 121E-06 1.44E-06 4.558+00
242E401 S43E-01 S.68E-~01 7.26E-01 2556+01 1.92B+01 3.63E-01 4.33E-01 2.70E-01
7.11E+02 9.35E+02 165E+03 2.09E+03 743E+02 S4B« 10665+03  1.268403 1.05E-01
1.96E+00 2.57TE+00 4 S4E+00 5.716E+00 2.05E+00 1.55E+00 291E+00 3 4TE+00 T120E-02
2.40B+01 342E401 58SE+01 8.40E+01 287E+00 1.97B+01 8.71E+01 3828401 1538400
1.68E+00 222E+00 3.908+00 49TE+00 1.77E+00 I33R+00 250E+00 2.96E+00 1.TAE~O1
538E+02 4.1TE+01 733401 9438401 LIZEWO0  467B+2 194B:00 SA49B+01 228E+00
232E-01 327€-01 4.14E+01 6.22B+01 2.12E-01 1 81E-01 1 47TE-OL 1.32B+01 N/A
7.36E+02 9.75E+02 1.71E+03 220E+03 239842 SS2E42 1L.79E-OE- 1.29E+08 1.79€-01
2.90E-02 2.15B+01 33%E400 431E+00 931E-02 231E-02 2.78E-01 2.90E+01 3.00E~0t
N/A N/A N/A NA NA NA N/A N/A 2.16E+00
3.24E-01 426E-01 7.50E-01 9.57E-01 3.29E+00 2.56E-01 4638400 S.7IE-O1 2.36E-01
1.12E40) 226E+01 3 99E+01 S.06E+01 3.02E+00 1.36E+01 428B+00  3.05E+01 9.00E-02
N/A N/A N/A NA NA N/A N/A N/A 4.32E+00
1328+03 1.76E+03 3J01E+3 4.01E+03 6.95E+00 1.02E+03 8.99E+00 227803 N/A
1.99E+03 262E+03 4.63E+03 5.87E+03 2.08E+03 1.56E+03 297E+03  3.34B40) 3.1SE-01
1.10E+00 1498400 2.60E+00 I A4EA00 L14E+00 8.83E~-01 1.54E4+00  1.33E+00 S.17E~01
399E-0! ). 9E-0! 4.00E-0! 4.03E-01 3.99e-01 3.99€-01 1.26E-01 1.26E-01 4.09E-01

NA = Benchmark aot available, therefore hazard index could not be calculated.
' Shaded numbers 2re His > 1.0
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TABLE 6-10—Baseiine Chemical Hazard Indices for Aquatic Organisms’ on the Fernald Environmental Management
Project

Average '
Surface Water M1
0.00

2.55E+00
8.54E-01

' Shaded numbers are His > 1.0.

TABLE 6-11—Average Internal and External Radiological Doses to Aquatic Organisms (rad/d)’
on the Fernald Environmental Management Project

The benchmack for aquatic organisms is | rad/¢, therefore the total dose equals the hazard index.
' Shaded numbers are His > 1 0.
TABLE 6-12A—Baseline potential risks"’ to the endangered Indiana bat, the only endangered species that may

reside, feed, or drink in the immediate vicinity of the waste sites or contaminated waters on the Fernald
Environmetnal Management Project.

Contaminant Risk

arsenic
benzo(a)pyrene
barium

cadmium

S

M

S

S

copper S
lead S
selenium M
vanadium S
S

uranium

' Potential risks based on assumptions discussed in Section 4.4.3; M = moderate risk, where 1.0 SHI < 10; § = severe rick, where HI 2 10.
T Risks to individuals that are not in the immediate vicinity of the wuste sites are negligible. Waste sites and contaminated waters account for less than
17% of the surface area of the Fernald Environmental Management Project.

6-22



TABLE 6-12B—Baseline potential risks* to wetlands adjacent to waste sites. Risks to wetlands that are not

adjacent to waste ponds are negligible at the Fernald Environmental Management Project

Contaminznt

| Aluminum
| Cadmium
| Lead

Radiological dose

' M = moderate risk. where HI is equal to or greater than 1.0, but less than 10; S = severe risk. where HI is equal 10 or greater than 10.
! Based on EPA Water Quality Criteria (Suter et al. 1992). We assume that benthic invertebrates are exposed to surface water or sediment pore water
concentrations, whichever are higher (sce Section 6.6.2) while other wetland (aquatic) organisms are exposed to surface waer.

TABLE 6-12C—Baseline potential risks' to recreational wildlife that occupy or include waste sites or contaminated

waters in their home ranges at the Fernald Environmensal Management Project

' M = moderate risk, where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal 10 or greater than 10.

!

Cottontail Rabbit White-tailed Deer Fish I
S M |
M
S S
M M
S S K |
M M
S S
: S S M
: Mercury S M
Selenium S S
| Uranium S S
| Vanadium S S
Zinc M M
Cyanide ion S
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TARLE &-120—Racoline potential ricks! 1o yegetation (grasses and plonted pine). Riks io individuals ihai do
Rot graze or drink in waste sites are negligible; hence, risks to cattle are negligible in the areas currently used
Jor livestock grazing at the Fernald Environmental Management Project

' M = moderate risk, where HI is equal 1o or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 10.

TABLE 6-12E—Baseline potential risks' (o other important food web (biodiversity) components that occupy

waste sites on the Fernald Environmental Management Project

Aquatic

§ Aroclor 1254

Benzo(a)-pyrene
Cyanide ion
di-n-butyl phthalate
Aluminum
Andimony

 Arsenic

l Barium
Beryllium

| Cadmium

§ Chromium

| Copper

| Lead

§ Mercury

i Molybdenum

g Nickel
Selenium
Silver

j Uranium

D n T n T unun

W

nuwnanZniln £Z

n

nIIZIZwen

=L

wn

R 7 T

X

! M = moderate risk, where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 10.
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lioiie ranges that woukl circumscrite mo
surface water than 77 ha in the vicinity of
the reservation. The correction factors as
represented by the ratios calculated for
each endpoint receptor are presented in
table 6-8.

The maximum home range
(idealized as a circle) that would
circumscribe  contaminated  site
waters is only about 22 ha (55
acres). It is assumed, therefore that
small receptor species with
minimum home ranges of about 22
ha or less (table 6-8) could receive
as much exposure as our average
screening  indicates. Thus no
correction factor was applied to the
Hls for these species.

For the very few instances in which
other (non-drinking water)
contaninant uptake pathways are
important, the effective HI was
determisied as follows. It is assumed
that the effective exposure (and
hence HI) for a given contaminant
for wide ranging receptors species
with home ranges greater than the
total contaminated land area of 37
ha [(92 acres; 9% of the total
reservation area of 425 ha (1050
acres)] is proportional to the ratio of
the contaminated area to the
minimum home nrange of an
individual animal whose range is
centered on the contaminated area.
As described above for the drinking
water pathway, this ratio was then
applied as a correction factor to the
calculated HIs presented in tables 6-
9 through 6-11 to determine the
effective HI. The contaminated area
actually varies with different
contaminant species, but lacking
sufficient contaminant-specific
distribution data, an area of 37 ha is
assumea for ecach contaminant.
Exposure of biota living completely
outside the 9% of the reservation
that is contaminated is limited to
contaminants that have moved from
waste Ssites in dust and by

contaminated wildlie and plants.
Although some contaminants
possibly occur in measurable
concentrations outside waste sites,
for the most part, source terms or
measurement data for them are not
available, and it is assurned they are
minor compared to the
concentrations in the waste sites.

Although the endangered Indiana bat
has not been observed on the
reservation itself, its known
proximity [approximately 5 km (3
miles) from the northeast boundary]
and the identification of potentially
suitable habitat along Paddy's Run
prompted its inclusion in this
assessment.

Most wetlands, particularly the
wooded wetlands, are probably not
subject to contamination by waste
sites. For this assessment, it is
assumed that only those small
emergent wetlands immediately
adjacent to or downgradient of waste
areas are subject to exposure (o
contaminants. All aquatic biota
receive the average exposure to
contaminants if they occur in these
small wetiands. Conversely, it is
assumed that biota in other wetlands
are not exposed to contaminants.

Aquatic receptors (fish,
invertebrates, and plants) are
assumed to be fully exposed to
contaminants measured in aquatic
habitat (i.e., Paddy's Run and the
Great Miami River) outside the
primary waste areas, but not in the
waste areas themselves, because
reported contaminant concentrations
and other water quality and habitat
conditions in the very small waste
ponds would be unlikely to support
most aquatic life.

Grazing livestock are not allowed
into contaminated sites. Risks to
livestock, therefore, would only be
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appiicabie if caitic were ailowed 0
graze in waste areas.

6.5 CONTAMINANT HAZARD ASSESSMENT
6.5.1 Baseline

The next step in the ecological risk assessment
generates HIs that are representative of potential
risk and that estimate the level of effects from
exposure to contaminants. Baseline hazard
indices (HIs) for terrestrial receptors exposed to
the maximum source concentrations were greater
than the criteria limit of 1 for 18 out of 29
inorganic contaminants and 4 out of 33 organic
contaminants. Exposure to the maximum
concentrations of radionuclides resulted in HIs of
about for all receptors 27. Radiological exposure
was dominated by exposure to U in soils.

Exposure of terrestrial species to average soil
and water concentrations at the site were
calculated for those contaminants whose
maximum concentrations resulted in Hls >1
(table 6-9). About 48% of the HI values for
non-radioactive contaminants were above [ but
below 10, 38% were above 10 but below 1000,
and about 9% were still above 1000.

Exposure of aquatic organisms to the maximum
concentrations of nonradiological contaminants in
surface water resulted in Hls over 1, but less
than 10, for Cd, Cu, and Pb. Exposure of
benthic macroinvertebrates to the maximum
sediment pore-water concentrations (calculated
from sediment concentrations) resulted in an HI
over 1 (41.8) for aluminum only. Hazard indices
resulting from exposure to the average surface
water concentrations remained over [ for
cadmium and lead (table 6-10). The HI for
benthic macroinvertebrates exposed to the
average aluminum pore-water concentration was
29,

Exposure to the maximum concentrations of
radionuclides in surface water or sediment por=
water (macroinvertebrates only) resulted in Hls
(or doses) greater than | (about 30) only for
aquatic plants exposed to **U. Exposure to the
avevage concentrations in the same media
reduced the HI for aquatic plants to about 9
(table 6-11).

e ol . Ioletlb L2 P 4 - -
Ftoin % inilial suile of constituents of

concem, the two-stage screening process using
maximum and then average contaminant values
yielded 22 contaminants producing HlI values
equal to or greater than | (i.c., representing at
least an intermediate risk from contaminant,) for
at least one endpoint receptor, as shown in tables
6-9, 6-10, an¢ 6-11). Of these, 13 contaminants
produce HI values of 10 or greater (i.c., severe
risk) for one or more endpoint receptors. For
nearly all combinations of receptor species and
contaminants, ingestion of contaminated water
accounted for almost 100% of exposure and
consequently almost [00% of the caiculated HI
values. Hazard indices for inorganics (primarily
trace elements) most commonly exceeded values
of 1, followed by organic compounds, and lastly
radionuclides.  Following the assumptions
outlined in chapter 6.4, the approximate home
ranges or temitory sizes of receplors were
calculated to estimate the proportion of their
range that could potentially encompass
contaminated lands or surface waters.

Three of the endpoint receptors included in our
analyses (the white-foc .ed mouse, the cottontail
rabbit, and the American robin) occupy small
enough areas (table 6-8) to potentially live their
lives entirely within contaminated areas (e.g.,
less than 37 ha (92 acres)]. The Indiana bat may
have home (foraging) areas less than 2 ha (5
acres), but wooded riparian habitat preferences
make it likely that only part of the waste areas
near Paddy’s Run (the clear well area in
particular) would be readily accessible to these
bats. All cf the small wetlands are also less than
37 ha in extent and are considered here because
of their proximity downgradient from the waste
areas, not because they are immediately within
the known contaminated areas. Vegetation self-
evidently occupies small areas.

The remaining selected terrestrial receptor
species, i.c., the red fox, the white-tailed deer,
and the red-tailed hawk, have home ranges
generally larger than the waste areas and
therefore require application of a correction
factor to their average Hls to produce a more
meaningful. effective HI. Aquatic receptors
(fish, macroinvertebrates, invertebrates, and
plants) are assumed to be fully exposed to
contaminants measured in 2uatic habitat outside
the primary waste areas (i.e., Paddy’'s Run and



the Great Miam KRiver) but not in the waste
areas themselves. Based on the assumptions
discussed here and in chapter 6.4, agpropriate
correction factors were applied to Hls in table
6-9 to determine potential severity of risks to
endpeints. For receptor species with home
ranges or territories less than 37 ha (e.g., the
mouse), no comection factor was used. For
species with larger home ranges or territories, the
correction factors shown in table 6-8 were
applied to the average HIs to produce an
effective. HI for each receptor species—
contaminant combination.

Note that some contaminants may be fairly
localized. Of the contaminants which these
analyses indicate present moderate to severe
risks, source terms for benzo(a)pyrene, for
example, probably represent only 0.28 ha (0.70
acres), and V, Cr, and Ba probably represent less
than 10 ha (23 acres) of contaminated land (see
appendix B). The qualifier “probably” is used
here because, as explained in appendix B, it
cannot be certain that larger areas are not
contamunated, even though some contaminznts
such as benzo(a)pyrene almost certainly occur in
high concentrations in only a few very small
waste sites such as the clear well and sludge
ponds. Uranium contaminates the largest area of
both land and water at FEMP, 37 ha (92 acres)
and 77 ha (190 acres), respectively.

6.5.1.1 Threatened ard Endangered
Species

As shown in table 6-12a, no less than nine
contaminants pose moderate 1o severe risks to
any Indiana bats that may live or forage near the
contaminated sites. All but one contaminant,
benzo(a)pyrene, are inorganics. Uptake through
ingestion of contaminated water accounts for at
least 98% of the exposure and HI {ur each
contaminant except cadmium, for which 87% of
the HI for this contaminant is due to water
ingestion. Ingestion of contaminzted insect prey
accounts fur nearly all of the remaining exposure
for these bats. The HIs for five contaminants
(Ba, Pb. Cu, V, and U) are each more than 300.
Although by these analyses, individuals of this
species utilizing contaminated areas face a severe
risk, it must remembered that the HI's
incorporate a number of conservative
assumptions. A site-specific assessment will be

required to determine more reaiistic exposure
levels.

6.5.1.2 W:dands

Risks to wetlands receptors (e.g., benthic
macroinvertebrates and aquatic plants) that might
receive contamination from the waste sites are
shown in tehle 6-12b. As discussed earlier,
wetlands do not occur within the waste sitc area,
but a few small emergent wetlands [probably no
more than 3.5 ha (8.5 acres)] occur along
drainage ditches and swales immediately
downstream of the waste sites. If these small
wetlands are contaminated, then wetland plants
would incur a moderate risk (doses greater than
1 rad/d) from radionuclides (nearly all of the
dose attributable to ®U). Agquatic plants were
the only receptors included in the FEMP
assessment for which the radiological HI
exceeded | (HI = 8.7).

Because many benthic invertebrates are exposed
to overlying (surface) waters as well as sediment
pore water, the Hls are calculated on the basis of
either surface water concentrations or sediment
water concentrations, whichever are greater.
Thus, these calculations indicate that benthic
invertebrates would incur moderate risks from
Cd and Pb concentrations and severe risks from
Al

6.5.1.3 Recreational Species

Table 6-12c summarizes risks to recreationally
desirable species at FEMP. Baseline average Hls
for recreational terrestrial species as represented
by the cottontail rabbit and white-tailed deer
exceeded unity for 14 different contaminants,
including trace metals, cyanide ion,
benzo(a)pyrene, and Aroclor 1254 {a
polychlorinated biphenyl (PCB)]. Moreover, on
the basis of this assessment, nine of the
contaminants pose severe risks to coftontail
rabbits, whereas each of eight contaminants
would put deer at severe risk. Fish in
contam:nated waters would incur moderate risks
from cadmium and lead only.

6.5.1.4 Agriculture

Cattle are not allowed to graze in waste areas;
therefore, potential risks to livestock are
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negligible. Vegetation, in the form of grass and
planted pines and spruce, would incur a severe
risk from exposure to Al and moderate risks
from Sb, Cd, Cu, Mo, and Ag (table 6-12d).
Potentially adverse effects, however, would be
limited to the relatively small areas (totaling less
than 37 ha) (92 acres) within and around the
waste sites. Some of these values may well be
artifacts caused by the analytical techniques used
to measure metal concentrationals in soil. With
respect to aluminum, it should be noted that the
geometric mean concentration for soils in the
eastemn United States (33,000 mg/kg) reported by
Shacklette and Boerngen (1984) is far greater
than the 5850-mg/kg average concentration used
in this assessment. It is quite likely that the
extremely low benchmark (8.0 mg/kg) used in
this assessment represents an experimental
artifact

6.5.1.5 Public Lands

There are no parks or public lands on or adjacent
to the FEMP reservation. A Girl Scout camp
lies about | km northeast of the reservation
boundary, but it is upgradient from the
reservation and is therefore unlikely to receive
any contamination beyond negligible quantities
in the form of occasionally contaminated
droppings and scats from birds and wildlife that
may encompass both camp and waste sites
within their ranges.

6.5.1.6 Biodiversity

As noted earlier, biodiversity on and around the
FEMP reservation has suffered under the heavy
impact of human activities at least since the
arrival of the first European settlers. The
original forests have given way to agriculture
(crops and cattle), industry, residential
developments, a wide variety of introduced
organisms, and, here and there, small to medium-
sized woodland areas. What is left, nevertheless,
supports desirable ecological communities that
could be adversely affected by the availability of
harmful contaminants on the reservation as
indicated in table 6-12¢. The mouse, fox, bat,
robin, and hawk all would incur moderate or
severe risks from each of several contaminants if
they inhabited waste sites. Most of the severe
risks to these important elements of ecosystem
structure and function arise from exposure to As,

Ba, and several heavy metals (i.e., Cd, Cu, Pb,
U, and V). Both bird species included in this
assessment incur severe risks from di-n-butyl-
phthalate as well. Aluminom may pose severe
risk to vegetation (see discussion under wetlands
above), whereas the heavy metais generally pose
moderate risks to vegetatioz. Aluminum is the
only contaminant that produces an HI greater
than | for aquatic invertebrates, but it is
sufficiently high that the risk must be rated
severe.

6.5.1.7 Conclusions

On the basis of the assumptions and calculations
used in this assessment, certain contaminants at
a few locations pose moderate to severe risks to
selected receptor species. Table 6-13 shows
which individual contaminants pose risks 10 one
or more receptor species in the six endpoints.

With respect to the agricultural endpoint, if the
contaminated sites were to be us=d for grazing
cattle or planting trees, then those cattle or trees
actually using these sites would also incur severe
to moderate risks. Otherwise, no adverse effects
on agricultural receptor spec.es would be
expected.

Most wetlands on the reservasion would not be
affected under the no-action alternative; however,
a few small wetlands in the immediate vicinity
of the waste sites could be affected. These
analyses indicate that nisks to benthic
invertebrates and plants in these few wetlands
could be severe and moderate, respectively.
Finally, public lands and parks do not occur in
or adjacent to the reservation; hence, no adverse
effects on this endpoint would be expected.

6.6 HABITAT DISTURBANCE ASSESSMENT

Agricultural, residential, and industnal
development long ago began transforming the
natural mesophytic and oak-hickory forests (and
the ecological communities they supported) that
dominated the region around FEMP before the
amrival of Europeans. Thus, from a historical
perspective, nearly all of the FEMP site and
environs already existed in a considerably altered
or ecologically “disturbed” state before FEMP
was built. The site and environs nevertheless
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TABLE 6-13—Comparative summary of potential risks’ to ecological endpoints from baseline and ARAR
alternatives on the Fernald Environmental Management Project. Risks are for endpoints whick occupy or use
waste sites or contaminated waters’

Molybdenum

Nickel B
Selenium E.R, B
Silver F.B
Uragium E.R,B
Vanadium E.R,B
Zinc R, B

| Radiological

Only those contaminants are listed which our analyses showed could pose severe or moderate risks to some endpoints.
Risks tc endpoints which do not include known contaminated areas within their ranges are assumed to be negligible (see Section 4.4.3).
These are short-term risks. Long-term risks could be reduced with successful restoration of appropriate habitat.

Ecological endpoints: E = threatened. endangered, and candidate species; W = wetlands; R = recreational fish and wildlife; F = agriculture or timber
production; P = parks and other public lands: B = biodiversity (only for receptors not included under other endpoints)
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ecosystems typical of this disturbed state,
ecosystems that have perhaps come to represent
what the layman would characterize today as
*normal” in much of Ohio and Kentucky.

6.6.1 Baseline

Outside the 55-ha (136-acres) central production
area, another approximately 35-40 ha (90-100
acres), about 9% of the -cservation, is highly
disturbed physically and therefore possesses little
or no habitat v--lue, primarily due to the presence
of waste sites and ancillary facilities. The base-
line altermative under consideration here does
not, by definition, include additional disturbances
by restoration activities beyond the 9% of the
reservation already disturbed.

6.7 CUMULATIVE ASSESSMENT
6.7.1 On-Site

As many as 22 contaminanis present at FEMP
have been identified on the basis of this analysis
as potential hazards (HIs greater than or equal to
1) to the well-beirg of certain receptor species of
local ecosystems, including an endangered bat,
recreationally desirable fish and wildlife, and
other elements of biodiversity. Moreover, five of
these contaminants (Cd, Cu, Pb, Hg, and U) may
adversely affect off-site terrestrial and aquatic
receptor species that use contamninated reaches of
Paddy’s Run and the Great Miami River. Some
studies of Paddy's Run have reported higher
species richness and diversity above the FEMP
than adjacent to the FEMP (Facemire et al. 1990;
Bauer et al. 1978). Other confounding factors,
however, conceivably are the most important

These factors include the intermittent nature of
the stteam adjacent to and downstream of the
FEMP; natral differerces in substrate and other
habitat characteristics; past physical disturbances
such as stream straightening and dredging; and
other sources of pollutants such as agricultural
runoff, a small chemical plant, an1 a steel plant.
Although FEMP releases, runoff, or groundwater
recharge may have had alverse effects on
aquatic commenities of Paddy’s Run, none of
the studies of Paidy’s Run to date are adequate
for demonstrating cause and effect.

6.7.2 Off-Site

The Great Miami River has a long history of
water quality problems related to municipal
sewage and industrial outfalls, especially low
dissolved oxygen, thermal discharges, and high
levels of ammonia and nitrates. Several urban
and industrial areas upstream (e.g., the cities of
Dayton and Hamilton-Fairfield) discharge
pollutants to the river. The Mound Laboratory
near Miamisburg, Ohio may release small
amounts of radionuclides to the river.
Agricultural practices in the watershed have also
contributed to problems related to nutrient
enrichment, increased suspended solids, and
lowered dissolved oxygen. It is not possible to
scparate the impact of FEMP -derived
contaminants from up stream industrial/urhan
impacts. It should be noted that the reach from
the FEMP outfall to well below the confluence
with Paddy's Run was described by the Ohio
Environmental P otection Agency (OEPA 1982),
on the basis of community abundance and
diversity, as supporting one of the healthizst fish
comzidnities in the lower 150 km (93 miles) of
the niver.



CHAPTER 7: OAK RIDGE RESERVATION

The CRR is a 15,000-ha (37,500-acre, relatively
undisturbed and protected block of mostly native
forest ecosystem. It is located in the Ridge and
Valley Physiographic Province of east Tennessee,
bounded on the south and west by the
impounded Clinch River (Melton Hill and Watts
Bar reservoirs) (figure 7-1). The Federal
government acquired the ORR property, which
was primartly in agricultural use, in 1942 for the
warti.ne Manhattan Project (Fielder et al. 1977).
At that time, public access to the ORR was
restricied except at the Three developed facilities
(the Y-12 Plany, the K-25 Site, and X-10). The
upper slopss were mostly forested, but there
were some clearings for orchards, pastures, and
crops. Tillage crops were primarily restricted to
lower slopes and bottomlands (Dale et al. 1990).
Most of the forest was cut for timber, though not
necessarily cleared.

In the late 1940s and early 1950s, extensive
loblolly, shortleaf, and white pine plantations
were planted in many of the old field areas
(Bradbum 1977). Some of these arcas were
severely eroded prior 1o establishment of these
plantations. From 1965 to 1986, there was an
active timber management program. During that
time, much of the area was selectively logged.
Natural plant communities or pine plantations
currently occupy most of the ORR. Within the
ORR, 5000 ha (12,500 acres) are desig 1ated as
the Ozk Ridge Research Pazk. All of the
undeveloped area of the ORR is currently under
a wildlife management agreement with the
Tennessee Wildlife Resources Agency (TWRA)
(Parr and Evans 1992). The agreement was
initiated in 1984 to reduce deer/vehicle collisions
by permitting deer hunting, thus lower:ag the
deer population.

The terrestrial ecology of the ORR has been
described in many documents (e.g., Boyle et al.
1982; Saylor et al. 1990; Cunningham et al.
1993). Plant communities are characteristic of
those found in the intermountain regions of
Appalachia, from the Allegheny Mountains in
southern Pennsylvania to the southern extension

of the Cumberland Mountains in n(_mhem :

Alabama. The most commmon forest types are
cither mixed oak-hickory, pine-hardwood, or
pine. In addition to these major forest types,
northern hardwoous are found in coves and
ravines that are interspersed along the dissected
ridge system and on bluffs along Poplar Creek
and the impounded river which border ORR.
Cedar barrens are also fairly common in small
areas on limestone substrate.

The ORR provides habitat for a large number of
animal species, including about 60 reptilian and
amphibian species, more than 120 species of
(errestrial burds (plus 32 species of waterfowl,
wading birds, and shorebirds), and about 40
mammalian species (Boyle et al. 1982, Parr and
Evans 1992). Habitats dominated support the
greatest number of wildlife species. Few wildlife
species are found in pine plantations (Parr and
Evans 1992).

Contaminated sites are associated with the three
main facilities on the ORR. These facilities are
ORNL (Oak Ridge National Laboratory, also
known as X-10), ORGDP (Oak Ridge Gaseous
Diffusion Plant, also known as the K-25 Site),
and the the Y-12 Plant weapons production
facility. Source terms were provided separately
for these three main facilities. According to the
Environmental Restoration PEIS source term data
base (Appendix B), about 220 ha (550 acres) of
the ORR are contaminatec areas subject to
remediation. This does not include contaminated
streams, for which estimates of area were not
provided. It was assumed that waste sites and
contaminated areas in the source term data base
were a representative sample of the surface areas
of all waste sites on ORR.

7.1 ECOLOGICAL ENDPOINTS AND SPECIES
DISTRIBUTION

The dominant ecosystem type on the ORR is
eastern deciduous forest, some pine plantations
and natural pine stands are located primarily in
the valleys. Nine federally listed or candidate
species are known to visit, breed, winter, or stay
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year-round (tatle 7-1). Natvil wetlands are
common along the impounded river and along
streams. Recreational fish are found in the river
and major streams on the reservation. Although
only deer hunting is currently allowed, miny
recreational wiidlife species are present. None of
the reservation is used for agriculture or
commercial forestry, but surrounding lands are
used for various forms of agriculture and timber
production. Important species groups of concern
for conservation of biodiversity on the ORR
include bats, raptors, predators, and
wintering/migratory ‘ildlife. Sensitive habitats
include wetlands providing habitat for state-listed
plants and amniimals, cedar bamens, and river
bluffs.

As discussed in Section 4.1, determining risks to
endpoints requires (1) selecting receptor species
and (2) defining distribution and composition of
endpoints. Although ORR is not ecologically
homogenecus, it is more or less uniformly
keterogeneous so that, for purposes of the
analyses, most endpoints are ubiquitous (table
7-2). Exceptions are wetlands and associated
species found along the impounded river,
recreational fish found in the impounded river
and large streams, cedar barrens, and river bluffs,
which are discontinuous; and public lands, which
are discrete. Locations of endpoints were
determined from existing maps and publications,
supplerented by personal conmunications with
ecologists at the ORR.

Endpoints can be represented by many different
receptors. The following sections describe
endpoints on the ORR and receptors selected for
the analyses.

7.1.1 Threatened and Endangered Specis

Numerous species of plants and animals of
special concern have ranges that include the Oak
Ridge area, and several occur on the ORR
(Kroodsma 1987a; Kroodsma 1992; Cunningham
et al. 1993). These species are found in many
different habitats throughout the ORR. All
federally listed or candidate species were

cvalusted: state-listed species or species of
specid concemn were beyond the scope of this
assessment and were included in discussions of
sensitive habitats, wetlands, and biodiversity as

only appropriate.
7.1.1.1 Receptors

Nine federally listed or candidate species of
rlants and animals are known to occur on the
ORR (table 7-1). The only listed species known
to occur on the ORR, the endangered bald eagle,
is an occasional visitor, rarely seen. Although
never proven to be present, the endangered
eastern cougar has been repeatedly reported on
the ORR (Kroodsina 1987a; Parr and Evans
1992). The ORR is also within the range of the
endangered Indiana bzai, and suitable habitat for
this species is present, although the animal is not
currently known to be present. Because the
Indiana bat is the only listed species that is likely
to reside on the ORR, it was the only listed
species chosen as a receptor in the analyses.

The candidate Bewick’s wren and Bachman’s
sparrow were represented by a generic songbird
receptor (e.g., robin). Because of a lack of
benchmark data, vegetation in general serves as
a receptor representing the three candidate plant
species. Similarly, a generic aquatic receptor
represents the aquatic hellbender and paddlefish.
The candidate green salan.ander was not
represented by a receptor in the analyses because
there were no benchmark data, and this cliff
dwelling species was assumed to be unaffected
by contaminants.

7.1.1.2 Distribution

Hardwoxd forest corridors overhanging Poplar
Creek and East Fork Poplar Creek are suitable
foraging habitat for the endangered Indiana bat
(figure 7-1). This species preys on insects as it
flies under the forest canopy above streams or
rivers.
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TABLE 7.1 Rare species on the Ozk Rir'ge Reservation

Species | Common Name

=]

PLANTS |
Aureolaria patula ﬁSprmding false foxglove Ci I
Cimicifuga rubifolia Appalachian bugbane C2 l
Delphinium exaltatum Tall larkspur C2
BIRDS
Haliaeetus leucocephalus Bald eagle E
Thryomanes bewickii Bewick’s wren
Aimophila aestivalis Bachman’s sparrow C2 1
REPTILES AND AMPHIBIANS
Eryprobranchus alleganiensis | Hellbender C2
Aneides aeneus Green salamander C2
B FISIHI
@n spathula Paddlefish 2
e ———— SR

! Endangered and threatened wildlife and plants, 50 CFR 17.11 & 17.12, July 15, 1991; Endangered and threatened wildlife and
plants: animal candidate review, Fed Reg 50 CFR pant 17, Nov. 21, 1991; Endangered and threatened wildlife and plants: review
of plant taxa, Fed Reg 50 CFR part 17, Feb. 21, 1990. E=endangered, T=threatened, CI, C2=under review.

Source: Cunningham et al. 1993, Kroodsma 1987a. Kroodsma 1992, Parr and Evans 1992)

TABLE 7-2—Distribution of Endpoints on the Oak Ridge Reservation

species'
Wetlands along streams
Recreational wildlife

Important components  of
biodiversity not included in
the above (bats, food sources
for other species, interior
deciduous forest communities)

' Birds
? Indiana bat and plants

7-4

Recreational fish in major streams
and the impounded river

Sensitive ecosystems important ¢
biodiversity and federally listed
and candidate species’ (river bluffs,
cedar barrens, and Indiana bat
foraging habitat)

Ubiquitous Discontinuous Discrete
Resident, breeding, and | Wetlands and riparian vegetation | Public lands within the
wintering federal candidate | along the impounded river reservation
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Candidate species (table 7-1) are found on river
bluffs and slopes, in cedar barrens, on or near
wetlands, in forests, and in old fields(Kroodsma
1987a; Cunningham et al. 1993; Parr and Evans
1992). Species of concem are likely to have
patchy distribution rather thar uniform
distribution over the entire reservation. The
hellbender and paddlefish are known only from
the impounded river, and the green salamander is
known only from one cliff near the river.
Appalachian bugbane and spreading false
foxglove are known only from bluffs and slopes
on the river or major embayments. The tall
larkspur is found only in cedar barrens, primarily
along Bethel Valley Road (figure 7-1). These
species are considered to have discontinuous
distribution. The candidate birds could be found
in suitable habitat throughout the ORR and are
considered ubiquitous.

7.1.2 Wetlands
7.1.2.1 Receptors.

Benthic macroinvertebrates, fish, muskrats, and
aquatic plants are representative wetland species
for which some texicity benchmark data are
available. Although these biota do not include
all wetland species on the reservation, they were
selected as receptors in the risk analysis because
they cover the range of wetland ecosystem
components that could be present. Therefore
risks were calculated to these receptors in all
wetlands.

7.1.2.2 Distribution.

Wetlands on the ORR include emergent
communities in shallow embayments on the
impounded river, emergent and aquatic
communities in ponds, forested wetlands on low
ground along major streams, and wet meadows
and marshes associated with streams and seeps
(Cunpningham and Pounds 1991). Small
headwater wetlands, not shown on National
Wetland Inventory (NWI) maps, are found
throughout the ORR bordering minor stream
channels that dissect the hilly terrain. These
headwater wetlands are often less than 6 m (20
ft) wide but are often found in and near waste
sites. Some provide habitat for sensitive species
(e.g., statq-listed orchids) (Cunningham et al.

) l X
'h ,

7.1.3 Recrestiona! Fisk and Wildlife
7.1.3.1 Receptors.

Fish and wildlife suitable for recreational use are
abundant on the ORR (Boyle et al. 1982; Parr
and Evans 1592). Fish suitable for recreational
use include gizzard shad; large-mouth, white,
striped, and y=llow bass; several spectes of
sunfish; sauger; and several species of catfish
(Boyle et al. 1982; Parr and Evans 1992).
Determining contaminant risks to aquatic species,
including recreational fish, doss not requirc the
use of specific receptor species. Risks were
determined to nonbenthic aquatic biota in general
to represent recreational fish in the impounded
river and Poplar Creek.

Recreational wildlife include white-tailed deer,
which are *'ated annually, and wild turkey,
which are trapged for release off-site. Other
recreational wildlife .nclude coyote, beaver,
foxes, bLobcat, raccoon, cr-tontail rabbit,
groundhog, opossum, eastem gray squirrel,
weasel, mink, woodcock, bobwhite quail, ruffed
grouse, moumning and rock dove, and waterfowl.
The white-tailed deer, cottontail rabbit, Canada
goose, and coyote were selected as common
species representative of recreational wildlife
which are also important components of the food
web on the reservation.

7.1.3.2 Distribution.

Although fish large and abundant enough to be
used for recreational purposes are mainly present
in the impounded river and its embayments,
Poplar Creek, and East Fork Poplar Creek, some
recreational species are found in all streams on
the ORR. Most recreational wildlife species are
year-round residents throughout the ORR.
Canada geese, which are also year-round
residents on the ORR, are abundant near
facilities, especially in grassy areas near ponds.

7.1.4 Agricultural Production

Portions of ORR have been used experimentally
for swine, poultry, beef, and dairy cattle; for
pasture; for hay production; and for pine and
hardwood timber production (Bradbum and
Rosenbalm 1984). Timber sales are limited to
salvage sales in areas being cleared for other
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occasional hay harvest in small areas in various
locations.

7.1.4.1 Receptors.

Generic vegetation was the receptor chosen to
represent hay, the agricultura! endpoint, and
trees, the forestry endpoint in the analyses.

7.1.4.2 Distribution.

Most of the ORR is forested, except for
facilities, roads and rights-of-way, cedar barrens,
sore wetlands, very young pine plantations, and
fields previously used as pasture, primarily on
the eastern end of the ORR.

7.1.5 Parks and Other Public Lands
7.1.5.1 Receptors.

Risks to this endpoint were determined by
estimating risks to food web components at
reservation boundaries adjacent to public access
areas. Aquatic receptors are generally the most
important ecological components of interest in
these public areas (e.g., fishing access), but all
food web components were considered.

7.1.5.2 Distribution.

Although no parks or public fands are adjacent
to the ORR, several public access and
recreational areas are located along the
impounded river bordering the ORR. Clark
Center Park, an employee recreational avea
located on the ORR on the impounded river
upstream from most potential sources of
contaminants from the ORR, is also open to the
public.

There are several state natural areas or: the ORR
registered with the state to provide protection to
habitat of rare species (Pounds et al. 1993), but
these areas are not open to the public and are not
considered part of this endpoint.

Because the source term data base does not
include source terms for the reservoirs, for
purposes of discussion, all public access areas
along the impounded rivers, including Clark
Center Park, wil! be considered comparable.
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7.1.6 Biodiversily, Incivding Sensitive
Habitats Other Than Wetlunds

7.1.6.1 Receptors.

The food web developed for the risk assessment
was assumed to adequately represent critical
components of biodiversity in the mixed forest
ecosystems on the ORR. The endangered
Indiana bat, whose %abitat is restricted to
forested large streams, is otherwise similar
ecologically to most bats found on the
reservation and was chosen as a conservative
representative of bat species. Raptors are
represented in the analyses by the state
endangered Cooper's hawk, and osprey and
migratory watsrfowl are represented by the
resident Canada goose. The robin, which is
common across the site was chosen as a
representative songbird. Other important food
web components (figure 7-2) include :najor food
organisms of receptors chosen to represent other
endpoints (i.c., small mammals eaten by coyote,
and insects eaten by small mammals, birds, and
bats) and other endpoints discussed in the
preceding sections. Although very important to
ecosystem function and as food for other species,
invertebrates were not included in the analyses
because of benchmark data were lacking for
them. Benchmark data were generally not
available for amphibians, a:nther important
species group at the site.

7.1.6.2 Distribution.

ORR is a large block of relatively natural
mixed hardwood and pine forest surrounded by
a greatly fragmented urban, suburban, woodlot,
and farm landscape. The existence of ORR as
a large block of relatively undisturbed forest
habitat is a major contribution to its value lo
biodiversity. In this heterogeneous mixture of
upland hardwoods, coves, pine stands, streams,
impounded river, and wetlands, amphibians are
widespread and diverse (Parr and Evans 1992) as
are breeding populations of neotropical migratory
warblers (Kroodsma 1987b; Anderson and
Shugart 1974), predators, waterfowl, and raptors
(Parr and Evans 1992). The ORR is also used as
a feeding and resting area by migrating warblers
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FIGURE 7-2. REPRESENT ATION OF THE TERRESTRIAL FOOD WEB OF THE
OAK RIDGE RESERVATION



in the spring and fall and is an important sotirce
of wildlife for surrounding areas (eg,
white-tailed deer and turkey).

Within the forests of the ORR, sensitive habitats
include river bluffs, found in several locations
along the impounded river, and cedar barrens,
found on shallow limestone soils, mostly in
Bethel Valley (figure 7-1). Both of these
habitats support federal candidate plant species,
and state-protected plant and animal species are
found throughout the reservation (Cunningham et
al. 1993). Abundant relatively pristine reaches
of streams on thz ORR are also an important
component of bicdiversity and contrast with
streams in the surrounding area, which are
affected by agricilture and urbanization.
Although chemical and radiological contaminants
are present in some streams, sediment resulting
from human activity, which ts a great threat to
biodiversityin aquatic environments, does not
affect most streams on the ORR. Some of these
streams are habitat for sensitive species [e.g.. the
state-listed red-bellied dace).

Because they are found only in cenain areas of
the ORR, cedar barrens and river bluffs are
considered to be discontinuous, and endpoints in
these areas would be at risk from contaminants
only if located in waste sites or known areas of
contamination. Because streams are abundant
and found throughout the ORR, they and their
associated receptors (e.g., aquatic organisms,
mink) were assumed to be uniformly distributed
and ubiquitous. Termestrial receptors (c.g.,
mouse, rabbit, coyote, bats other than the Indiana
bat, and other species not explicitly included in
the analyses) are ubiquitous.

Two nonnative plant species dominate certain
areas of the ORR. Several hundred acres,
primarily along roads in the valleys, have been
planted in nonnative loblolly pine (Pinus taeda),
which is very poor habitat for most native
species of plants and animals. Many disturbed
areas (e.g., roadsides and rights-of-way) have
been planted in fescue (Festuca elatior), a
nonnative perennial grass, for erosion control.
This species is a vigorous cool season grass,
which can monopolize terrestrial sites, crowding
out native species. Other nonnative plant species
are aggressive invaders: kudzu smothers native
vegetation in a few areas where it was originally
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planted for erosion control, Japanese hooe; suckle
{Lonicera japonrica) is invasive thrcughout the
ORR, Japanese grass (Microstegium viminewn)
often blankets the ground in .noist woods and
headwater wetlands, and water milfoil
(Myriophyllum spp.) poses problems in reservoir
waters. Only abundance of the planted species
(fescue and loblolly pine) would be assumed to
be related to restomation activities, and these
species were assumed to be most abundant in
and adjacent to disturbed sites where these
agressively competitive species could crowd out
natives.

7.2 CONSTITUENTS OF POTENTIAL
CONCERN

The constituents of potential and concern on the
ORR include radionuclides incrganic and organic
contaminants. The primary radionuclides,
according to relative average concentrations, are
%Ry, ¥Sr, *Y, ®Tc, 'Cs, *Cm. *'Am, '“'Ce,
ZWPa‘ leu' m.mz»n" and lJ'le‘ the mm
inorganics are AL, AS, BA, B, Cd, Cn, Cu, Cr,
Fe, Mg, Mn, Ni, Si, Pb, Hg, Za, and V. The
primary organic contaminants are (PCBs),
flouranthene, phenanthrene, and phenol.

Maximum and average concentrations of
chemical and radiological constituents in soil,
surface water, and sediment were determined
from the source terms provided by PNL (tables
7-3, 7-4, and 7-5,). Determunation of these
average and maximum concentrations required
that certain assumptions be made with regard to
data interpretation and compensation for data
gaps. Appendix A describes the methodology
used to develop the source terms for input into
the exposure and risk assessment.

7.3 EXPOSURE ASSESSMENT

Where available for the ORR, the maximum
concentrations of each contaminant in each
medium (i.e soil, water, and sediment) were used
to identify the worst case potential contaminants.
Contaminants that did not pose a risk to any of
the receptor specics from exposure to the
maximum values were not considered further. If
exposure i the maximum concentrations of
contaminants posed a risk to organisms, then the
average concentrations of those contaminants
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Benzene
Trans-1.2-dichloroethylene
2.4-dimethyiphenol
Fivoranthene

Freon t13

Methylene chloride
Phenanthrene

Phenol

Tetrachloroethene

Berllium
Boron
Cadmium
Cakium
Chromium
Cobah
Copper
Cyanide ion
Gallium
Hafnium
Iron
Lanthanum
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickle
Niobium
Nitrate
Phosphorus
Potassium
Scandium
Sclenium
Silver
Sodium ion
Thallium
Titanium

2.40E+00
1.40K402
7.74E+00
1 G4E+00
1.30E4+01
2 90E+01
9.1 TE+00
1.60E+00
427e02
5.37¢-01
8.62404
1.35401
7.30E+01
6.84E+02
2.90E+02
1.89E+02
6.95E+03
2.04E+05
8.80E+01
2.50E+01
2.40E+01
1.60c-01
2.13E+01
8.15E+00
6.43E+04
3.00E+00
5.50E+02
3.70E+01
7.93E+03
9.08£+02
3. 73E+02
€.00E+00
3 05E+02
2.00E+01
2.00E+0i
2.18E+03
3.87E+04
1.26E+04
1.T1E+01
3 05E+01
3.84E+02
7.55E+01
2.12E+03

Sodium ioa
Thallium
VYanadium

R Zinc

Zirconium

l| Cerium-141
{ Curium-244
§ Stontium-90
i Yitrium-90

5.24E400
1.64F+00
2.90E+01
1.60E+00
1.68E+04
1.35E+01
9.09E+00
1.32E+02
1.01E+00
9.69E+01
243E+0!
1.68E+01
2.00E+00
1.60e-01
1.65+04
3.01E+01
5.16E+01
9.08E+02
343E+02
1.12E+00
2.17E+01
3.16E+03
1.68E+01
3.05E+01
8.09E+01
7.55E+01
2.39£+01
4.11E+01
4.25E+00
1.97E+15
1.530E+12
9.17e-01
6.53E+15
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7.60E+0}
5.70E+01
L ITE+1S
3.36E+02
6.04E+12
1.12E404
8.21E+12
2. 18E+03
2.25E+03
9.09E+04
6.53E+15

Note: Measurements for chemical constituents given in milligrams per kilogram, dry weight, measurements for radéonuclides given in

picocuries per kilogram, dry weight



Coastiteent Coucentration”

Acenapthylens 2.00E+00 1.15E+00
Anthsacene 6.70E+00 1.24E+00
Aroclor 1016 1.00E-01 132E+00
Aroclor 1232 1.00E-01 1.90E+04
Aroclor 1242 1.00E-01 4.65E+01

Araclor 1248 1. 00E-01 1.08E+01

Aroclor 1254 6.70E+00 1.92E+02
Aroclor 1260 2 80E-01 6.41E-01

Benzo(a)anthracene 2 50E+00 201E+00
Benzo(a)pyrene 4 70E+00 1.71SE+00
Benzorb)looranthene 4.20E+00 T94E+01

Benzo(g.h.i)perylene 3.50E+00 9.72E+00
Bemzo(k)(luoranthene 4.50E+00 1.0TE+02
Benzoic acid 9.60E+00 491E+04
BEHF 3.80E+00 I B4E+01

Chloride 1IC 1.00E+03 2. 4E+01

Chilorofcrm 8.00E+00 2.10E+03

Chrysene 2.70E+00 5.63E+02
Dibenzo{a.h)anthracene 1.90E+00 1.20E+00
3.3-dichlorobenzidine 4.00E+00 2.22E+00
Diethy! phthalate 1.30E+01 3.13E+01

Dimethyi phthalate 2.00E+00 1.5TE+Q3

Di-n-butyl phthalate 5.30E+00 6.95E+00
Di-n-octylphthalate 2.00E+00 1.63E+00
2.4-dinitrophenol 9.60E+00 6.44E+01

Fluoranthene 4.00E+00 1.06E+02
Fluoride 3.96E+02 9.59E+00
indeno(1.2.3-cd)pyrene 3.50E+00 Americium-241 1.96E+09
2-methylinapthalene 2.00E+00 | Cesium-137 1.54E+10
Napthylene 2.00E+00 Plutonium-238 S33E+9
2-nitroaniline 9.60E+00 Protactinium-234M 1.900E+19
3-nitroaniline 9.60E+00 | Strontium-90 1.10E+12
4-nitroaniline 9.60E+00 R Technecium-99 1.20E+05
4-nitrophenol 9.60E+00 Thorium-228 1.79€+12
a-nitrosodium-n-propylamine 1.20E+00 Thorium-230 1.46E+07
Pentachlorophenol 9.60E+00 Thorium-234 1.710E+14
Phenanthrene 2.10E+00

Pyrene 4.60E+00

Sulphate S.43E+03

2.4.5-trichlorophenol 9.60E+00

Aluminum 2.40E+04

Antimony 5.00E+0!

Arsenic 1.77E+02

Barium 7.20E+02

Berylliuvm 1.00E+02
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Table 7-3b (con’t)

Silicon

Silver

Sodium
Thallium
Titanium
Vanadium
Zinc
Zirconium
Americium-241
Cesium-137
Neptunium-237
Plutonium-238
Plutonium-239
Protactinium-234M
Strontium-90
Technecium-99
Thorium-228
Thorium-230
Thorium-232
Thorium-234
Uranium-235
Uranium-238

2.90E+01
3.10E+05
3.70E+02
5.90E+01
3.00E+03
1.24E+0%
4.20E+02
2.50E+01
2. 70E+04
2.70E+04
2.90E+0!
1.00E+01
1.90E+03
3.60E+00
8.56E+01
3.10E+02
S.70E+03
1.45E+02
1.10E+03
6.75E+02
1.30E+02
1.00E+00
§.00E+02
3.25E+02
1.31E+03
1.10E+01
2.29E+09
1.37E+11
1.04E+06
2.59E+10
4 86E+04
4.83E+19
2.04E+13
3.79E+08
6.65E+12
6.54L+07
2.19E+04
4.710E+14
6.21E+04
4.32E+05

“Chemical constituents measured in milligrams per kilogram; radionuclides in picocuries per kilogram.

NA = No measured soil concentration available.




TABLE 7-3C—Maximum and Average X10 Soil Concentrations

Average
Concentration”

Arocior 1248 1.31E-01 Aluminum NA
Aluminum 5.88E+04 Barium 5.24E+00
Bariom 2.62E+02 Lead 1.64E+00
Cadmium 1.13E+01 Lithium 2.90E+01
Calcium 4.04E+04 Manganese 1.60E+00
Chromium 2T2E«2 Nickel 1.68E+04
Hafniun 6.33E+01 R Potassium 1.35E+01
Lithium 5.88E+01 | Scienium 9.09E+00
Magnesium : 5.21E+03 Silver 1.32E+02
Manganese 341E02 B sodium ion 1.01E+00
Mercury 3.20E+02 ¥} Zinc 9.69E+01
Nickel 283E+02 Zirconium 243E4+01
Phosphorus 2.23E+02 B Cerium-141 2.22E+08
Potassium 1.72E+04 } Curium-244 2.30E+06
Sodium ion 2.60E+03 B Strontium-90 1.35E+09
Titanjum 3.11E+03 B Yorium-90 7.69E+07
Vanadium 6.07E+01 g
Zinc 6.00E+01
Zirconium 9.15E+01
Americium-241 447E+05
Carbon-14 1.39E+05
Cerium-141 3.47E+06
Cesium-134 8.36E+04
Cesium-137 373E+11
Chromium-51 3.83E+02
Cobalt-60 2.83E+09
Corium-244 4.4TE+05
Europium-152 1.39E+01
Europium-154 4.47E+05
Europium- 155 1.39E+01
fodinE~131 3.79E+03
Neptunium-237 4.02E+03
Plutonium-238 4.47TE+05
Plutonium-239 44TE+08
Radium-226 1.70E+0)
Ruthenium- 106 6.31E+09
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Table %3¢ (com't)

AT
Constituent Maxiosam
Councentration” Coocentration®
Strontium-90 1.76E+(P
Techaecium-95 8.45E+03
Technecium-99 201E+03
Thorium-228 7.90E+03
§ Thorium-232 1.50E+(3
Uranium-234 1.13E+00
Uranium-235 1.77E-01
Uranium-238 1.20E+03
— w

‘Chemical constituents measured in milligrams per kilogram; radionuclides ‘n picocuries per kilogram.
NA = No measured soil concentration available.
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TABLE 7-4A—Maximu~ and Average Y12 Water Concentrations

Constituent | Constituent

Aroclor 1016 2.50E-03 Aroclor 1016 2.S0E-03
Aroclor 1232 2.50E-03 Aroclor 1242 2.50E-03
Aroclor 1242 2.50E-03 Aroclor 1248 2.50E-03
Aroclor 1248 2.50E-03 Aroclor 1254 2.50E-03
Aroclor 1254 2.50E-03 Aroclor 1260 2.50E-03
Aroclor 1260 2.50E-03 Benzene hexachloride 2.50E-04

(gamma)

Benzene 1.20E-02 44'-DDE 2.50E-04
Benzene hexachloride (gamma) 2.50E-04 44’-DDT 2.50E-04
Carton tetrachloride 1.10E-02 Methylene chloride 4.10E-03
Chioroform 2.50E-02 Phenol 3.00E-02
Chioromethane 5.00E-03 Tetrachloroethene 4 81E-03
24D 2.50E-03 Toiuene 1.10E-03
44°-DDD 2.50E-04 Vinyl chloride 1.16E-03
44'-DDE 2.505-04 Aluminum 2.69E-02
44'-DDT 2.50E-04 Arsenic 2.10E-03
1. 1-dichloroethane 5.00E-02 Barium 1.30E-03
1.2-dichloroethane 1.00E-02 Copper 8.90E-03
[,1-dichloroethene 2.50e-02 Iron 1.36E-03
Trans-1.2-dichloroethylene 8.31E-01 Lead 8.00E-04
Dieldrin 2.00E-04 Magnesium 1.47E+01
Di-n-octylphthalate 2.70E-02 Manganese 1.09E+00
Endosulfan 2.50E-04 Potassium 4.945-03
Endosulfan i 2.50E-04 Sodium jon 3.16E+00
Endrin 2.50E-04 Zinc 1.53E-02
Endrin ketone 2.50E-04

Methoxychlor 2.50E-04

Methy.cne ciinnde 6.50E-02

Phenol 3.00E-02

245 T 5.00E-04

2.4.5-TP (Silvex) 5.00E-04

Tetrachloroethere 1.02E-01

Toluene 6.30E-02

Toxaphene 5.00E-04

1.1.1-trichloroethane 6.80E-02

1,1,2-trichlorocthane 5.00E-03

Tric. 'orocthene 4.43E-03

Viny! chloride 9.20E-02

Aluminum 2.69E-02

Arsenic 2.10E-G3

Barium 1.30E-03

Calcium 9.36E-02

Copper 8.90E-03

Iron 5.80E-03

Lead 8.00E-04

Magnesiumn 1.47E+01
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Table 7-4a (con’t)

I Constiwent  Mazimem Conc
Manganese 1.09E+00
Niobium 9.50E-03
Nitrate 1.00E+00
Potassium 2.00E+00
Sodium ion 3.16E+00
Zinc 1.53E-02
Americium-241 8.80E-02
Neptunium-237 6.41E-01
Radium-226 5.68E-01
Thorium-230 3.90E-01
Uranium-234 1.11E+02
Uranium-235 1.65E+01
Uranium-23¥ 2.35€+02

—_— -

“Chemical constituents measured in milligrams per kilogram; radionuclides in picocuries per kilogram.
NA = No measured concentration available.



TABLE 7-4B—Maximum and Average X10 Water Concentrations

Measurements in miiiigrams per iiter (for chemicai constituents) or picocuries per iiter (for radionuciides)

Constituent Maximem Cencestration Constituent Average Concentration
Benzene 6.80E-03 Beazene hexachlonde (gamma) 2.50E-03
Benzene hexachloride (garnma 2.00E-03 Aluminem 2.5CE-03
Chloroform 4.70E-02 Barium 2 S0E-03
24D 1.00E-02 Beryilism 2.50E-03
Dichlorobromomethane $.00E--M Boron 2.50E-03
1 2-dichloroethane 3. 90E-0. Chromium 2.50E-04
trans- } 2-dichioroethylene 2.10E-03 Copper 2 50E-04
Endrin 2.00E-03 Iron 2.50E-04
Methoxychior 8.00E-03 Lead 4.10E-03
Methylene chloride 6.40E-03 Lithium 3.00E-02
24.5-TP (Silvex) 1.00E-02 Magnesium 4 81E-03
Toxaphene S 00E-03 Manganese 1.10E-03
Trichloroethene 1.90E-03 Mercury 3.16E-03
Aluminsum 4 80E+00 Nickel 2.69E-02
Antimony 7.40E-02 Selenium 2.10E-03
Arsenic 1.00E-01 Silver 1.30E-03
Barium 1.30E-01 Cerium-141 3.00E+03
Beryllivm 1.00E-02 Curium-244 5.10E+03
Boron 8.00E-02 Yittrium 30 2.60E-02
Cadmium 2.00E-02
Calcium 3.10E+u1
Chromiom $.00E-02
Cobait 6.10E-03
Copper $.00E-02
Fluoride 1.00E+00
Iron $.30E+00
Lead 2.00E-01
Lithium 1.S0E+01
Magnesium 1.40E+01
Manganese 9.70E-01
Molybdenum 4 00E-02
Nickel 5.00E-02
Nitrate 1.00E+01
Phosphorus 3.00-01
Selenium 2.00E-01
Silicon 8.40E+00
Silver $.00E-02
Sodium ion $.00E+00
Sulfate ion S 00E+00
Tin $.00E-02
Titanium 4 SOE-02
Vanadium 8.50E-03
Zinc $.00E-02
Zirconium 2.00E-02
Americium-241 1.09E 102
Cesium-137 211E404
Cobalt-60 5.10E+03
Evropium-152 1.318+03
Europium- 154 7.07B+02
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Table 7-4b {com’t)

NA = No measared waier concentration availsble.

Maxisuem Concentration Average Concestratien
| Esropium- 155 "2 69E+02

Pluosiwn-258 1.8SE+02

Plotonivm-239 292E+32

Pletonium-240 292E+02

Strontiem-90 1.00E+03

Tritiom 2.00E406
R




TABLE 7-S5A_Mayimum and Avernge V-12 Plant Sediment Cos

Measurements in milligrams per kilogram (for chemicals) or pCi/kg (for radionuclides)

Average '

Acesagthene 7.90E-02 i Arocior 1254 8.52E-02
Aceaapthylene 1.60E-01 | Aroclor 1260 220E-02
Aldrin 1.10E-03 Benzo(a)jasthracene 4.14E-01
Anthracene 8.50E-01 Benzene hexachloride (gunma) 46TE-04
Aroclor 1254 420E-01 BEHP L.7IE-01
Aroclor 1260 2.70E-01 44'-DDE 37SE-04
Penzo(a)amthracene 3.90E+00 44'-DDT 9.7¢E-04
Beazene 1.55E-02 Methylene chioride 1.66E-02
Beazenc hexachloride (alpha) 2 00E-D4 Phenol NA
Benzeac hexachloride (beta) 1 60E-03 Tetrachiorocthene 8.81E-03
Beazene hexachloride (gsmema) 1.00E-03 Tolwese 1.04E-03
Benzene hexachloride (delta) 2.706-03 Viayl chloride 462E-04
3.4-benzfluoranthene S.00E-04 Alsminom 8.10E+03
Beazo(a)pyrene 3.50E+00 Antimony 7.39E+01
Benzo(g.h.i)perylene $.00E-04 Arsenic 1.66E+01
Benzo{k)fluoranthene 4.60E-01 Barixm 1.20E+02
Benzoi: acid 1.80E-01 Beryilium 1.78E+01
BEHP 1.20E+00 Borca 3.16E+03
Butyl benzyl phihalate 230E-01 Cadmizm $32E+00
Carbezol 7.80E-02 Chromium 49SE+01
Chlordane (alpha) 4.60E~03 Cobah 1.76E+01
Chlordase (gamma) 7.80E-03 Copper 245E+01
Chlorobenzene 1.55E-02 | Iron 1.79E+04
Chloroethane $.00E-03 | Lead 6.56E+01
Chloside IC 2 00E+00 N Lithium NA
Chloroform 2.10E-02 | Magnesium S.10E+03
Chioromethane 2.90E-02 Manganese 1.24E+03
Chrysene 3.70E+00 Mercury 1.31E+01
44°-DDD 4.80E-03 Molybdenum 1.69E+01
4.4".DDE 6.00E-03 M Nickei 3.26E+01
44°.0DT 4.70E-03 | Potassiom 6.80E+02
Dibenzo(a.hanthracene 5.80E-01 Selenium 1.26E+02
1.1-dichloroethane 1.60E-02 | Silver 1.65E+01
1.2-dichloroethanc 9.00E-03 # Sodium ion 3.19E+03
1.1-dichlorocthene 1 20E-02 H Thallium 1 59E+03
Trans-1,2-dichloroethylene 4.20E-01 fl Vanadium 3.30E+01
Dicldrin 1.20E-03 } Zinc 9.62E+0]
Diethyl phthalatc 6.00E-02 Bl Zirconium 6.40E+00
Di-n-buty! phthalate 9.70E-01 | Curium-244 3.03E+01
Di-n-octylphthalate 2.50E~01 Strontium-90 477B+00
Endosulfan 1.00E-03

Endosulfan 11 1.30E-03

Fluoranthene 7.108+00

Fluorene | 40BN

Fluorotrichloromethane 2.10E-0.

Heptachlor 3.00E-04

Heptachior epoxide 8.00E-05

indeno(1.2,3-cd)pyrene 220400

Methylene chioride 1.308-01
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Table 7-5a (con™t)

Average Cancentration
Phenanthrene $.00E-02
Pyrenc 7.90E+00
Tetrachlorocthene 2. 0e-01
Tolwene 315802
1.1 L-anichloroethane 3.80E-03
Trichloroethene 5.90E-03
Vinyl chloride 1 30E-02
Alemisem 7.30E+04
Antimony 2.10E+02
Arsenic 220E+02
§ Barium L SOE+03
Beryllism 5.15E+01
Boron 1.14E+04
f Cadmiom 7.006401
Calcium 1.05E+03
Clromium 1.40E+02
Cobalt 6.70E+02
Copper 1.10E+03
i Gallium 3.90E+01
Jermanivm 1.00E+00
Iron 842E+04
Lanthanum 1.80E+01
| Lead 9.84E+02
| Lithium 2.10E+02 :
i Magnesium 2.72E+04 ‘
Mangancse 1.60E+04
Mercury 9.56E+01
Molybdenum S.15E+01
Nickel $.20E+02
Potassium 6.80E+02
Selenium 1 98E+03
Silicon $.90E+03
Silver S.15E+01
Sodium ion 9.508+03
Thallium 3 4IE+04
Tin 1.90E+04
Titanivm 2.60E+03
Uranium oxyflvonde 1.20E+02
Vanadiom 6.60E+02
Zinc 8.70E+02
Zirconiom 6.40E+00
Americium-24 2.00E+02
Cesium-137 2.05E+03
Cobalt-60 2226402
Curium-242 2.00E+01
Curium-244 2 40E+02
Neptunium-237 2.54E+00
Plutonium-238 1.70E402
Plutonium-239 4.40E40!
Protactinium-233 7.42B+02
Strontium-90 | 41E+13



Average Concentration

Thorivm-228
Thorum-230
Thorium-232
Uranium-234
Uranium-23$
Uranium-238

NA = No measured sediment concentraticn available.
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TABLE 7-5B—Maximum and Average K-25 Site Sediment Cancentrations
Measurements in milligrams per kilogram (for chemicals) or pCi/kg (for radionuclides)

Coustituent Maximem Concentration Constiinent Average Concentration

Acetone 1.00E-03 BEHP 320E+00
Aroclor 1254 1.00E+00 Aluminers 363E+04
Aroclor 1260 1.00E+00 Arsesic 1.39€+01
BEHP 3.50E+00 Bariem 3238401
Bromoform 1.00E-03 Berylliom 1 206+00
Cmbos tetrachioride 3.00E-03 Boros 8.00E+01
Chiorobenzene 1.00E-03 Cadmiem 4 45E-01
1.1-dichioroethene 1.00E-03 Chromiem 131E+03
trams- | 2-dichloroethyleae 3.00E-03 Cobalt 2 SOE+01
1.2-dichioropropane 1.00E-03 Copper 1.27E+02
cis-1.3-dicloropropese 1.00E-03 Troa 494E+04
trams-1.3-dichloropropene 1.00E-03 Lead 2.38E+401
Ethyl beazene 1.00E-03 Lithiues 290E+01
Fleorasthene 1.60+00 Magnesism SOTE+03
Freom 113 1.00E-03 Manganese 8.12E+02
Freon (14 1.00E-03 Mercery 1.74E-01
Freom 123 1.00E-03 Molybdesum 1.00E+01
Methy! chioroform 2.50E-02 Nickel 4.50E+02
Methyi ethyl ketone 1.00E-03 Potassium 4.75E+03
Pheaantiwene 1.10E+00 Selerinm 6.00E+01
Phosphate 8.40E+02 Silver 1.25E+00
Pyrene 1.40E+00 Vaaadiem 4.40E+01
1.1,2.2setrachioroethane 1.00E-03 Zinc 4.32E+02
Toluene 1.00E-03 Cesium-137 6.63E+03
Toxaphene 3 00E-03 Pluronsom-238 2.16E+03
1.1 2-richloroethane 1.00E-03 Strontiom-90 7.50B+12
Trichloroethene 6.90E-02 Techaecinm-99 2.38B+06
Trichloroflvoromethane 1. 00E-03 Thorium-234 NA
Aluminom 3. 6IE+04

Arnsenic 2.50E+02

Barium 6.30E+02

Beryllium 3.10E400

Boron 1.90E+02

Cadmivm S 60E+00

Cakcium 2. 28E+(4

Chromium 3.30E+07

Cobelt 6.10E40!

Copper 1.70E+03

Iron 4.94E+04

Lead 2.20E+02

Lithium $.30E+01

Magnesium 1.60E+05

Manganese 5 40E+03

Mercury 9.508+00




Table 7-5b (con't)

Average Concrutiration

Techaecium-99
Thorium-232

Uranium-235

Uranium-238

4.74E08

NA = No measured sediment concentration available.
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TABLE 7-SC—Maximam end Average X10 Sediment Concentrations

Measurements in milligrams per kilogram (for chemicals) or pCi/kg (for radionuclides)

Connthuent Maximem Coacentration Constitwent Average Coaceatratisn

Barinem 6.93E+02 Bariam NA

Beryllism NA Beryltiom 3.52E-02
Boron NA Boros 220E-02
Cadmiem NA Cadwinm 4. 14E-01
Caiciam NA Chrowmium 46TE-04
Chromium NA Cobak L7T1E-01
Cobakt NA Copper 3Ise-04
Copper NA Trom 9.74E-04
Lead 2.62E+02 Lead 1.66E-02
Mageesimn NA Maguesiom 831E-03
Manganese NA Maaganese 1.04E-03
Mercwry 2.19E01 Mercary 462E-04
Nickel 6.50E+01 Nickel 8.10E+03
Potassiem NA Potassiura 739E+01
Sclcnivm NA Selenium 1 66E+O1
Silver NA Silver 1 20E+02
Sodiem ion NA Sodium ion 1.78E+O1
Vanadivm NA Vanadium 3.16E+03
Zinc NA Zinc $.32E+00
Zircomium NA Zirconium 495E+01

NA = No measured sediment concentration available.
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were nead in the accscement tn sctimate the manet

probable and reasonable exposure and risk.

Contaminant exposure of species on the
reservation depends on the amount of time spent
in waste areas and the amount of contaminants
ingested. Only species with small home range
such as small mammals and birds would reside
within contaminated areas for most of their lives,
and very few individuals would contact :weas of
maximur concentrations (see Appendix B for
discussion of home ranges).

The risk assessment estimates the risk to
vegetation, temrestrial wildlife, and aquatic
organisms from chronic exposure to radiological
and nonradiological contaminants. In the
exposure analyses, the ecological endpoints and
their corresponding species were considered.
However, because the availability of sensitivity
data for many species (e.g.. threatened and
endangered species) is limited and because those
are similarities in exposure risk (e.g., similarly
sized raptors feeding on the same prey),
representative organisms for each endpoint were
chosen for evaluation. A food web was
developed which included receptor species
representing the endpoints (figure 7-2). In all
cases where data were available, conservative
estimates of exposure and risk were made by
selecting receptors most sensitive to
contaminanis or habitat alteration, most likely to
experience additional risk due to bioaccumulation
or larger body size, or at greatest risk due to
rarity. Other abundant species on the reservation
were included as important prey components of
the food web, such as mice and insects (risk
estimates were not determined for insects).

The primary exposure routes for terrestrial
wildlife species are exposure to external
radiation, ingestion of food (including soils for
some species), and water. Table 7-6 lists the
body weights and consumption rates for the
representative species on the ORR. The Canada
goose feeds exclusively on the vegetative parts
of plants. The cottontail rabbit and white-tailed
deer were assumed to eat 50% vegetation and
50% fruits and seeds. On the basis of on a
review of the literature, the percentage of prey
items consumed by omnivores and predators was
estimated (table 7-6; Figure 7-2). The mouse and
robin were assumed to eat 70% fruit and seeds

.Mm;' n.-—o‘-"tln. ",.‘J‘-msha-'-.‘

to feed exclusively on fish and songbirds (robin),
respectively; the mink to e2t 50% fish and 50%
mice; and the coyote to eat 50% mice and 50%
rabbits. The bat was assumed to cat 100%
insects, and the insects were assumed to eat
100% vegetative plant parts.

All species were assumed to purposely or
incidentally ingest soil while eating, grooming,
or preening except for the bat, mink, coyote, and
the raptors for which soil ingestion was assumed
to be negligible (table 7-6). The soil ingestion
rate (Q,) for cottontail rabbits was assumed to be
the same as that reported for the jackrabbit, 6.3%
of the dry matter intake (Artivur and Gates 1988).
The white-tailed deer soil ingestion rate was
assumed to be the same as that reported for the
mule deer, [.35% of the dry matter intake
(Arthur and Alldredge 1979). The soil ingestion
rate for the mouse was assumed to be 2% of the
dry matter intake (Beyer et al., 1991). The soil
ingestion rate of the Canada gocse was assumed
to be the same as that for the mallard, 8.2%
(OHEA 1991). Since published values of soil
ingestion rates were not found for the robin, it
was conservatively estimated to be 10% of the
dry matter intake.

The estimated daily rates of food and water
consumption (Q,, Q, or Q,. and Q,.. respectively)
for each representative species were calculated
from allometric regression equations that were
based on the weight of the organism (EPA 1988)
(appendix A). These equations are based on the
combined measurements for laboratory animals,
livestock, and selected wildlife and bird species.

Because information on the specific habits and
behaviors of most of the representative wildlife
species is not well known, it is assumed that all
species spend 100% of thewr time on the
reservation or within the vicinity of contaminated
areas. Therefore, the fraction of contaminated
vegetation, fruit, prey, soil, and water consumed
(F1,, FI,, Fl,,, FI, and FI_, respectively) is set at
100% (table 7-6).

Contaminant concentrations in vegetation, the
first level in the food chain, are estimated from
source term concentrations in the soils using
published soil-to-plant element- or chemical-
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specific transfer factors (Baes et al. 1984; Travis
and Arms 1588) (iabte 7-7). Transfer factors for
inorganic chemicals are available for both the
vegetative and fruiting parts of plants (Baes et al.
1984); however, the transfer factors for organic
chemicals do not make this distinction (Travis
and Arms 1988). The methodology used to
predict contaminant concentrations in vegetation
does not make a distinction between different
plant types or species. Therefore, all species
ingest “generic™  vegetation  containing
contaminant concentrations derived from soil
concentrations by the use of transfer factors

(appendix A).

Transfer factors for comtaminants of concem
were applied to predict concentrations in the
tissues of terrestrial mammalian receptors from
consumption of vegetation, soil, and water
(collectively termed B,) (Baes et al. 1984; Travis
and Arms 1988) (table 7-7). Data on transfer
fictors from vegetation or soil to insects and
earthworms are very limited in the literature.
Therefore, the concentration in insects was
derived from vegetation concentrations, and a
default, conservative one-to-one transfer between
vegetation and insects was assumed. Fish
bioconcentration factors (BCF) were applied to
estimate the concentrations of contaminants in
fish tissue for consumption by the osprey and
mink (Droppo et al., 1989) (table 7-7). The
rationale and limitations for applying these
transfer factors are discussed in Appendix A.

The consumption rates and the benchmark iimit
or no-observable-adverse-effect level (NOAEL)
values are typically reported in wet weights,
whereas the vegetation and soil concentrations
are typically reported in dry weights. Therefore,
conversion factors were applied to account for
this difference. The wet- to dry-weight
concentration conversion factor for the vegetative
parts of plants on the ORR was assumed to be
0.32 [the average for meadow fescue, Kentucky
bluegrass, wild bromegrass, and orchard grass
(Morrison 1959)]. The wet- to dry-weight
concentration conversion factor for the fruiting
parts of plants on the ORR was assumed to be
0.17 (Momson 1959). The wet- to dry-weight
concentration conversion factor for soils was
assumed to be 0.90 (Clark and Maisel 1977).

— e -

For the baseline assessment of the ORR, the
concemrations of radionuciides in animal tissues
and the \=sulting doses were not decay-corrected.
The doses are estimated for the current situation
and not at some point in the future. The primary
radionuclides of concemn (except for *Y) have
sufficiently long half-lives, so this assumption
was reasonable. PNL decay-corected the
radionuclide concentrations in the source terms
to the time of disposal or release. To estimate
dose to terrestrial receptors, all short-lived
daughter products were included.

Aquatic organisms considered in the assessment
included benthic macroinvertebrates and generic
vegetation (i.c.. cattails) and muskrats were
included as well. All aquatic organisms, except
for benthic macroinvertebrates, were assumed to
be exposed to contaminants in surface water.
Benthic macroinvertebrates were assumed to be
exposed only to contaminants in the sediment
pore water for calculation of intemnal radiation
dose and exposure to chemicals. The external
radiation dose from exposure to surface water
was cakculated for all organisms.

7.4 CONTAMINANT EFFECTS ASSESSMENT

Two pathways were used to determine the effects
of contaminant expousure on ecological endpoint
receptors. For terrestrial receptors, consumption
rates of contaminated food and water were
compared with toxicological benchmark. For
aquatic receptorscontaminanat concentrations in
water and sediment pore water were compared
with chemical-specific aquatic benchmarks.

To quantify risk to terrestrial receptors exposed
to organic and inorganic contaminants, the daily
consumption rate of conwaminated food and
water, normalized to body weight (in units of
mg/kg/d), was compared with the NOAEL
benchmark (mg/kg/d). Ratios greater than 1 were
considered to pose a potential risk to organisms
but do not necessarily indicate the severity of the
effect(s). However, it is reasonable to assume
that the higher the ratio, the y reater the risk of
adverse effects. Dose to terrestrial receptors,
including vegetation, from internal and



TABLE 7-6—Body Weights and Consumption Rates' for Oak Ridge Terrestrial Species’

White-footed Eastern White- Cooper's | ﬂ
Parameter Mouse Cottontail talled Indiana Robin Canada Hawk Osprey Mink Coyote
Rabbit Deer Bat Goose

Body weight, BW (kg) 3 A0E-02" 1 19E+007 SGIEOIT | 730E-03 | TS0E-027 | 276Ee00F | 40E-01 | 149E«00™ | T 1SEr00™ | 1.60E%
Water intake rate, Q, (LA) 6.40E-03 1.14E-01) 2.6JE+00 2 WE-0 1 .43B-02 2.80E-0! $.7%8-02 1.75B-01 1.238-01 9.768-01
Waser mgestion fraction, FL, 1.00E+00 t O0E+00 1.00E+00 1.00E+00 {.00E+00 1.00E+00 1.008+00 1.00B+00 1.00B+00 1.COB+00
Soil intake rate, Q, (kgAd) 4.33E-05" 1 E-03Y $.83E-03" 0.00 3.87E-04% ¢.298-03" 0.00 .00 0.00 0.00
Soil ingestion fractios. Fl, 1 00E+0D 1.00E +00 | 00E+00 1.00E+00 1.00E+00 1.008+00 0.00 0.00 0.00 0.00
Vegetahon iatake rate, Q, (kgMd) 0.00 3 E-02" 7.938-01" 0.00 0.00 1.77B-01 0.00 0.00 0.00 0.00
Vegetation ingestion fraction, Fl, 0.00 1 00E +00 1.00E+00 0.00 0.00 1.008+00 0.00 000 0.00 0.00
Fra./sceds istake rate, Q (kg/d) 136E-03” 1NE-02 7.93E-01 000 $.80E-03" 0.00 0.00 0.00 0.00 0.00
Fruit/sceds ingestion fraction, Fl, 1. UOE+00 1.00E+00 | COE+00 000 1.00E+00 0.00 0.00 0.00 0.00 0.00
Prey ) wtake rae. Qy, (kg/d) 1 40E-03 0.00 0.00 1.308-03 2.50E—03 0.00 3.39B-02 1.058-01 3.63E-01" 2.92E-01"

(insects) (insects) (insects) (meadowlarks) (fish) (mice) (fish)
Prey | ingestion fraction, Fl,, 1.00E+00 0.00 000 | 0E+00 1.00E+00 0.00 1.008+00 1.00E+00 1.00E+00 | 00E+00
Prey 2 imake rate, Qy; (kg/d) 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.6)E-0| 2.92E-01
Prey 2 ingestion fraction, Fl, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00E+00 1.008400
Prey 3 istake rae, Q,, (kg/d) 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
Prey 3 iagestion fract. w. Fl, 0.00 0.00 0.00 000 0.00 0.00 c.00 0.00 0.00 0.00

m e~ S
o]

Al valwes arc on 8 wet weigint basis.  For soils. the wet/dry rano is 090 (Clac.. and Maisel 1977), for vegeisiion the ratio is 0.32 ior fruit/sceds, the ratio is 0.)7 (Morrison 1959).
Waser and food consumption rales were by methods in U.S. EPA 1988 (Table 4-8) unless otherwise noled.
Lackely et 2l. 198S.

Chapman ot al. {980.

Smith 199)

Thomaon 1982.

Terves 1980,

Tesres 1980

Tesres 1980,

*Terres 1980.

“"Whitakes 1988,

"Buct and Grosseaheades 1976.

“Mouse soil mgestioa rake is 2% of dry vegetation istake (Beyer et al. 1991).

“The castern cotioatail is assumed (o have the same soul ingestion raie as the jackrabbin (6.3%(Arnhur and Gates 1788.)
The white-tail deer is assumed 10 have 30il ingestion rate of 1.35% of dry maner intake (Arthur and Alldredge 1979).
“The roben 30il ingestion rate is assumed 10 be 10% of dry matter intake.

"The goose soil ingestion raie is asswned (0 be 8.2% of dry maiier intake.

““The rabbitt is asswmed to cat 30% frait and seeds and 50% vegetation (Whitaker 1988).

*The white-tail deer is assumed 10 et SO% fruit and socds and SO% vegetation (Whitaker 1988).

®The mouse is assumed 0 cat 70% fruit and sceds and J0% insects (Lackery ct al. 198%)

1T robis is assemed 10 et 70% frudt and scods and 0% insects (Tecres 1980).

DThe miak is assumed 10 et SO% mice and SO% fish (Whitaker 1988).

“The coyote is asswmed (10 eat SO% mice and S0% rabbits (Whitaker 1988).

1
1
1)
.
3
(]
]
)
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TABLE 7-7—Seil 0 Vegcation, Soil to Fruit, and Plans to Beef Transfer Factors, and Fish
Bisconcentration Foctors for the Oak Ridge Reservation Constitaents of Concern

Consticuent Fich Blocsaceatration | Sel ts Vegeistion | SoliteFrukt | Vegetationte |
Facter Transfer Facter Transfer Beef Transhr
Facter Facter
Actnapthene 6.46E+0) 216E-01 2.16E-0) 2.00E-04
Acenaptitylene 3.01E+02 2.16E-01 2.16E-01 2.00E-04
Aldrin 3.14E+03 T.14E-01 7.14E-01 2.51E-0S
Anthraceae 1.42E+03 9.71E-02 9.71E-02 T4E-D4
Aroclor 1016 1.70E+04 224E-02 1.24E-02 1.00E-02
Arocior 1232 1. 60E+02 224E-02 224602 1.00E-02
Aroclor 1242 7.84E+02 224E-02 2.24E-02 1.00E-02
Aroclor 1248 1 40E+04 224E-02 2.24E-02 1.00E-02
Arochsr 1254 230E+04 224E-02 2.24E-02 1.00E-02
Ardor 1260 ) 1 60E+05 224E-0 2.24E-02 1. 00E-02
Benzo(a)anthracene 117E+04 1.97E-02 1.97E-02 1.26E-02
Benzene 2.41E+0! 2.37E+00 2.37TE+00 3.16E-06
Benzo(b)loor mthene 238404 237400 1.19¢-02 2.14e-04
Benzene hexachloride (alpha) S.1TE+02 246E-01 2.46E-01 1.58E-04
Beazene hevachloride (beta) 5 42E+02 2.16E-01 2.16E-01 198E-04
Benzene hexachloride (gamma) 1.80E+02 1.65E~01 1.65E-01 3.16E-04
Benzene hexachloride (deita) 7.70E+02 1.62E~01 1.62E-01 327E-04
3.4-benzflucranthene 6.94E+04 $9IE~03 $.93E-03 1 D0E-0!
Benzo(a)pyrene 2.38E+04 132E-02 1.32E-02 251E-02
Benzo(g.h.i)perylene 6.70E+04 6.09E~03 6.U9E-03 1 SSE-02
Benzo(k)fluoranthene 2.38E+04 1.19E-02 1.198-02 3.02E-02
Beazmic acid 1.85E+01 3.09E+00 3.09E+00 2.00E-06
BEHP 1.19E+07 437E-02 437E-02 3.16E-03
Autyl benzyl phthalme 3.54E+03 5.70E-02 5 T0E-02 2.00E-03
Carbon tetrachloside 1.70E+01 9.32E~-01 9.32E-01 1.58E-05
Cilordane (alpha) 3.22E+02 2 S6E-02 2.56E-02 7.94E-03
Chiordane (gamma) 3.22E+2 2.56E-02 2.S6E-02 7.94E-03
Chloride IC NA 1.191-02 NA 3.00e-04
Chicrobenzene 6.45E+02 9.32E-01 9.32E-01 1.88E-05
Chioroethane 7.19E+00 $.76E+00 $.76E+00 6.78E-07
Chloroform 1.85E+01 2.70E+00 2.70E+00 2.51E-06
Chioromethane 3.10E+00 1.1SE+01 1.15E+01 2.04E-07
Chrysene 1.08E+04 . 197E-02 1.978-02 1.26E-02
2.4.D 8.05E+0! 9.17E-01 9.17E-01 1.63E-05
4.+-DDD 2. TIE+03 1.326-02 1.32E~02 2.51E~02
4.4'-DDE 8.45E+0) 197E-02 1.97E~02 1.26E-02
4.4'.DDT 2.98E+04 7.74E-03 7.74E-03 6.31E~02
Dibenzo(ahlanthracene 1.13E+05 6.78E-03 6.78E-03 7.94E-02
1.1 -dichloroethane 1. 3SE+01 3.53E+00 1.538400 1.58E-06
1,2-dichloroethane 2.00E+00 $.26E+00 $.26E+00 7 94E-07
1.1-dichloroethene 1.47E+01 237E+00 2.37E+00 3 16E-06
Trans-1.2-dichloroethyk.ne 1.36B400 2.37E+00 2.37E+00 3.16B-06
Dieldrin 4.87E+0) 8.508-02 8.50E-02 1.00E-03
Diethyl phthaiste 4.368+0! $ 48E-01 S 48E-01 3.98E-05
2,4-dimethyiphenol 1.50E+02 1.39E+00 1.398400 7.94E-06
3,3-dishlorobenzidine ‘ 2.69E+m NA 4 f 3,65-01 2.00e-02
Dimethy! phthalate $.70E+01 z.mms A 388400 5 00e-03




Table 7-7 (cout'd)

m: L RENE ]
Coantituent Flsh Blecsncestration Soil te Vegetation | Seil teo Fruit Vegetation to
Factor Transfer Facter Transler Beef Trunsfer
Facter Facter

Di-n-butyl phthalate 1.0TE+O4 31.82E-02 1.82E-02 398E-03
Di-n-octylphthalate 1 8TE+07 1.86E-04 1.86E-04 J98E+01
2 A-dinitorphenol 8.12E+00 9.17¢-01 5.22E+00 6.00e-03
Endosulfan 294E+02 3.22E-0! 31.22E-01 1.00E-04
Endosulfan Il 132E+02 I2E-01 3.22E-01 1.00E-04
Endrin 1 48E+0) 2.24E-02 224E-02 1.00E-02
Flooranthene 3.12E+03 5.70E-02 5.70E-02 2.00E-03
Fluorene T1IE+02 1 44E-0! 1. 44E-01 4.02E-04
Fluonide 1.00E+01 7.742-03 NA 5.50e-02
FAuorotrichioromethane 5.60E+Ot 1.34E+00 i.34E+00 8.51E-06
Freoa 113 1.90E+02 4.79E-01 4 79E-01 5.02E-05
Heptachlor 1.3GE+03 127TE-01 1.27E-01 S.O1E-04
Heptachlor epoxide 6.73E+0! 1.05E+00 1.05E+00 1.28E-05
indenot 1,2.3-cd)pyrene 5.13E+04 2.37TE+00 6.69¢-03 3.00e-03
indenot 1.2.3-cd)pyrene 5.13E+04 6.69E-03 6.69E-03 8.13E-02
Methoxychlor 8.30E+03 6.51E-02 6.51E-02 1.S8E-03
Methyiene chioride 5. 74E+00 6.836E+00 6.86E+00 SOIE-07
2-methylnapthalene S.0SE+02 NA 2.28¢-01 8.00e-02
Napthylene 1.68E+02 $.48¢-01 $.26e-01 3.00e-02
1-nitroaniline NA 1.39E400 NA 2.50e-03
3-nitroaniline NA 1.82e-02 NA 1.00e-01
4-nitroaniline NA 1.86e-04 NA 5.50e-03
4-nitrophenol 1.26E+02 3.22¢-01 1.05+00 NA
a-nitrosodium-n-propylamine 7.22E+00 322¢-01 6.34E+00 NA
Pentachiorophenol 3 12E+03 2.24¢-02 4.99¢-02 NA
Phenanthrene 1 44E+03 9.7T1E-02 S 7IE-02 7.94E-04
Phenol 7.5TE+00 $.26E+00 5.26E+00 7.94E-07
Protactinium-234M 1.10E+0] 2.50e-03 2.50e-04 1.00e-05
Pyrene 2.80E+03 335E-02 33ISE-02 5.01E-03
Sulphate NA 1.34E+00 NA NA
245-T 1.90E+03 6 2SE-O! 6.25E-01 3.16E-05
24.5-TP (Silvex) STIE+O2 2.07E-01 2.07E-01 2.14E-04
Technecium-99 1.S0E+0| 9.50E+00 1.50E+00 8.50e-C3
Tetrachlorocthene S.S7TE+01 420E-01 4 20E-01 6.31E-05
Toluene 6.99E+01 1.07E+00 1.07E+00 1.26E-05
Toxaphene 1.90E+02 6.S1E-02 6.51E-02 1.58E-03
1.1.1 -trichloroethane 9.00E+00 1.39E+00 1.39E+00 7.94E-06
1.4.2trichioroethanc 390E+01 2.07E+00 2.07E+00 3.98E-06
2.4.5-trichiorophenol 1 90E+03 9.71e-02 2.73e-01 NA
Tnchloroethene 3.79E+01 1.59E+00 1.59E+00 6.31E-06
Vinyl chionde 6.59E+00 6.01E+00 6.01E+00 6.31E-07
Xylene 1.77E+02 5 48E-01 §.48E-01 3.98E-05
Aluminum | 00E+00 4.00E-03 6.50E-04 1.50E-03
Antimony 1 00E+00 2.00E-01 3.00B-02 1.00E-03
Arsenic | 0OE +00 4 00E~02 6.00E-03 2.00E-03
Barium 4 00E+00 | S30E-01 1.SOE-02 1.50E~-04
Beryllium 1 90B+01 | JE~-02 | .S0E-03 1. 00E-03
Boron 2.20E-01 4. 00E+00 2. 00E+00 8.00E-04
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Table 7-7 {cont’d)

 gr— e Fwn Bieceacentration | Sofl te Vegetation | Soll to Frekt Vegetation to

Facter Tramafer Facter Tramser Beef Transter
Facter Facter
Cadmium 2.00E+02 $ S0E-O1 1.50E-01 S SOE-04
Calcium 000 3 50E+00 3.50€-01 7.006-04
Chromium 2.00E+0} 7.50E-03 4.50€-03 5 S0E-03
Cobalt 5 00E+01 2.00E-02 7.00€-03 2.00E-02
Copper 5 00E+01 4.00E-01 2.50E-01 1.00E-02
Cyanide ion 3.79E-01 S 42E+01 S 60E-01 1. 41E-08
Gallium 1. 00E+02 4.00E-03 4.00E-04 5.00E—04
Germanium 4.00E+03 4.00E-01 8.00E-02 7.00E-01
Hafnium 4.00E+01 3.50E-03 8.50-04 1 00E—03
ron 1.00E+02 4.00E-03 1.00E-03 2.00E-02
Lanthanum 3.00E+01 1.00E~02 1.00E-0 3.00E-04
Lead 1.00E+02 4 S0E~2 9.00€-03 3.006-04
Lithium $.00E-01 2.S0E-02 4.00E-03 1.006-02
Magnesium $ 00E+01 1.00E+00 $.SOE-01 S 00E-03
Manganese 4.00E+02 2 S0E-0! $.00E-02 4.00E-04
Mercury 2.00E+05 9.00E-01 2.00E-01 2.506-01
Molybdenum 1.00E+01 2.50E-01 6.00E-02 6.00E~03
Nickel 1.00E+02 6.00E-02 6.00E-1 6.00E-03
Niobium 3.00E+04 2.00E-02 $.00E-0 2.50E-01
Phosphorus 1.00E+05 3.50E+00 3.50E+00 $.S0E~02
Potassium 1.00E+03 1.00E+00 5.SOE-01 2.006-02
Scandium 1.00E+02 6.00E-03 1.00E-03 1.50E-02
Sclenium 1.70E+02 2.S0E-02 2.50E-02 1.50E-02
Silicon 2.00E401 3.50E-01 7.008-02 4.00E-03
Silver 2.30E400 4.00E-01 1.00E-01 3.00E-03
Sodium ion 1.005+02 7 S0E~02 $.S0E-02 5 S0E-02
Thallium {.00E+04 4 00E-03 4 00E-04 4 00E-02
Tin 3.00E+03 3.006~02 6.00E-03 8.00E-02
Titaniom 1.00E+03 S SOE~03 3.00E-03 3 00E-02

Uranium oxyfluoride 2.00E+00 NA NA NA

Vanadium 1.00E+01 5 50E~03 2.50E-03 2.50E-03
Zinc 2. 00403 1.50E+00 1. 00E-01 1.00E-0}
Zirconium 330E400 2.00E~03 $.00E-04 5.50E-03
Americium-24] 2.50E+01 5. S0E~03 3.00E-02 3.50E-06
Cerium-141 1. 00E+50 1.00E-02 4.00E-03 7.50E-04
Cesium-137 2,00E+03 8.00E~02 3.00E-02 2.006-02
Cobalt-60 $.00E+01 2.00E~02 7.00E-03 2.00E-02
Curium-242 2.50E+01 8.50E-04 1.50E-0S 3.50E-06
Curium-244 2.50E+01 8.50E-04 1.50E-0 3 50806
Neptunium-237 1.00E+01 1.008-01 1.00E~02 5 S0E-0S
Potassium-40 1.00E+03 1 00E+00 5. SOE-0!1 200E-2
Plutonium-238 1.S0E+00 4 S0E—04 4 50E-05 $.00-07
Plutonium-239 3 SOE+00 4.50B~04 4.50E-05 5.00E~07
Protactinium-233 1.10E+01 2.50E-0 2.50E-04 1 0OE~0S
Radium-226 $.00E+01 1.50E~02 1.50E-03 2.50E~04
Strontium-90 3.00€+01 2.50E+00 2.50E-0! 3.008-04
Thorium-228 3 00E+01 8.50E-04 8.50E-0S 6.00€~00

Thorium-230 100E+01 8.50E—04 8 S0E-0S 68 "




Table 7.7 (cont’d)

Constitwent Fish Biacencestratien Seil to Vegetation | Seil to Frult Vegetation to
Facter Transfer Factor Trassfer Beef Tronsler
Facter Facter
Thoriam-232 3.00E+01 8 S0E-04 8. SOE-05 6.00E-06
Uranium-234 2.00E+00 8. 50E-03 4.00E-03 2.00E-04
Uranium-233 2.00E+00 8.50E-03 4.00E-03 2.00E-04
Uranium-238 2.00E+00 8.50E-02 4.00E-03 2.00E-04
Yarium-90 2.50E+01 1.S0E-02 6.00E-03 4.00E-04

NA = Transfer factor could not be calculated.

Seurce: For organics, the transfer factors were calculated from equations in Travis and Arms (1983) using K, values from the Superfund Chemical Data Matrix
{1991). For inorganics and radionuclides, the transfer factors were taken from Bacs et al. (1984). The K for cyanide was taken from MEPAS 20d the transfer
factors were calculated from equations in Travis aad Arms (1988).
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external exposure to radionuclides was also
determined from calculated tissue
concentrations and soil concentrations,
respectively. Doses that exceeded 0.1 rad/d
were considered to pose a potentiai risk to
terrestrial organisms (IAEA 1992). Methods
used to calculate cxposure and risk are
described in Appendix A.

Toxicological benchmarks for terrestrial
organisms, excluding vegetation, were
obtained from Opresko et al. (1993) (table 7-
8). For representative receptor species that
were not listed in the data base,
extrapolation techniques were employed to
obtain the chronic NOAEL by adjusting for
differences in body weight between the
receptor and a test organism. If a NOAEL
was available for a laboratory test species,
the NOAEL for a receptor species could be
calculated. Many of the NOAEL benchmarks
were derived by extrapolation from small
mammal laboratory data (Opresko et al.
1993). There were a few contaminants for
which no wildlife toxicity data was found.
For these cases, wildlife NOAEL's were
extrapolated from human non-carcinogenic
toxicity data (i.e. RfD’s) listed in the
MEPAS constituent database, normalized to
the "standard man” body weight of 70 kg.
Thus, wildlife species that weigh less than
70 kg would have a higher benchmark than
humans, and the opposite would be true for
wildlife species weighing more than 70 kg.

Literature sources for inorganic terrestrial
phytotoxicity benchmarks were summarized
and reported by Suter and Futrell (1993).
Where applicable, the lowest source
concentration in a soil medium that produced
phytotoxically excessive effects was chosen
from the data base. Several benchmarks were
derived from experiments using nutrient
solutions. However, uncertainty values were
not applied to these data to account for
differences in growth media. A methodology
for deriving phytotoxicity benchmarks for
organic constituents was developed by
Eskew and Babb (as cited in the MMR Air
National Guard Risk Assessment Handbook
(1992).

Risks to aquatic organisms from exposure to
organic and inorganic contaminants in water
and sediments (pore water) were calculated
by comparing the water or sediment pore-
water concentrations (for benthic
macroinvertebrates only) with the chemical-
specific aquatic benchmark (Suter et al.
1992) (table 7-8). To determine intemal dose
to aquatic plants, fish, and muskrats from
exposure to radionuclides, the surface water
concentrations were multiplied by
radionuclide and organism-specific aquatic
(intemal) dose conversion factors to produce
a daily dose in rads (Killough and McKay
1976). To determine the intenal dose to
benthic macroinvertebrates and other bottom-
dwelling organisms (e.g., fish larvae) from
exposure to radionuclides, the sediment pore-
water concentrations were multiplied by
radionuclide and organism-specific aquatic
(intemal) dose conversion factors to produce
a daily dose. The external dose to all
organisms was determined by multiplying
the surface water concentration by the
external radionuclide-specific  dose
conversion factor. Combined internal and
external doses greater than | rad/d are
considered to pose a potential risk to aquatic
organisms (NCRP 1991).

For contaminants and receptors that did not
pass the average concentration screening
(section 7.3), an attempt was made to further
define exposure risks by comparing the
home range sizes of receptor species with
the potential fraction of the home range
occupied by contaminants in food and water
from waste sites and other contaminated
areas. :

Receptor species on the ORR have home
ranges or territories that range from small
[e.g.. less than 1 hectare (1 acre) for aquatic
species in small wetlands] to large [e.g..
thousands of hectares (acres) for coyotes
(appendix B)). Some small species have
home ranges small enough to be completely
within individual waste sites. Other species
have such large home ranges that the waste
sites would represent only a small part of the .
area the species would occupy, if the waste



sites were used at all. To further interpret
the results of the risk analysis, assumptions
similar to those described in section 4.4 were
made. Because the ORR is different from
the INEL reservation in ecological
characteristics and distribution of
endpoints/receptors, in distribution and area
of waste sites, and in having three sets of
source terms (e.g., Y-12, K-25, X-10), some
assumnptions for the ORR were different
from those for the INEL reservation.

1. As for the INEL reservation,
it was assumed that source
terms outside of contaminated
areas in the PNL data base
are negligible.  Although
floodplain soils contain
measurable leveis of
contaminants along some
contaminated streams (SAIC
1994), source terms were
assumed to be negligible for
the rest of the ORR compared
with source terms for waste
sites.

2. The average size of terrestrial
waste sites is about 4 ha (10
acres)at Y-12; about 20 ha
(50 acres)at the K-25 Site;
and about 2 ha (5 acres) or
less at X-10. It was assumed
that small terrestrial species
with home ranges less than or
equal to the area of a typical
waste sites at each facility
(table 7-9 a, b, ¢) could
receive as much exposure as
the average screening
indicates (appendix B).

3. It was assumes that wide-
ranging terrestrial species
with home ranges greater
than the average waste site
but less than the total waste
complex at each facility could
receive at most about 20%
and 15% for the Y-12 Plant
and X-10, respectively, of the

exposure caiculated by the
average screening if their
home range includes as much
contaminated area as possible
(see appendix B). This
assumption was derived from
the approximate proportion of
area of waste sites contained
within the waste complex or
within an area containing a
representative group of waste
sites at the Y-12 Plant (figure
7-3) and X-10 (figure 7-4).
The waste complexes at Y-12
and X-10 were estimated to
occupy about 690 ha (700
acres) and 445 ha (1100
acres) respectively.

The waste complex at the
K-25 Site is very large
relative to the total area in
waste sites [e.g., 20 ha (50
acres)] more than 80% of
which is in one location.
Receptor species home ranges
were cither less than the area
in a representative waste site
or many times larger than all
waste sites (appendix B).
Therefore, for the K-25 Site it
was assumed that all species
with home ranges greater
than the representative waste
sites could receive at most a
fraction of exposure
comparable to the fraction of
its home range contained in
the total of all waste sites.
At all three sites, exposures
could be higher if, for
instance, the sole source of
contaminants is a waste pond
or contaminated stream used
as the only source of drinking
water, or if waste sites are
preferred feeding areas.
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Table 7-8 (con't)

W.F. FE.Cotten. Whitetall Canade Cooper's
Constituent Meune Rabbit Deer Indiana Reot Rebin Gosse
Zircomivm 7 S4E-Q2 2 05E-02 S 67E-0) 1 12B-01 S.16E-02 1 SSE-02
N

The source fos aquatic beachenarks was (Su92)
NA = Beachmark st avalable

'The source for all serrestnal bemchimarks except those for vegetation was (Op93) For vegetation, the source was (Su9)) and the Massachuseirs Milisary Reservation Risk Assessment Hundbonk, 1992,




As at INEL. it was assumed that
complex of each facility could
receive at most a fraction of
exposure comparable to the
fraction of its home range
contained within waste sites
included in the source term data
base (appendix B). The total
area in waste sites was 137 ha
(338 acres), 21 ha (53 acres ),
and 64 ha (158 acres) at Y-12,
K-25, and X-10, respectively.

Unlike terrestrial species, which
were assumed to have circular or
rectangular habitats, species
primarily associated with
streams were assumed to have
more lincar habitats.  The
Indiana bat, if present on the
ORR, would be expected to
occur only along East Fork
Poplar Creek, and Poplar Creek
which contain effluents from the
Y-12 Plant. The length of these
streams with suitable habitat is
about 20 km (12 miles). The
estimated foraging habitat of the
Indiana bat is less than the total
area of contaminated stream
(Appendix B). Therefore, it was
assumed that the Indiana bat, if
present, would be at risk at the
level indicated by average
hazard indexes determined for
the Y-12 Plant.

The mink, which can subsist
entirely on aquatic foods (e.g.,
fish, frogs, etc.), forages along
streams, ponds, wetlands, lakes,
or rivers. Data for a mink on
the ORR indicate a foraging
distance of 3 to S km (2 to 3
mile). As is true for the Indiana
bat, the mink could forage
entirely within habitats
containing effluents at the Y-12
Plant and X-10. Unlike the
Indiana bat, however, suitable
habitat is found throughout the
ORR. Therefore, it was
assumed that mink occuring

slong East Fork Poplar Creek.
POphrka.andBetCreek

for ¥-i2 g, sl White Ouk
CteekforX—lOqubeansk

living along water bodies that do
not contain effluents are not at
risk. The only water included in
the source term data base for the
K-25 Site is 2 small stream,
about 1.2 km (0.75 miles) of
which conta'ns contaminated
sediment. Therefore, for the
K-25 Site it was assumed that
the mink could receive at most
about 40% [e.g., 1.2 km (0.75
miles) divided by 3 km (2
miles)] of the exposure the
average screening indicates.

Because osprey generally hunt
only in large bodies of water,
such as the impounded river, the
only source of contaminants
from the ORR to osprey is
probably from the impounded
river. The source term data base
does not contain data from the
impounded river; therefore,
osprey were assumed to feed
from smaller streams as well.

The home range for the osprey
was assumed to be about 500
acres (see appendix B).
Contaminated streams and ponds
would be about 30%, 10%, and
1% of the osprey’s feeding area
for Y-12, K-25 and X-10

respectively.

Other birds that feéd on aquatic
life in streams (e.g., the great
biue heron and the belted
kingfisher) were assumed to be
exposed to contaminants similar
to those calculated for the
osprey.

As reported in the source term
data base, only about 220 ha
(550 acres) or about 1.5% of the
surface area (¢.g., nonaquatic) of
the ORR is waste sites or known
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areas of contamination, which
are the only pans of the

. . Py
reservation  comsidensd  foi

remediation.  Tervestrial biota
living in the remaining 98.5% of
the reservation are only exposed
to contaminants that have moved
from waste sites in dust,
sediment, contaminated water,
and by contaminated wildlife
and plams. As a INEL,
although this contamination may
be measurable and is known to
be of concern in some areas,
source terms were oot availsble
except for the Bear Creek
floodplain and were assumed to
be negligible compared known
sources of contamination that
are subject to remediation.
Because most of the ORR was
assumed o be simil-r
heterogeneous forest habitat,
only about 1.5% of the area
supporting terrestrial ecological
endpoints was assumed to be
affected by contaminants from
the waste sites or contaminated
areas reported in the source term
data base

No estimates of surface area of
water or wetlands on the ORR
have been documentaed. As
determined by ORR staff from
the ORR GIS data base, the total
surface area of streams, ponds,
and embayments is bout 150 to
300 ha (375 1o 750 acres). An
additional 200 ha (5000 acres)
of the impounded river border
the ORR.

The surface or streams and
ponds reported in the source
term data base were 8890 ha
(22,225 acres), 2.6 ha (6.5
acres), and 1550 ha (3875 acres
for Y-12, K-25, and X-10,
respectively.  These surface
areas for Y-12 and X-i0 were
apparently for the entire
watershed, including terrestrial
habitat, of East Fork Poplar
Creek and White Oak Creek and

are much larger than acmal
aquatic or wetland habitat.

More accurate estimates of
surface areas of stream hsbitat
affected by effluents from Y-12
and X-10 were derived from
map distances and published
data for East Fork Poplar Creek
(SAIC 19%4), resulting in
estimates of 40 to 80 ha (100 to
200 acres) and S t0 20 ha (12 to
50 acres) are for Y-12 and X-10,
respectively.

Therefore, assuming that the
total area of streams is 150 to
300 ha (375 to 750 acres) and
45to 100 ha (112 to 250 acres)
are affected by effluents, about
one-third to one-half of the
stream area on the ORR may be
affected by effluents included in
the source term data base.
Popluations of species living in
or dependent on streams for
food that are on the remaining
one-half to two-thirds of the
streams of the ORR were
assumed not to be at risk.

Wetland area associated with
streams, ponds, and embayments
was assumed to be proportional
to the surface area of water.
Therefore. the proportion of
wetlan¢  affected would be
compar. .¢ to the proportion of
streams, ponds, and embayments
affected.

Stream or wetland dependent
species habitat is often defined
by linear distance. However,
habitat (e.g., food supply) was
assumed to be related to surface
area of water. Therefore,
aquatic surface areas were used
to estimate the proportion of
contaminated and
uncontaminated habitat.

As at INEL, except for
threatened and endangered
species (e.g., candidate species),
for which the loss of an



TABLE 7-9A—Home rasges’ of end Hezard Index (HI) Correction Facters’ (CF) for receptor
species at the Y-12 Plant ox the ORR

490
(10 90 N8 acres)

X
X
coyote X 0.14
Agncultural vegetation 10
Biodiversity white-footed 1.0
mouse
Coopers hawk X 02
mink X 1.0
robin X 02
osprey X 07

' See Appendix b.

* A CF of 1.0 was applied to HIs for each contaminant for each species having a home range < 4 ha (10 acres); other CFs are equal 10 the ratio of
contaminated land to the area of the waste coomplex; CFs for wide ranging species equal the ratio of contaminated area 1o the area of the home range (see
text and Appendix B for discussion of CFs).

' These species feed near or in streams. ponds. and aquatic areas. Correction factors for these species are discussed in the text (Section 7.4).
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TABLE 7-98—Heme renges of and Hagard Index (HI) Correction Facters (CF)

L vno — . _* - as e o~ o

JoF recipior speciis @i ine R-23 Siiz en the ORK

' See appendix B.

? A CF of 1.0 was applied to Hls for each contaminant fos each species having 3 home range < 20 ha (50 acres). other CFs are equal 0 the ratio
of comaminated area to the area of the home range (see text and Appendix B for discussion of CFs).

’ These species feed near or in streams, ponds. and aquatic areas.  Correction factors for these species are discussed in the text (Section 7.4).

TABLE 7-9C—Home Ranges of and Hazard Index (HI) Correction Factors (CF)’ for receptor species

a X-10 on the ORR
<2ha 2 to 450 ha 450 ha Correction
Eadpoint Receptor (5 scres) | (S to 1100 acres) | (1100 acres) Factor

Threatened and Indiana bat X 1.0
Endangered

Candidate songbirds X 1.0
Wetlands generic X 1.0
Recreational wildlife | white-tailed deer X 0.15

cottontail rabbit X 1.0

Canada goose X 0.13

coyote X 0.06
Agricultral vegetation X 1.0
Biodiversity white-footed mouse X 1.0

Coopers hawk X 0.15

mink X' 1.0

robin X 1.0

osprey X' 0.1’

' See Appendix B.

! A CF of 1.0 was applied 1o Hlis for each contaminant for each species having a home range < 2 ha (S acres). other CFs are equal to the ratio of
contanunated land 1o the area of the waste complex. CFs for wide ranging species equal the ratio of contaminated area to the area of the home range
(sce text and Appendix B for discussion of CFs).

' These species feed nesr or in streams, ponds, and aquatc areas.  Correrrion factors for these species are discussed in the text (Section 7.4).
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for which the loss of an individual is

considersd 2 significant rick 10 the

population,

represented by the fraction of the
terrestrial. aquatic, or wetland
environments the ORR that are
contaminated or in waste sites. As
reported in the source term data base,
th= fraction of contaminated terrestrial
environment on the ORR is about 1.5%.

7.5 CONTAMINANT HAZARD ASSESSMENTS
7.5.1 Baseline

The next step in the ecological risk assessment
generated HIs that were representative of
potential risk and that estinated the level of
effects from. exposure to contaminants.

7.5.1.1 Y-12 Plant

Baseline uncorrected Hls for terrestnal recepturs
exposed to the maximum source concentrations
at the Y-12 site were greater than the criteria
limit of | for 10 of 22 organic contaminants with
benchmarks, and 23 of 28 inorganic chemicais
with benchmarks. Exposure to the maximum
concentrations of radionuclides resulted in Hls
for all receptors of about 3E+9: radiological
exposure was dominated by exposure to *'Y and
"“ICe in soils.

The dominant organic contaminants responsible
for producing a risk to receptors exposed to the
maximum concentrations in soii or water were
PCBs and pesticides.

Of the 20 radionuclides to which terrestrial
receptors could potentially be exposed, oniy
“!Ce, *Cm, *Sr. and ™Y resulted in Hls greater
than 1 for all species.

Exposures of terrestrial species to average soil
and water concentrations of contaminants at the
site were calculated for those contaminants
whose maximum concentrations resulted in Hls
grexter than | (table 7-10a}. About 40% of the
HI values were above 1 but below 10, 52% were
above 10 but below 1000, and 8% still above
1000 (versus 11% for the maximum). The
radiological dose to receptors remained the same,

other endpoims _were -
assumed to be at risk only ‘at'the scale:” -

despite the much lower average dose from *Sr
and **Cm; the total dose was predominantly

-from" *Y, whose maximum and average soil

concentrations were the same (table 7-10a).

Exposure of aquatic organisms to the maximum
concentrations of chemical contaminants in
surface water at the Y-12 site resulted in Hls
over 1 for PCBs, phenol, toluene, vinyl chloride,
benzene hexachloride, and Mg, K, and Na.
Exposure of benthic macroinvertebrates to the
maximum sediment pore-water concentrations
(calculated from sediment concentrations)
resulted in HIs over | for benzo(a)anthracene,
BEHP. methylene chloride, vinyl chlonde, and
24 inorganic contaminants.

Hazard indices resulting from exposure of
aquatic organisms to the average surface water
concentrations were still more than 1 for all of
the organics except toluene and all of the
inorganic contaminants (table 7-11a). Only
exposure to the average concentration of vinyl
chloride resulted in an HI over 1 for benthic
macroinvertebrates in the sediment pore water
(table 7-11a). Hazard indices for benthic
macroinvertebrates exposed to the average
sediment concentrations were still more than |
for 20 inorganic chemicals (versus 24 for
maximum sediment concentrations).

Exposure of aquatic organisms to the maximum
radionuclide concentrations in the water and
sediments resulted in Hls exceeding | only for
macroinvertebrates exposed to *Sr. There were
no Hls greater than 1 for aquatic organisms
exposed to the average sediment concentrations
(table 7-12a).

7.5.1.2 K-25 Site

Baseline hazard indices for terrestnial receptors
exposed to the maximum source concentrations
at the K-25 Site were greater than the criteria
limit of 1 for 22 of 23 inorganic contaminants
with benchmarks.

Of the 14 radionuclides to which terrestnal
receptors could potentially be exposed, only
l”CS. MIAm' Hlpu' Zumpa. Wrc. 223,2w'n‘ and Q()Sr

resulted in Hls greater than | for all species.
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Exposures of terrestnial species to average soil
concentrations at the site were calcviated for
these  contaminanis whnose maximum
concentrations resulted in Hls greater than 1
(table 7-10b). The HI from aluminum exposure
of vegetation was still greater than 1000 because
the average soil concentration remained on the
order of 2+e4 (table 7-10b). The remaining Hls
for inorganic contaminants vvere all less than 30.
About 82% of these HI values were above | but
below 10, 15% were above 10 but below 1000,
leaving 3% still above 1000. The radiological
dose 0 receptors from exposure to average
concentrations decreased slightly to about 8+¢12
and was primarily due to exposure to ***Pa
(table 7-10b).

Exposure of aquatic organisms to the
concentrations of nonradiological and
radiological contaminants in surface water at the
K-25 Site could not be calculated because
contaminant concentrati ,ns in water were not
provided in the source terms. Exposure of
benthic macroinvertebrates to the maximum
sediment pore-water concentrations (calculated
from sediment concentrations) resulted in Hls
over | for one organic chemical, BEHP, and 20
inorganic chemicals.

Hazard indices resulting from exposure of
benthic macroinvertebrates 1o .he average
sediment pore-water concentrations were still
over | for BEHP and 18 inorganic contaminants
(1able 7-11b). The HIs for B, Fe, Mg, and K.
were more than 1000, and Al, Cr, Co, and Ag
had Hls greater than 100 but less than 1000.

Exposure of benthic macroinvertebrates to the
maximum and average concentrations of
radionuclides in the sediment pore water resulted
in Hls exceeding 1 for *Sr only (table 7-12b).
Concentrations of *'Sr in the sediments were on
the order of 10" pCi/kg (table 7-5b).

7.5.1.3 X-10

Baseline HIs for terrestrial receptors exposed to
the maximum source concentrations at the X-10
site were greater than the critena limit of | for
14 of I8 inorganic contaminants with
benchmarks. There were no Hls greater than |
for terrestrial receptors exposed to the maximum
concentrations of organic contaminanis.

Exposure to the maximum concentrations of
radionuclides resulted in Hls for all recentors of
about 1.5E+05. The maximum radiological
exposure was dominated by exposure to '*'Cs'in
soils.

Exposure of terrestrial species to average soil
and water concentrations at the site were
calculated for those contaminamts whose
maximum concentrations resuited in Hls greater
than ] (table 7-10c). About 73% of the HI
values were above | but below 10 (versus 70%
for the maximum), 25% were above 10 but
below 1000 (versus 27% for the maximum), and
about 2% were still above 1000 (versus 3% for
the maximur). Theaverage radiological dose to
receptors decreased to about 100 and was
primarily due to exposure to '™Ru (table 7-10c).

Exposure of aquatic organisms to the maximum
concentrations of non-radiological contaminants
in surface watcr at the X-10 site resulted in Hls
over 1 for one organic contaminant, benzene
hexachloride, and 13 inorganic contaminants.

Hazard indices resulting from exposure to the
average surface water concentrations were still
greater than 1 for 8 inorganic contaminants (table
7-11c).

Exposure to the average concentrations of
radionuclides in the surface water or in the
sediment pore water (macroinvertebrates only)
did not result in any HIs exceeding | (table 7-
12¢).

7.5.1.4 Summary

For the three facilities combined, the initial
screening using average contaminant values
indicated 36 contaminants resulting in HI values
greater than 10 (ie., severe risk from
contaminants) or HI values greater than 1 (i.e,,
intermediate risk from contaminants) for various
endpoints (tables 7-10 a, b, c; 7-11 a, b, c; and
7-1z a, b, ¢). Following the assumptions
outlined in section 7.4, the approximate home
range or territory size of receptors was estimated
to determine the proportion that could potentially
be contained within waste sites.

Of the receptors included in the analyses, only
the Indiana bat, small songbirds (including
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Table 7-10a (con’t)

Hazard Indices Calcutated Using Average Contaminant Concentrations

Moewse

Rabbit

Deer

lnd. Bat

Robin Goese C. Hawk Ouprey Mink Coyote Vegotstion
Vanadwin | 87E- 196E-01 1.71E-01 2 19E-02 7 19E-01 1.09€+00 | 88E-08 0.00 1 29E-08 5 298-05 4.%0B-01
2 S S7TE-2 | 06E-01 1 63E-0N 9 9RE-M2 S S9E-02 2.77E-01 281E-04 V60E-01 1.48E+00 9. 1IE-04 $.28E-0!

E Cenem 141
Cunum-244
Swrostium- 90

Yansm-90
Total dose

Mouse Rabbit Deer Ind. Bat Rebin Gouse C-Hawk Osprey Mink Ceyote Vegetatin
2 3B+ 07 2 IE+07 2.23E+07 2 2E+07 2 23E+07 2 23E+07 2.21C407 L2IB407 2.23E+07 2.23E+07 2.24B+07
7 23E+02 71.25E+02 7 25E+02 7 25E+2 7 25E+02 7 2SE+02 7 25E+02 7.258+02 7.258+02 7.25E+02 8.51E+02
4 77E-08 4 77E-08 4 77E-O8 4 77E-08 4 17E-08 4.77E-08 4.77E-08 4.77E-08 4.77E-08 4.77TE-08 9.0I1B-08
2 BIE+08 2 RIE+08 2R1E+08 28)E+08 2 B1E+08 2R8IE+R 2BIEH8 2.31E+08 2.81E+08 2.81E+08 2.838+08
YOIE+08 103E+08 10E«08 JOIE«08 10E08 V0IE+08 YO3IE+08 J.03E+08 103E+08 3.038+08

305800



TABLE 7-10B—Baseline Average Hazard Indices for K25 Terrestrial Organisms

Hazard Indices Calculated Using Average Conlaminant Concentrations

Meuse Rabbit Deer Ind. Bat Rebin Goese C.Hawk Osprey Mink Ceyele Vegetation
1 4E-0) 20E-01 1 1SE-01 2 WBE-02 A4E-0 S ME-0) 8 95E-0% 000 7 16E-06 273B-0¢ 8.09E-03
NA NA NA NA NA NA NA NA NA NA 19TE-02
9 36E-08 | 6ok -(4 | VIE-04 4 24E-08 S 196- 8 ROE-01 2 1SE-08 0.00 | 4E-09 1 SSE-08 8.02E-0%
NA NA NA NA NA NA NA NA NA NA 2.148+03
2ME-OS 4 41E-0S SAIE-08 2 93E-08 4 01E-08 | {4E-04 4 19E- 10 0.00 641E-11 2. 6E-09 4.368+00
267E-01 9 MIE-M 4 07E-O3 1 62E-0N 7 %4E-01 1 49€-02 2 ME-O7 aon 2.926-08 S 8RE-07 6 4TE-O!
7 WE-O! | 44E+00 | 64E+00 8 BSE-01 1.45E+00 3.84E+00 2.27E-06 0.00 J.OSE-O7 | 16E-03 1 45E-01
9 06E -4 1 92E-03 9 LE-04 1. B6E-M 3 WE-0) S E-N VSIE-O8 000 2.49E-09 1.0}E-07 3.778-02
§.1SE+00 1.01E+00 2.39€+00 1.5TE«00 1.36E+00 1LIIEWOI K. 70E-07 0.00 1. T4E-06 S.89E-0S $.24E-01
2 S6E-02 S MIE-02 2 47E-02 3.89E-M3 9 47E-2 1 4SE-01 SAIE-06 0.00 I8IE-07 1 .56E-0% 9.52E-01
NA NA NA NA NA NA NA NA NA NA 3.508-0!
8.M4E+00 YO7E-02 1.048+00 8.998+00 1.0SE+0I 6 60E-02 1 9E-06 000 S49E-O7 1 66E-08 1.618400
NA NA NA NA NA NA NA NA NA NA 4.42B+00
1.46E+01 292E+01 2.28E+01 9.35E+00 1.27TE+01 ! 29602 ISTE-OS a0 1.21E-0% 4. TOE-04 3 46E-0°
NA NA NA NA NA NA NA NA NA NA 9.2084+00
10IE-0) 46I1E-0) 7 07E-O1L I 45SE-O1 297E-01 9.89E-01 1 SSE-08 0.00 4.14E-06 | 2SE-04 NA
2. NE+D 37E+00 S.00E+00 2.708+00 3.28B+00 9.83E+00 1 A7TE--0% 000 2.2E-06 8 RE-OS VIRE-0I
| 9SE-03 1.92E+00 2 SBE-O1 2 90E-M 6.VIE-0) S 40E-02 | 66E-0S 0.00 7 S6E-04 2 S9B-02 3.618+00
NA NA NA NA NA NA NA NA NA NA 9.99€-01
2 22E-0) V6RE-03 ASTE-M 1 22E-03 4 S6E-02 8 19€-02 2 85E-06 000 167E-08 1 19E-06 2.82E-01
3 06E-0) S 62E-01 A99E-01 1 0BE-0Ot | 4SE-0) 2 37E-01 2.288-08 0.00 1.26B-03 4.33E-04 1.258400
NA NA NA NA NA NA NA NA NA NA T.126-01
S OSE-01 1.0TE+00 4 60E-0| S Q0E-02 1.94B+00 2.94E+00 S.08E-08 0.00 147E-06 1 42E-04 1.168+00
} 43E-O01 2 TIE-Q1 4 I9E-0) 2.56E-01 | 4JE-OI 7 HE-OI | 49E~-04 000 A9IE-08 ) 43E-03 1.36B+00

Ly-L




Table 7-10b (cont’d)

Radislegical Deses (rad/d) Calculated Using Average Contaminant (enceniration

8r-L
_ﬂ

Mouse Rabbit Deer Ind. Bt Rebin (omne C-Hawh (Osprey Mink Coyote Vegetmion
Amencum-241 761E+00 T61E+00 761E+00 1.61E+«00 7 61E+00 T61E+00 761E+00 7161E+00 761E+00 T6IE+00 S.10B+02
Cesm- 117 S T7E+02 S TTE+02 S TTE+0? S 1TE+O2 S T7E+02 S 717E+02 STTE+0 S1TE+«02 STE« S 17802 S 9IE+
Platoarum- 238 I 04E+00 1 (ME+00 I (4E«0 A 4E+00 1.04%+00 1.04E+00 JTO4E+00 Y OAE+00 YOME+0C IOAE 0D 1L.ATE+0)
Protactimum- 2 M 7 16E+ W 7T 76E« 1 T T6E+ T1.I6E+ 1N 776E+11 TI16E+1 T 76E+ 1) 1.76E+11 71.76E+1} 7 76E+ 11 1.77EI1
Strontism- 90 S 12E+04 6 76E+04 S.12E+(4 S 12E+(4 S.TIEH4 1. 04E+0S S 12E+04 S 72E+4 $.T2E8+04 S 12E+04 1.ORE+OS
Techaccwsn-99 3 SBE-O4 | S2E+00 $ SRE-04 S S8E-04 1.25E~02 6 8IE+0 S.SBE-(M4 S S8E-(4 5.38E-04 S 62E-04 2.448-03
Thonum-228 2 0OE+03 2 QUE+0S 2.00E+05 2 00E+0S 2. 00E+0S 2. 00E+0S 2.00E +03 2 ONE+0S 2.00E +03 2.00E+0S 2.88E+06
Thonum-2X0 | 09E-02 t 09E-02 | BE-02 1 BE-02 1 09€E-02 1 (DE-02 | (BB~ L(NE-O2 1.09€-02 | WE-~02 2.00B +06
Thonum-2 4 | 96E+07 1 SGE+07 1 96E+07 | 96E+07 | 96E+07 1 96E+07 1 96E+07 | 96E+07 | 96E+07 1.96E+07 7 1E«00
Total dose T1.T6E+ 7176E+11 7.76E+ 11 7 76E+ 11 1.76E+11 176E+ 11 1.76E+ 11 7.76E+11 71.76E+1 1) 71.76E+11 1778+ 90

AdShitid

N/A = Beachmark not avalahle, therefore hazard index could not be calculated

BRSNS 1Y
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TABLE 7-10C—Baseline Average Hazard Indices for X-10 Terrestrial Organisms

]
L Hazard Indices {aiculated Using Average Comtaminant Concentritions
Meuse Rabbit Deer Ind. Bat Robin Gesse C. Hawk Osprey Mink Coyote Vegetohion -
Aramanum NA NA NA NA NA NA NA NA NA NA 6.628+03
Banum IOAE+00  201E+00  231B+00 1 2IE+00  201B:00  S29E+00  160E-02  165E-01  S.ISE-OI S S6E-02 4.72B-01
Beryihwm 2E-04  292E-04  SI6E-04 I 7TE-04  22E-(4  41IE-04  2ME-04  4BIE-03  18SE-02 4 44E-04 NA
Cadmaum 751B+00  660B«00 1 BRE+DI 1L02B+01  B.BAB+0D  3.49B+0) 107E-02 4228401  6.35B+0! 401E-01 3. 98400
Chiomuum I ME-02  400E-02  193E-02  3}22E-0)  7.08E-02 | SE-01  S40E-04  93SE-0}  162BE-02 3.39E-04 7.08E-01
Copper V46E-02 4 E-05  1BIE-0} | 16E-02  1S2E-02  6O08E-0S  14IE-0%  1.78E-0) | S9E-O1 6.57E-0S NA
Lead I778400  233E400  411B+00  LAIBW00  SGIE-0I  SWE-04  )77E-04  )IDE-02  76IB+02 3.538+00 NA
Lithium NA NA NA NA NA NA NA NA NA NA 2658401
Magnesium 7 S9E-01 LIGE+0  173E+00  B6VE-OI  730E-01  248B+00  I16IE-02  6MOE-0I  2.7IB+00 2.55E-02 NA
Mangancse 1298400  236B+00  JO06B+0D  1.6SB400 2008400  S9SE4O0  207E-02  6.TB+00  2.7SE+0I 3 208-02 2.058-01
Mercury SIE-01  S1IEB«2  687E401 7 70E-0I 169E400 1 44B+0] 4 42E-0) 000 2.01B+00 6.588+00 9.608:02
Nickel J00E-02  VME-02  }24E-02 1 NE0?  412E-0) T4E-0)  S92E-04  465E-02 ) 9SE-2 1 O1E-04 2.558+00
Seleamum 209E-01 2ME-O1 4 B4E-O\ VGOE-O1  M6SE-02  646E-02  4S2E-02  621B+00  1.53B+02 417B-01 NA
Vanadw.n 4 80E-01 10IE+00  442E-0)  SB8SE-02  13IE+00  27BE400 4 70M-0}  4.19E-02 1 60E-0I 1 E-0) 1.098400
Ziac RIZE-02 | S4E-0V  238E-0I 146E-01  BI14E-02  404E-0)  274E-04 3 06E-DI 1.268+00 1.12B-03 7 ME-0I

AEH0 . ARH0 L AE00 L300

_}
Radielegical Deses (rad/d) Calculated Using Average Contaminant Concentrations
Meouse Rabbit Deer fnd. B Robin Gesse C-Hawk Ouprey Mink Coyote Vegetation
Cessum-117 8 VIE+0D 8 MIE+00 8 1E+00 8 ME+00 R ME«00 8. ME«0 AIIE+00 8.31E+00 8$.31E+00 8. J1E+00 8. 34E+00
Cobak 60 2 75E-01 2 7SE-O01 2 1SE-0I 2 75E-01 2.75E-0I 2 75E-01 2.75E-01 275E-01 2.715E-01 2 7158-01 2.TTé-01
Ruthemum- 106 1 OOE +02 | 00E+02 1 0CE+02 | 0OE+02 | 00E+02 1| 00E+02 1.00E+02 1.00E+02 1. U0OE+M2 1 00B+02 1.038+m
Srostrem- 90 4 O0F.+00 4 E+00 4 ODE+O0 4 O00E +00 4 00E+(00 4.00E+00 4 ODE+00 4 00E+00 4.0NE+00 4.0NE+00 7.56E +00
Total dose | 13E+02 1 E+02 1 1JE+02 1 1IE+2 L1IE+02 1 1JE+02 1. 1IE+02 LIIE«? 1.1JE+02 1 138+02 | 20E+02

Tl
o
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TABLE 7-11A—Baseline Average Hazard Indices for Y12 Aquatic Orgenisms

Arocior 1242
Arsoclor 1248
Aroclor 1254 4 815+00 4.12E-02
Asockor 1260 ' 1L19E+00 263E-03
Beazo(a)esthyracene NA 1.27E-01
Beazene bexachionde (gamume) 3.138+00 4 64E-02
NA 4 53E-01
Methylene chionide 1.00E-02 2.03E-01
1.30E+02 NA
Tetrachiorocthene 9.43E-03 6 88E-04
423E-02 7.98E-03
Vinyl chionde 333E+00 1.94E+00
Aluminom 3.09E-01 6.21E+01
Amtumony NA 3 64E-01
225E-03 891E-02
6.39€-05 9 83E-02
Beryllium NA 721B400
NA 1. 50B+05
Cadmam NA 7.44E+02
Chromeum NA $.29E+00
NA 8.89€401
7.42E-01 5 83E+0]
1.36E-03 1.52E+03
2.50E-01 228E401
um 9.19E+04 7.08E+06
Manganese 9 91E-01 1.73B+01
Mercury NA 1.01E+03
Molybdenom NA 2.35E+00
Nickel NA 1.36E+00
Powassium 3.80E+01 9.51E+0%
Selenium NA 1.20E+01
Silver NA 1.8338403
Sodium 1on 6.58E+00 1.02E+03
Thallium NA 1.66B+01
Vanadium NA 8.05E-0]
nc 1.39E-01 2198401
Zirconium NA 8 SOE-03

N/A =z Benchmask not avaslsble, therefore hazard index could not be calculated



TABLE 7-118—Baseline Average Hazard Indices for K25 Aguatic Organisms

Average
e face Waser HI Beathic Macrelavertcbrate HI
Censtituent (Ceh)
BEHP NA 8 47TE+0C
Aluminum NA 2. 78B4 02
Arsenic NA 745E-02
Banum NA 2.65E-02
Beryiliam NA 4 83E-0!
Boroa NA 331E+03
Cadmium NA 62TE+01
Chromium NA 1.408+(02
Cabalt NA 1.26E+2
Coppey NA 3.03E+02
fron NA 1 98E+03
Lead NA 8.25E+00
Magnesium NA 7.04E+06
Manganese NA 1.14E+01
Mercury NA 5.95E+01
Molybdenum NA 1.39E+00
Nickel NA 1.8TE+Ot
Potassium NA 6.64AB+06
Selenium NA 5.72E+00
Silver NA 1.39€+02
Vanadium NA |.0TE+00
Zinc NA 9.81E+0!
S S

N/A = Benchmark not available, therefore hazard index could not be calculated
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TABLE 7-11C—Baseline Avernge Hazard Indices for X190 Agustic Organisms

r - AL - .
Hen auste sties eome FINIIE a-es T
l Commieioat . .sei,Gis S NfiNcteten 1k lich) Besthic Macreluvertcbrase HI
Beazese hexachloride (gamens) - 2508401 NA
Alomisem $.058+00 NA
Bariam 6.39E-03 5 68E-01
Beryliam 2 89E-01 NA
Boroa 1.14E+01 NA
Cadrruem S9EH0 NA
Clromiem 8.28E-01 NA
Cobalt 9.55E-01 NA
Copper 8 33E-01 NA
Iron 7.70E-01
Lead 1.4TE+O} 9.10E+01 |
Magnesium 6.38E+04 NA
Manganese 1.09€-01 NA
Mercury 000 1.68E+03
Nickel 6.25E-02 2.71E+00
Seiemum 1.37E+00 NA
Silver 3.15E+01 NA
Sodwam 100 1.00E+01 NA
Y anadium 7 S6E-02 NA
Zinc 1.18E-01 NA h
Zircomom 197E-02 NA
e STy

N/A = Benchmark not svailable. therefore hazard index could not be calculated.
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TABLE 7-12A—Baseline Average Internal and External Radiological Doses for Y12 Aquatic Organisms (rad/d)

External Internal Plants Internal Internal Fish Internal Muskrats
Invertebrates
Curium-244 0.00 0.00 4.57E-05 0.00 0.00
Strontium-90 0.00 0.00 7.84E-07 0.00 0.00
Total dose 0.00 0.00 4.64E-05 0.00 0.00

TABLE 7-12B—-Baseline Average Internal and External Radiological Doses for K25 Aquatic Organisms (rad/d)

Exterral Internal Plants Internal Internal Fish Internal Muskrats
Invertebrates
Cesium-137 0.00 0.00 2.00e-05 .00 0.00
Plutonium-238 0.00 0.00 1.45E-04 0.00 0.00
Strontium-90 0.00 0.00 1.23E+06 0.00 0.00
Technecium-99 0.00 0.00 3. 83E-02 0.00 0.00
Twtal doses (rad/d) 0.00 0.00 1.23E+06 .00 0.00

TABLE 7-12C—Baseline Average Internal and External Radiological Dases for X10 Aquatic Organisms (rad/d)

B External Internal Plants Internal Internal Fish Internal Muskrats
Invertebrates
Cesium- 137 9.R6E-05 7.23E-03 0.00 J.62E-02 5. 10E-02
Cobalt-60 6.71E-4 T.82E-2 0.00 7.82E-03 |.54E-02
Strontium-N) T12E-10 112607 0.00 T.12E-09 3.13E-06
I Total doses (rad/d) 7.69E-(4 8.55E-02 0.00 4.40E-02 6.63F-02
-




candidate species), the cotton tail rabbit,
the des: awuse, aquatic species, and mink have
home mnges siall enough to potentially live

- PRYPaS T TR D T & I NI L
\.uuu--, Withini wasie M.‘!U! sumnm-uu m,

(see section 7.4 and apgéndix BY. (bneapt: for the
coyote for the Y-12 Plans, the K-25 Site, and
X-10, and for the Canada goose at X-10, other
tervestrially based receptors have home ranges
greater than an individual typical waste site but
less than the total area inclusive of most waste
sites or the waste complex. The coyote home
range is greater than the waste complex of each
facility, and the estimated home range of the
Canada goose is greater than the waste complex
at X-10. Based on the assumptions discussed in
section 1.5, appropriate correction factors were
applied to Hls in tables 7-10a, b, c: 7-11 a, b, ¢
and 7-12 a, b, c to estimate severity of risks to
endpoints which occupy waste sites or
contaminated areas for the three sets of source
terms (tables 7-9a.b.c). Risks were considered
moderz.: for Hls from 1 1o 10 and severe for
HIs greater than 10. No correction factor was
used for receptors with home ranges or territories
less than a representative waste site, or for
aqguatic organisms of vegetation. As discussed in
section 7.5, no correction factor was used for
mink at the Y-12 Plant or X-10 or for the
Indiana bat, which could occur only at the Y-12
Plant. For all other receptors at the Y-12 Plam
except the coyote, a correction factor of 0.2 was
used. For all other receptors at X-10 except the
coyote and Canada goose, a correction factor of
0.15 was used. For the remaining receptors, a
correction factor was determined by dividing the
total area in all waste sites or contaminated
streams and ponds by home range to
approximate the percentage of contaminated
home range. See appendix B for further
discussion of correction factors.

Some contaminants may be highly localized, but
data are lacking for their areal distribution. For
example, of the contaminants which the analyses
indicate result in moderate to severe risks, source
terms for cyanide and copper represent less than
0.006 ha (G.02 acres) of contaminated land
(appendix B). Source terms for other soil
contaminants range from 0.07 ha (0.2 acres) 1o
68 ha (170 acres). Although data for most
contanmunants were reported for only some of the
lotal area in waste sites, the data were assumed
to be representative. The averaged source terms
used in the nisk analysis were, therefore, assumed

7.54

to be present in all waste sites or contaminated
areas (appendix B).

- s s s me om e

13440 Y-12 Piant.

Threatened and Endangered Species. Risks
to some threatened and endangered species
would be moderate or severe if individuals
OcCupy waste sites or contaminated areas (table
7-13a). Potentially severe risks would be present
from cadmium and the sum of radioactive
contaminants for the endangered Indiana bat and
candidate songbirds. Risks wou.  also be severe
10 the candidate songbirds from thallium and to
the candidate Bewick’'s wren from lead
Potentially moderate risks would be present from
these and other contaminants to all listed and
candidate wildlife species (table 7-13a). There is
no suitable habitat for candidate plant species in
or near the contaminated or waste sites at the
Y-12 Plant included in the analyses. Although
the analyses indicated potential risks to species,
a site-specific survey of individual waste sites for
occurrences of threatened and endangered species
would be necessary to determine if there are
actual nisks.

7.5.1.4.2 Wetlands. Risks to wetlands
receptors (e.g.. nonbenthic aquatic life and
benthic macroinveriebrates) would be severe
from 18 contaminants in waste ponds and
streams and moderate from an additional 9
contaminants (table 7-13b). The total area of
wetlands affecied by contaminants at the Y-12
Plant is un:vailable but is assumed 10 be
proportional to the total area of contaminated
water at the Y-12 Plant, which is about 40 to 80
ha (100 10 200 acres) or about one-third to one-
half of the surfac> area of water in streams,
embayments, and sonds on the ORR.

7.5.14.3 R . For some

recreational species occupying waste sites or
contaminated areas, risks from Cd, Pb, Hg, Ti,
and total radicactive contaminants would be
severe (table 7-13c). Additional moderate risks
would also be possible from manganese and
selenium. Risks to individuals that do not occupy
waste sites or contarminated areas would be
neghgible.

7.5.1.4.4  Agriculture. Aluminum, Cd. Li,
Hg. Ag. Ti. and total radiological contamnants
would pose severe risks to vegetation (e.g., hay
or timber) growing in waste sites or



TABLE 7-13A—Bascline potential risks’ to threatened, endangered and candidate species’® that

Arruftv wate vites amnd ramteminntsd avene cf sha V_ 12 Sisa

- T T ——— .- —e—

QA
)

' Risks based on sssumptions discussed in Section 7.4.

* The candidate hellbender and paddiefish only occur in the river reservoirs for which no source term data were available.
No candidaic plant species habitat is in wasle sites or contaminated areas.

' Candidate songbirds are Bewick's wren and Bachman's sparrow. Risks were estimated from risks to the robin.

* M = moderate. S = severe.

Note: Risks to individuals that do not occupy waste sites are negligible. Waste sites and contaminated areas associated with
Y-12 account for less than 1.5% of the land area and one third 10 one half of the streams and ponds on the ORR
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TABLE 7-138—Baseline potential risks to wetiands that are waste sites or contaminated streams
and sedimcnts on the Y-12 Site.

Aroclor
1248 M
1254 M
1260 M
Aluminum
Benzene hexa-chioride M
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium S
Manganese
Mercury
Molybdenum
Nickel
Phenol S
Potassium S
Selenium

Silver
Sodium M
Thallium
Vinyl chloride M
Zinc

Radi... zical

rwmgmmmmm T wvwuvmuvwununumnlInnl 7

w

' Based on EPA Water Quality Criteria (Suter et al. 1992). We assume that benthic invertebrates are exposed to pore water
concentrations while other wetland (aquatic) organisms ase exposed o surface water

* M = moderate. S = severe.

Note: Source terms were not available for other wetlands; therefore we assume nsks to other wetlands are negligible.

|
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TABLE 7-13C—Baseline maximum potential risks to recreational wildlife that occupy waste sites or
contaminaied areas on the Y-12 Site.

Coenn iUl A
EE— _—-—T__ TORRRE 850y, o
Cottontall White-tailed Canada Goose Coyote o
Rabbit Deer
Cadrnium s' S S
Lead S M
Manganese M M M
Mercury S S M M
Selenium M
Thallium S M M
Radiological S 5 S §
1010g I _;

' M = moderate. S = severe.
Note: R sks to individuals that do not occupy waste sites or contaminated areas are negligible.

TABLE 7-13D—Baseline potential risks to hay and timber that grow on waste sites or contaminated
areas on the Y-12 Site.

Contaminant Vegetation

Aluminum s'
Antimony
Cadmium
Iron

Lithium

Selenjum
Silver

Thallicm

M
S
M
S
Mercury S
M
S
S
S

Radiological

' M = moderate. S = severe.

Note: No hay is harvested from contaminated areas, and timber is not grown on the ORR for commercial harvest. Therefore,
baseline risks to agriculture and timber production are negligible.
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ABLE - —Baseline maximum potential risks io other important food web components that
occupy waste sites or consaminated areas on the Y-12 Site.

PO

' “ .-;'_.;_ - ~ave M Mowre | Cooper’s Osprey Mink Robin
Hawk

Aroclor
1016 s
1242
1248 S
1254
1260 S
DDE
DDT ' M
Cadmium S )
Lead S

K<
77, B T 7 S 7 7 N7

Magnesism

Manganese M S

L v L wn

Mercury
Thallium M M

Zinc

Radiological S ) S S S

o

' M = moderate. S = severe.
Note: Risks 10 individuals that do not occupy waste sites and contaminated areas are negligible.
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contaminated areas (table 7-13d). Similarly, Sb,
Fe, I and S2, wounld noce modeeate ricke 1o

vegetation. Hay is not harvested in waste sites
or other contaminated areas; therefore, potential

fraction. These disturbed sites provide

opportunities for ecablichment of noanative

. plant species and subsequeOnt iNSRIGARNEr &..° Tnarer
expansion of populations of these spgpigs-ie;(;pi/ ..

P

risks to agriculture on the ORR are negligible.
Similarly, trees are not grown for timber
harvest on the ORR, and risks to forestry
would be negligible.

7.5.1.4.5 Public Lands. Because risks to
receptor species in the food web were assumed
to be negligible unless receptors occupy waste
sites or contaminated areas and because Clark
Center Park is more than 1.6 km (1 mile) from
the nearest waste sites, risks to public lands
would be negligible for food web components
with small home ranges. Wide-ranging species
such as coyote, hawks, deer, and geese could
be foraging in waste sites or contaminated
areas and also foraging in public lands.
Therefore, this endpoint could experience risks
comparable to those for other endpoints
because source terms for the impounded river
were not included, risks to fish in public access
areas downstream from Y-12 were not
estimated.

7.5.1.4.6 Biodiversity. Risks to overali

biodiversity of the forest ecosystem on the
reservation would be negligible because waste
sites and contaminated areas reported in the
source term data base occupy only about 1.5%
of the total land area. Risks to receptors in
stream ecosystems and associated wetlands and
floodplains could be substantial, potentially
affecting as much as one-half of these areas
(see section 7.4). As therz are for other
endpoints, there could be risks to some
receptors important to biodiversity in waste
sites. In addition to the receptor species
discussed previously, Aroclor {all five forms),
DDE, DDT. Cd. PI, Mn, and total radiological
contaminants pose pot.ntially severe risks, and
Mg, Hg, and Zn pose potentially moderate
risks to other wildlife that could occupy waste
sites (table 7-13e). The kingfisher and great
blue heron, two birds that feed exclusively on
aquatic life in streams ard embayments, could
feed exclusively in contaminated streams and
experience risks similar to those estimated for
the osprey (Landrum et al. 1993).

The Y-12 facility occupies less than 5% of the
ORR, and public roads and utility and railroad
rights-of-way occupy an additional small

surrounding native plant communities.

7.5.1.5 K-25 Site
7.5.1.5.1 Threatened and Endangered

Species. Risks to some threatened and
endangered species would be moderate or
severe if individuals occupy waste sites (table
7-14a). Potentially severe risks to the
candidate songbirds would be present from
exposure to copper, lead, and the sum of
radioactive contaminants and for the Indiana
bat from radioactive contaminants. Potentially
moderate risks would be present from these
and other contaminants to candidate bird
species (table 7-14a). No suitable habitat for
candidate plant species exists in or near the
contaminated or waste sites at the K-25 Site.
Although the analyses indicated potential risks
to species, a site-specific survey of individual
waste sites for occurrences of threatened and
endangered species would be necessary to
determine if there are actual risks.

7.5.1.5.2 Wetlands. No source term data
for water were included in the source terms for
the K-25 Site. Risks to benthic
macroinvertebrates in wetlands would be
severe from 14 contaminants in waste ponds
and streams and moderate from an additional 6
contaminants (table 7-14b). The total area of
wetlands affec' >4 by the K-25 Site was not
known, but it is assumed to be proportional to
the total area of contaminated strzam sediment
at the K-25 Site reported in the source term
data base, which is about 2.6 ha (6.5 acres) or
less than 1% of the area of water in streams,
embayments, and ponds on the ORR. Only 0.3
ha (0.8 acres) of the tota} is stream
environment; the remainder is waste ponds.

7.5.1.5.3 Recreational Species. For some
recreational species occupying waste sites or

contaminated areas, risks from lead and total
radioactive contaminants would be severe
(table 7-14¢). Additional moderate risks would
also be possible from Be, Cd, Mn, Hg, and Se.
Risks to individuals that do not occupy waste
sites or contaminated areas would be
negligible.
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TABLE?-MA—MMWMU”M:WMWWM
| GiCupy wasis siies and coniamindivd aress on e K-235 Site. Kisks to individuals that do rot occupy
waste sites are negligible. Waste sites and contaminated areas associated with K-25 account
for less than 1.5% of the ORR

Resident

M

M
Copper S M
| e s y
Manganese M M
Vanadium M M
Radiological S S S

' Risks based on assumptions discussed in Section 7.4.

*The candidate hellbender and paddiefish only occur in the river reservoirs for which no source term data were available. No
candidate plant species habitat is in waste sites or contarninated areas.

3 Bewick’s wren and Bachman's sparrow represented by the robin in our analyses

‘M = moderate, S = severe
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TABLE 7-14B—Baseline potential risks to wetlands that are waste sites or contaminaged streams
and sediments on the K-25 Site. Semrce terms were not avaiiabie: fedrnisahat &35 0vathey o ...
wetlands on the ORR. We assume risks to other wetiands on the ORR are negligible

I Contaminaats Benthic Invertebrates'

Aluminum

BEHP

7]
(A

Boron
Cadmium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Vanadium

Vinc

w n 2 xn T xn T 2 u un n T unu v n n n n Il

Radiological
b ——

' Based on EPA Water Quality Criteria (Suter et al. 1992). We assume that benthic inveriebrates are exposed 10 pore water
concentrations while other wetland (aquatic) organisms are exposed (0 surface water.
* M = moderate. S = severe
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TABLE 7-14C—Raseline potential ricke ta recrostional wildifs At socaps wasic sies o
conmmminated areas on K-25 Site. Risks to individuals that do not occupy waste sites
or contaminated areas are negligible
W_

Cottontal Rabbit | White-tailed Deer | Cansda Goose Coyote
Barium M
Cuwimium M M
Lead S M
Manganese M M
Mercury M
Vanadium M
Radiological S S S S
o

' M = moderate. S = severe.

TABLE 7-14D—Baseline potential risks to hay and timber that grow on waste sites or contaminated
areas on K-25 Site. No hay is harvested from contaminated areas, and timber is not grown on the
ORR for commercial harvest. Therefore, baseline risks to agriculture and timber production are
negligible

w
Contaminants Vegetation

«

Aluminum
Antimony
Copper
Iron
Lithium
Mercury
Selenium
Vanadism
Zinc

»w T 2T X T X T XX

Radiological

3 s o S

' M = moderate. S = severe
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Tiins G Ginei impoTiRR. JooB WED COMPORERIS inai occrpy wasie
sites or contaminated areas on K-25 Site. Mmmuawmmmm

contaminated areas are negligible
Mouse Cooper’s Hawk Osprey Mink
Cadmium M
Copper M
Lead S
Manganese M
Radiological 3 LS s |

' M = moderate. S = severe

7.5.1.5.4 Agriculture. Aluminum and total

radiological contaminants would pose severe
risks to vegetation (e.g., hay or timber)
growing in waste sites or contaminated areas
(table 7-14d). Similarly, Sb, Cu, Fe, Li, Se, V,
and Zn would pose moderate risks to
vegetation. Hay is not harvested from waste
sites or other contaminated areas; therefore,
potential risks to agriculture on the ORR are
negligible. Similarly, trees are not grown for
timber harvest on the ORR, and risks to
forestry would be negligible.

7.5.1.5.5 Public Lands. Because risks to
receptor species in the food web were assumed
to be negligible unless receptors occupy waste
sites or contaminated areas, risks to public
lands would be negligible for terrestrial food
web components with small home ranges.
Wide-ranging species such as coyote, hawks,
deer, and geese could be foraging in waste
sites or contaminated areas and also foraging in
public lands. Therefore, this endpoint could
experience risks comparable to those for other
endpoints. Because source terms for the
impounded river were not included, risks to
fish in public access areas near the K-25 Site
were not estimated.

7.5.1.5.6 Biodiversity. Risks to overall
biodiversity of the forest ecosystem on the

reservation would also be negligible because
waste sites and contaminated areas reported in
the source term data base occupy only about
1.5% of the total land area. Risks to receptors
in stream ecosystems and associated wetlands

and floodplains would be negligible because of
the small area of stream habitat affected [<0.3
ha (0.7 acres)]. As there are for other
endpoints, there could be nsks to some
receptors important to  biodiversity in waste
sites. In addition to the receptor species
discussed previously, Pb and total radiological
contaminants pose potentially severe risks, and
Cd, Cu, and Mn pose potentially moderate
risks to other food web components that could
occupy waste sites (table 7-14e).

1.5.1.6 X-10.

7.5.1.6.1 Threatened and Endangered
Species. Risks to some threatened and
endangered species would be moderate or
severe if individuals occupy waste sites (table
7-15a). Potentially severe risks would be
present from exposure to Al, Li, Hg, and :ne
sum of radioactive contarninants for candidate
plant species (e.g., tall larkspur). Risks would
also be severe from the sum of radioactive
contaminants to the candidate songbirds.
Potentially moderate risks would be present
from these and other contaminants to birds and
plants (table 7-15a). There is no suitable
habitat for the Indiana bat on or near the
contaminated areas or waste sites at X-10.
Although the analyses indicated potential risks
to species, a site-specific survey of individual
waste sites for occurrences of threatened and
endangered species would be necessary to
determine if there are actual risks.
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TABLE 7-15AMMW~MW“MWM

occupy waste sites and conteminated arons am the X.10 Site  Ricks 2o individuzly a2 d5 32 sccupy

mmmuegh‘gibh Wmshﬂm“mm X-10 account for

less than 1.5% of the ORR
Contaminant
Aluminum
Barium
Cadmium
Llithium S
Mmanganese M M
Mercury M S
Nickel M
Vanadium M M
Zirconium M M
Radiological S S S

! Risks based on assumptions discussed in Section 7.4.

? The candidate hellbender and paddiefish only occur in the river reservoirs for which no source term data were available.
No suitable habitat for the Indiana bat is found in waste sites or contaminated areas at X-10.
' Candidate songbirds are Bewick's wren and Bachman's sparrow. Risks were estimated from risks to the robin.

* Tall larkspur represented by generic vegetation. These risks are the same as for the timber and agricultural endpoints.
* M = moderate, S = severe.

TABLE 7-15B—Baseline potential risks to wetlands that are waste sites or contaminated streams
and sediments at X-10. Source terms were not available for other wetlands; therefore we assume

risks to other wetlands are negligible
e
Contaminants Non-Benthic Aquatic' | Benthic Invertebrates'

Aluminum M

Benzene hexa-chloride S

Boron S

Cadmium M i
Lead S )
Magnesium S

Mercury S

Nickel M

Selenium M

Silver S

Sodium J S

' Based on EPA Water Quality Critena (Suter et al. 1992). It was assumed that benthic invertebrales are exposed to pore
water concentrations while other wetland (aquatic) organisms are exposed to surface water.
! M = muderate, § = severe.
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TABLE 7-15C—Baseline maximum potential risks to recreational wildlife that occupy waste sites or

contaminated areas at X-10. Ritbtoiudividualtdlatdonoloccupymten‘tesor

PP PIPL fag Y i gLy P % ]

CORGMILRGIER GIreas Gre uqugww

' M = moderate, S = severe.

Cottontzil Rabbit White-Tailed Deer Canada Goose Coyote
Cadmium M M S
Mercury S S M
Zirconium M
Radiological S S S S

TABLE 7-15D—Baseline potential risks to other important food web components that occupy waste
sites or contaminated areas at X-10. Risk to individuals that do not occupy waste sites and
contaminated areas are negligible

Mouse Cooper s Hawk Osprey Mink Robin

Barium M

Cadmium M S M
Lead M S

Magnesium M

Manganese M S

Mercury M

Selenium S

Zinc M

Zirconium M M M
Radiological S S S S

Baseline potential risks to hay and timber that grow on waste sites or contaminated areas are the same as for vegetation

shown in Table 7-16a. No hay is harvested from contaminated areas, and timber is not grown on the ORR for
commercial harvest. Therefore, baseline risks to agriculture and timber production are negligible

! M = moderate, S = severe.

7-65



7.5.1.6.2 Wetlands. Risks to wetlands
recentars (e g nonhenthic aquatic life and
benthic macroinvertebrates) would be severe
from 7 contaminants in waste ponds and
streams and moderate from an additional 4
contaminants (table 7-15b). The total area of
wetlands affected by X-10, is not known but is
assumed to be proportional to the total area of
streams and ponds at X-10 as estimated in
section 7.4. This area is about § 10 20 ha (12
to 50 acres) or less than 2% of the area of
water in streams, embayments, and ponds on
the ORR.

7.5.1.6.3 Recreational Species. For some
recreational species occupying waste sites or
contaminated areas, risks from cadmium,
mercury, and total radioactive contaminants
would be severe (table 7-15¢). Additional
moderate risks would also be possible from
zirconium. Risks to individuals that do not
occupy waste sites or contaminated areas
would be negligible.

71.5.1.6.4 Agriculture. Aluminum, Li, Hg,

and total radiological contaminants would pose
severe risks to vegetation (e.g., hay or timber)
growing in waste sites or contaminated areas
(table 7-15a). Similarly, Cd, Ni and V would
pose moderate risks to vegetation. Hay is not
harvested in waste sites or other contaminated
areas; therefore, potential risks to agriculture
on the ORR, are negligible. Similarly, trees
are not grown for timber harvest on the ORR
and risks to forestry would be negligible.

7.5.1.6.S Public Lands. As for the Y-12
Plant and the K-25 Site, risks to public lands
would be negligible for terrestnal food web
~omponents with small home ranges but could
exis: for wide-ranging species such as coyote,
hawks, deer, and geese foraging in waste sites
or contaminated areas and in public lands.
Therefore, this endpoint could experience risks
comparable to those for other endpoints.
Because source terms for the impounded river
were not included, risks to fish in public access
areas near X-10 could not be estimated.

7.5.1.6.6 Biodiversity. As at the Y-12 Plant
and the K-25 Site, risks to overall biodiversity
of the forest ecosystem on the reservation
would be negligible because waste sites and
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contaminated areas reported in the source term
data hace nccupy only about | S% of the total
land area. Risks to receptors in stream
ecosystems and associated wetlands and
floodplains would be negligible because of the
small area of stream habita affected {5 to 20
ha (12 to 50 acres)]. As there are for other
endpoints, there could be risks to some
receptors important to biodiversity in waste
sites. In addition to the receptor species
discussed previously, Cd, Pb, Mn, Se, and total
radiological contaminants pose potentially
severe risks, and Ba, Mg, Hg, Zn, and Zr pose
potentially moderate risks to other food web
components that could occupy waste sites
(table 7-15d).

7.6 CUMULATIVE ASSESSMENT
7.6.1 On-Site Baseline
7.6.1.1 Risk from Contaminants

For 33 contaminants, HIs suggest potential
risks to organisms inhabiting waste sites and
contaminated streams (table 7-16). Of these
contaminants, Sb, Li, and Ti pose risks only to
vegetation. Other contaminants pose risks only
to aquatic biota (benzene hexachloride, BEHP,
B, Cr, Co, Mo, phenol, K, Na, and vinyl
chloride). Aleminum, Cd, Cu, Pb, Mg, Hg, Se,
Ti, V, Zr, and total radiological contaminants
pose potential risks to many endpoints
occupying waste sites and contaminated
streams. Some of the waste sites are highly
developed areas that do not provide suitable
habitat for most organisms. Actual risks
associated with these sites are probably lower
than indicated by the Hls. Waste ponds,
however, are probably used by wildlife and
waterfowl; for these organisms current
exposures may be substantial. Contaminated
streams flow through relatively undisturbed
regions of the ORR, and risks to aquatic bioa
and wildlife that feed on fish in these streams
may also be substantial. For all of the sites, a
future scenario involving closure of the ORR
facilities without restoration would result in
reoccupation of all waste sites by plants and
animals; risks similar to those indicated in
tables 7-13, 7-14, and 7-15 would then be
expected.



TABLE 7-16—Comparative summary of potential on-site cumulative risks’ to ecological endpoints
from baseline on the ORR. Risks are for endpoints whick occupy waste sites and contaminated
areas for whick soarce terms were available’

[T SeerceoRik | Y1z | K2 X-10 ORR
Construction”
Aluminum WF WF EWFP? EWFP
Antimony F F F
Aroclor W.B.P W.B.P
Barium E ERB ERB
Benzene hexscloride WP wp w.P
BEHP w w
Beryllium w w
Boron w w w.p w.P
Cadmium EWRFB E.WRB EWRFPB EWRFPB
Chromium w w w
Cobalt w w w
Copper EWFB EWFB
DDE B B
DDT B B
Iron WF W.F W.F
Lead EWRB EWRB wWpP.B EWR.PB
Lithium F F EF EF
Magnesium W.B.P E.W W.P.B EWFB
Manganese EWR.B W.R.B EB EWR.B
Mercury EWRFB WR.F EWRFB EWRFB
Molybdenum w w w
Nickel W w EWF EWF
Phenol w.p w.P
Potassium w.P w w.p
Selenium W.R.F W.F W.P.B W.R,F.PB
Silver W.F w w.P W.F.P
Sodium WP WP w.P
Thallium EWRFB EWRF.B
Vanadium EWRF EF EWRF
Vinyl chloride w.p w.p
Zinc W.B W.F B W.FB
Zirconium ER.B ERB
Radiological EWRF EWRFB ERF.B EWRFB

Wh -~

' Only those contaminants are listed which could pose severe or moderate risks to some endpoints. Risks could be severe

from at least one contaminant for each endpoint (see Tables 7-16,7-17,7-18).

? Risks to endpoints which do not occupy waste sites or contaminaled areas are assumed to be negligibie (see Section 7.4).
' Thess are short-term risks. Long-term risks could be reduced with successful restoration of appropriate habitat.

¢ Ecological endpoints: E = threatened, er.dangered. and candidate species; W = wetlands: R = recreational fish and
wildlife; F = agriculture and forestry, P = public land (fish), and B = biodiversity (only for receptors not included under other

endpoints)
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ABLE 7-17-—Comparison of Sowrce Term Concentrations of Elements in Soil with
Naturally Occuring Concentrations (ppm)

Contaminant Source Term Ave. Background Ave. Concentration Range of Naturally
Concentration Conceatratioa at for Eastern US.! Occurring
(Y-12, K-28, X-10) ORR! Coaceniration’
I Aluminum 16800 9430-38500 33000 7000-> 100000
19000
58800
Aatimony 14 0.08-0.3 0.52 <1-88
47
Bariym 132 17-107 290 10-1500
192
262
§ Beryllium 1.0 043-16 0.55 <I-7
06
Boron -- 2-12 31 <20-150
2
(80y°
Cadmium 97 NA* NA’ NA
2
11
Chromium 24 15-50 33 1-1000
79
59
(1310)
Cobalt 17 3-19 6 <0.3-70
10
Copper 2 5-27 13 <1-700
107
Ircn 16500 13000-53000 14000 100- 100000
49106
Lead 30 12-33 14 <10-300
38
Lithium 52 3-36 17 <5-140
20
59
Magnesium 1400 413-3840 2170 50-50000
2100
5210
Manganese 9N8 126-1330 260 <2-7000
563
341
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'Watkins et al., 1993

! Shacklette and Boerngen 1984
) Source term concentrations for sediment on the ORR was more than 10 times source term concentrations for soil only for these elements. All

other source termi concentrations for sediments were about the same or less than soil source term concentrations.

“ ND = not detected.
¥ NA = not available.

* Not detectable in 97% of sites.
’ Not detectable in 87% of samples.

—_———— MRSy - R
Comtaminant Source Term Ave. Background Ave. Coacentration Range of Naturaily
Conceairation Coacentration at for Esstern US.? Occurring
(Y-12, K-25, X-10) ORR! Concentration’
Mercury 343 0.05-0.28 081 001-34
|
320
Molybdenum | 1.2-3¢ k?) <3-15
2
(7
Nickel 22 7-21 1 <5-700
31
283
Potassium 3160 301-3960 12000 50-37000
1570
17200
Selenium 17 0408 03 <0.1-3.9
7
(126)
Silver 31 ND NA NA
2
Sodium 81 337435 2500 500-50000
2600
Thallium 76 0.06-0.5’ NA NA
{1590)
Vanadivm 24 28-67 43 <7-300
64
61
Zinc 41 37-149 40 <5-2¢00
106
60
Zirconium 4 NA 220 <20-2000
10
92
e e e
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Determining cumulative risks to endpoints that
do not occupy waste sites is problematic. Data
were not adequate to determine the
contaminant levels across the rese-:ation.
Moreover, many of the inorganic contaminants
(e.g., metals) included in the analyses are
known to occur in scils throughout the United
States at concentraticns greater than or equal to
concentrations in the ORR source term data
base (table 7-17). Intensive sampling of soils
throughout the ORR to determine reservation-
wide background levels of contaminants also
indicates that concentrations of many
contaminants in the source term data base were
similar to background levels (table 7-17).
Therefore, some of the source term data may
reflect naturally occurring concentrations rather
than ccntamination. Even whea background
levels are known, interpretation of HIs for
inorganic substances is often difficult because
most analytical techniques do not distinguish
between chemical frrms that are available for
uptake by organisms (e.g., dissolved in soil
pore water or loosely bound to particles) and
those that are biologically unavailable (e.g.,
insoluble salts.)

It was not possible to definitively determine
either the fraction of inorganic substances in
the source term data base actually attributable
t0 contamination or the fraction of those
substances biologically available to organisms
living on the reservation. However, evaluation
of existing data on ORR background levels
permits some tentative conclusions. Ranges of
concentrations for Al (except at X-10), B, Co,
Fe, Be, Na (except at X-10), Mg, Mn, Mo, K,
V, and Zn throughout the ORR are greater than
or equal to the average source term data for the
individual elements (table 7-17). Therefore,
risks from these elements due to waste sources
are probably negligible. At present, no data
for zirconium are available for the ORR, but
the mean concentration for the eastern United
States is much greater than source terms for
zirconium on the ORR (table 7-17).  On the
other hand, source terms for Sb, Ba, B (in
sediment), Cd, Cr, Cn (at K-25), Li, Mg (at
X-10), Hg, Mo (in sediment), Ni (at X-10), K,
Se, Ag. and Tl were generally more than 10

times greater than background levels. Lead
and cobalt source terms were somewhat higher
than average ORR concentrations. Because of
the high toxicity of iead and the uncertainty
associated with background vanability, risks
from lead from waste sources may be present.

Despite difficulties in interpreting HIs,
cumulative risks from available source term
and benchmark data are adequate to compare
alternatives. Because of the relatively small
fraction of the terrestrial portion of the ORR
that is in waste sites, potential risks to
terrestrial endpoints except for endangered and
threatened species would be negligible.
Altihough available data are not adequate to
accurately determine the fraction of water and
sediment on the ORR (excluding the
impounded rivers) that is contaminated, it is

; robably substantial (e.g., one-third to one-half
of all stream area). Therefore, potential risks
to (1) wetlands, (2) recreational fish, and (3)
biodiversity could also be substantial. Risks to
parks and public lands would be negligible,
however, because most recreational fishing in
these areas takes place only on the impounded
rivers. Because no restoration activities are
included in the baseline case, habitat
disturbance/fragmentation risks would also be
negligible.

7.6.1.2 Risks from fragmentation and
other noncontaminant
degradation of biodiversity

Large, undisturbed, and protected biocks of
natural landscape are becoming more important
for protection of biodiversity. The ORKR is a
large block of relatively undisturbed primarily
native hardwood forest ecosystem, interspersed
with ecologically sensitive cedar barrens and
river bluff habitats. The surrounding landscape
is a highly fragmented mosaic of pastures,
cropland, forest, urban, and suburban areas
(table 7-18).

Y-12, K-25, and X-10 facilities together
occupy less than about 15% of the ORR, and
public roads and utility and rairoad rights-of-
way occupy an additional small fraction. |



TABLE 7-18—Land use in the four county area surrounding but not including the ORR, which is considered to be
80% in native forest vegetation with the remainder in facilities,

roads, and rights-of-way’
Cropland Pasture Forest Other Total
1000s of ha 30 (75) 54 (133, 177 (437) 72 (177) 332 (822)
(acres)
9 16 53 22
percent

' Derived from Censuas of Agriculture, Volume | Geographic Area Series, Part 42; Tennessee State and County Data, U.S. Department of
+ - mmerce. Bureau of the Census, 1987; and Tennessee Statistical Abstracts 199271993, The University of Tennessee, Knoxville, Center for
Business and Economic Research. 1993.

These disturbed sites provide coportunities for
establishment of nonnative plant species and
subsequent intrusion or expansion of
populatiors of these species into surrounding
native plant communities.

7.7.2 Off-Gite

Contaminants from waste sites 2re transported

olf the reservation in streams leaving the ORR.

After leaving the ORR, East Fork Poplar
Creek, the largest of the contarainated streams,
travels a short distance through the city of Oak
Ridge before reentering the ORR. ..ll
contaminated streams enter the impounded
river at the boundary of the ORR. Transport
of contaminarts from waste sites off the

reservation through ingestion by wide-ranging
wildlife such as Canada goose, coyote, and
white-tailed deer is probably not a major mode
of off-site transport. Of the three classes of
contaminants (organics, inorganics, and
radioactive elements) migrating from wasie
sites into nearby streams, the major source of

radionuclides in the region would be the ORR.

Therefore, regional (off-site) cumulative risks
for radionuclides would be the same as on-site
risks. At the time of the analyses, no regional
data for organics or metals were available,
although the Y-12 sites is known to be the
principal source of mercury in East Fork
Poplar Creek. Cumulative risks for the region
of influence could not be estimated.
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The Rocky Flats Plant (RFP) lies in northem
Jefferson County, approximately 25 km (16
miles) northwest of Denver. RFP and its buffer
zone occupy 2652 ha (6550 acres) of former
rangeland on broad, relatively gently sloping
alluvial fans immediately east of the Front Range
of the Rocky Mountains. Elevations on the site
range from 1722 m (5650 ft) in the east to 1890
m (6200 fi) at the western boundary. The
continental climate is characterized by cold
winters, moderately warm summers, and
relatively low precipitation (an average of 38 cm
or 15 in. per year). The growing season
typically lasts from mid-May through late
September. RFP soils tend to be fairly deep,
well-drained clay, cobbly clay, and sandy loams
of moderate to low permeability. Most of the
RFP facilities lie within a centrally located,
fenced industrial area of approximateiy 156 ha
(384 acres). The buffer zone has several
relatively minor developments such as holding
ponds, gravel pits, a target range, a salvage yard,
and a sanitary landfill, but for the most part the
buffer zone is characterized by vegetation
representative of tall grass prairie, short grass
plains, lower montane, and foothill ravine
regions. These communities in turn support
wildlife typical of similar areas all along the
foothills of the Front Range. Housing
developments are encroaching into rangelands
adjoining the northeast, east, and southeast
perimeter of the buffer zone. Non-DOE
industrial facilities are located near the southemn
boundary, whereas clay and gravel pit operations
are found along the western boundary. Public
lands near the site include Boulder County Open
Space land adjoining the northern boundary and
the Standley Lake Recreation Area to the east.

The surface waters at RFP provide natural and
man-made habitat supporting aquatic
communities characteristic of the semiarid
foothills region where prairie and mountains
meet. RFP surface waters are small in scale, and
many contain water only intermittently, a natural
condition in headwater streams due to a highly

CHAPTERKR 8: ROC

Y FLATS PLANT

seasonal distribution of precipitation and snow
melt. Aquatic ecosystems on the site consist
pnmarily of holding ponds, farm ponds, ditches,
springs, and three in.ermittent creek systems of
the South Platte River drainage. Small wetland
areas are associated with many of these surface
waters. The three principal creek systems (Rock
Creek, Walnut Creek, and Woman Creek)
generally flow eastward across the site as shown
in figure 8-1. Several impourdments of small to
moderate size lie within these creek basins.
Although intermittent surface runoff supplies
some of the water to these aquatic ecosystems,
perennial groundwater discharges through seeps
and springs are more important in maintaining
stable, long-lived aquatic habit.ts on the site.
Small wetlands and areas of riparian habitat
occur along streams and around springs and
seeps.

More uetailed descriptions of the environmental
characteristics of the site and surrounding
environs may be found in the Baseline Biological
Characterization (DOE 1992) and the Final EIS
for the RFP site (DOE 1980).

Most of the contaminated sites are associated
with the central industrial area and the holding
ponds downstream of the industrial area.
Particularly important sites include the soclar
evaporation ponds and contaminated soils
associated with these ponds and other waste
facilities. In addition, aimost one third of the
surface soils of the RFP site and buffer zone,
approximately 810 ha (2000 acres), s
contaminated with low concentrations of
plutonium and americium. Based on the
source-term data (appendix B) used in this
assessment, a total of 982 ha (2420 acres) of soil
and 17.4 ha (429 acres) of surface water (and
associated sediments) within the REP site
boundaries are contaminated by at least one
contaminant. Moreover, another 552 ha (1360
acres) of off-site reservoirs and their sediments
are contaminated by low levels of radioruclides:
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the 84-ha (210 acres) Great Western Reservoir,
465-ha (1150 acres) Standley Lake, and 3.6-ha
(8.9 acres) Mower Reservoir.

8.1 ECOLOGICAL ENDPOINTS AND
SPECIES DISTRIBUTION

The ecological endpoints and representative
receptors chosen for the Rocky Flats reservation
are described in this chapter. In summary, at
least five federally listed threatened, endangered,
or candidate species of plants or animals are
possible residents or visitors on the reservation;
wetlands are found in swales, ditches, and ponds,
along the streams, and in topographic
depressions; recreational wildlife species are
present but hunting is not allowed; and
agricultural practices are prohibited. No public
areas occur within the reservation, but public
open land adjoins the northern boundary and a
recreational area lies near the southeastern
boundary. Vegetation and wildlife (i.e.,
biodiversity) are typical of that found in the
surrounding area.

Vegetation representative of tall grass prairie,
short grass plains, lower montane, and foothill
ravine regions dominates most of the RFP
reservation outside the highly disturbed central
industrial area. These vegetation communities in
turn support wildlife typical of the foothills of
the Front Range. Most of the few non-riparian
trees growing on the site were planted. Springs,
streams, and holding ponds support small
wetlands. Recreational fish are found in some of
the holding ponds, and recreational wildlife are
present, but neither hunting nor fishing 1is
allowed on the reservation. Agriculture is not
permitted on the reservation. No public lands
occur on the reservation, but limited public land
does occur adjacent to the reservation boundary.
Four federally listed and candidate species are
known to reside, visit, breed, or over-winter on
or in the vicinity of the site. Several other listed
or candidate species could possibly find suitable
habitat on the reservation. Important species
groups of concern for conservation of

biodiversity include native vegetation, deer,
rodents, jackrabbits, and wintering and migratory
birds and wildlife.

Determining risks to endpoints req:'ces
(1) defining distribution and composition of
endpoints and (2) selecting representative
receptor species. The distribution of endpoints
must be known in order to determine both
exposure pathways for contaminants and risks to
endpoints from construction.

For purposes of determining risk of exposure to
contaminants, distribution of endpoints is
considered to be either ubiquitous (i.e., more or
less uniformly distributed throughout the
reservation or region), discrete (i.c., iocated in
one clearly identified location), or discontinuous
(i.e., found in several locations within a limited
area or areas). Risks to ubiquitous endpoints are
assumed to be related to the total surface area
affected by contaminant exposure or by
disturbance from remediation. Risks to
discontinuous and discrete endpoints are
detennined if their locations are known to be
within contaminated areas or within areas
affected by remedial activities or contaminant
exposures.

Ubiquitous endpoints on the RFP reservation
include endangered species, recre itional wildlife,
and certain components of biodiversity (table
8-1). On the other hand, wetlands, federally
listed candidate and threatened species, and other
element; of biodiversity and recreational wildlife
exhibit discontinuous distributions. The
distribution of endpoints for agricultural
production and public lands (off-site only) can
best be described as discontinuous and discrete,
respectively.  Locations of endpoints were
determined from existing maps and publications.

Endpoints can be represented by many different
receptors. The following sections describe
endpoints on the RFP reservation and receptors
selected for our analyses.
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TABLE 8-1—Distribution of Endpoints and Receptors on the Rocky Flats Plant Reservation

| Ubiquitous

Discontinuous

Dlcee |

eagle, Preble’s jumping mouse) | tresses)

Recreational wildlife (rabbit, | Wetlands
q deer, mallard)

Important components of
biodiversity not included in the
above (coyote, meadowlark,

vegetation)

8.1.1 Threatened and Endangered Species
8.1.1.1 Receptors

Four federally listed and candidate species have
been known to occur at least occasionally at
RFP: the endangered peregrine falcon (Falco
peregrinus) and bald eagle (Haliaeetus
leucocephalus) and the candidate ferruginous
hawk (Buteo regalis) and Preble’s meadow
jumping mouse (Zapus hudsonius preblei). The
endangered black-footed ferrst (Mustela
nigripes), a threatened flowering species, the Ute
lady's-tresses (Spiranthes  diluvialis), and five
other candidate species have not been observed
but could possibly occur on the reservation on
the basis of what appears to be the presence of
potentially suitable habitat. Prairie dog colonies
on the reservation are considered too small to
support even one black-footed ferret, however
(EG&G 1991). The candidate species are the
Colorado butterfly plant (Gaura neomexicana
var. coloradensis), swift fox (Vulpes velox),
white-faced ibis (Plegadus chichi), mountain
plover (Charadrius montanus), and long-billed
curlew (Numenius americanus). Table 8-2 lists
those threatened, endangered, and candidate
species that occur or may occur on the
reservation. For purposes of this assessment, the
bald eagle, peregrine falcon, Preble’'s meadow
jumping mouse, and, because of the special
interest expressed by the U.S. Fish and Wildlife
Service, the Ute lady's-tresses, were selected as

Foraging Federally listed | Possible resident, Federally listed | Prairic dog colonies, one
species (peregrine falcon, bald | and candidate species (Ute lady’s- | component of biodiversity

(benthos, fish, and | reservation
riparian vegetation along streams)

Public lands near the

the receptors representing the threatened and
endangered species endpoint.

8.1.1.2 Distribution

Candidate Preble's meadow jumping mice have
been captured from three of the major drainages
on the reservation: the Walnut Creek, Rock
Creck, and Woman Creek drainages, usually in
moist sites within 30-60 ft of a stream channel
(Stoecker 1992). Shrubby riparian vegetation
dominated the mouse habitat, in particular coyote
willow, indigo bush, and western snowberry,
with dense forbs, tall grasses, and sedges usually
growing nearby. This type of habitat amounts to
a very small fraction of the reservation. Food
items include seeds of grasses and other plants,
berries, insects, and fungus (EG&G 1991). The
distribution of this species would be considered
discontinuous.

Occasionally, the endangered bald eagle has been
observed to soar over the reservation during
winter or, as a migrant, during spring and fall.
Although individuals a'so have occasionally been
seen perching on utility poles in the northeast
comer of the reservation, none have been
observed roosting or actively hunting prey within
the reservation (DOE 1992). These large birds
of prey generally prefer large bodies of water
with trees for perching nearby. Although these
conditions are not met on the reservation, Great
Western Reservoir, only about 0.5 km (0.3 mile)
cast of the reservation, and Standley Lake, about
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TABLE 8-2—Federally Listed Threetened, Cndongered,
And Candidate Species on the Rocky Flats Plant'

e o e——
Species Common Name Status’

BIRDS j

Haliaeetus leucocephalus Bald eagle

Falco peregrinus Peregrine falcon

Buteo regalis Ferrvginous hawk C2

Lanius ludovicianus Loggerhead shrike C2

Plegadis chihi White-faced ibis c2

Charadrius montanus Mountain plover c2

Numenius americanus Long-billed curlew c2?

MAMMALS

Mustela nigripes Black-footed ferret E

Zapus hudsonius preblei Preble’'s meadow jumping mouse C2

Vulpes velox Swift fox c?

PLANTS
Spiranthes diluvialis Ute lady’s-tresses T
Gaura neomexicana var. coloradensis | Colorado butterfly plant c2

' Endangered and threatened wildlife and plants, SO CFR 17.11 and 17.12, July 15. 1991; Endangered and threatened wildlife
and plants: candidate review, 56 FR 58804 - 58836, November 21, 1991.

* E = endangered. T = threatened, C2 = candidate under reviev:

' Not vbserved al RFP, but known from region and potential habitat identified on site.
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1.9 km (1.2 mules) east, appear to satisfy these
preferences, given reports of roosting bald eagles
at these reservoirs (Uppendahl 1990). If
available, fish usually make up most of their
diet. However, if freezing of reservoir surfaces
prevent preying on fish in the winter, the eagles
may infrequently feed on camrion or small
mammals on the RFP reservation. The nearest
known nest is 40 km (25 miles) from RFP. This
species is considered to have a ubiquitous
distnibution when it is present on the reservation.

The nearest suitable nesting habitat of the
endangered peregrine falcon (cliffs and river
gorges) is approximately 8 km (5 miles)
southwest of the reservation (EG&G 1991). The
reservation is, however, well within the hunting
range of the peregrine falcon, and these birds
have been observed on occasion to fly over,
pursue prey, and perch on the reservation (DOE
i992). Their diet consists primarily of other
birds and, secondarily, smal! rodents. Like the
bald eagle, the peregrine falcon's distribution on
the reservation is considered to be ubiquitous
when it occurs at all.

A terrestrial orchid, the threatened Ute lady's-
tresses, has not been found on the reservation.
The presence, however, of apparently appropriate
habitat in the form of moist, grass-dominated
swales and wetland edges supporting cattails,
rushes, and sedges, in concert with the location
of known populations a few kilometers north and
south of the reservation (EG&G 1991), argued
for its inclusion in this assessment. If present,
this orchid would have a discontinuous
distribution.

8.1.2 Wetlands

8.1.2.1 Receptors

Wetlands on and in the vicinity of the
reservation, including riparian woodiand,
marshes, and wet meadows, support a variety of
wetland vegetation, aquatic life, and wildlife.
Wetland plants on the site include watercress,
sandbar willow, cottonwood, cattails, rushes, and
sedges. Twenty-three species of waterfowl and
shorebirds, of which the mallard is most
abundant, make use of reservation wetland
resources to satisfy their requirements for shelter,
food, and breeding habitat (DOE 1992). Because

species-specific toxicity benchmarks for most
wetland-dependent organisms are limited, benthic
macroinvertebrates and fish were selected as
generic receptors representative of the wetland
endpoint. The mallard ulso was selected as a
representative wetland receptor.

8.1.2.2 Distribution

Several wetland types are distributed
discontinuously throughout the reservation
according to wetland maps prepared by the U.S.
Fish and Wildlife Service (FWS 1975) and
studies conducted by the U.S. Army Corps of
Engineers and EG&G (1990). These wetlands
are mostly associated with open holding
reservoirs and ponds, numerous intermittent
streams, and hillside seeps. Total measured
wetlands on the reservation amount to 43 ha
(107 acres) (EG&G 1990), or approximately
1.6% of the entire reservation area. In addition,
aporoximately 26 km (85,000 linear ft) of
wetland occur along intermittent stream courses.
Altogether, about 3.6% of the reservation is in
one kind of wetland (including open water) or
another. East of the reservation, but potentially
under its influence another 63 ha (156 acres) of
aenal wetlands and 4.3 km (14,200 ft) of linear
wetlands occur (EG&G 1990). Most of these
wetlands (57 ha or 140 acres) are associated with
the Great Westemn Reservoir.

8.1.3 Recreational Fish and Wildlife
8.1.3.1 Receptors

Although the entire reservation is closed to the
public, the buffer zo.ne supports or is periodically
visited by several recreationally desirable species
of fish and wildlife. Among these are mule deer,
white-tailed deer, elk, desert cottontail,
black-tailed jackrabbit, coyote, raccoon, Canada
goose, mallard, bufflehead, largemouth bass,
green sunfish, and white sucker (DOE 1992).
For the assessment of the RFP reservation, the
mule deer, jackrabbit, coyote, and mallard, along
with fish in general, were chosen as receptors
representative of the recreational fish and
wildlife endpoint. To maintain conservatism in
the analysis, all of these receptors are considered
to be year-round residents; at RFP, this is
certainly a reasonable assumption, since even the
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mallard is common on the reservation throughout
the year.

8.1.3.2 Distribution

The mule deer, jackrabbit, coyote, and mallard
are assumed to have ubiquitous distributions.
Fish on the reservation exhibit a discontinuous
distribution defined principally by perennial
water bodies such as holding ponds.

8.1.4 Agricultural Production
8.1.4.1 Receptors

Although once a part of the vast area of open
rangeland dominating this region in the past, the
reservation is now off-limits to agriculture of any
kind. This endpoint, therefore, will not be
considered further.

8.1.5 Parks and Other Public Lands

8.1.5.1 Receptors

As pointed out in the introduction to this chapter,
no public lands overlap the site, and the only
designated public lands near the site are the
Boulder County Open Space land adjoining the
northern boundary of the reservation and the
Standley Lake Recreation Area 1.9 km (1.2
miles) to the east. Maximum risks to these
endpoints were assumed to be equivalent to those
calculated for the same food web components
(receptors) within the reservation boundary in the
case of the adjacent Boulder County Open Space
land. This holds true for Standley Lake as well
since it was included in the total area of
contamination used to calculate Hls for the
various receptors.

8.1.5.2 Distribution

Each of these public lands is considered to have
a discrete distribution.

8.1.6 Biodiversity
8.1.6.1 Keceptors

Because (1) the RFP site occupies an ecological
and topographical transition zone including

elements of both the prairie and Front Range
foothills, and (2) most of the reservation outside
the fairly small industrial area is relatively
undisturbed (especially when compared with the
continuing development of surrounding lands),
this reservation represents an important reservoir
of biodiversity in the region. In particular, the
reservation exhibits diverse plant communities
including tall and short grass prairie, small
stands of riparian woodlands, marshes and other
small wetlands, prickly pear and yucca uplands,
and ravine uplands supporting wild plum,
chokecherry, and hawthom.  These plant
communities in tum support, directly or
indirectly, diverse arthropod, amphibian, reptile,
bird, and mammal communities.  Recent
sampling at RFP identified 1232 taxa of plants
and animals, including 768 species of terrestrial
and aquatic plants, 300 taxa of terrestrial
animals, and 164 taxa of aquatic animals (DOE
1992). All of the receptors already identified for
the preceding threatened and endangered,
wetland, and recreational fish and wildlife
endpoints are also important elements of the
reservation's food webs and, ultimately,
biodiversity. Other receptors selected for this
assessment of risks to biodiversity are the prairie
dog, the meadowlark, coyote, and vegetation.

8.1.6.2 Distribution

The two prairie dog colonies on site exhibit
discrete distributions, one paralleling about 700
m (2300 ft) of the northeast boundary (the
greater part of this colony is actually outside the
reservation boundary), the other just south and
west of the ecast gate. The fish and benthic
macrvinvertebrates have discontinuous
distributions defined by wetlands, streams, and
man-made impoundments, whereas the
meadowlark and vegetation are assumed to have
ubiquitous distributions (table 8-1).

8.2 CONSTITUENTS OF POTENTIAL
CONCERN

The constituents of potential concem at Rocky
Flats include inorganic, organic, and radioactive
contaminanis (table 8-3). The most prevalent
radionuclides, according to relative average
concentrations, are *'Am and *°Sr, whereas Al,
Ba, Be, cyanide ion, Pb, Mn; fg, and Zn are the
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TABLE 8-3—Maximum and Average Soil Concentrations on the Rocky Flats Plant
[mg/kg dry weight (for chemical constituents) or pCi/kg dry weight (for radionuclides)]

Constituent Maximom N Constituent Average
Concentration ) Concentration
Acetone 2.60E+01 Acetone T.46E-01
Aroclor 1254 5.40E+01 Aroclor 1254 5.40E+01
Aroclor 1260 1.60E+03 Aroclor 1260 747E+00
BEHP 1.40E+03 g BEHP 4.70E+00
2-butanone 3.90E-0¢ Di-n-butyl phthalate 2.70E+00
Carbon disulfide 1.90E+01 § Toluene 2.76E+01
Carbon tetrachioride 1.00E-01 i Aluminum 1.18E+(4
1.2-dichloroethane 1.10E-01 B Antimony 3.96E+01
di-n-butyl phthaiate 2.70E+00 8 Arsenic 1.27E+01
Ethyl benzene 7.80E-01 8 Barium 3.24E-01
Methylene chloride 1.30E-01 H Beryllium 1.97TE+3
4-methyl-2-pentanone 6.80E-02 f Chromium 9.02e~02
1.1.1-trichloroethane 2.50E-01 l Copper 6.53E+01
Trichlorethylene 1.50E-01 i Cyanide ion 8.70E+00
Xylene 3.30E+00 H Iron 282E+04
Aluminum 1.76E+04 B Lead 1.31E+01
Antimony 3.96E+01 il Magnesium 2.32E+03
Arsenic 3.70E+01 | Manganese 3.36E+02
Barium S.30£+02 Mercury 9.66E+00
Beryllium 1.97E+03 Nickel 2.81E+01
Boron 2.77E+00 Vanadium 5.49E4+01
Chromium 7.56E+01 Zinc 7.51E+01
Copper 7.36E+01 Americium-241 247E+08
Cyanide ion 8.70E+00 Strontium-90 9.76E+13
Iron 1.23E+05
Lead 8.69E+01
Magnesium 3.87E+03
Manganese S.51E+02
Mercury 1.14E402
Nickel 2.81E+01
Vanadium 6.00E+01
Zinc 1.73E+02
Americium-241 5.92E+11
Plutonium-238 1.34E+03
Plutonium-239 2.05E+07
Radium-226 1.60E+03
Strontium-90 9.76E+13
Uranium-234 2.20E+03
Uranium-235 3.30E+02
Uranium-238 4 50E+05
v ____________ A VIR ERN
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TABLE 8-4—Maximum and Average Water Concentrations ox the Rocky Flats Plant
[mg/L (for chemical constituents) or pCi/L (for radionuclides)]

A

Acetone
R Aldrin

i Ammonia

Bromoform
2-butanone
Butylbenzylphthalate
] Carbon disulfide
Carbon tetrachloride
| Chlorobenzene
Chloroform
Diazinon
1.1-dichloroethane
1.2-dichloroethane
1.1-dichloroethene

trans- | ,2-dichloroethylene

di-n-butyl phthalate
di-n-octylphthalate
Ethy! benzene
2-hexanone
Methyiene chloride
4-methyl-2-pentanone
2-methyiphenol
n-nitrosodiphenylamine
n-nitrosodipropylamine
Parathion-ethyl
Phenol

Simazine

Simetryn
Tetrachlorethene
Toluene
1.1-trichlorethane
1.1,1-trichloroethane
Trichlorethylene
Vinyl acetate
Xylene

Aluminum
Antimony

Arsenic

Barium

Beryllium

Cadmium

Chloride

Chromium

Cobalt

Copper

Cyanide ion

2.90E-02
6.00E-02
5.00E-01

6.50E-01
2.46E-03
2.13E-03
1.30E-02
3.00E-03
4.00E-03
7.00E-03
6.00E~03
1.00E-02
2.80E-03
1.10E-02
3.00E-03
2.38E-03
3.00e-03
2.00E-02
1.60E-02
3.12E-03
8.46E-03
7.90E-02
3.10E-02
2.40E-02
3.00E-0]

3.90E+00
2.00E-02
2.00E+00
6.00E+00
6.40E-0)

1.40E-02
1.50E-02
2.96E-03
6.00E-03
2.60E-02
8.37E-03
3.00E-03
7.39E+01
0 44E-02
1.40E-02
1.05E+00
1.30E-01
6.43E+00
7.63E+02
9.50E-02
8.00E-02
1 40E-0]
9.65E+03

Acetone
BEHP
Di-n-butyl phthalate
Phenol
Toluene
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Cyanide ion
Iron

Lead
Magnesium
Manganese
Mercury
Mclybdenum
Nickel
Potassium
Silver
Sodium
Thallium
Vanadium
Zinc
Americium-241
Strontium-90

5.15E-03
1.86E-02
1.85E-03
6.44E-02
2.82E-03
4 21E-01

6.70E-02
1.30E-02
1.02E-01

3.90E-03
3.94E-01

1.09E-03
1.85E-03
1.47E-02
1.36E+03
6.84E-01

3.586-03
4.48E+01
9.68E-02
2.03E-01

6.00E-03
6.92E-02
3.67E+00
6.71E-03
1.95E+02
7.58E6-03
3.13E-02
2.57TE-01

2.42E-02
7.44E+10
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Table 8-4 (cont’d)

Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Nitrate
Nitrite
Potassium
Selenium
Silver
Sodium
Sulfate
Thallium

Tin
Vanadium
Zinc
Americium-241
Cesium-137
Plutonium-239
Radium-226
Radium-228
Strontium-90
Tritium
Uranium-234
Uranium-235
Urarium-238

2.90E-02
7.30E+01
7.712E+01
1.30E-01
2.60E+01
1.81E+02
4.25E+00
2.00E+00
5.00E-01
8.20E-01
1.60E+03
7.50E+01
3.76E+02
2.83E-02
4 A6E+00
244E+03
7.36E+02
2.10E-02
2.03E-01
3.13E-01
4.21E+00
8.60E+00
1.00E-01
6.70E+02
6.20E+00
7.90E+00
1.20E+11
1.05E+03
2.60E+03
{.00E+02
390E+03




TABLE 8-S5—Maximum and Average Sediment Concentrations on the Rocky Flats Plant
[mg/kg (for chemicals) or pCi/kg (for radionuclides)]

—————

Constituent Maximum Concentration

Acenapthene 4.S0E+00

Acetone 4.70E-02 R Phenol 7.40E+00
Ammonia 1.35E+02 N Totvene 1.00E-03
Atrazine 1.00E+01 f Aluminum 2.50E+03
2-butsnonc 2.00E-M j Barium 1.70E+01
4-chloro-3-methyl phenol 7.90E+0 Cadmium 8.06E+01
2-chlorophenol 7.70E4+L9) Ch.romium 7.36E+00
1.4-dichiorobenzene 4.00E+00 N Copper 7.36E+01
2.4-dinitrotoluene 3.50E+00 ¥ Cyanide ion 3.20E+03
Methylene chloride 5.00E~03 g lon 1.28E+04
n-nitrosodiphenyiamine 3.70E-01 B Lead 1.26E+01
Phenol 7.40E+00 8l Magnesium 3.81E+03
Pyrene 4.60E+00 8 Manganese 1.34E+02
Tetrachloroethane 1.30E-01 8 Mercury 2.00E+00
Toluene 1.00E-03 8 Nickel 697E-02
1.2,4-trichlorobenzene 4.30E+00 Silver 8.93E-02
Aluminum 1.00E+04 Hl Sodium 7.78E+02
Barium 1.54E+02 fl Thallium 7.00E+00
Cadmium 1.08E+02 | Vanadium 1.98E+01
Chloride 1.12E+04 i Zinc 8.47E+01
Chromium 1.47E401 H Americium-241 6.71E+08
Copper 9.6GE+01 i Strontium-90 1.00E+13
Cyanide ion 3.20E+03

Iron 2.13E+04

Lead 2.61E+01

Lithium 4.30E+01

Magnesium 1.37E+04

Manganese 2.08E+02

Mercury 2.00E+00

Nickel 1.65E+01

Nitrate 1.30E+04

Nitrite 4.70E+02

Silver 2.12E+01

Sodium J.13E+04

Sulfate 6.95E+03

Sulphide 5.60E+01

Thallium 7.00E+00

Vanadium 3.96E+01

Zinc 1.01E+02

Americium-241 3.00E+01

Cesium-137 9.00E+02

Plutonium-239 1.90E+04

Stroniium-90 1.20E+14

Ura...m-234 9.50E+02

Uranium-238 1.00E+03
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most important inorganics based on their
prevalence and/or toxicity. The principal
organics are acetone, polychlorinated biphenyl
(PCBs), bis(2-ethvlhexyl)phthalate (BEHP), and
toluene.

Maximum and average concentrations of
chemical and radioiogical constituents in soil,
surface water, and sediment were determined
from the source terms provided by PNL (tables
8-3, 84, and 8-5). Determination of these
average and maximum concentrations required
that certain assumptions be made with regard to
data interpretation and compensation for data
gaps. Appendix B describes the methodology
used to develop the source terms (contaminant
concentrations) for input into the exposure and
risk assessment.

8.3 EXPOSURE ASSESSMENT

Estimating contaminant exposure for
representative receptor species on the reservation
involves knowledge of the number and kinds of
individual organisms exposed to wastes, the
amount of time spent in waste areas, and the
amount of contaminant uptake. Because site-
specific home ranges, behavior patterns, and
habitat requirements at Rocky Flats are not well
known, an initial assessment for contaminant
exposure was conducted using maximum known
contaminant concentrations of each contaminant
in each medium (i.e., soil, water, and sediment).
Even though only a few individuals of certain
species with small home ranges (e.g., small birds
and mammals) could reside within contaminated
areas for most of their lives, and even fewer
individuals could contact the most contaminated
areas, in this initial screening, these maximum
concentrations, where available, were applied to
all receptor species to identify the worst-case
poteniial contaminants. Contaminants that did
not pose a risk to any of the receptor species
from exposure to the maximum values were not
considered further. If exposure to the maximum
concentrations of contaminants posed a risk to
organisms, however, then the average
concentratio:is of those contaminants were
estimated and used in the assessment to
determine the most probable and reasonable
exposure and risk.

This nsk assessment estimates the nsk to
vegetation, terrestrial wildlife, and aquatic
organisms from chronic exposure to radiological
and nonradiological contaminants ([refer to
appendix A for a more detailed discussion of
methods]. It is desirable in exposure analysis to
consider all ecological endpoints and their
corresponding  species. However, due to
(1) limited availability of exposure sensitiv.ty
data for many species (e.g., threatened and
endangered species) and (2) presumed
similarities in exposure risk (e.g., similarly sized
raptors feeding on the same prey), representative
organisms for each endpoint were chosen for
evaluation. A food web was developed that
includes receptor species representing the
endpoints (figure 8-1). Where data were
available, conservative estimates of exposure and
risk were made by selecting receptors that are (1)
most sensitive to contaminants or habitat
alteration, (2) most likely to experience
additional nisk because of bioaccumulation or
larger body size, or (3) at greatest risk because
of rarity. Other abundant species on the
reservation were included as important prey
comnponents of the foodweb, such as mice and
insects (risk estimates were not determined for
insects).

The primary exposure routes for terrestnial
wildlife species are exposure to external radiation
and ingestion of food (including soils for some
species) and water. Table 8-6 lists the body
weights and consumption rates for the
representative species. With respect to herbivore
species, the jackrabbit and praine dog are
assumed to feed exclusively on the vegetative
parts of plants, whereas the mule deer is assumed
to eat 80% vegetation and 20% fruits and seeds.
The diet of the m-l.ard duck is assumed to
consist of 100% fruits. On the basis of a review
of the literature, the percentages of prey items
consumed by omnivores and predators were also
estimated (table 8-6; figure 8-2). The mouse is
assumed to eat 20% fruits and seeds and 80%
insects; the meadowlark, 70% fruits and seeds
and 30% insects; the peregrine falcon, 80%
meadowlark and 20% mice; the bald eagle, 30%
fish, 50% mallards, and 20% jackrabbits; and the
coyote, 30% mice, 40% jackrabbits, and 30%
prairie dogs. Insects are assumed to eat 100%
plant tissue.
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Except for the raptors and coyote, all species are
assumed to purposely or incidentally ingest soil
while eating, grooming, or preening (table 8-6).
The soil ingestion rate (Q,) for black-tailed
jackrabbits is 6.3% of the dry-matter intake
(Arthur and Gutes 1988); the mule deer soil
ingestion rate is 1.35% of the dry-matter intake
(Arthur and Alldredge 1979). The soil ingestion
rates for the mouse and mallard are 2% and
8.2% of the dry-matter intake, respectively
(Beyer et al. 1991). Because published values of
soil ingestion rates were not found for the
meadowlark, it was conservatively estimated to
be 10% of the dry-matter intake.

The estimated daily rates of food and water
consumption [Q,, (Qr Q). Qw, respectively] for
each representative species were calculated from
allometric regression equations that are based on
the weight of the organmism (EPA 1988)
(appendix A). These equations are based on the
combined measurements for laboratory animals,
livestock, and selected wildlife and bird species.

Because details of the behaviors and habitat
requirements of most of the representative
wildlife species are nct weli known, it is
assumed that all species, except the bald eagle
and the peregrine falcon, spend 100% of their
time on the reservation. Thus, all representative
species, except the two raptors, are considered to
be vyear-round residents at Rocky Flats.
Therefore, the fraction of contaminated
vegetation, fruit, prey, soil, and water consumed
(F,, F, F,. F,, F,, respectively) is set at 100%
{table 8-6). The bald eagle and peregrine falcon
are present on or near the reservation only about
six months or less each year (DOE 1992), and
thus their values are set at 50%.

Contaminant concentrations in vegetation, the
first level in the foodchain, are estimated ‘rom
source-term concentrations in the soils using
published elemeni- or chemical-specific
soil-to-plant transfer factors (Baes et al. 1984;
Travis and Arms 1988) (table 8-7). Transfer
factors for inorganic chemicals are available for
both the vegetative and fruiting parts of plants
(Baes et al. 1984), however, the transfer factors
for organic chemicals do not make this
distinction (Travis and Arms 1988). Moreover,
the methodology used to predict contaminant
concentrations in vegetation doecs not make a
.

oy

distinction between different plant types or
species. Therefore, all species ingest "generic”
vegetation containing contaminant concentrations
derived from soil concentrations by the use of
transfer factors.

Transfer factors for contaminants of concern are
used to predict concentrations in the tissues nf
terrestrial mammalian receptors from
consumption of vegetaticn, soil, and water
(collectively termed B,) (Baes et al. 1984; Travis
and Arms 1988) (table 8-7). Data on transfer
factors from vegetation or soil to insects and
earthworms are very limited in the literature.
Therefore, the concentration in insects was
derived from vegetation concentrations, and a
default, conservative one-to-one transfer between
vegetation and insects was assumed. Fish
bioconcentration factors were applied to estimate
the concentrations of contaminants in fish tissue
for consumption by the bald eagle (Droppo, et al.
1989; and Strange and Peterson 1989) (table
8-7). The rationale and limitations for applying
these transfer factors are discussed in
appendix A.

The consumption rates and the benchmark limits
or no-observable-adverse-effects level (NOAEL)
values are typically reported in wet weights,
whereas the vegetation and soil concentrations
are usually reported in dry weights. Therefore,
conversion factors were applied to account for
this difference. The concentration conversion
factor for wet to dry weight for the vegetative
parts of plants on Rocky Flats is assumed to be
0.91 {the lower end of the range of water content
for hay grasses (Suter 1993)]. The conversion
factor for the fruiting parts of plants on Rocky
Fiats was assumed to be 0.17 {Morrison 1959).
The conversion factor for soils was assumed to
be 0.98, based on the conversion factor for soils
in southwest Idaho (Rope et al. 1988).

For the baseline assessment of Rocky Flats, the
concentrations of radionuclides in animal tissues
and the resulting doses were not decay-corrected.
Doses are estimated for existing conditions and
not for some point in the future. The primary
radionuclides of concem, *'Am and ™Sr, have
relatively long half-lives (432 and 29 years,
respectively), so this assumption s not
unreasonable. The radionuclide-concentration



errestrial Species® on the Rockv Flats Plant

TABLE 8-6—Body Weights and Consumption Rates" for T

Prebie’s Black- Prairie Mle Wastern T Pervgrine Beld Eogle
taied Deg Desr Mesdowlark Mallard Fikns
Paramacter Mome | Jackrabb¥
Body weight. BW (kp) T90EOT | ZZIE+00F 1.I9E+00 | T1.10E+02 9.77E-00 T.18E+00° $.34E-O1 4.SO0E+00
Wasey inake rae, Q, (Lid) 540603 | 183E-01 1.26E-01 4.45E+00 224602 1.25E-01 1.138-01 3 WE-01
Water ingestios fractioc., FI, 1.00E+00 | 100E+00 1.00E+00 1.00E+00 1 0000 1.00E+00 $ 00E-01 5 00E-0!
Scal insake rase. Q, (gAd) s196-08 | 93203 | 163E0¢ | joMEor A89EOF 5.64E-03¢ 0.00 0.00
Sol! ingeviion fraction. FY, 100E400 | 1.00E400 1.00E+00 1.00E+00 1.00E+00 1.00E+00 0.00 0.00
Vegetation intake rae, Q, (kg/d) 0c) 1.59E-01 163E-0¢ | 213E+00° 0.00 0.00 000 0.00
Vegetation ingestion fraction. F1, 0.00 1.00E+00 1.00E+00 1.00E+00 000 000 0.00 010
Freit/sceds intake rae, Q, (kgid) | 8 20E-C 0.00 000 $32£-01 7.35E-03° 741E-02 0.00 0.00
Froitseeds ingestion fraction. FI, | | 30E+00 000 0.00 1.00E+00 1.00E+00 1.00E+00 000 0.00
Prey 1 intake tate. Qy, (kg/d) 1.28E-03 0.00 0.00 000 31SE-00 0.00 1.29E-02 6 43E-02
(insects) (imvects) {mice)” {fish)®
Prey | ingection fraction, Fly, 1.00E+00 00 .00 000 1.06E+00 0.00 $.00E-01 5 00E-01
Prey 1 intake fate. Qy; (kg/d) 0 000 0.00 000 0.00 0.00 5.14E-02 4BE-R
(mesdowiarks) (cabbits)
Prey 2 ingestion fraction, Fl,., 0.00 0.00 0.00 000 0.00 0.00 5.00E-01 5. 00E-01
Prey 3 incake tate. Qy; (kg/d) 0.00 000 000 000 0.00 000 000 1.07E-01
(mallards)
Prey 3 ingestion fraction. Fl,,, 0.00 000 000 000 0.00 0.00 0.00 $.00E-1
m —

Coyete

L'l_e'ae_oo'l‘_ ‘

71.73E-Ot
1.00E+00
000
0.00
0.00
000
0.00
000
1.75E-01
(mice)®
1.00E+0D
1. UE-Ot
(cabbits)
1.00E+00
1. 75E-01

(prairie dog)
1.00E+00

* Al values 80 0N & wat weght basis. o/ sods, the wet:dry ratio 18 0.98 (Rope et al. 1988), for vegetafion the rabo 13 0.9 (the lower Dound on the rangs for yigrasses repored n (Suler 1963) and for ins/seeds.

e raho is 0.17 (Momeon 1959).

® Water and food consumption rates were computed by methods in EPA 1988 (Table 4-8) unless oiherwise noted.

* Whitaker 1972,

Burt et al. 1976,

Whitaker 1988

Anderson et al. 1984,

Western Bird 3anding Association 1984

Terres 1980.

Terves 1980.

Brown et al. 1968

Burt etal. 1976,

' The mouse soi! ingestion rate i« 2% of dry vegetauon intake (Beyer et af. 191).

“ The s0il ingestion rate of the jackrabt is 6 3% (Arthur et al. 1988)

* The praine dog is ausumed (o have U.e san.~ soil ingestion rate as the jackrabbit (6.3% X Arthur et al 1988).
* The mule deer sml ingestion rase 15 1 35% of o, maner intake (Arthur et al 1979)

’* The meadowlark soil ingestion rate is assumed o b * 10% of dry maner intake.

* The mallard sl ingestion rase is 8.2% of dry marter intake (Beyer et al. 1991).

* The black-wiled jackrabbit ingesuon rate 13 159 g/day wetr woight (Amold and Reynolds 1941).
* The mule decr is assumsd (o eat B0% vegetation and 20% fruit snd sseds (Anderson et al 1984)
' The mouse is sssumed tn eat 20% fruit snd seeds and B0% insects (Whitaker 1972).

* The mesdowlark 18 2sumed (o est 7% fruits and seeds and 30% insects (Terres 1980)

° The peregring falkcon is assumed to eat 20% mice and 80% meadow!arks (Terres 1980)

“ The baki sagie is assumed to ext 50% mailard ducks. 20% rabbits and 30% feh (Terres 1980).
' The coyute is asaumed to 2at J0% mice, JO% prairie dog. and 40% rabbits (Whitsker 1988)

-

a
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FIGURE 8-2. REPRESENTATION OF THE TERRESTRIAL FOOD WEB OF THE
ROCKY FLATS RESERVATION



TABLE 8-7—Soil to Vegetation, Soil to Fruit and Plant to Beef Transfer Factors, and Fish Bioconcentration Factors
Jor Constituents of Conc:rn at the Rocky Flats Plant

Fish Biecencestration Soil te Vegetation Sell to Fruit | Vegetation to Beef
Ceastituent Factor Tramsfer Facter Transfer Facter Traasfer Facter
Accnapthene 6 AGE+02 2.16E-01 2.16E-01 2.J0E-04
Acctone 3.89E-0t $.33E+01 5.33E+01 1.44E-08
Aldrin 3.14E+03 7.14E-01 7.14E-01 2.51E-05
Arocior 1254 2.30E+04 2215E-02 225E-2 1.00E-02
Aroclor 1260 1 60E+05 2.25E-02 225E-02 1.00E-02
Atrazine 1.31E+01 4.03E+00 4.03E+00 1.26E-06
BEHP 1.19E+07 437TE-Q2 437E-02 3.i6E-03
Benzene 2.41E+Ot 2.37E+00 237E+00 3.16E-06
Bromoform 431E+01 1.63E+00 1.63C+00 6.03E-06
2-butanone 9.51E-D! 2.63E+01 2.63E+01 4 90E-08
Butylbenzylphthalate 3.S4E+03 5.70E-02 5.70€-02 2.00E-03
Carbon disulfide 1.95E+01 2.70E+00 2.70E+00 2.51E-06
Carbon tetrachloride 1.70E+01 9.32E-01 9.32E-0I 1.59E-05
Chiorobenzene 6.45E+02 9.32E-01 9.32E-01 1.59E-05
Chioroform 1.8SE+01 2.70E+00 2.70E+00 251E-06
2-chlorophenol 6.40E+00 2.07E+00 2.07E+00 3.98E-06
Diazinon 4.63E+02 2.46E-01 2.46E-01 1.58E-04
1 .4-dichlorobenzene 6.00E+01 4.20E-01 4.20E-01 6.31E-08
1.1 -dichloroethane 1.35E+01 3.53E+00 3.53E+00 1.58E-06
1.2-dichloroethane 2.00E+00 $.26E+00 5.26E+00 7194E-O7
1.1 -dichlorocthene 1.47TE+01 2.37E+00 2.37E+00 3.16E-06
trans- [.2-dichicroethylene 1.36E+00 2.37E+00 2.37TE+00 3.16E-06
di-n-butyf phthalate 1.07E+04 382E-02 382602 3.98E-03
di-n-octylpinhalate 1.87E+07 1.86E-04 1.86E-04 3.98F+0}
2.4-dinitrotoluene 1.95E+0! 2.70E+00 2.70E+00 2.51E-06
Ethy! benzenc 1.46E+02 492E-01 4.92E-01 4.79E-05
2-hexanone 6.59E+00 6.17F+00 6.17E+00 6.03E-07
Methylene chloride 5.74E+00 6.86E+00 6.86E+00 501E-07
4-methyl-2-pentanone 2.08E+0N 7.84E+00 7.84E+00 398E-07
2-methylphenol 1.85E+01 2.85E+00 2.85E+00 2 29E-06
n-nitrosodiphenylamine 1.41E+02 6.25E-01 6.25E-01 3.1AE-05
n-nitrosod.propylamine 7.99E+00 5.33E+00 5.33E+00 7.76E-07
Parathion-ethyl 4.63E+02 2 46E-0t 2 46E-01 1 S8E-04
Phenol 7.5TE+00 $.26E+00 5.26E+J0 7.94E-07
Pyrene 2 80E+03 335E-02 335E-02 SOIE-03
Simazine /.69E-01 3 87E+01 3.87E+01 2.51E-08
Simetryn 6.69E-01 3.87E+01 387E+0L 2. SIE-08
Tetrachioroethane 3.90E+01 2.07E+00 2.07E+00 3 98E-06
Tetrachlorethene $.STE+01 4 20E-0! 4.20E-01 6.30E-05
Toluene 6.9E+01 1.07E+00 1.07E+00 1.26E-05
1,2.4-trichlorobenzene 1.09E+03 I 27E-01 1.27E-04 SOIE-04
1.1-trichlorethane 6.69E-01 3.87E+01 3.87E+01 2.51E-08
1,1, 1-trichloroethane 9.00E+00 1.39E+00 1.39E+00 7.94E-06
Trichlorethylene 3.79E+01 1.59E+00 1.59E+00 6.31E-06
Vinyl acetate 1.342+00 1 47E+01 1 47E+01 1.35E-07
Xylene L.7TE+2 S 48E-01 5 48E-01 198E-05
Aluminum 1.00E+00 4 00E-03 6.50E8-04 1.S0E-03
Antimony 1.00E+00 2.00E-01 1.00E-02 1.00E-03
Arsenic 1.(E+00 4 00E-02 6.00E-03 2.00E-03
Barium 4.00E+00 1.50E-Ot 5. S0B-04 1 SOE-04
Beryilium 1.90£+01 1 DOE-02 1.50E-03 1.00E-03
Boron 2.208-01 4 00E+00 2.0084+00 8.00E-04
Cadmium 206E+02 $.50E~01 1.508~01 $.50E-04
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Table 8-7 (cont’d)

Fish Bleconcentration Seil v Vegetation
Constituent Facter Transler Facwr
Chromium 2 00E+01 75003 4 SOE-03 $.50E-03
Cobalt $.00E+01 2.00E-02 7.00E-03 2.00E-02
Copper $.00E+01 4.00E-O1 2 50E-01 1.00E-02
Cysnide on 3.79E-01 541E:01 5.41E+01 1.41E-0C
fron 1.00E+02 4.00-03 1.00E-03 2.00E-02
Lead 1.00E+02 4 50E-02 9.00E-03 3.00E-04
Lithium 5 00E-O1 2 S0E-02 4 .00E-03 1.00E-02
Magnesiom 5.00E+01 1.00E+00 5.50E-01 S.00E-(3
Manganecse 4.00E+02 2 50E-01 5.00E-02 4 00E-04
Mercury 2008205 9.00E-01 2.00E-01 2 SOE-01
Molybdeaum 1.00E+0) 2.50E-01 6.00E-02 6.00E-03
Nickel 1.00E+02 6.00E-"2 6.00E-02 6.008-03
Potassiom 1.00E+03 1.00E+00 5.50E-0\ 2.00E-02
Seleniom 1.70E+02 2.50E-02 2.50E-02 1.S0E-02
Silver 2.30E+00 4.00E-01 1.00E-01 3.00E-03
Sodium 1.00E+02 7.50E-02 S.SE-02 5 SOE-02
Sulphade NA 1 SOE+00 1 S0E+00 1.00E-01
Thalliom 1.00E+04 4.00E-03 4.00E-04 4.00E-02
Tin 3.00E+0) 3.00E-02 6.00E-03 8.00E-02
Vanadium 1.00E+01 5.50E-03 3.00E-03 2.50E-03
Zinc 2.00E+0) 1.50E+00 9.00E-01 1.00E-0O!
Americium-241 2 SOE+0t $.50E-03 3.00E-02 3.50E-06
Cesium-137 2.00E+03 8.0NE-02 3.00E-02
Plutonium-238 3 SCE+00 4.50E-04 4.50E-05
Plutonium-239 3.50E+00 4 50E-04 4. S0E-05
Radium-226 5.00E+01 1.50E-02 1.S0E-03
Radium-228 5.00E+01 1.5GE-02 1.50E-03
Strontium-90 3.00E+01 2.50E+00 2.50E-0!
Tritum }.00E+00 1.00E+00 1.00E+00
Uranium-234 2.00E+00 8.50E-03 4.00E-03
Uranium-23$ 2.00E+00 8.S0E-03 4.00E-03
Uranium-238 2.00E+00 8.50E-03 4.00E-03

NA = Transfer factor could not be calculated.
Source: For organics. the transfer factors were calculated from eyuations in Travis and Arms (1988) using K values from the Superfund Chemical Data Matrix (1991). For

inorganics and radionuclides, the transfer facters were taken from Baes et al. (1984). The K, for cyanide was taken from MEPAS and the transfer factors were calculated from
equations in Travis and Amns (1988).
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source terms were decay-corrected by PNL to the
time of disposal or release. Estimated dose to
terrestrial receptors was based not only on the
radionuclides themselves, but on all short-lived
daughter products as well.

Aquatic organisms considered in the assessment
include benthic macroinvertebrates and a generic
fish species. For radiological analyses, emergent
vegetation (i.e., cattails) and muskrats are also
included. All aquatic organisms, except for
benthic macroinvertebrates, are exposed to
contaminants in surface water. Benthic
macroinvertebrates are assumed to be exposed
only to the sediment pore-water for calculation
of internal radiation dose and exposure to
chemicals. The extemal radiation dose from
exposure to surface water was calculated for all
organisms.

8.4 CONTAMINANT EFFECTS ASSESSMENT

Two pathways are used to determine the effects
of contaminant exposure (chapter 8.3) on
ecological endpoint receptors. For terrestrial
receptors, consumption rates of contaminated
food and water are compared with texicological
benchmarks. For aquatic receptors, contaminant
concentrations in water or sediment pore water
are compared with chemical-specific aquatic
benchmarks. To quantify risk to terrestrial
receptors exposed to organic and inorganic
contaminants, the daily consumption rates of
contaminated food and water, normalized to
body weight (in units of mgkg/d), were
compared to the NOAEL benchmark (mg/kg/d).
For purposes of this assessment, the resulting
ratio is termed the hazard index (HI). Ratios
greater than | are considered to pose a potential
risk to organisms but do not necessarily indicate
the severity of the effect(s). However, it is
reasonable to assume that the higher the ratio,
the greater the risk of adverse effects. Dose to
terrestrial receptors, including vegetation, from
intemal and external exposure to radionuclides
was also determined from calculated tissue
concentrations and soil concentrations,
respectively. Doses that exceeded 0.1 rad/d were
considered to pose a potentially unacceptable risk
(HI > 1) to terrestrial organisms (IAEA 1992).
Methods used to calculate exposure and risk are
described in appendix A.

Toxicological benchmarks for terrestrial
organisms, excluding vegetation, were obtained
from Opresko et al. (1993) (table 8-8). For
representative  receptor species that were not
listzd in the data base, extrapolation techniques
were employed to obtain the chronic NOAEL by
adjusung for differences in body weight between
the receptor and a test organism. If 8 NOAEL
was available for a laboratory test species, the
NOAEL for a receptor species could be
estimated by extrapolation. Many of the
NOAEL benchmarks were derived by
extrapolation from small mammal laboratory data
{Opresko et al. 1993). There were a few
contamunants, however, for which no wildlife
toxicity data were found. For these cases,
wildlife NOAELs were extrapolated from human
non-carcinogenic toxicity data listed in the
MEPAS constituent data base, and normalized to
the "star.dard man” body weight of 70 kg. Thus,
for our purposes, wildlife species that weigh less
than 70 kg would have a higher benchmark than
a human being would have; wildlife species
weighing more than 70 kg would have lower
benchmarks.

Literature sources for inorganic terrestrial
phytotoxicity (vegetation) benchmarks were
summarized and reported by Suter and Futrell
(1993 (table 8-8). Where applicable, the lowest
source concentration in a soil medium tnat
produced phytotoxically excessive effects was
chosen from the database. Several benchmarks
were derived from experiments using nutrient
solutions. However, uncertainty values were not
apglied to these data to account for differences in
growth media. A methodology for deriving
phytotoxicity benchmarks for organic
constituents was developed by Eskew and Babb
(1992) (table 8-8).

Risks to aquatic organisms from exposure to
organic and inorganic contaminants in water and
sediments (pore-water) were calculated by
comparing the water or sediment pore-water
concentrations with the chemical-specific aquatic
benchmark (Suter et al. 1992) (table 8-8). To
determine internal dose to aquatic plants, fish,
and muskrats from exposure to radionuclides, the
surface water concentrations were multiplied by
i1adionuclide and organism-specific (internal)
dose conversion factors to produce a daily dose
in rads (Killough and McKay 1976). To
deterrnine  the internal  dose to  benthic
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macroinvertebrates and other bottom-dwelling
organisms (e.g., fish larvae) from exposure to
radionuclides, the sediment pore-water
concentrations were multiplied by radionuclide
and organism-specific (internal) dose conversion
factors to produce a daily dose. The extemnal
dose to all organisms was determined by
multiplying the surface water concentration by
the external radionuclide-specific dose
conversion factor. Combined internal and
external doses greater than | rad/d are considered
to pose a potential risk to aquatic organisms (i.c.,
a HI equal to or greater than 1; NCRP 1991).

Although it is reasonable to assume that many
species are exposed to contaminants only some
of the time and that contaminant concentrations
are not as high as maximum values, an initial
screening assessment was conducted using the
maximum concentrations of each contaminant
on-site to identify worst-case potential
contaminants. Foliowing this initial screening,
average concentrations were used to represent
more realistic exposures for contaminants and
receptors that did not pass the initial screening.

Estimating realistic exposures for all endpoints
on the reservation is impossible because data are
lacking or incomplete in regard to numbers of
individuals actually exposed to wastes, amount
of time spent in waste areas, and actual amounts
of contaminants ingested. In some cases, for
example, benchmarks were lacking;
consequently, HIs could not be calculated and
risks could not be assessed. Specific home
ranges, behavior, and habitat requirements of
many of the representative species at RFP are
not well known or they vary widely, and only a
few species with small home ranges (e.g., very
small mammals and small birds) may reside
within a contaminated area for most of their
lives.

For contaminant and receptor combinations that
did not pass the average concentration screening,
an attempt was made to further define exposure
risks by comparing the home range sizes of
receptor species with the potential fraction of the
home range that could be contaminated.

Receptor species at RFP have home ranges or
territories that range from small [e.g.. | ha
(about 2.5 acres) or less for very small animals
such as the prairie dog, mouse, and certain

aquatic species] to thousands of hectares for the
peregrine falcon and coyote (table 8-9). Small
species generally have home ranges small
enough to be contained within waste sites or
other contaminated areas. Other species may
have such large home ranges that the waste sites
would represent only a relatively small part of
the area the species would occupy, if the waste
sites were used at all.

To further interpret results of this risk analysis,
the following assumptions concerning the
contribetion of waste sources to receptors are
made.

1. For most of the DOE sites assessed
in this PEIS, correction factors based
on the ratio of the total contaminated
area to the home range of terrestrial
receptors were developed. These
factors were applied to the HIs
calculated for the average
concentrations screening to produce
a more reasonable or effective HI.
This was done for this assessment as
well; home ranges and ratios
(correction factors) are presented i
table 8-9. However, because the
estimate of total contaminated area
used in determining exposures is so
large, only one receptor species
selected for this assessment (the
coyote, estimated minimum home
range of 2100 ha) has an estimated
minimum home range larger than the
reservation's estimated total
contaminated area of 980 ha of soil.
Published estimates of home ranges
for one other species, the endangered
peregrine falcon, vary from 65 to
31,000 ha (160 to 77,000 acres)
(Brown and Amadon 1968, Schoener
1968). Although the nearest suitable
nesting habitat of the peregrine
falcon (cliffs and river gorges) is
approximately 8 km (5 miles)
southwest of the reservation (EG&G
1991), the reservation is well within
hunting range of the falcon, and
these birds occasionally fly over,
pursue prey, and perch on the
reservation (DOE 1992). Thus, for
this avian receptor a home range
centered on the nearest nesting
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TABLE 8-8—Criteria Benchmarks for Terrestrial' and Aquatic® Species at the Rocky Fla.s Plant (NOAELSs listed in mg/kg/d for terrestrial
benchmarks or mg/L for aquatic benchmarks)

l Jomping Blacktalied Mule Deer Peregrine
€ cnatitwent Meunse Jackrabblt Prairie Dog Mesdowlark Maltard Falcon Rald Eagle Coyote Vegetation Agquatic
Accaapibcac NA NA NA NA NA NA NA NA NA 128402 TOIE-01 |
Acctoae - 2 4E+01 1.86E+01 6.65E+00 1476400 1.53E+01 6.67E+00 7.49E+00 4.27E+400 2.80E+00 9.63E+0) 2.37E+0)
" Asocior 1234 1.53E-01 6.05E-02 6.926-02 1.39E-02 2.92E+00 1.55E+00 1.74E:+00 9.92E-01 2.526-02 100401 5.206-04
Arochr 1260 1.5TE+00 L19E-02 2926-0) 6.40E-04 9.12E-01 293E-0) 1.29E-0) 1. 87E-0) 1.23E-0) NA 2.106-03
BERP - . NA NA NA NA NA NA NA NA NA | .40E+0) V.OVE-04
Benzeuc 6.60:+00 4.66E+00 1 6ok +00 3.68E-01 VBIEH00 1.67E+00 1.87E+00 1.07E+00 6.99E-0) NA 2.10E-02
Beromoform NA NA NA NA NA NA NA NA NA NA NA
2-beiamcac” 24IEH0 1726401 6.12E400 1.3E+00 LAIESD 6.14E+00 6.89E+00 V9IE+00 2.57E+00 NA NA
Cacbon desalfide NA NA NA NA NA NA NA NA NA NA 1. 00E+03
Carbon wecrachionde 1.885-01 1.32E-00 42602 LOSE-02 1.09E-01 4 T4E-02 $.32E-02 3.03E-02 1.99E-02 5.606+01 6.50E-02
Chlor. beasese NA NA NA NA NA NA NA NA NA NA 1.63E-01
| Chiocos v 238401 1 68E+OI $.99E 400 6.28E-01 1.38E+01 6.00E+00 3.206+00 1.82E+00 LI9E+00 NA 8.406:+00
1.1<iachs xrocihane NA NA NA NA NA NA NA NA NA 8.60E-01 1.59€+00
1.2-daci rocthane 1.95E+00 1.3BE+00 4.92E-01 1.09€-01 L1ES00 4.54E-01 $.54E-01 3.16E-0t 2.07E-01 $.406-01 1.10E+01
1.1 <achi rocthenc NA NA NA NA NA NA NA NA NA NA 44TE-O)
- trans-1.2-dhchlorocthylene NA NA NA NA NA NA NA NA NA NA NA
Gr-a-dutyl phthalase 493E+01 1L19E02 1.28E+01 2.24E400 1.29E-02 3 64E-03 6.33F 03 3.61E-03 $.22E400 1. 40E+04 270601
- octylphehalate NA NA NA NA NA NA NA NA NA NA 1.108-01
Exhyl beazeac NA NA NA NA NA NA NA NA NA NA 4.40E+02
2-heamone NA NA NA NA NA NA NA NA NA NA 1.26E403
Methyleae chionde 1 34E+0) 1096401 .89E+00 8.60E-01 8.95E+00 3.90E+00 4.38E400 2.30+00 1.64E+00 5.60E+00 4.10E-0}
4-methyl-2-pentancae 1.32E+01 9.12E+00 3 BE+00 7.3SE-0L 7.63E+00 3.33E+00 3.74E+00 2.13E+00 1 40€+00 NA 1.59E+03
2-mcsbylphenal NA NA NA NA NA NA NA NA NA NA 7 40E+01
a-surceodipheaylamuar NA NA NA NA NA NA NA NA NA NA 4.00E+0!
Pheaol NA NA NA NA NA NA NA NA NA NA 2.306-04
Pyrcae NA NA NA NA NA NA NA NA NA 1.28E+02 NA
Tetrachloroethane NA NA NA NA NA NA NA NA NA NA 1.308+01
Teurachlorethene 16IE+00 5.92E+00 4NE-OI 9.08E-02 9.43E-01 4.12E-01 4.62E-01 2.63E-01 1.73E-01 1.S7E+01 5.106-01
Tokuene 5.89E+01 4.16E+01 | 48E+401 1286400 14LE+0L 1 49E 40 1.67E+01 9.52E+00 6.24E400 9.70E+00 2.60€-02
L 1.1.1 anchloroethane NA NA NA NA NA NA NA NA NA 6.10E+00 2.518-01
Trchiocethylene LISEs02 1.40E+02 4.99E+0) 1.10E+01 9.43E-01 SE0I $.62E+01 3.206+01 2.108+01 6.70E-01 $.76E+00
Viayl aceme NA NA NA NA NA NA NA NA NA NA 1 08E+(2
Xyieac 1.32E+03 9.32E+02 A3IE2 7.35E+01 7.65E+02 33IE+m LUE02 2.13E+02 1408402 2.406401 2.63E+00
Alvausum NA NA NA NA NA NA NA NA NA 8.00€+00 8.70E-02
Astmony 1L3IE+04 1.3SE+04 AIIE0) 7.31E+02 7.61E+0 3.31E+03 1726403 2.12E+03 1.39E+03 5.006+00 1.90E+00
Arseasc 1LUE-0 4.SSE+00 1.62E400 6.09E-01 641E-02 1.63E400 3.10E+00 1.T7E+00 1.16E+00 1. 50401 9.32E-01
Banum 1.3SE+00 9.S1E-01 1ME-01 7.50E-02 7.80E-01 3.406-01 3.826-01 2.13E-01 1L4IE-01 $.00E+02 2.03E+01
Beryllium 1.43E+00 101E+00 359601 7.94E-02 8.26E-01 3.606-01 4.4E-01 2.31E-01 1.51E-0! 1.00€+01 3.80E-03
Boroa NA NA NA NA NA NA NA NA NA NA 7.00€-03
Cadamm 2.54E-02 1.21E-0) 6.40E-0) 1.426-03 1.32E-0) S.75€-02 2.66E-03 1.51E-0 2.69E-03 3.006+00 1.108-0)
Chwomeum 6.34E+00 4.48E+00 1.60E+00 3.53E-01 3.67E+00 1.60€:+00 1.806+00 1.02F+00 6.71E-01 7.50E+01 1.10E-02

*voe source for all serresinal beachmarks. cacept those for vegewanon. 1s Opresko et al., 1993 For vegetation, the source i1 Suter and Futrell, 1993, and the Massuchusents Military Reservation Assessmenl Handbook, 1992,
* The somrce for aquaidc beachawrks is Suter ot al.. 1992,
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Table 8-8 (con’t)

e o S ﬂm IT T-P—
Constituent Maense Jackrabbit Praivie Dog Meadowiark Mallard Falcon Bald Eagle Coyota Vegetation Aquatic
Cobex NA NA NA NA NA NA NA NA NA 7 S0E+0) CA0E-0Y
Coppes 1.98E-01 2.61E+00 9.31E-01 2.06E-01 6.30E+0! 2. 714E+01 2.49E+01 1.42E+01 1.92E-01 6.00€+01 1.208-02
Cyamde wn 2.85E+01 209602 7.18E+00 2.10E-02 1.65E+01 1.206400 8.09E+00 6.11E-02 4.008-02 NA $.208-03
Llroa NA NA NA NA NA NA NA NA NA 1.00E+04 1.008+00
Lead 7.66E-03 SAE-0 193 03 427E-04 1 46E-02 L1TEO) 1.32E+01 7.51E+00 8.)1E-04 1.00E+02 1.208-00
Latheum NA NA NA NA NA NA NA NA NA 2.00E +00 NA
Magacsium 2.53E402 4.18E+02 6.ME+01 1.40E+01 1.46E+02 6.36E+01 7.14E+01 4.07E+0) 2.67E+0) NA 1.60E-04
Mangancse 2 16E+00 4.46E-02 S 44E-0) 1.20E-01 1.2SE+00 $.46E-0!} 6.13E-0) 3.49€-01 2.29E-01 1.50E+03 1. 10E+Q0
Mercury 1.5SE+0I 8.78E-02 6.92E-03 1L.2E-2 2.92E+00 28IE-02 6.81E-01 3.88E-01 1.27E-02 3.00E-01 1.306-03
Molybdeaum NA NA NA NA NA NA NA NA NA 2.00E+00 3.60BE-0)
Nxckel 6.38E+0I 4.50E+01 1.61E+0) 3.5SE+00 M 82E+ 0 1.67E+0D 1.87E+00 1.07E+00 6.75E+00 ).00E+02 1.60E-0}
Potassaurn NA NA NA NA NA NA NA NA NA NA 1. 30B-04
Seicaium 6.64E-2 241E-01 1.67E-02 1.706-03 2.29E-01 1.0NE-0) 1.12E-01 6.40E-02 7.03E-03 3.00E+00 3.508-02
Salver NA NA NA NA NA NA NA NA NA 2.00E+00 2.00E-04
Sodwm NA NA NA NA NA NA NA NA NA NA 4.808-0)
Thalbwm 2 64E-02 1 BE-O2 6.65C-03 1.47E-03 1.53E-02 6.67E-0} 7.49E-03 4.27€-0) 2.30E-03 1.00E+00 6.40E-02
T NA Na NA NA NA NA NA NA NA $.00E+01 NA
Vansdum 2.49E-01 7.81E-02 6.26E-02 1.39E-02 1 (E-01 6.28E-02 7.08E-02 4.02E-02 2.63E-M $.006+401 41012
2amc 2. 56E+01 1.31E+0 6.45E+0D 1 43E+0D 1.48E+0) 6. 47E+00 7.26E+0D 4. 14E+0D 2. E+00 7.00E+ON 1.10E-0}
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hahitat and large enough to encompacs the
entire RFP reservation, that 1s,
approximately 20,000 ha, (49,000 acres)
was assumed. On the basis of this
estimate, a correction factor of 0.049 was

calculated (table 8-9).

The endar.gered bald eagle presents
a rather different situation. This
large bird of prey soars over the
reservation during winter or, as a
migrant, during spring and fall.
Thus far, none have been observed
roosting or actively hunting prey
within the reservation (DOE 1992).
These birds generally prefer large
bodies of water because their
preferred prey is fish. Although
these conditions are not wholly met
on the mservation, Great Westem
Reservoi', only about 0.5 km (0.3
mile) zast of the reservation, and
Standley Lake, about 1.9 kin (1.2
miles) east, appear to satisfy these
preierences, especially given reports
of roosting bald eagles at these
reservoirs (Uppendahl 1990).
Nevertheless, this analysis treats
these birds as potential residents of
the contaminated areas for the
following reasons. First, if frozen
reservoirs prevent preying on fish in
the winter, the RFP reservation may
prove to be an attractive source of
carrion, small mammals, or other
birds for the eagles to feed on.
Second, Standley Lake and Great
Western Reservoir are contaminated
by some of the pollutants originating
at RFP; thus these birds presumably
would incur some exposure whether
or noi they feed on the reservation.
Third, the reported home range of
the bald eugle is between 500 and
800 ha (1200 - 2000 acres) (Terres
1980), so any eagle in the general
area would probably find the
reservation, and more particularly,
the contaminated area, sufficiently
large to attract and support it.
Fourth, the RFP reservation may
represent a refugium for many
potentiai prey species that are
probably already undergoing
considerable disturbances in

surroundina habitat from agricultural
and industrial practices as weil as
residential development. For these
reasons, the appropnate correction
factor is considered to be 1.0 (table
8-9).

For all other temestrial endpoint
receptors at RFP, minimum home
ranges are smaller than the estimated
total contaminated area. Thus, no
cormrection factor (i.e., a cofrection
factor of 1.0) was applied to the
calculated Hls in tables 8-10 through
8-13 to determine the effective Hls
used to characterize risk (see tables
8-14a through 8-14d). In other
words, receptor species with
minimum kome rar.ges of about 980
ha or less (table §-9) could receive
as much exposure as the average
screening of this analysis indicates.

The contaminated area actually
varies with different contaminant
species, but lacking sufficient
contaminant-specific  distribution
data, the estimated total area of 980
ha of contaminated soil and 17 ha of
contaminated surface waters and
wetlands is assumed to apply to each
contaminant. Fvposure of biota
living completely outside the 38% of
the reservation that is contaminated
is limited to contaminants that have
moved from waste sites in dust,
water, ami by movement of
contaminated wildlife.  Although
some contaminants possibly occur in
measurable concentrations outside
waste sites, for the most part there
are no source terms or measurement
data for them and it is assumed thcy
are minor compared with the
amounts and concentrations in the
waste sites.

Although the threatened Ute lady's-
tresses have not been ohsesved on
the reservation itself, this terrestnal
orchid is included in this assessment
because of its known proximity (a
few kilometers north and south of
the reservation) and the
identification of potentially suitable
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habitat along swales and the edges
of wetlands within the reservation.

6.  Wetland and aquatic receptors (fish,
benthic invertebrates, and plants) are
assumed to be fuliy exposed to
contaminants measured in aquatic
habitat (ie., creeks, ponds, and
associated wetlands) outside the
solar evaporation ponds in the
central industrial area, but not in the
solar ponds themselves, because
reported contaminant concentrations
and other water quality and habitat
conditions in thesc small waste
ponds would be unlikely to support
most aquatic life. Consequently, the
actual exposures and risks incurred
by aquatic receptor species are likely
to be considerably lower than
indicated by the HIs shown in table
8-14a through 8-14d and discussed
in chapter 8.5.

7.  Grazing livestock are not allowed
onto the RFP reservation. Risks to
this resource would occur only if
livestock were allowed to graze in
contaminated areas.

8.5 CONTAMINANT HAZARD ASSESSMENT
8.5.1 Baseline

The next step in the ecological risk assessment
generates HIs that are representative of potential
relative risks from exposure to contaminants.
Baseline hazard indices (Hls) for terrestrial
receptors exposed to the maximum source
concentrations exceeded 1 for 15 out of 19
inorganic contaminants (for which benchmarks
were available), and 6 out of 17 organic
contaminpants. Exposure to the maximum
concentrations of radionuclides resulted in Hls
for all receptors of about SE+07. Radiological
dose was dominated overwhelmingly by
exposure to *'Sr in soils.

Exposure of terrestrial species to average soil
and water corcentrations at the site were
calculated for those contaminants whose
maximum concentrations resulted in Hls greater
than | (table 8-10). Because *Sr concentrations
were so much higher than concentrations of other

radionuclides, and average *’Sr concentrations
could not be estimated, the Hls for all species
exposed to the average concentrations of
radionuclides were effectively the same as the
His for species exposed to the maximum
concentrations. °Sr concentrations in the snil
thus remained the dominant radionuclide
contributing to the total dose for all species.

About 60% of HI values for all
species-contaminant combinations were between'
and 10 {versus 49% for the maximum); 35%
were about 10 but below 1000 (versus 43% for
the maximum), and about 5% wre still above
1000 (versus 8% for the maximum).

Exposure of aquatic organisms to the maximum
concentrations of non-radiological contaminants
in surface water resulted in HIs over 1000 for
the organics BEHP and phenol. No other
organic contaminants resulted in Hls greater than
1. Hazard indices also exceed 1000 for aquatic
organisms exposed to the maximum
concentrations of cyanide ion, Cd, Mg, Hg. K,
Ag, and Na in the surface water. Exposure of
aquatic biota to Be, Cr, Co, Cu, Fe, Pb, Mn, Mo,
Ni, and V resulted in HIs less than 100. Many
of the contaminants that appear hazardous to
surface water organisms also posed risks to
bottom-dwelling organisms. Exposure of benthic
macroinvertebrates to the maximum sediment
pore-water concentrations (calculated from
sediment concentra:‘ons) resulted in HlIs over
1000 for the same contaminants that resulted in
HIs over 1000 for surface water dwellers, except
for phenol, K and Hg.

Compared with maximum exposure Hls, there
was a 37% decrease in the number of
contaminants with HIs greater than I for aquatic
organisms exposed to average concentrations
(table 8-12). Hazard indjces were still over
1000, however, for cyanide ion, Mg and K. The
HIs for benthic inacroinvertebrates exposed to
the average pore-water concentrations were
generally within the same order of magnitude as
the HIs for maximum exposures, except for Na
and Ag, whose HIs for average exposures
decreased by 2 to 3 orders of magnitude,
respectively (table 8-12).

Exposure to the maximum. concentrations of
radionuclides in the surface water or in the
sediment pore-water (macroinvertebrates only)
resulted in extremely high HIs (or doses) for all
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TABLE 8-5—ifome Ranges’ of and Hazard index (HI) Correction Factors (CF)
Jor Terrestrial Receptor Species on the Rocky Flats Plant

Home Range’ (ha)
Receptor Correction
Species <980 ha >980 ha Factor
Me:zdow jumping mouse X K
(0.08 - 1.0)
Black-*ailed jackrabbit X 1.0 4
(7.3 - 160)
Praine dog X 1.0
(24 - 28)
Coyote. X 047
(2100 - 8000)
Mule deer X 1.0 H
(39 - 3400)
Western meadowlark X 1.0
(1.2-6.1)
Mallard duck X 1.0
(4.0)
Bald eagle X 1.0
(520-940)
Peregrine falcon X 0.049
(65 - 31,000y’
Vegetation X 1.0
(<N.1)
— _ R ]

'Anderson and Wailmo 1984; Brown and Amadon 1968; Burt and Grossenheider 1976 Bekoff 1977, Chapman and Feldhamer 1982: Chapman et al. 1980:
Clark et al. 1971 Lim 1987: Schoener 1966; Terres 1980.

*Unless otherwise noted, the minimum home range was used to calculate HI corvection factors. A CF of 1.0 was applied to Hls for cach contaminant for
each species having home range S 980 ha.

'A home range of 20,000 ha was used to calculate the correction factor.
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TABLE 8-1)—B8aseline Hazard Indicies for Terrestrial Organisms on the Rocky Flats Plant

BASELINE AVERAGE HAZARD INDICES FOR ROCKY FLATS TERRESTRIAL ORGANISMS

Hazard Indices Calculated Using Average Contaminant Concentrations

Prehie’ Prairts Mule Weslern
s Jumping Radbkt Dog o Mendontort Maiard "'_'::':' Baid Eagle Coyote Vegetation

Acetose 9. ME-02 PEOL  VAIEOI AWK 6 02 G2 SLELS  SISE-US 993 08 7 S8E-03
Acochx 1253 L44E+0 ABTEMO0  LIGEWIO  266E400 } 00K 0} Y700 SIBE-U6 YK S 42k ) $.29E+00
Arochor 1260 1ME-02 JA2EW00  362E400  T92E4O0 4 ME-0 L26E«O1  VESE4 S 10K-0) 1226 02 NA
BEHP NA NA NA NA NA NA NA NA NA 329601
Dr-a-buty! piuhalaie 291E-04 GHBIEUS  S20e-08  9REE 04 1.24E+00 240 IWE-02 91RO \ 76k-05 179K 04
Tolueac 3.25E-02 ANEV  LUBEOL 160 2 39E-02 298E-02 1 ISE-OS 16OE-(4 22008 2.79E+00
JRI— NA NA NA NA NA NA NA NA AN
Arseaxc 6.06E-01 JB6E-02  198E-02  213E-G L12E+00 3T9E-02  28SE-04  SAME-O4 $.48E-04
Banum 29901 A7NEOl  BOE-Ol  13IEWD  298E-0) AMEVL LBIEWR 120E-02 3.46E-02 6.35E-02
Berylbum 4.48E+00 9.12E400  3BTE00  LIIEO] 1.206401 2576401 TE-G4 197E03 3 39603 19340
Cadrium $.22E+00 2.43E-01 6.32E+00 L1IE+01 6 8SE-O1 1.20E-01 1.0IE+Q 1.82E+02 7.07E+00 0.00
Chwomuem 1.02E-04 LIGE-DS  1OIEDE 229604 1.92E-04 JME-0V  AI2E0S LME-O4 7.86E-05 1 18E-03
Cobak NA NA NA NA NA NA NA NA NA o
Copper £.90E+00 739E-01  LOIEWGD  239E+00  1.27E4R 1L76E-02 4305 4NE-04 3.96E-03 1.07E+00
Cyamade wa LNE«O! 6.70E+03 2.38E+01 3.03E+03 1.95E+01 LOTE+C) 1. 14E+0) 9.50E+02 1 64E+03 NA
rom NA NA NA NA NA NA NA NA NA 2.76E+00
Lesd 9.10E+00 L6TE+Dl  LASE+Ol  332E+01  4.99E+00 SVE-U)  LESE-US  3SOE-O4 2.15E-01 1.28E-01
Magnesium 6.31E-01 384k 2.17E+00 3.16E+00 4.24E-01 4.60k-01 4.26E-02 4 37E-0) 8.23& 02 NA
Mangancse 263E400 150E+2  B90E+00  1.32E401  220E+00 3236400 LOTE02 80201 20902 2.206-01
Mercury 3.806-02 6MEW)  750E+01  9.62E+00  7.ME-2 309E+00  208E-02  TAIE S0E-01 3168401
Molybdeaum NA NA NA NA NA NA NA NA NA 000
Nackel 3.206-03 SQEC) 66803 LITE-02 5.04.02 SAEO2 25203 490E-02 $.0IE-04 275E-0)
Salves NA NA NA NA NA NA NA NA NA 0.00
Thathum 9.67E-02 IME0Q2 12AE-OI  208E-00 14E 01 L20E-01 688502 (276402 1.31E-01 0w
871E-02 S82F 22

Vasachum 7.05E-01 31E+0 4.46E-01 1.56E+00 1.95E+00 4.18E+00 3.02E-02

L0 _IAER0 ool 1l




TABLE 8-11—Baseline Average Radiological Doses for Terrestrial Organisms on the Rocky Flats Plant

— o q
Radiologicat Deses (rad/d) Calculated Using Avernge Contaminant Concentrations
Prehie’s Jumping i Prairie Mule . .
M Jo ckrabbit Deg Deer Meadowlark Mallard Pesegrine Falcon Bal. Eagle Coyole Vegetation
Amenciam- 241 1 OAE+U0 ¥ IE+OD 1 (4E+00 i AE+00 1 (JE+O0 ) 4E+00 1.O4E+00 1.04E+00 1 IE+O0 1 JOE+DO
Suostwm-90 S SIE+06 3. SAE+06 5 SIE+U6 5. 54E+06 S 53E+U6 S.SIE+06 5. 53E+H6 S.SIE+U6 S SIE+06 1 84E+07
Total dose $ SIE+U6 5 SAE+U6 S SAE+06 $.S4E+06 5.93E+06 $ S1E+06 $.51E+06 $.SIE+06 S SIE 06 1 84E+07
Radiologwal HI $.53E+07 $.S3IE+0? $.SIE+07 S 5S4E+07 $.S3E+07 5.53E+Q7 S.83EH? $.53E+07 S $3IE+07 1.84E+08
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TABLE 8-12—Baseline Average Hazard Irdices for Aquatic

Organisms on the Rocky Flats Plant

Vanadium

ﬁ D
Average
Constituent Surface Water Benthic
HI Macroinvertebrate
(Fish) Hi
Acetone J42E-4 3.45E-01
BEHP 6.20E+01 NA
Di-r-butyl phthalate 6.85E-03 NA
Phenol 2.80E+02 1.02E+05
Toluene 1.08E-01 7.6TE-03
Alvminum 4.84E+00 1.92E+01
Antimony 3.53E-02 NA
Arsenic 1.39E-02 NA
Barium 5.02E-03 9.47E-02
Beryliium 1.03E+00 NA
Cadmium 31.58E+(02 1.13E+04
Chromiumn 9.91E-02 7.87E-01
Cobalt 4.2]E-01 NA
Copper 1.23E+00 1.75E+02
Cyanide ion 2.62E+05 1.10E+06
Iron 6.84E-01 5.12E+02
Lead 1.12E+00 4.38E+00
Magnesium 2.80E+05 5.29E+06
Manganese 8.80E-02 1.87E+00
Mercury 1.56E+02 1.545+02
Molybdenum 1.67E-02 NA
Nickel 4.32E-01 2.90E-03
Potassium 2.83E+04 NA
Silver 3.36E+01 9.93E+00
Sodium 4 06E+02 249E+02
Thallium 1.18E-01 7.29E-02
7.63E-0) 4.83E-01

W
NA = Benchmark not available, therefore hazard index could not be calculated.
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TABLE 8-13—Baseline Maximum Radiological Doses for Terrestrial Organisms on the Rocky Flats Plant

Radiolegical Deses (rad/d) Calculated Using Maximum Centaminant Concentralions

Prebie’s

Pruirie

Peregrine

Jumplag Meuse Jackrabbit Dog Mule Deer  Meadowiark Mallard Fakcon Eagle Coyote Vegeintion
Amenciam-241 2.S0E+03 2 SOE+03 2. S0E+03 2.50E+03 2.50E+03 2.5GE+0) 2. 50E+03 1. 50E+03 2.50L+03 31 36E+(3
Cesiam-137 S2E-13 LS2k- 11 1 OSE-1) 3. 70E-19 1 86E-12 1.04E-11 4.7E-12 5. 35E-09 6.42E-1¢ 000
Plwtoniem-238 8 3E-0? 83307 8307 8.31E 07 8.33E-07 8 E-07 8E-07 BIE-0?7 8.3E @7 990 U7
Plutoniem-239 7.65E-03 71.6SE-03 7165E-03 7.65E-03 71.65E-03 7.65E-03 71.65E-0) 7.6,E-03 7.65E 03 9.90E-0)
Radiven- 226 213E4 2 E-M4 213E 04 2 E-A 21E-AM TEW 213E4 2LAIEU4 213E-4 244K 04
Radium-228 9 ME-13 2 T0E- 11 1 86E i 6 S6E- 10 Y J0E-12 1.84E 1} 8.36E-12 2.63E-10 1 VAE 10 000
Stroatium-90 S SIEWG 3 S3E+06 5. SIE+06 5 S4E+06 5.SIE+U6 5. SsE+06 5.S3E+06 S S3F+06 55306 1. #4+07
Trtium L. NE-0® 4.92E-U8 1E-08 1.20E-06 6.02E-09 336k -08 1.52E-08 S.69E-U8 2.08E-07 (1 1]
Urasium-234 1.65F-06 1.67E-06 1.66E-06 2.2)E-U6 | 6SE-06 1.66E-06 1 6SE-N ) 68E-06 §.75E-06 S BE-06
Uraaium-235 6.47E-06 6 47E-26 6 47E-06 6.49E U6 6 47E-06 6 47E-06 6.47E- 06 6.47E-06 6.47E-06 7.10E-06
Ucanium-238 2.0SE-02 2.06E-02 2.0SE-02 2.06E 02 2.05E-02 2.06E 02 2.03E-02 2.0SE-02 2.068-02 2.18E-02
Toual dose 3.53E+06 3 S3E+06 S.53E+06 5. 54E+06 5 S3E+U6 5.53E+06 3.53E+00 5 SIE+06 5.53E+06 1 84E+07
Radological HI $.53E+? S.33E«? $.53E+? S.S4Ew? S.S3E+7 $.3)E07 $.838+07 $.SIE+? 5.53E+07 1. 84E+0¥
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TABLE 8-142-—Bascline Posential Risks" ' iv Federaily Listed Threatened, Endangered,
and Candidate Species That May Reside, Feed, or Drink in the Immediate Vicinity of

Contaminated Soils, Sediments, or Waters on Rocky Flats Plant’.

'Potential risks based on assumptions discussed in Section 84.3.

! M = moderate risk. where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 10.

| I Jumping Bald Peregrine | Ute's Lady's
Coctaminant | Mouse | Eagle Falcon Tresses
l Aroclor 1254 i M M
Di-n-butyl phthalate S
Toluene M
Aluminum S
Antimony M
Beryllium M S
Cadmium M S
Copper M M
Cyanide ion S S
Iron M
Lead M
Manganese M
Mercury S
Thallium
Vanadium M
Zinc M
Radiologic dose S S S S

! Risks to individuals that are not in the immediate viciniry of the contaminated resources are negligible. Contaminated sites and contaminated waters

account for 38% and 100% of the surface area and water resources, respectively, on the Rocky Flats Plant
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TABLE 8-14b—=Baseline Potential Risks' to Wetlands on the Rncky Flate Plant
P_
Contaminant Benthos® | Fish
BEHP
Phenol

Aluminum
Berylitum
Cadmium
Copper
Cyanide ion
Iron

Lead
Magnesium

Manganese

v 2T . ZT v v un nn

Mercury
Potassium
Silver
Sodium
Zinc

Radiological dose

'M = moderate risk. where HI is equal to or greater than 1.0, but less than 10: S = severe risk, where HI is equal tc or greater than 10,

w un u X

[mmemm nw X w T v T X v ow

‘Based on EPA Water Quality Criteria (Suter et al. [992). We assume that benthic invertebrates are exposed (0 pore water concentrations while other
wetland (aquatic) organisms are exposed to surface water.
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TABLE 8-14C—Baseline Maximum Pasontial Riske' to Becrosticas! Wise: Ao
Occupy or Include Waste Sites er Contamisated Wasers in Their Home Ranges

on the Rocky Fiets Plant
S e B S
Contaminant Jackrabbit Mule Deer Mallard l

Aroclor 1254 M M
Aroclor 1260 M M S
Di-r-buty! phthalate M
Barium M

i Beryilium M S S
Cadmium S
Copper . M
Cyan:idc ion S S S
Lead S S
Magnesium M
Manganese S M
Mercury S M M
Vanadium M M M
Zinc M
Radiologic dose S S S

'M = moderate risk. where HI is egual to or greater than 1.0, but less than 10; S = severe risk. where HI is equal to o greater than 10,
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TABLE 8-iGd—Paseline Potential Risks’ te Other Important Facd Web Components that Occupy Contaminated Sites

\

on the Rocky Flass Plarst
—-——_!-_—l———r—s-_———
Contaminant Prairie Dog | Coyote | Meanowisgrk | Vegetation
Aroclor 1254 M M
Aroclor 1260 M
Di-n-butyl phthalate M
Toluene M
Aluminum S
Antiinony NV
Arsenic M
Beryllium M S S
Cadmium M M
Copper M M
Cyanide ion S S S
Iron M
Lead S M
Magnesium M
Manganese M M
Mercury S S
Vznadium M M
Zinc M M
Radiologic dose S S S S ﬂ

'M = moderate risk. where HI is equal to or greater than 1.0, but less than 10, S = severe risk, where HI is 2qual to or greater

than 10.
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anuatic organieme exnoced 10 ¥Sr. Exsocurs 1o
average concentrations resulted in substantially
the same Hls for the same reasons stated above
for terrestrial receptors (table 8-13).

From the initial suite of 92 constituents of
concern, the two-stage screening process using
maximum and then average coniaminant values
yielded 27 contaminants producing HI values
equal to or greater than | (i.e., reuresenting at
least an intermediate risk from contaminants) ‘ot
at least one endpoint receptor, as shown in tables
8-10 through 8-13). Of these, 20 contaminants
produce HI values of 10 or greater (i.c., severe
risk) for one or more endpoint receptors. A few
contaminant - species combinations resulted in
HIs in the thousands, and. indeed, Hls as high as
1.8 e+8 for terrestnial organismis and 9.0 e+6 for
aquatic  organisms were calculated for
radionuclides. Because these radionuclide values
are not credible this matter will be addressed in
more detail below. Otherwise, inorganics
(prmarily trace elements) most commonly
exceeded HI values of one, followed by organic
compounds.

The incomprehensibly high HI values (~10° -10*)
calculated for radiation exposures to all receptors
are a2lmost entirely due to one radioactive
contaminant, *'Sr. And yet even ponds designed
and used on the reservation specifically for
containment of contaminated water and
sediments appear to support relatively healthy
aquatic communities, including, for example,
largemouth bass. This fact alone demonstrates
that the calculated HI values for radionuclides
are not credible. Moreover, examination of the
source term data base (Worksheet “B”) reveals
no St concentrations higher than 1.8 pCi/L in
surface waters and 0.1 pCi/g in sediments. To
put this in perspective, continual exposure of tish
to a concentration of 1.8 pCi/L would produce a
HI (rads per day) of only 5.5 e-7, or about 14
orders of magnitude below the HI calculated in
this assessment.

On the other hand, it was found that
concentrations of strontium metal in the water of
solar evaporation ponds within the central
industrial complex were up to six times the
concentrations found off-site and elsewhere on
the reservation. Similarly, solar pond sediments
exhibited elevated s rontium metal concentrations

{about thiee limes Uk Mmean concentration
reported for the western U.S_, but well within the
range of concentrations reported for this region
(Shacklette and Boemgen 1984)]. However,
only if all strontium metal in these solar ponds
were assumed 0 be *°Sr would the magnitude of
HIs reported in this document be feasible. Back-
calculations indicate that is exactly what
happened sometime early in the data gathering
process for calculation of source terms. Based
on examination of the evidence available, it is
therefore concluded that *Sr does not pose
undue risks to receptor species outside of the
solar ponds, but, because it cannot be ascertained
for certain that considerable quantities of *°Sr do
not exist in the solar ponds themselves, we have
recorded the Hls for total radionuclides in this
EIS to indicate possible relative nsk to any
organism residing in, or otherwise using these
ponds. however unlikely that may be. Even
without *Sr, the HI of 2900 (i... highly
*severe” risk) for **'Am-effects on aquatic
invertebrates would still be cause for concem.
but a similar examination of the available data
on *'Am indicates that this particular HI is also
probably incorrect. Based on soil data, however,
the **'Am HIs of 1.0 (representing the threshold
for moderate risk) for all temrestrial wildlife do

appear potentially valid.

Following the assumptions outlined in Section
8.4, the approximate home range or territory size
of receptors was determined to calculate the
propottion of their range that could potentialiy
encompass contaminated lands or surface waters
(table 8-9). Because of the large extent of the
area assumed for this analysis *o be contaminated
[i.e., 980 ha (2400 ac) of contaminated soil and
virtually all reservation surface waters and
wetlands, plus off-site, but downstream,
reservoirs (570 ha or 1400 ac)], only two
receptor species exhibit minimum home ranges
larger than the postulated contaminated area.
These are the coyote (2100 he home range) and
the peregrine falcon (20,000 ha home range).

85.1.1 Threatened and Endangered
Species

As shown in table 8-14a, all four Federally listed
threatened, endangered, or candidate species used
as receptors in this assessment are subject to Hls
greate: than 1, although radionuclides (*’Sr and
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#'Am) were the only contaminants generating
such 2 hazard index for the peregrine falcon.
Six contaminants (radioruclides, three metals,
and one organic) all pose severe risks to the bald
eagle if it should forage and drink regularly on
the reservation. The Preble’s meadow jumping
mouse {a candidate species) incurs severe risks
from cyvanide and radiation exposure, and
moderate risks from six other contaminants (five
metals and one organic). Finally, a total of 11
contaminants exhibit HIs greater than one with
respect to a federally listed threatened plant, the
Ute lady's-tresses. Four of these contaminants
(Al, Be. Hg. and radionuclides) pose severe
risks. Although by these analyses, individuals of
these species utilizing contaminated areas would
presumably die. a site specific analysis using
individual waste sources and actual occurrences
of threatened and endangered species would be
necessary 1o determine actual risks.

8.5.1.2 Wetlands

Risks to wetland receptors (e.g., benthic
macroinvertebrates and fish) that might receive
contamination from the waste sites are shown in
table 8-14b. Potential rsks to benthic
invertebrates are considered severe for 11
contaminants and moderate for three, while
potential risks to fish r2siding in wetlands are
severe for 10 contaminants and moderate for
five.

It should be noted, however that the aqueous
concentrations of some contaminants (Mg and K
in particular) that result in severe risk ratings for
fish and/or benthic macroinventebrates only
moderately exceed average background
concentrations and are well within the range of
concentrations reported Tor natural waters
(Bowen 1979). The benchmarks used in this
analysis may well be based on test species that
are unusually sensitive to these contaminants,
thereby resuiting in the severe risk ratings.
Magnesium and K, therefore, almost centainly do
not represent severe risks to aquatic life at the
concentrations used in this analysis.

8.5.1.3 Recreational Wildlife
Table 8-14c summarizes risks to recreationally

desirable species at RFP. Baseline average Hls
for recreational terrestrial species as represcnted

by the ia-brabbit mule desr and malland duck
exceeded unity for 15 different contaminants,
including trace metals, cyanide ion, PCBs
(Aroclor 1254 and 1260), and radionuclides.
Moreover, based on this assessment, five of the
contaminants pose severe risks to jackrabbits,
four would produce severe risks to mallards, and
six contaminants would put deer at severe risk.

8.5.1.4 Agriculture and Timber Production

Although once a part of the vast area of open
rangeland dominating this region in the past, the
reservation is now off limits to agriculwre of any
kind. This endpoint, therefore, was not a factor
in this assessment.

8.5.1.5 Parks and Other Public Lands

No public lands overlap the site, and the only
designated public lands near the site are the
Boulde~ County Open Space land adjoining the
northern boundary of the reservation and the
Standley Lake Recreation Area to the east.
Maximum potential risks to receptors in this
endpoint, therefore, are assumed to be equivalent
to those calculated for similar food web
components (receptors) within the reservation
boundary in the case of the adjacent Boulder
County Open Space land, but also for the
Standley Lake area as well since it was included
in the total urea of contamination used to
calculate Hazard Indices for the various
receptors. Thus tables 8-11 and 8-12 and the
remarks in this section conceming these tables
represent the maximum potential risks to
receptors in these public lands. Most probably,
however, contaminant levels in these public
lands are far below those reported for
contaminated areas in the reservation;
consequently actual risks to receptor species on
public lands are almost certainly much lower
than the values reported for on-site receptors.

8.5.1.6 Biodiversity

Table 8-14d surmunarizes the baseline potential
risks to four food web components selected as
representative receptor  species for the
bi.diversity endpoint. It should be understood,
however, that all of the other receptor species
evaluated in this assessment (and many that were
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not considered in this assecsment at all) are alco

important elements of biodiversity at RFP.

Each of a total of 19 contaminants pose
moderate ot severe risks to one or more of the
biodiversity endpoint receptor species selected
for this analysis: the prairie dog, coyote,
meadowlark, and vegetation. With respect to the
prairie dog, four contaminants (cyanide, lead,
mercury, and radionuclides) resulted in severe
risks, and eight contaminants produced moderate
risks. Cyanide and radiologic exposure result in
severe risks to the coyote and meadowlark as
well. The coyote incurs a moderate risk from
cadmium, while the meadowlark is subject to a
severe risk from beryllium exposure and
moderate risks from four metals and one organic
compound (di-n-butyl phthalate). Finally, four
contaminants (aluminum, beryllium, mercury,
and radiologic exposure) are seen to be severe
risks for vegetation, while six other contaminants
pose moderate risks.

8.5.1.7 Conclusions

Based on the assumptions and calkculations used
in this assessment, certain contaminants at cerntain
locations pose moderate to severe risks from a
large suite of contaminants to selected receptor
species (depending on the particular contaminant)
in the endangered species, wetlands, recreational
wildlife, and biodiversity endpoint categories.
Under some circumstances, receptor species on
two nearby public lands may incur risks. Table
8-15 shows which individual contaminants pose
risks to one or more receptor species in the six
endpoints.

The HI values generated by this analysis should
not be viewed as absolute measures of risk; they
represent estimated relative potential risks 10 be
used for comparative purposes only, and shouid
be understood only in that sense. For numerous
reasons discussed earlier, many of these Hls are
likely to prove to be highly conservative. The
actual areas of ecologically hazardous levels of
contamination, for example, are probably far
smaller for most contaminants than assumed in
this analysis; conseguently exposures and risks
incurred by most aquatic and terrestrial
organisms not in the immediate areas of
comaminalion would likely be far less than
indicated by these indices of relative risk (hazard

wndices). The value of iese hazard indices,
rather, lies in their usefulness as tool that can
provide decisionmakers and other .icrested
persons information needed to compare or rank
relative nsks among the many contaminants
occurring within a given DOE facility, and
among the vanious DOE facilities.

8.6 HABITAT DISTURBANCE/
FRAGMENTATION ASSESSMENT
8.6.1 Baseline

Although nearly 88% (approximately 2300 ha or
5800 acre) of the reservation is relatively
undisturbed by construction and operation of the
Rocky Flats Plant facilities {about 320 ha or 790
acre), all or nearly all of the reservation prior to
construction of the plant was used as grazing
range foc livestock. Even though the reservation
is hardly a perfect example of the
montane-prairie transition ecosystem that once
dominated the region, the non-developed and
largely recovered buffer zone nevertheless
presents a reasonably good semblance of the
former undisturbed ecosystem, and supports
many of the structural and functional elements
necessary to the persistence of such an
ecosystem. Moreover, the value of this buffer
zone to regional biodiversity and aesthetics
continually increases as similar land succumbs
on an almost daily basis to agricultural,
industrial, and residential development. As long
as this buffer zone is secured from such
development, the baseline condition (or no-action
alternative) will have little direct effect on
habitat in termns of disturbance or fragmentation
beyond the limited damage already done by past
construction and operations.

8.7 CUMULATIVE ASSESSMENT

8.7.1 On-Site

8.7.1.1 Baseline

As many as 26 contaminants present at RFP
have been identified on the basis of this analysis
as potential hazards (HIs >1) to the well-being of
certain endpoint receptor species of local
ecosystems. including four federally listed
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Tamic 8. K Camnarative Couman.on a' Potemsial .o.&J 2o Eoploaical Bade e Froe Bas

s Ae T e we et S wrEmiresiner y VIVE L8 L ANPRIIS I TUR Daieiine
and ARAR Alternatives on the Rocky Flax Plant. Risks are for endpoints which occupy or use
contaminated land and/or waters’

Endpoints’ - No-Action Endpoints - ARAR (1o be
Source of Risk (Baseline) provided)
Construction’
Aroclor 1254 E.R.B
Aroclor 1260 R.B
BEHP w
Cyanide ion EW.R B
Di-n-butyl phthalate E.R.B
Phenol w
Toluene E
Aluminum EWB
Antimoay E.B
Arsenic 8
Barium R
Beryllium E.W.R.B
Cadmium E.W.R.B
Copper E.W.R. B
fron EW. B
Lead E.W.R.B
Magnesium W.R.B
Manganese E.W.R.B
Mercury E.W.R.B
Potassium w
Silver w
Sodium w
Thallium E
Vanadium E.R.B
Zinc E.W.R. B
Radiologic dose E.W.R. B
—— S ———

'Only those contaminants are listed which our analyses showed could pose severe or moderate risks o some endpoints.

‘Risks to endpoints which do not include known contaminated areas within their ranges are assumed o be negligible (sec
Section 4.4 ).

"These are short-term risks. Long-term risks couid be reduced with successful restoration of appropriate habitat.

* Ecological endpoints: E = threatened. endangered. and candidate species. W = wetlands; R = recrestional fish and wildlife:
F = agriculture and timber production; P = parks and other public lands; B = biodiversity (only for receptors not included under
other endpoints)
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threatened. endangered. and candidate species,
recreationzlly desirable fish and wildlife, and
other elements of biodiversity. More
specifically, 17 contanunants representing all
three contaminant classes (organics, INOFRanics.
and radionuclides) pose moderate to severe risks
to one or more federally listed species and
wetland receptor species. Similarly, 15
contaminants represent potentially moderate to
severe risks te recreational wildlife, and a total
of 19 contaminants could pose moderate or
higher nisks to other important elements of
biodiversity. With the =2xception of
radionuclides, the cyanide ion represents severe
risks to the most receptor species (ten of 13
species), followed in importance by the metals
Be, Cd. Pb, and Al. On the basis of closer
examination of other evidence avajlable (see
discussion in chapter 8.5.1), these estimates of
risks from radionuclides appear to be far too
excessive. and, in fact, radionuclides as a class
are probably of little consequence to any
organisms not residing in the immediate vicinity
of a few small waste sites. Moreover, certain
other contaminants that appear to represent
moderate or severe nsks {0 some receptors occur
at concentrations comparable to, or even well
below, background concentrations reported for
the western United States (chapter 8.5.1). Table
8-15 summarizes which contaminants pose
moderate or severe risks to one or more receptor
species in four of the six endpoints that occur
on-site.

Neither agncultural and timber production, nor
public lands, occur on the reservation, but public
lands do occur off-site where they may possibly
be affected by small amounts of RFP-generated
contaminants (see chapter 8.7.2 below).

8.7.2 Off-Site
8.7.2.1 Baseline

Some of the contaminants found on the RFP
reservation (mostly radionuclides) are known to
occur in relatively low concentrations in three
downstream reservoirs where they possibly, but
not likely, affect offsite terrestrial and aquatic
receptors using these reservoirs. Even though
these rservoirs were included in the cumulative
area of “contaminated waters” used in this
assessment, the available data on contaminant
levels in these reservoirs (indicating very low
concentrations of contaminants) strongly suggest
that terrestrial and aquatic life would not, in fact,
be adversely affected. In the unlikely event
these contaminants eventually should be found to
exert some degree of stress on resident
organisms, then cumulative effects of these
contaminants and other external stresses,
including physical disturbances such dredging.
and other sources of pollutants such as runoff
from agniculturai, residential, and industrial
development in the watersheds, would be
expected to be greater than if RFP-genecated
contaminants acted alone.

Other possible mechanisms for contaminant
transport off-site are contaminant ingestion by
widely ranging wildlfife (e.g.. migratory birds
and coyotes), and wind-bormne dust. Neither
mechanism would likely be as important at
Rocky Flats as hydrologic transport of
contaminants.
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CHAPTER 2: PORT

DIFFUSIO

The Portsmouth Gaseous Diffusion Plant
{PORTS) occupies about 400 ha (1000 acres) of
a 1620-ha [4000-acre; 6.2-km’ (6.3-mi’]
reservation in sparsely populated Pike County,
Ohio. The primary orocess at Portsmouth, since
beginni~g operation in 1954, has been separating
uranium isotopes by way of a gaseous diffusion
cascade. The reservation is about 1.6 km
(1 mile) east of the Scioto River Valley at an
elevation approximately 36.6 m (120 ft) above
the Scioto River Hloodplain [162 m (530 ft)
above mean sea level] (figure 9-1). The areas of
the plant not occupied by buildings and roads are
mowed grassy fields with a few wooded areas.
The surrounding DOE land is pasture; oid fields;
upland and bottomliand hardwood forest and pine
forest; second-growth hardwood forest dominated
by white oak and red oak, with some hickory;
and scrub thicket. Much of the site was logged
in 1977. Catde graze selected pertions of open
pasture and forest. Land surrounding the
Portsmouth Reservation. except for the Scioto
River floodplain, is marginal farmland and
densely forested hills. The floodplain is farmed
extensively, particularly with row crops such as
com and soybeans. Hillsides and terraces are
commonly used for cattle grazing. Currently,
there are no systematic programs to monitor or
characterize ecological resources at Portsmouth.
However, a work plan (DOE 1993) is being
prepared to characterize the environmental
setting and to determine ecological effects from
the release of contaminants. Information in this
report was drawn from Rogers et al. (1988);
ERDA (1977a and b): and Saylor et al. (1990).

The Portsmouth Reservation lies within the
Scioto River drainage basin at the headwaters of
two smal! tributaries to the Scioto River—Little
Beaver Creek and Big Run Creek. The Scioto
River is a major tributary of the Ohio River.
Both groundwater and surface water are drained
from the reservation by this network of
tnbutaries (DOE 1993). Little Beaver Creek
drains the northen portion <¢ Portsmouth;
shortly after leaving the reservation it flows into
Big Beaver Creek which also receives runoff

Z
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directly from the northeastern portion of the
plant. Big Beaver Creek flows to the Scioto
River. Storm water is drained from the southern
portion of Portsmouth via the South Holding
Pond, which overflows to Big Run Creek, and
from the southwest, central, and westem portions
of the plant via holding ponds, drainage dit_hes,
and intermittent unnamed tributaries to the dcioto
River.

The reservation itself is characterized by (1) the
fenced centrally located production and waste
storage area [about 40U ha (1000 acres)}
surrounded by grasses and herbaceous dicots that
are mowed throughout the growing season,
(2) several small pine plantations and extensive
old field and second-growth hardwoods (oak-
hickory) north and east of the plant,
(3) pastureland used partly for grazing of cattle
south and north of the plant, (4) bottomland
mixed hardwoods along the creeks, and
(5) upland mixed hardwoods along the westem
border of the reservation. No federally listed
threatened, endangered, or candidate species of
plants, or apmimals are known to inhabit the
Portsmouth Reservation. Wetland swales and
ditches and emergent wetlands occur primarily
along streams, in topographic depressions, and
along roads. In addition, small wetland areas
formed around holding ponds are utilized by
migratory waterfowl. Recreational fish [e.g.
longear sunfish (Lepomis megalotis) and
smallmouth bass (Micropterus dolomieu)) occur
:n downstream segments of Little Beaver Creek.
Although hunting is not allowed, several
recreational  wildlife species are present.
Important species groups of concem for
conservation of biodiversily at Portsmouth
include songbirds, raptors, deer, fox, bats,
amphibians, fish, and vegetation.

9.1 ECOLOGICAL ENDPOINTS AND SPECIES
DISTRIBUTION

Endpoints can be represented by many different

receptors.  The ecological endpoints and
receptors chosen for the Portsmouth Reservaiion
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ecological risk assessment are described in this
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fecerally listed threatened, endangered, or
candidate species of plants or animals are known
to occur on the reservation; wetlands are found
in swales, ditches, and ponds, along the streams,
and in topographic depressions; recreational
wildlife species are present but hunting is not
allowed: grazing is limited to specific areas; no
public areas occur on the reservation; and the
vegetation and wildlife (i.e., biodiversity) are
typical of that found in the surrounding area.

Determining risks to endpoints requires
(1) defining distnibution and composition of
endpoints and (2) se'ecting receptor species. The
distribuion of endpoints must be known in order
to determine both exposure pathways for
contaminants and risks to endpoints from
construction.

For purposes of determining risk of exposure to
contaminants, distribution of endpoints is
considered to be either ubiquitous (i.e., more or
less uniformly distributed throughout the
reservation or region); discrete (i.e., located in
one clearly identified location); or discontinuous
\i.e., found in several locations within 1 limited
area or areas). Risks to ubiquitous endpoints are
assumed to be related to the total surface area
affected by contaminant exposure or by
discurbance from construction. Risks to
discontinuous and discrete endpoints are
determined if their locations are known to be
within ~ontaminated areas or within areas
affected by remediation-refated construction or
contaminant exposures.

Ubiquitous endpoints include recreational
wildlife and certain components of biodiversity
(table 9-1). Wetlands, agriculture and forestry,
and the only federally listed species (if present)
exhibit discontinuous distributions. Locations of
endpoints were determined from existing mags
and publications.

Endpoints can be represented by many different
receptors. The following sections describe
endpoints on the Portsmouth Reservation and
receptors selected for these analyses.

9.1.1 Threatened and Endangered Species
9.1.1.1 Receptors

The geographic range of the federally listed
endangered Indiana bat (Myoris sodalis)
encompasses the Portsmouth Reservation.
Although the Indiana bat is not known to inhabit
the reservation, it was selected as representative
of a federally listed threatened, endangered, or
candidate species under the Endangered Species
Act that may at least forage on the reservation.
Currently, no federally listed or candidate species
are known to occur at Portsmouth.

9.1.1.2 Distribution

The Indiana bat ha< been reported in the
Portsmouth area (Houlberg et al. 1992). As do
most bats, the Indiana bat lives in caves and
feeds on flying insects. At the time of this
report, no caves were known to exist on
Portsmouth. However, the site may provide
suitable feraging habitat. Foraging habitat for
one colony of Indiana bats ranged from 1.5 ha
(3.6 acres) in early summer to 4.5 ha (11.2
acres) after young bats are flying (Humphrey et
al. 1977). In the summer, these bats forage for
insects in the upper woodland canopy (Thomson
1982). They prefer mature riparian woodland,
with dead trees for shelter, along small to
medium-sized streams.

9.1.2 Wetlands
9.1.2.1 Receptors

Representative wetland organisms include
minnows and other small fish species, benthic
invertebrates, and wetland vegetation such as
cattails and rushes. For this assessment, benthic
invertebrates and fish were selected as the
receptors representative of reservation wetlands.

9.1.2.2 Distribution

The extent of wetlands on the reservation is
unknown. A wetland survey was completed in
1993 for Quadrant III of the Portsmouth



! TABLE 9-1—Distribution of Ecological Endpoints and Receptors at th

Portsmouth Reservation

Ubiquitous

Discontinuous

“
Discrete

Recreational wildlife (fish,
rabbit, and deer)

Components of biodiversity

not included above (bats, (vegetation)
mice, songbirds, raptors,
foxes, and insects) Threatened and endangered species

Reservation Manual for Identifying and
Delineating Jurisdictional Wetlands. This
survey delineated wetland swales and
ditches, emergent wetlands on alluvial soils,
and nine wetland areas. Wetland swales
exist adjacent to many roads in Quadrant III
and are identified by cattails and other
vegetation. Emergent wetlands and wetland
areas are identified by hydric soils. They
occur primarily along streams and
topographic depressions in Quadrant III
(DOE 1993). Holding ponds located around
the reservation also provide wetland habitat
for muskrats and migrating waterfowl.
These wetlands and the receptors chosen to
represent them exhibit discontinuous
distributions. For purposes of this
assessment, the wetlands are considered to
be under the influence of the waste sites.

9.1.3 Recreational Fish and Wildlife
9.1.3.1 Receptors

Several recreationally desirable animals
occur on the Portsmouth Reservation,
although the reservation is closed to public
access. Fish (particularly those of the catfish
and sunfish families), the cottontail rabbit,
and the white-tailed deer were selected for
this assessment as representative of the
recreational fish and wildlife at the
reservation. The data avaifable for fish are
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Wetlands (fish, benthic invertebrates,
and vegetation)

agricultural and timber production

(Indiana bat, if present)

not specific to species of interest; therefore,
the assessment is limited to risks to fish as
a class.

9.1.3.3 Distribution

Little Beaver Creek is the largest stream on
the Portsmouth Reservation. It drains the
northern and northeastern pant of the site
before discharging into Big Beaver Creek
upstream of the reservation. Little Beaver
Creek has intermittent flow thronghout the
year. Nevertheless, populations of spotted
bass, northern hog sucker, longear sunfish,
and several darter species are commonly
found at sites a short distance downstream
from all Portsmouth inputs. Recreationally
desirable fish (e.g., sunfish, bass, and
crappie) are also found in Big Beaver Creek
and, of course, in the Scioto River. Game
mammals and birds that occur on the
reservation include the eastern cottontail
rabbit (Sylvilagus floridanus), white-tailed
deer (Odocoileus virginianus), and the
bobwhite quail (Colinus virginianus). The
fish have a discontinuous distribution,
whereas both mammalian species are
considered to be ubiquitous in distribution.



9.1.4 Agricultural or Timber Production
9.1.4.1 Receptors

Although cattle are allowed to graze on the
Portsmouth Reservation, under rormal
circumstances they do not have access to
contaminated sites. Therefore, vegetation
(representing grass and planted pines), but
not cattle, was selected for this assessment
as the endpoint receptor representative of
agricultural production.

9.1.4.2 Distribution

Much of the land on which Portsmouth was
constructed was originally cropland. The
area within the perimeter road not occupied
by buildings and roads is mowed grassy
fields. A few wooded areas also exist. "he
DOE property surrounding the perimeter
road supports pasture, old fields, upland and
bottomland mixed hardwoods and pine
forest, second-growth hardwoods, and scrub
thicket. Much of the site was logged in
1977. This assessment considers only
vegetation on or adjacent to the
contaminated sites.

9.1.5 Parks and Other Public Lands
9.1.5.1 Receptors

Except for Wayne National Forest, no likely
receptors in terms of parks and public lands
were identified for this assessment.

9.1.5.2 Distribution

There are no parks or public lands on the
reservation.  The land surrounding the
reservation is mostly privately owned
croplands. = Wayne National Forest is
adjacent to the Portsmouth property on the
east and southeast. The Brush Creek State
Forest is about [.6 km (1 mile) southwest of
the property and west of the Scioto River.

9.1.6 Biodiversity
9.1.6.1 Receptors

Ecosystems of the reservation and environs
underwent substantial alteration with the
arrival of the first European settlers. Virgin
forest and the complex plant and animal
communities it supported no longer exist in
the area.  What woodland exists is
fragmented, and current practices in land
management on the reservation (e.g.,
mowing and gazing) prevent the
establishment of truly climax communities.
Even so, the fragmented and disturbed
terrestrial systems support a variety of plant
and animal communities.

Except for cattle, all of the animals and
plants used as representative of the other
endpoints discussed above are considered as
representative eclements of area biodiversity
and. therefore, are used in this assessment of
impacts on biodiversity (i.e., the mouse,
rabbit, deer, robin, bat, hawk, fox,
vegetation, aquatic invertebrates, and fish).
Note that for this assessment aquatic
organisms are assumed to be absent from the
actual waste sites.

9.1.6.2 Distribution

All but two of the selected receptors
representative of the area’s biodiversity are
considered to have ubiquitous distributions.
Fish and benthic invertebrates have
discontinuous distributions.

9.2 CONTAMINANTS OF POVENTIAL
CONCERN

The contaminants of potential concemn at
Portsmouth include radionuclides and inorganic
and organic contaminants. The primary
radionuclides are **U and "Tc; the primary
inorganics are Al, As, Ba, Cd. Cu, Hg and Pb.
the primary organic contaminants are
polychlorinated biphenyls (PCBs), vinyl chloride
and benzo(a)pyrene.
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Maximum and average concentrations of
chemical and radiological contaminants in soil,
surface water, and sediment were determined
from the source terms provided by PNL (tables
9-2, 9-3 and 9-4 respectively) and compared to
toxicological benchmarks. Determination of
these average and maximum concentrations
required that certain assumptions be made with
regard to data interpretation and compensation
for data gaps. Appendix A describes the
methodology used to develop the source terms
for input into the exposure and risk assessment.

9.3 EXPOSURE ASSESSMENT

Where available for Portsmouth, the maximum
concentrations of each contaminant in each
medium (i.e.. soil, water, and sediment) were
used to identify the worst-case potential
contaminants. Contaminants that did not pose a
nisk to any of the receptor species from exposure
to thc maximum values (when compared to
toxicological benchmarks, see chapter 9.4) were
not considered further. If exposure to the
maximum concentrations of contaminants posed
a rsk to organisms, then the average
concentrations of those contaminants were
estimated and used in the assessment to
determine the most probable and reasonable
exposure and risk.

Estimating contaminant exposure for receptor
species on the reservation also depends on
knowing the amount of time species spend in
waste areas and the amount of contaminants
ingested. Because specific home ranges av.d
habits of many of the receptor species on
Portsmouth are not well known, an initial
screening assessment for contaminant exposure
was conducted using conservative assumptions.
Even though only a few species with small home
ranges (e.g., small mammals, and birds) could
reside within contaminated areas for most of
their lives and even fewer individuals could
contact areas of maximum concentrations (see
chapter 9.4 for discussion of home ranges), the
conservative assumptions were applied routinely.

The risk assessment (appendix A) estimates the
risk to vegetation, terrestrial wildlife, and aquatic
organisms from chronic exposure to radiological
and nonradiological contaminants. In these
exposure analyses, the ecological endpoints and
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their receptor species were considered.
However, due to limited availability of
sensitivity data for many species (e.g.. threatened
and endangered species) and to similarities in
exposure risk (e.g., similarly sized receptors
feeding on the same prey), representative
organisms for each endpoint were chosen for
evaluation. A food web was developed that
includes receptor species representing the
endpoints (figure 9-2). In all cases in which data
were available, conservative estimates of
exposure and risk were made by selecting
receptors that are either (1) most sensitive to
contaminants or habitat alteration, (2) most likely
to experience additional risk because of
bioaccumulation or larger body size, or (3) at
greatest risk because of rarity. Other abundant
species on the reservation were included as
important prey components of the foodweb,
such as mice and insects (risk estimates were not
determined for insects).

The primary exposure routes for terrestrial
wildlife species are exposure to external radiation
and ingestion of food (including soils for some
species) and water. Table 9-5 lists the body
weights and consumption rates for the
representative species. The cow is assumed to
feed exclusively on the vegetative parts of plants.
The cottontail rabbit and white-tailed deer are
assumed to eat 50% vegetation and 50% fruits
and seeds. On the basis of a review of the
literature, the percentage of prey items consumed
by omnivores and predators was estimated (table
9-5; figure 9-2). The mouse and robin are
assumed to eat 70% fruit/seeds and 30% insects;
the red-tailed hawk eats 80% mice and 20%
rabbits; and the red fox eats 70% inice and 30%
rabbits. The bat is assumed to eat 100% insects,
and the insects arc assumed to eat 100%
vegetative plant parts.

All species are assumed to purposely or
incidentally ingest soil while eating, grooming,
or preening except for the bat, hawk, and red fox
(table 9-5). The soil ingestion rate (Q,) for
cottontail rabbits was assumed to be the same as
that reported for the jackrabbit, 6.3% of the
dry-matter intake (Arthur and Gates 1988). The
white-tailed deer s0il ingestion rate is assumed to
be the same as that reported for the mule deer,
1.35% of the dry-matter intake (Arthur and



TABLE 9-2—Meximam and Average Concentrations of Organic, Inorgenic, and Rodionuclide Contaminants
in Soil on the Portsmouth Reservation [mg/kg dry weight (for chemical constituents) or pCikg dry weight (for
radionuclides)]

Mazimun
Conceatration

Am -

Chrysene

Dibenzofuran
Dibenzola.h)anthracene
1.2-dichlorobenzene
1.4-dichlorobenzene
1.1-dichloroethane
1.1-dichloroethene
cis-1.2-dichloroethene
trans- 1, 2-dichloroethene
1.1-dichloroethylene
2-trans-dichloroethylene
2.4-dichlorophenol
44.007
2.4-dinivotoluene
Diethyl phthalate
Dimethy| phthalate
Di-n-butyl phthalate
Di-n-octyiphthalate
Ethylbenzene
Fluoranthene

Fluorene

Freon

indeno( 1,2,3-cd)pyrene
Methylene chlonde
2-methylnapthylene
2-methyiphenol
Napthalene
4-nitrophenol
n-nitrosodi-n-propylamine

1.20E+00
7.10E-03
3 90E-01
1 .80E+00
1.10eE-01
2.00E+03
5.10E-03
4.50E+00
3.70E+00
4 00E+00
2.50E+00
3.00E+00
8. 40E-O1
1 00E+02
790E-03
1.30E-02
2.70E-02
1.20E+00
5.00E-03
6.25E-0!
6.60E-02
4.60E-01
8.50E-01
7 .06E+00
6.60e-01
A 10E-CI
3.50E-01
2 A0E-01
205E-01L
3.30E-03
3 80e-03
1.70E-03
5.88E-02
1 A4E+00
2.40E-01
1.60E-02
2.00E-01
1.80E-01
4.30e-03
3 50E-0!
2.208-02
2.30e-03
1.36E+01
i .40E+00
3 59E+00
2.10E+00
1 32E-01
6.60E-01
8.50B-01
5.00e~01
3.108-01
2.60B-01

208E-02
6.A0E-02
1 .S0E-01
1.52E-01
1.14E-01
2.50E-01
5.20E-02
149E-0!
1.T9E-01
4.06E-01
8.92E-01
1.16E+04
6.60E+00
3 3SE+0L
6.98E+0l
1.08E+00
1 ME+01
1.58E+01
207E+01
3.20E+00
J43E+04
3. 78E+01
7.34E+03
3 2E+02
1 71E+00
5.TIE+0!
1 42E+03
7 80E+00
6.56E+00
1.69E+02
1.30E+00
1.94E+01
4.78E+01
244E+02




TABLE 9-2 (continued)

Maziman
Ceoncentration

Pheasatdwene 9 90E+00
Phenol 197TE+00
Pyrene 1.30E+01
Tewachioroethene 4 J0E-02
Tetrachloroethylene i.14E-01
Tolsene 3.07TE+00
1.2 4-trichlorobenzene 2.20E-01
1.1.1anchioroethane 7 44E-0I
1.1.2.trichloroethane 7.10E-03
Trichioroethene 2. 78E+D1
Yyl chionde 892E-01
Xylene 1. 60E-02
Aluminom 1 60E+04
Antimony 4 50E+03
Arsenic 6.60E+(4
Banum 1 S9E+)3
Beryllium 2 40E+00
Cadmium 1| 10E+02
Calaum 1 40E+05
Ctwomium 7.76E+03
Cobelt 4 20E+01 L
Copper 2.9E+03
Cyamde ion 3.20E+00
Fluoride 1.20E+01
iron 1.10E+03
Lead 8.36E+02
Magnesium 1. 10E+08
Manganese 8 86E+02
Mercury 7 60E+01
Nickel 992E+03
Potassium 1 SBE+04
Sekenum 2.30E+01
Silver 2.00E+01
Sodium on 3 1E+03
Sulfite 1.70E+02
Thallivm 2 S0E+00
Vanadium 6.20E+01
Zinc 2 ME+03
Technecium-99 4 I1SE+0%
Uramum-238 2.63E+04




TABLE 9-3—Maximum and Average Concentrations of Organic, Inergenic, and Radionuctide
Contaminants in Water at the Portsmeuth Reservation [mg/L (for chemical constituents) or pCi/L
(for radionuclides)]

Technecium-99
Uranium-138
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> o2 2. o
ABLE 9-4—Maximam and wmqmlmammwm
T i Sdi.uldﬁcm“-uﬁ-mu [mphkg (for chemicals) or pCi/kyg (for radisnuciides)]
in

Average Concentration
. 1.22E+01
Acenapthene 390E+01 _ Yoo
Acenapthylene # SOE-01 e
Acetone 9.70E-01 b
Anthracene i S0-01 ' 4TSE+00
Arocior e & ach 1.33E-01
Beazol mlm 2 ppote 3.11E+00
hu'm“ 2.10E+01 pptdped
.,m'm 2. 10E+01 o
Beazo(gh.iperyle 920600 ; 4.43E+03
Mw"';““" | 90801 ; S 89E+00
,,,,,,.: 1.10E+02 _ o
B >, = peipe ' ; 2.04E+00
e 110604 ; 4.18E+0)
"““'“"m ooy 1.34E+01
: | e ' 4 28E+00
Carbon disuifide s <20
C:". Ly S 3080 - 211E+01
S I0R08 ; 3 60E+03
"’" nzola.hianthracene 290800 $86E+02
: “d""a‘*“"“ 140601 9.71E-01
u' ,,,'d,,mu 2 40E-01 3 M e
4 420E-03 ‘ |
1.1-dichlovoethene et A )£
ok ‘M“"’“"" e ‘ i 8 20€+01
i Jaoen : i 3.34E+01
44007 1.10E+0L ; Yo
DD:'”W; phthalate 1roe-m ; { S0E+0S
: 3.80E-02
2.4-dimedhyiphenol £.008-03
Di-n-buty! phthalate L S0E-01
D-a-octyiy 7.40E+0)
Hm|mm 362E+02
A 1.00E+01
indenot | 2.3cd)pyrene pposisd
Methoxychior | T0E.02
Vethylene < $.50E+03
2-methyinapthylene 290E w02
4-methyiphenol | GAE00
':ml andvene S 80E+01
4.20E+01
Pyrene 2.90E-03
Tolaene 2 40E-01
1.2, 4-tnchlorobenzene 4 00E00
by hene 1. 60E-03
Xylene 1.50E+04
Alemanum 1.08E+02
Arsenic A00E02
Banum 9 908.01
Beryllium 3.808+00
Cadmuum 4 40EA04
Calcium 96803
- 190E+01
Cobalt 7708401
Copper 1 208401
Fleonde 7.608404
froe 5 508401
Lead 1.S0E+04
Magnesium | 0803
Mang 1 S0B+00
Mercary 3.00E+02
ot 1 808403
o 3.50E400
Seleniom



Table 94 (coa't)

Constitwent Mazimum Concratration Average Coucentration
Sifver —TT0EOT
Sodism on 2 30E+Q2
Vanadism 8.10E+01
Zinc 8.30E+02
Techneciom-99 4561E+18
Uranium-238 2.00E+04
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2. REPRESENTATION OF THE TERRESTRIAL FOOD WEB OF THE
PORTSMOUTH RESERVATION

FIGURE 9-



Alldredge 1979). The soil ingestion rates for the
cow and mouse are 7% and 2% of the dry-matter
intake, respectively (Mayland etal. 1977 and
OHEA 1991). Since published values of soil
ingestion rates were not found for the robin, it
was conservatively estimated to be 10% of the
dry-matter intake.

The estimated daily rates of food and water
consumption (Q,., Q. or Q, and Q..
respectively) for each receptor species were
cakculated from allometric regression equations
that are based on the weight of the organism
(EPA 1988) (appendix A). These equations are
based on the combined measurements for
laboratory animals, livestock, and selected
wildlife and bird species.

Becaus: information on the specific habits and
behaviors of most of the receptor wildlife species
at Portsmouth is not well known, it is assumed
that all species spend 100% of their time on the
reservation. Therefore, the fraction of
contaminated vegetation, fruit, prey, soil. and
water consumed (Fl,, Fl. Fl,, Fl, and Fl,
respectively) is set at 100% (table 9-5).

Contaminant concentrations in vegetation, the
first level in the foodchain, are estimated from

rce-term concentrations in the soils using
published element-, or chemical-specific soil-to-
plant transfer factors (Baes et al. 1984; Travis
and Arms 1988) (table 9-6). Transfer factors for
inorganic chemicals are available for both the
vegetative and fruiting parts of plants (Baes et al.
1984); however, the transfer factors for organics
do not make this distinction (Travis and Arms
1988). The methodology used to predict
contaminant concentrations in vegetation does
not make a distinction between different plant
types or species. Therefore, all species ingest
"generic”  vegetation containing contaminant
concentrations derived from soil concentrations
by the use of transfer factors.

Transfer factors for contaminants of concem are
applied to predict concentrations in the tissues of
terrestrial man-malian receptors from
consumption of vegetation, soil, and water
(collectively termed B,) (Baes et al. 1984; Travis
and Arms 1988) (table 9-6). Data on transfer
factors from vegetation or soil to insects and
carthworms are very limited in the literature.

S iRt B s

Therefore, the concentration in insects was
derived from vegetarion concentrations. and s
default, conservative one-to-one transfer between
vegetsiion and insects was assumed. The
rationale and limitations for applying these
transfer factors are discussed in appendix B.

or no-observable-adverse-effect level (NOAEL)
values are typically reported in wet weights,
whereas the vegetation and soil concentrations
aretypu_:allyrepomdmckymgins Therefore,
conversion factors were applied to account for
this difference. The wet- to dry-weigix
concentration conversion factor for the vegetative
parts of plants at Portsmouth was assumed to be
0.32 (the average for meadow fescue, Kentucky
bluegrass, wild bromegrass, and orchard grass
(Morrison 1959). The wet- to dry-weight
concentration conversion factor for the fruiting
parts of plants at Portsmouth was assumed to be
0.17 (Morrison 1959). The wet- to dry-weight
concentration conversion factor for soils was
assumed to be 0.90 (Solid Wastes: Engineering
Principles and Management Issues 1977).

For the base-line assessment of Portsmouth, the
concentrations of radionuclides in animal tissues
and the resulting doses were not decay-corrected.
The doses are estimated for the current situation
and not for some point in the future. The
primary radionuclides of concem, **U and *Tc,
have long half-lives (4.5 x 10’ and 2.12 x 10°,
respectively) so this assumption is reasonable.
The radionuclide concentrations in the source
terms were decay-corrected by PNL to the time
of disposal or release. To estimate dose to
terrestrial receptors, all short-lived daughter
products were included.

Aquatic organisms considered in the assessment
included benthic macroinvertebrates and a
generic fish species. For radiological analyses,
emergent vegetation (i.c., cattails) and muskrats
were included as well. All aquatic organisms,
except for benthic macroinvertebrates, are
exposed to contaminants in surface water.
Benthic macroinver ‘ebrates are assumed to be
exposed only to the sediment pore water for
calculation of intemal radistion dose and
exposure to chemicals. The external radiation
dose from exposure to surface water was
calculated for all organisms.
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TABLE 9-S—Body Weights and Consumption Rates' for Tervestrial Receptor Species’ on the Portsmouth

Reservation

Parameter mur‘ C“‘-.dn rabbit Dwer Cow Rebin fadions bu flod Taled Howt Kodd Fou
Body weght, BW (kg) 2 o0k 1 OB S 6SE.* 4.00E 02 2.506-02' 7.}0E-0)* +. 9t 0 6,00 +00"
Waser waske rae. Q, (LM) 6.90E-03 1 M4E-D) 263Ed0) 1.23E+0I 1 43E-02 2.306-0) 140 431801
W wgeson fraction, Fl, 1.00E +00 | 00k + U } GOK +00 1.0k« 1 QUE+00 | 70K «00 ) UK 0 100 +00
00 wiake rate. Q (\gA) 4 E08" | e S E-O | Bok-01% V7H-0e" " 000 000 o
Sod wgeston fractos. R, 1.00E+0D ) 00K +00 1 0K +U0 100K +U0 100K +00 i ) 000 0.00
Vegstanca wuks rate, Q, (kg/d) 000 3 13E-02% 190" 7.47E 00 000 000 000 vuo
Vegetatica mgesion frac . F, 000 1 00K 00 1.008+00 1 COK Wil oo o (Y ) ow
Fronsesds weske rae, Q ( YM) 3.36E-02" 3IE-Q 790 0w $ 0E-03" oo 000 000
Fren/weds mgesuca fracucs, 1 00E +00 1.00E +00 1 00K +00 oo 1 UDEI0 0 000 000
Pesy | masks rate. Q,, (1) | 40E-03 (maecta) 0.00 0w (i 2 SOE-OV (smaects) 1 ME-0) (insects) 7 92E-02" (mce) ) SBE-01" (muace)
Prey | wentin fcwon, R, | O0E+0D 0Y) | o 000 1 OUE +00 | O0K.+U0 1.00E+Q0 1. O0E 0D
Prey 7 wiske tase. Qg (hgMd) 000 o 000 0.00 000 000 1.98K-02 (rabbeix) 8§.05E-02 (rabbsis)
Prey 2 mgestwa fracecs, Ry, o0 0.00 0 oo 000 000 t 00K +Q0 100K +U0
Prey 3 muske e, Qo (kA 000 000 oo 000 o oo 000 0.00
Poy 3 mgestaon frecucs, Fl, 000 0.00 ow o 000 000 000 000

' Al valuts are on & wot wenght bunis  For soubs, the wet:dry rato 1 0 90 (Clark and Mawsel 1977), fr vegotation the rato 1 0.32 and (or fruas/soeds. the tatio 1 0.17 (Momson 1939).
! Water and food consamption res were cumpuied by methods wa (U S. EPA 1988) (Table 8) ualess utherwie aoted.

? Lackey @ ol 1983
L]
]

Chapmaen o al 1900 * The eastem cottosal sabbu 13 assumed 10 eat 0% frun and soeds - & vegolation (Whelaker 1988.)
Sansth 199) " The whste-taziod deer 13 wsumed 10 cal S0% vegetalion and 0% frum and seods (Whataker 1988 )
¢ US EPA 1988 * The mowse is assumed 10 eat T0% frust and soeds and 0% wnects (Lackey o al. 1983)
' Temes 1980 " The robia 1u mssumed 10 el T0% frua and seeds and Y0 iasocts (Tesres | 980)
! Thomson 1962 ® The red-tailed hawk 1» axsurned 10 eat 0% muce and 20% rabbuts (Terres 1900).
' Brown and Amedon 1968 * The cod for 1 mssumcd w el VS muce and 30% rabbay (Whuaker 1988).

® Opresko and Swes 1992

" hMdowss soal \ngesteon rate 1 2% of dry vegetaon wiake (Beyer @ ol 1991)
“ The castorn conontasl is assumod ic have the same sl gaation tate as the pckiabbet (6.1%) (Anthur and Gates 1988 )

" The whete-tasl doer u assumed 10 have & sosl mgestson rase of | IS% of Jry maiter watahe (Anhur and Aldndge 197Y)
* Camie sal ingesteon e b abuwt 7% of dry matier whake (Maryland o al 197T)
" The nabag soal ngessiun rate o aumed i be (0% of dry matier inake



TABLE 9-6—Soil to Vegetatien, Soil to Fruit, and Plant to Beef Transfer Factors, and Fish Bisconcentration
Factors jor Constituents of Concern ag the Portsmouth Reservation

Seil to Sell to Frult | Vegetacion to
Fish Blocomcentration Vegetation Tramaler Beef Tramefer
Constitwest Factor Tramefer Facter Facter Factor

Acenapthene 646E+02 216E-01 216E-01 200E-04
Acenapthylene 3.01E+02 2.16E-01 2.16E-01 2.00E-04
Acetone 3.39E-01 533E+01 5.33E+01 1.44E-08
Anthracene 1.42E+03 9.71E-02 9.71E-02 71.94E-04
Aroclor 1254 2.30E+04 224E-02 2.24E-02 1.00E-02
Aroclor 1260 1.60E+(0S 224E-02 2.UE-02 1.00E-02
Benzene 241E+01 2.37E+00 237E+00 J.16E-06
Benzo(a)anthracene LITE+D4 197E-02 1.97E-02 1.26E-02
Benzo(a)pyrenc 2.38E+04 1.32E-02 1.32E-02 251E-02
Benzotb)fluoranthene 2.33E+04 1.19E-02 119E-02 3.02E-02
Benzofg.h.i)perylene NA 6.09E-03 9SSE-02 6.70E+04
Benzx k)fluoranthene 238E+04 1.19-02 3.02E-02 2.38E+04
Benzoic acid 1 55E+01 3.09€+00 3.09€+00 2.00E-06
BEHP 1.19E+07 437E-02 < >TE-02 3.16E-03
Bromodichloromethane 2.97E+01 2.37E+00 23TE+00 J.16E-00
2-butanone 951E-01 2.63E+01 2.63E+01 4.90E-08
Butyi benzyl piuhaiate 3 54E+03 $.70E-02 $.T0E-02 2.00E-03
Carbon disulfide 1.95E+01 NA NA NA

Chilorobenzene 6.45E+02 9.32E-01 9.32E-01 1.58E-05
Chloroform 1.85E+01 2.70E+00 2.70E+00 251E-06
Chioromethane 3 10E+00 1.15E+01 {.1SE+01 204E-07
$-chloro-3-methylphenol NA 6.2SE-01 6.2SE-01 3. 16E-05
2-chlorophenct 6.40E+00 2.07E+00 207E+00 198E-06
Chrysene 1.08E+04 1.97E-02 1.97E-02 1 26E-02
Dibenzo(a.hlanthracene 1.13E+08 6.78E-03 6.78E-03 7.94E-02
Dibromochloromethane NA 2.07E+00 207E+00 3198E-06
1.2-dichlorobenzene 8 90E+0! 4.20E-01 4.20E-01 6.31E-05
1.4-dichlorobenzene 6.00E+01 4.20E-01 4.20E-01 6.31E-08
1.1-dichloroethane 1.35E+0! 3 53E+00 3 S3IE+00 1 S8E-06
I.1-dichloroethene [.47E+01 2.37TE+00 23TE+00 3.16E-06
1.1-dichloroethylene 1 4TE+01 3.35E+00 3.3SE+00 1.713E-06
2-trans-dichloroethylene NA 2.37E+00 2.3TE+00 3. 16E-06
2 3-dichiorophenol 3.40E+01 4.79€-01 4.719E-01 SO01E-05
4.4-DDT 2.98E+04 1.74E-03 1.74E-03 6.31E-02
2.4-dinirotoluene 1.95E+01 2.70E+00 2.70E+00 2.51E~06
1.4-dioxane $.98E-0! 5.55E+01 5.5SE+01 1.ISE-08
Dreldrin 4 37E+0) 8.50E-02 8.50E~02 1.00E~03
Drethyl phthalate 4.36E+0! 5.48E-01 S.48E~01 3 98E~-05
2.4-dimethylphenol |.50E+)? 1.39E+00 1.39E+00 71.94E-06
Dimethyl phthalate 57 2.37E+00 2.3TE+00 3.16E-06
Di-n-butyl phthalate 1.0TE+04 1.82E-02 382E-02 3 98E-03
Dr-n-octylphthalate 1.8TE+(07 1.86E~04 1.86E-04 3.98E+01
Ethylbenzenc 146 S.48E-01 5.48E-01 3 98E-03
Fluorantaene 3.12E+03 $.70€-02 $.70E-02 2.00E-03
Fluoren: 1.13E+02 1.44E-01 1.44E-01 4.02E-04
indenol ., 2.3-cd)pyrene 5.13E+04 6.69E-03 6.69€-03 3.13E-02
Isobun | alcohol 223 NA NA NA

MecZwoxychior 8.30E+03 6.51E-02 0.51E-02 1.58E-03
Metchylene chionde 5. 74E+00 6.86E+00 6.86E+00 5S.01E-07
2-methyinspthylene 5.05E+02 NA NA NA

2-methylphenol | 8SE+01 NA NA NA

4. ethylpheno 1.12E+01 NA NA NA

— e T Al e Tt M- L
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TABLE 9-6 (continned)

‘ Soil to Soll to Fruit | Vegetation to
Fish Biocoscentration Vegetation Transfer Beef Transfer
Constitment Factor Tramsfer Factor Factor Factor

Napthalene 168E+02 INDEO1 | ﬁﬁ-on 1.006-04
4-nrophenol 1.26E+02 3.09E+00 3.09E+00 2.00E-06
Phenanthrene 1.44E+03 9.71E-02 9.11E-02 7.94E-04
Phenol 75TE+00 $.26E+0C $.26E+00 7.94E-07
Pyrere 2.80E+03 33SE-02 3 3SE-02 S.01E-03
Tetrachloroethene 5.5TE+OI 4.20E-01 4.20E-01 631E-03
Tetrachloroethylene $.STE+O! NA NA NA
Toluene 6.99E+01 1.CTE+00 1.07E+00 1.26E-03
1.2.4-trichiorobenzene 1.09E+03 1.27E-01 1.2TE-01 SOIE-04
1.1.1-tinchloroethane 9.00E+00 1.39E+00 1.39E+00 7.94E-06
1.1.2-tnchloroethane 3.90E+01 2.07E+00 2.07E+00 3.98E-06
Tnchloroethene 1.79E+0I 1.59E+00 1.59E+00 6.31E-06
Vinyl chlonde 6.59E+00 6.01E+00 6.01E+00 6.31E-07
Xylene 1.77E+02 548E-01 S.48E-01 3 98E-05
Alununum 1.00E+00 4.00E-03 6.50E-04 1.50E-03
Anumony 1.00E+00 2.00E-01 3.00E-02 1.00E-03
Arsenic 1 .ODE+00 4.00E-02 6.00E-03 2.00E-03
Basnium 4.00E+00 1.50E-01 1.50E-02 1.50E-04
Beryllium 1.90E+01 1.00E-02 1.50E-03 1.00E-03
Cadmuum 2.0UE+02 5.50E-01 1.50E-01 5.S0E-04
Calcium 0.00 1 50E+00 3.50E-01 7.00E-04
Chromium 2 00E+01 1.50E-03 4.50E-03 $.50E-03
Cobalt 5.00E+0] 2.00E-02 7.00E-03 2.00E-02
Copper 5.00E+01 4.00E-01 2.50E-01 1.00E-02
Cyanide ton 3.79E-01 5.42E4+01 5.60E-G1 1.41E-08
Fluotide 1.00E+0} NA NA NA
iron 1.00E+02 4.00E-03 1.00E-03 2.00E-02
iead 1.00E+02 4.50E-02 9.00E-03 3.00E-04
Magnesium 5.00E+01 1 00E+00 5.50E-01 5.00E-03
Manganese 1.00E+02 2.50E-1 5.00E-02 4.00E-04
Mercun 2.00E+0$ 9.00E-01 2.00E-01 2.50E-01
Nickel 1.06E+02 6.00E-02 6.00E-02 6.00E-03
Potassium 1.00E+03 1.00E+00 5.50E-01 2.00E-02
Selenium 1.70E+02 2.50E-02 2.50E-02 1.50E-02
Silver 2.30E+00 4.00E-01 1.00E-01 3.00E-03
Sodium 1on 1.00E+02 7.50E-02 5.50E-02 5.50E-02
Thallium 1 .00E+04 4.00E-03 4.00E-04 4.00E-02
Tin 3.00E+03 3.00E-02 6.00E-03 8.00E-02
Vanadium 1.00E+01 5.50E-03 2.50E-03 2.50E-03
Zinc 2.00E+03 1.50E+00 1.00E-01 1.00E~01
Technecium-99 1.50E+01 5.50E-03 3.00E-02 3.50E-06
Uransum-238 1.00E+00 1.00E-02 4.00E-03 1.50E-C4

NA = Transfer factor could not be calculated.
Sowrce: For organics. the wansfer factors were calculated from equations in Travis and Arms (1988) using K,, values from the Superfund Chemical Data

Matrux (1991). For inorganics and radionuchdes. the transfer factors were taken from Baes et al. (1984). The K., for cyanide was taken from MEPAS and
the transfer faclors were calculated from equations in Travis and Arms (1988).
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9.4 CONTAMINANT EFFECTS ASSESSMENT

Two pathways are used to determine the effects
of contaminant exposure (chapter 9.3) on
ecological endpoint receptors. For terrestrial
receptors, consumption rates of contaminated
food and water are compared with toxicological
benchmarks. For aquatic receptors, contaminant
concentrations in water or sediment pore water
are compared with chemical-specific aquatic
benchmarks.

To quanufy risk to terrestrial receptors exposed
to organic and inorganic contaminants, the daily
consumption rate of contaminated food and
water, normalized to body weight (in units of
mg/kg/d), was compared to the NOAEL
benchmark (mg/kg/d). Ratios greater than | are
considered to pose a potential risk to organisms
but do not necessarily indicate the severity of the
effect(s). However, it is reasonable to assume
that the higher the ratio, the greater the risk of
adverse effects. Dose to terrestrial receptors,
including v.:getation, from internal and external
exposure to radionuclides was also determined
from calculated tissue concentrations,
respectively. Doses that exceeded 0.1 rad/d were
considered to pose a potential risk to terrestrial
organisms (IAEA 1992). Methods used to
calculate exposure and risk are described in
appendix B.

Toxicological benchmarks for terrestrial
organisms, excluding vegetation, were obtained
from Opresko and Suter (1992) (table 9-7). For
representative receptor species that were not
listed in the data base, extrapolation technigues
were employed to obtain the chronic NOAEL by
adjusting for differences in body weight between
the receptor and a test orzanism. If a NOAEL
was available for a laboratory test species, the
NOAEL for a receptor species could be
calculated. Many of the NOAEL benchmarks
were derived by extrapolation from small
mammal laboratory data (Opresko and Suter
1992). No wildlife toxicity data were found for
a few contaminants. For these cases, wildlife
NOAELs were extrapolated from human
noncarcinogenic toxicity data (i.e., RfD’s) listed
in the MEPAS constituent data base, normalized
to the "standard man” body weight of 70 kg.
Thus, for this repon, wildlife species that weigh
less than 70 kg would have a higher benchmark

- H

than humans, and the opposite weuld be true for
wildiife species weighing more than 70 kg
Literature sources for inorganic terrestrial
phytotoxicity benchmarks were summarized and
reported by Suter and Futrell (1993). Where
applicable, the lowest source concentration in a
soil medium that prodiced phytotoxically
excessive effects was chosen from the data base.
Several benchmarks were derived from
experiments using nutrient solutions. However,
uncertainty values were not applied to these data
to account for differences in growth media. A
methodology for deriving phytotoxicity
benchmarks for organic constituents was
developed by Eskew and Babb [as cited in the
MMR Air National Guard Risk Assessment
Handbook (1992)].

Risks to aquatic organisms from exposure to
organic and inorganic contaminants in water and
sediments (pore water) were calculated by
comparing the water or sediment pore-water
concentrations with the chemical-specific aquatic
benchmark (Suter et al. 1992). To determine
internal dose to aquatic plants, fish, and muskrats
from exposure to radionuclides, the surface-water
concentrations were multiplied by radionuclide
and organism-specific aquatic (intermal) dose
conversion factors to produce a daily dose in
rads (Killough and McKay 1976). To determine
the intemal dose to benthic macroinvertebrates
and other bottom-dwelling organisms {e.g., fish
larvae) from exposure to radionuclides, the
sediment pore-water concentrations were
multiplied by radionuclide and organism-specific
aquatic (internal dose) conversion factors to
produce a daily dose. The external dose to all
organisms was determined by multiplying the
surface-water concentration by the extemal
radionuclide-specific dose conversion factor.
Combined internal and extemal doses greater
than |1 rad/d are considered to pose a potential
risk to aquatic organisms (NCRPM 1991).

For contaminants and receptors that did not pass
the average concentration screening (Chapter
9-3), an attempt was made to further define
exposure risks by comparing the home range
sizes of receptor species with the potential
fraction of the home range that is contaminated.

9-17



9-18

Receptor species at Portsmouth have home
ranges or territories which range from small
[e.g.. one ha (2.5 acres) or less for very small
animals such as the robin, mouse, and certain
aquatic species] to hundreds of hectares for
hawks and foxes (table 9-8). Smaall species have
home ranges small enough to be contained
within individual waste sites. Some species have
such large home ranges that the waste sites
would comprise only a part of the area they
would occupy, if the waste sites were used at all.
To further interpret results of this risk analysis,
the following assumptions are made about
contaminant exposure to recepiors.

1. Bumrowing small mammals, insects,
and vegetation aie known to move
radiological contaminants from
buried waste where it is presumably
redistributed on the surface through
the food chain, excrement, and soil
dust (Arthur 1982; Markham 1987,
Arthur and Markham 1983). The
same is probably true for
nonradiological contaminants.
Because the waste sites are the
original sources of contaminants,
and data are lacking for contaminant
levels outside of the waste sites, it is
assumed that source terms outside
waste sites are negligible.

2. Itis assumed that species with home
ranges of less than 10 ha (25 acres)
(table 9-8 conld receive as much
exposure as the average screening in
these analyses indicates.

3. For wider-ranging species, exposure
may be less than the average
screening indicates.  Thus, for
species with home ranges equal to or
greater than the contaminated area of
40 ha (100 acres), it is assumed that
the effective exposure is proportional
to the ratio of the contaminated area
to the area of the waste complex
[i.e., about 400 ha (1000 acres)).
This ratio (i.e., 40/400 = 0.10) was
applied as a correction factor to the
calculated HIs presented in table 9-9
for the red fox, white-tailed deer,
and red-tailed hawk to determine the

effective HI. Because sufficient
contaminant-specific  distribution
data are unavailable, an area of 40
ha (100 acres) is assumed for each
contaminant.

About 2.5% of the surface area of
Portsmouth is waste sites. Exposure
of biota living in the other 97.5% of
the reservation is limited to
contaminants that have moved from
waste sites in dust and from
contaminated wildlife and plants.
Although this contamination may be
measurable, source terms are
lacking; thus, it is assumed that the
concentrations are negligible
compared with the amounts and
concentrations in the waste sites.
Exposures could be higher if, for
instance, the sole source of
contaminants is a waste pond used
as the only source of drinking water.
However, for Portsmouth it is
assumed that contaminants in soil,
water, and sediment are evenly
distributed among media.

Except for threatened and
endangered species, for which the
loss of an individual is considered a
significant nisk to the population, it
is assumed other endpoints are at
risk only at the small end of the
home range scale represented by the
2.5% of the Portsmouth Reservation
that is in waste sites.

Contaminated wetlands are waste
ponds. It is assumed that aquatic
biota receive the average exposure to
contaminants if they occur in waste
ponds. Similarly, it is assumed that
biota in other wetlands are not
exposed to contaminants.

Grazing livestock are not allowed
into contaminated sites. Risks to
livestock would be applicable only if
livestock were allowed to graze in
waste areas.



TABLE 9-7—Criteria Benchmarks for Terrestrial' and Aquatic’ Receptor Specias at the Portsmouth Reservation
(NOAELS: listed in mg/kg/d for terrestrial benchmarks or mg/L for aguatic benchmarks)

e e T T o R T W oo s —
NA NA WA NA NA NA “NA NA— | (3802 | T
NA NA NA NA NA NA NA NA 1.28E402 NA
2 ME«0) 6 6SE+00 1. 84E+00 9.56E-01 1.63E+01 1.67E+0) 6.31E+00 3 88E+00 NA 237640
NA NA NA NA NA NA NA NA 1.286402 8.208-03
1 11E-01 4 ME-02 1 13E-02 22260 2.10E-0} 3.19E+00 1.20E+00 3.S0F-02 1.00E+0) $.20E-04
1 46E+00 292E-03 8.06E-04 4.20E-04 2.17E+00 9.96E-01 2.77E-03 1. 70603 NA 2.10E-03
6 LIE+00 1.66E+00 4.59E-0) 2.39E-0) 9.08£400 4.1BE+00 1.58E+00 9.706-01 NA 2.10E-02
NA NA NA NA NA NA NA NA 1.26E+02 6.50E-04
I HE-02 6 65E-03 1.84E-0) 9356E-04 1.63E-02 1.67E-02 6.31E-03 1.88E-0) 1.28E+02 1.99€-03
NA NA NA NA NA NA NA NA | 28E+02 NA
NA NA NA NA NA NA NA NA NA 1.268+00
NA NA NA NA NA NA NA NA 1 40E+0) 3.00E-04
2 25E+01 6 12E+00 1.69E+00 8.80E-01 1.34E+0) 1.54E+01 $ 81E+00 3.57E+00 NA NA
NA NA NA NA NA NA NA NA NA 1.63E-0)
2 20E+01 S 99E+00 7 BAE-O! 4 08E-01 1.27E+01 1.50E+01 $.68E+00 1 .66E+00 NA §.40E+00
NA NA NA NA NA NA NA NA 1.28E+02 NA
NA NA NA NA NA NA NA NA 8.60E-01 1.596+00
2. 20E+00 §.99E-01 1.63E-01 BOIE~02 3 27E+00 1. S0E+00 $.68E-0} 149E-01 NA 447E-01
2 20E+00 S 99E-0t 1.65E-01 BOIE-02 1.27E+00 1.S0E+00 S.68E-O01 3.49€-01 NA NA
NA NA NA NA NA NA NA NA NA 1 00 +00
4.56E+01 1. 23E+01 3 43E+00 8.09E-04 6.78E+Q) 141E-02 $.34E-0) 7.23E+00 1.48E+04 2.70E-01
NA NA NA NA NA NA NA NA NA 3.106~04
NA NA NA NA NA NA NA NA 1.28E+02 3208 02
1 43E+0) 3 89E+00 1.07E+00 $.60E-0) 2.13E+0) 9.78E+00 3.69E+00 2.27E+00 $.60E+00 4.10E0
NA NA NA NA NA NA NA NA 1.28E402 1.10E~0)
NA NA NA NA NA NA NA NA NA 2.30B-04
NA NA NA NA NA NA NA NA i.28E¢02 NA
) SIE+00 411E-01 1.13E-01 $.90E-02 2.24E+00 1.03E+00 3.90E-01 239E-01 1.57E+0) 5. )0E-O!
$ 45E+0) 1 486401 4 10E+00 213E+00 8. 10E+01 3.13E+0! 1 41E+01 863E£+00 9.70E+00 1.60E-02
8 53E+0) 2338401 6 43E+00 3.3SE+00 1.27€402 $.83E+01 2.21E+01 1.36E+0! 6.10E+00 231E-01
NA NA NA NA NA NA NA NA NA I 30E+01
162E+02 4.99E+01 1.3BE+01 1.17E+00 2406402 L11E+02 4.4E+0] 291E+01 6.70E-0) § 76E+00
31301 8.63E-02 2.39E-02 1. 24E-02 4.72E-0) 2.17E-01 $.21E-02 5 04F-02 NA 9 S0E~-04
1.22E+0} 3133E+02 9.18E+0) 4 78E+01 1.82E+03 8.36E+02 3.16E+02 1.94E+02 2.408+01 2 638+00
NA NA NA NA NA NA NA NA 8.006+00 8 706~02
1.21E+04 3131E+03 9.13E+02 4 ISE+02 1.81E+04 8.31E+0} 3.14E+03 1932403 $.00E+00 1 90E+00
1.02E-01 1.62E+00 7.60E-01 3.96E-0) 1.52E-01 7.008-02 1.54E+00 1.60£+00 1.50E+0) 9 328-0
1 25E+00 3.39E-01 9.37E-02 4 33E-02 1.85E+00 8.52E-01 1.22E-01 1.98E~01 $.00E+02 2 03E+0)
1.32E400 3.59E-01 9.92E-02 $.16E-02 1.96E+00 9.02E-01 341E-0I 209€-0) 1.008+0} 390803
2 3SE-02 1.26E-02 1.77E-03 3.39E-04 3.506-02 1.61E-02 S ME-0? 1.38E-03 3.00E+00 1 108-03
$ BEE+00 1.60E+00 4AIE-0 2.305-0) 8.72E+00 401E+00 1.52E+00 9.3 E-0! 7.50E+0% 1 10E-02
NA NA NA NA NA NA NA NA 2.50E+01 4 40E-0)
1 83E-01 2.21E+01 2.57E-01 3.176+00 2.72E-0 1.286-01 1.608401 1.29€401 6.00E401 | 208-02
2.64E+01 7 1BE+00 2.6JE-02 1.37E-02 392E+00 1.80E+01 6.82E+00 $.53E-02 NA $ 208-03

' The source for all terrestrial benchmarks except those for vegetation is Opresko et al. 1993, For vegetation, the source is Suter and Futrell 1993 and the
Massachusetts Military Reservation Risk Assessment Handbook, 1992.

* The source for aquatic benchmarks in Suter et al. 1992,
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9.5 CONTAMINANT HAZARD ASSESSMENT

The next step in the ecological risk assessment
generates Hls that are representative of potential
risk and that estimate the level of effects from
exposure to contaminants. Risk to terrestrial and
aquatic receptors from contamination at the
Portsmouth Reservation was modeled. For
terrestrial receptors, hazard indices (Hls) were
generated from maximum and average
contaminant concentrations for chemical
constituents and maximum and average doses
were generated for radiological constituents. For
aquatic receptors, maximum and average doses
were generated for chemical constituents and for
radiological constituents.

9.5.1 Baseline

From the initial suite of 102 contaminants of
concem, the two-stage screening process using
maximum and then average contam:aant values
yielded 26 contaminants producing HIs equal to
or greater than | (i.e., representing at least a
moderate risk from contaminants) for at least one
terrestrial or aquatic endpoint receptor as shown
in tables 9-9, 9-10, 9-11, and 9-12. Hazard
indices of radionuclides did not exceed one.
Following the assumptions outlined in chapter
9.4, the approximate home range or territory size
of receptors was determined in order to calculate
the proportion of their range that could
potentially encompass contaminated lands or
surface water.

Four of the endpoint receptors included in the
analyses, the white-footed mouse, the cottontail
rabbit, the Indiana bat, and the American robin,
occupy small enough areas (table 9-8) to
potentially live their lives entirely within a
contaminated area [e.g., less than 10 ha (25
acres)]. Vegetation obviously can occupy small
areas. The remaining terrestrial receptor species,
the red fox, the white-tailed deer, and the red-
tailed hawk, have home ranges generally larger
than the areas of the waste sites but less than the
area of the waste complex and, therefore, require
application of a correction factor to their average
HIs to produce a more meaningful, effective HI.
Aquatic receptors (fish, invertebrates, muskrats,
and vegetation) are assumed to be fully exposed
to contaminants measured in aquatic habitat.

9.5.1.1 Threatened and Enrdangered
Species

As shown in table 9-13a, four inorganic
contaminants pose moderate risk to Indiana bats
that may forage near the contaminated sites. The
HI for Pb is 9 and the HIs for Cu, Mg, and Mn
are less than 2. However, Indiana bats are not
known to live or forage on the Portsmouth
Reservation. A site-specific analysis of
individual waste sources and a survey to
determine occurrence of bats or other threatened
and endangered species would be necessary to
determine actual risks.

9.5.1.2 Wetlands

Risks to wetlands receptors (e.g., benthic
macroinvertebrates and fish) that might receive
contamination from the waste sites are shown in
table 9-13b. For purposes of this analysis,
wetlands included most holding ponds but not
creeks, ditches, swales, or other potentially
contaminated wetlands because surface area data
necessary for the analysis were lacking. Benthic
macroinvertebrates (e.g., fly larvae, caddisflies,
mayflies, stoneflies, snails, and beetles) would
incur moderate and severe risks from 3 organic
contaminants and 15 inorganic contaminants
(probably mostly from the sediment pore water).
There is less risk to fish from the inorganic
contaminants but severe risk from vinyl chloride
if fish inhabit the holding ponds.

9.5.1.3 Recreational Wildlife

Table 9-13c summarizes risks to recreationally
desirable species on the Portsmouth Reservation.
Base-line average Hls for terrestrial species (i.c.,
the eastern cottontail rabbit and the white-tailed
deer) exceeded one for six contaminants.
However, only lead posed severe risk to the
rabbit. Fish in contaminated waters (table 9-13b)
would incur severe risks from vinyl chloride and
moderate risks from BEHP and aluminum.

9.5.1.4 Agriculture

Cattle are not allowed to graze in waste areas,
therefore, potential risks to livestock are
negligible. Vegetation, in the form of grass and
planted pines, would incur a severe risk from
exposure to aluminum and moderate risks from
seven inorganic contaminants (table 9-13d).



TABLE 9-8—Home Ranges' of and Hazard Index (HI) Correction Factors (CF)’ﬁr
Tearrestrial Recepior Specias & ke Povismonin Gaseons Dijjusion Fiant

Home Range (ha)
Receptor Species <10 > 10 but < 400 Correction Factor
White-footed mouse X (0.2-0.6) 1.0
Eastern cottontail rabbit X (1.0-2.8) 1.0
Indiana bat X (15-45)

Red fox X (260-520) 0.1
White-tailed deer X (60-520) 0.1
American robin X (0.1-2.0) 1.0
Red-tailed hawk X (130420) 0.1
Vegetation X (<0.1)

'Burt and Grossenheider 1976 Chapman et al. 1980; Smith 1991; Schoener 1966.
A CF of 1.0 was appilied to HIs for each contaminant for each species having a home range less than 10 ha (25 acres). Other CFs were based on a ratio
of area of contaminated land and water [i.c., 40 ha (100 acres)] to the total area of the waste complex {i.c.. 400 ha (1000 acres)}.
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TABLE 9-9—Beseline Havard Indices for Terrestrial Orgaaisms on the Portsmouth Reservation

NA
NA
NA
1.53E-04
1.63E+00 6.73E-01 : NA
NA NA NA NA 1.30E+03
331E-06 6.26E-06  7.68E-06 L.198+00
S61E-01  297E-02 1. ME-02 . 20tE+00
Bariwm 27SE-01  S33E-01  6.12E-01 190E+00 S34E-OI I27E-01  9.04E-03 1.08E-02 1 26E-01
Cadmium 7.10E-01  6.26E-01  1.78E+00 1.18E+0f 838E-01 9.67E-OI 1.58E-06 5.53E-05 3 24E-01
Chromism 433E-03 899E-03 419E-03 27IE-02 160E-02 6.59E-04 1.01E-06 1 ATE-06 1 61E-0I
1
Cobalt NA NA NA NA NA NA NA NA 5. 70E-0t
Copper 1.70B+00 $92E-03  2.00E-O} 1.83E-02 201E+00 1.73E+00  |.02E-06 1.80E-06 3.10e-01
Cyanide ion 125E-01 244E-01 29838401 7.59E+01 1OSE-0)  2.52E-01 7.07E-11 775E-09 NA
iron NA NA NA NA NA NA NA NA 3.094+00
Lead 144E+01  288E+01 225B+01 1S4E-02 125E+01 920B+00 291E-08 25TE-04 3 40E-01
Magnesiom 1.05E+00 161E+00 247E400 S.ISE400 1.04E+00 121E+00 [ 72E-04 246E-04 NA
Manganese 127E400 229E4+00 3.00E+00 SO0GE+00 (1947400 159400 794E-02 9.47E-02 1 .94E~-01
Mercury 271E-03  2T4E+00 3 63E-OI [.14E-01 906E-03 4.12E-03  1.79E-05 2 06E-02 5.14B+00
Nickel 406E-03 6T2E-03 6SIE-03 186E-01 831E-02 223E-03 B8.2I1E-06 1.22E-06 5.14E-01
Selenium JME-0!  631E-01 447E-01 3 09E-O) 1.63E-01 1.22E-01 3. 29E-05 2.84E-04 1408400
Selver NA NA NA NA NA NA NA NA 2958400
Thallium 919E-02 197E-01 791E-02 60IE-01 365E-01 216E-03 1.60E~04 2.34E-04 1178400
Vanadium J09E-01  652E-0i 281E-0I 1978400 1.ISE«00 361E-02  3.328-0% 4 83E-0% 71.09€-01

9.23



I Hazard Indices Cailculated Using Average Contaminant Concentrations I

mmuwmuunm:vm

6SIE-02 123E-01 191E-01 48SE-0! 6S3E-02 |.16E-OI 1L.07E-03 1.34E-03 6.1SE-0)

N/A=Beachmark not available. therefore hazard index cowld mot be calcelated.



TABLE 9-10—Baseline Maximum Hazard Indices for Tervestrial Organisms on the Portsmonth Resorvation

Hazard Indices Caiculated Using Maximum Contaminant Concentrations

Mouse Rabbit Deer
Aceaapthear NA NA NA
Accrepthyiear NA NA NA
Acesone 16702 4.88e-02 7.92¢-02
Awmhracess NA NA NA
Aroclor 1254 3.96¢-03 6.35¢-00 2.9%-0)
Arocior 1260 31.5%+00 8.9%+02 6130402
Beaacae 8.32-08 1. 14e-04 1.820-04
Beasc(a)anthrecene NA NA NA
Beaso{a)pyrems 33000 6.51e-01 37000
Boszo(b)iworasthene NA NA NA
Beano(g ha)poryless NA NA NA
Bearolk)iuoramthens NA NA NA
Resacic acd NA NA NA
BENP NA NA NA
Sromodichloromethane NA NA NA
Bromoform NA NA NA
2-butancas 89704 1.19¢-03 1.93-03
Butyl beazy! phehalore NA NA NA
Carbon disuifide NA NA NA
Chiorobesasas NA NA NA
Chloroform 313%-03 44803 1.50e-02
Ohioromethane NA NA NA
4-chioro-3-seethylphenol NA NA NA
2-chiarophesol NA NA NA
Qurysens NA NA NA
Debsasofuran NA NA NA
Dibsnso(a)Janthracens NA NA NA
Dibromochioromethans NA NA NA
1 2-éxchiorobenssae NA NA NA
1.4-dichiorobenacas NA NA NA
1,1 dichiorosthane NA NA NA
1.1 -dichiorosthene 1.33c-04 2.06e-04 3.27%-04
- 1. 2-dchiorocthens NA NA NA
wams- | 2-dichiorosthens NA NA NA
1.1 -dichiorosthylens 383%-03 5.15%-03 8.2%-03
2-wrems-dichiorosthy leae NA NA MA
2 4-dichiorophencl NA NA NA
44-DDT NA NA NA
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TABLE 9-11—Baseline Hazard Indices for Aquatic Orponisms on the Portsmouth Reservation

wm—
F Surface Water Benthic
Coustituent HI (fish) Macroimvertebrate HI
Acenapthene NA 7.82E-01
Anthracene NA 8.23E-01
Aroclor 1260 NA 4.66B+01
Beazo(a)anthracene NA 1.612+00
Benzo(a)pyrene NA 1.59E-Ct
BEHP 9.00E+00 8. 23B+00
Fluoranthene NA 387E-0Il
Phenanthrene NA 2.79E-01
Viny! chloride 421E+01 NA
Aluminum 4X3E+00 3.39E+01
Arsenx 1.29€-02 3.16E-02
Barium: 139€E-03 1.61E-01
Cadeniu NA 2.856+02
Chromu. NA 4.488+00
Cobelt NA 6.78B+01
Copper NA 1.02E+01
Iron 9.40E-01 1.18E+03
Lead NA 7.34E+00
Magnesium NA 5.00E+06
Manganese J.64E-O1L 6.80E+00
Mercury NA TATELI
Nicket NA S.43E+00
Potassium NA 1.42E+06
Silver NA 8.44E+02
Sodium 100 NA 2.63E+01
Vanadium NA 8.15E-0!
Zinc 443E-01 8.18E+01
R ‘m

N/A = Benchmark not available, therefore hazard index could not be calculated.

TABLE 9-12—Bascline Mazimam Radiological Doses for Terrestrial Organisms on the Porssmouth Reservation

e Radiological Doses (rad/d) Calculeted Using Maximem Comtaminant Conconcrations |
Mense Rebbit Deer Cow Robin Indians Bet  RT-Hawk  Rad Fex  Vegstation
Technecium-99 1.93E-03 1 93E-0) 1.98E-03 135603 1.93E-03 193E-03 19303 1 93E-03 R4SE-03 |
Uranium- 238 1 10603 1.10€-03 1.106-03 1IE-03  1.10E-03 1.10E-03 1.10E-03  1.10E~03 1.136-03
Toul dose 3 03E-03 3.03E-03 3 08E-03 J4SE-0)  3.03E-03 3.03E~03 303E-03  3O03E-03  9.53E~03
Radiologxcal HI 303E-02 3 0IE-02 3.08E-02 J4SE-M  303E-02 3.00E-02 3ME-02 30302 953E-02
——— ST




TABLE 9-13—Baseline Average Radiclogical Doses for Terrestrial Organisms on the Portsmouth Reservation

e e T e e T T e e —
I Mouse Rabbit Deer Cow Rebin Indisns Bat RT-Hawk Red Foz Vegetotien
Technecium-99 1.13E-06 i.13E-06 L.17E-06 1.41E-06 1.13E-06 L.13E-06 3.36E-07 137E-7 4 96E-06
Total dose i.13E-06 1.13E-06 LITE-0E 1.41E-06 i.13E-06 L. 13E-06 3.36E-07 337E-07 4 96E-06
Radiologacal Kl L 13E-DS 1.13E-05 LATE-OS 1.41E-05 L.13E-05 1.13e-05 3.36E-06 3.37€-06 4 96E-05
R — - __ R A
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Potentially adverse effects, however, would be
limited to the relatively small areas (totaling less
than 32 ha) within and around the waste sites.
With respect to aluminum, however, the
geometric mean concentration for soils in the
eastern United States (33,000 mg/kg) reportad by
Shacklette and Boerngen (1984) is greater than
the 11,600 mg/kg average concentration used in
this assessment. Therefore, it is quite possible
that the extremmely low benchmark (8.0 mg/kg)
used in this assessment represents a plant species
unusually sensitive to aluminum and that would
not grow in most soils found throughout the
United States, including those at Portsmouth.

9.5.1.5 Public Lands

There are no parks or public lands on the
Portsmouth Reservation. State and private
recreation areas are ail more than 16 km (10
miles) in various direct.ons from the Portsmouth
Reservation. Wayne National Forest is adjacent
to the reservation on the east and souteast.

9.5.1.6 Biodiversity

As noted previously, biodiversity on and around
the reservation reflects modem human activities.
The original forests have given way to
agriculture (crops and cattle) and second-growth
forest. Nevertheless, the area supports desirable
ecological communities that could be affected by
harmful contamipants on the reservation, as
indicated in table 9-13e (see, ajso, tables 9-13a,
b, ¢, and d). The mouse, robin, and bat incur
moderate nisks from each of several
contaminants, whereas lead poses potentially
severe risk to the mouse and robin. Hazard
indices for the red-tailed hawk and red fox are
less than one; therefore, risks to these elements
of biodiversity are considered negligible.

9.6 HABITAT DISTURBANCE ASSESSMENT

The natural mesophytic and oak-hickory forests
that dominated Ohio before the amival of
Europeans have given way to managed
agricuiture and timber production and residential
and industrial development.  Although the
reservation and environs are substantially altered
ecosystems, they nevertheless support fairly rich
plant and anima! communities that are typical of
much of rural Ohio and Kentucky today.

9.6.1 Baseline

About 4G0 ha (1000 acres) or 25% of the
reservation possesses little or no habitat value to
wildlife because of the presence of waste sites,
production areas, and ancillary facilities. The
base-line alternative Coes not, by definition,
include any additional disturbance from
restoration activities. Thus, no additional risks to
plant or animal habitat are anticipated as a result
of the base-line alternative.

9.7 CUMULATIVE ASSESSMENT
9.7.1.1 On-Site

Bised on the assumptions and calculations used
in this assessment, the base-line altemative
clearly poses moderate to severe risks from a
suite of contaminants to selected receptor species
in the endpoint categories, particularly wetlands.
Table 9-14 shows which contaminants pose risks
to one or more receptor species in five of the six
endpoints. Public recreation lands and parks do
not occur on the reservation; hence, no adverse
effects on this endpoint would be expected.

For 25 contaminants, HIs suggest potential risks
to organisms inhabiting waste sites. Of :lese
contaminants, four pose potential risks to
federally listed threatened, endangered, or
candidate species (table 9-13a); 9 pose potential
risks to species in wetlands; six pose potential
risks to recreational wildlife species (table 9-
13c); eight pose potential risks to vegetation; and
six pose potential risks to important food web
components and species important to biodiversity
(table 9-13e).

9.7.2 Off-Site

Determining cumulative risks to endpoinis and
receptors that do not occur at waste sites is more
problematic.  Data were not available to
determine reservation-wide or regional
contaminant levels. For some contaminants, it is
possible that the source terms reflect naturally-
occurring concentrations rather than
contamination (e.g., aluminum, see chapter
9.5.1). Even when background levels are known,
interpretation of hazard indices for inorganic
substances is often difficult because most
analytical techniques do not distinguish between



TABLE 9-13A—Baseline Potential Risks' to Federally Listed Threatened, Endangered,
or Candidate Receptor Species’ that Occupy Waste Sites on the Portsmouth Reservation

— . . — - —
Receptor
Contaminant Indiana Bat?

Copper M
Lead M
Magnesium M
Manganese M

T -

'Potential :isk based on assumptions described in Section 9.4. Risks to individuals that do not occupy waste sites are negligible. Waste sites account for

about 2.5% of the surface area of the Portsmouth Reservation.

*The Indiana bat has been reported in the Portsmouth area (Houlberg et al. 1992); however, suitable habitat (i.e.. caves) does not exist on the Portsmouth

Reservation and the bat is not expected to be an inhabitant of the reservation.

M = moderate risk, where HI is egual to or greater than 1.0. but less than 10; S = se cre risk. where HI is equal to or greater than 10.

TABLE 9-13B—Baseline Potential Risks' to Wetlands Associated With Waste Sites’
on the Portsmouth Reservation

Receptor

Contaminant

Fish

Benthic Invertebrates

Aroclor 1260
Benzo(a)anthracene
BEHP

Vinyl chloride
Aluminum
Cadmuim
Chromuim
Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Silver

Sodium ion

Zinc
- .. - -

7]

S
M
M

nuwvwuvwnZnunZInZuuvnmL unn

'Potential risk based on assumptions described in Section 9.4.

!For purposes of this analysis, wetlands included holding ponds but not creeks, ditches, swales or other potentially contaminated wetlands because surface

area data were lacking.

'M = moderate risk, where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 0.
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TABLE 9-13C—Baseline Potential Risks' tc Recreational Wildlife That Occupy Waste Sites
on the Portsmouth Reservation

e
Receptor
Contaminant Eastern Cottontail Rabbit | White-tailed Deer
Vinyl chloride M?
Cyanide ion M
Lead S M
Magnesiumr M M
Manganese M M
Mercury - M
— el

'Potential risk based on assumptions described in Section 9.4. Risks to individuals that do not occupy waste sites are negligible and overall risks to
populations of wildlife on the reservation are negligible. Waste sites account for about 2.5% of the surface area of the Porismouth Reservation.
M = moderate risk. where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 10.

TABLE 9-13D—BASELINE POTENTIAL RISKS' TO VEGETATION? ON THE PORTSMOUTH RESERVATION

w

Receptor

Contaminant Vegetation
Aluminum s’
Antimony M
Arsenic M
Iron M
Mercury M
Selenium M
Silver M
Thallium M

sacnem— I |

'Potential risk based on assumptions described in Section 9.4. Risks to populations that do not occupy waste sites are negligible. Terrestrial waste sites

account for about 2% of the surface area of the Portsmouth Reservation.

IVegetation includes grasses and pine.

'M = moderate risk, where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 10.
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TABLE 9-13E—Baseline Potential Risks' to Important Food Web and Biodiversity Components

That Occupy Waste Sites on the Portsmouth Rescrvation

e ——— myevm—— —
Contaminant Mouse American Robin | Bats | Red-tailed’ Hawk | Red Fox
Arsenic M’

Copper M M M
Lead S S M
Magnesium M M M
Manganese M M M
Vanadium M
BT

‘Potential risk based on assumptions described in Section 9.4. Risks to individuals that do not occupy wasie sites and risks (o populations are negligible.

Waste sites account for about 2.5% f the surface area of the Portsmouth Reservation.

*Baseline average hazard indices for the red-tailed hawk and the red fox are all below 1 indicating negligible risk 1o these biodiversity endpoint receptors.

'M = moderate risk. where HI is equal to or greater than 1.0, but less than 10; S = severe risk, where HI is equal to or greater than 10.
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9-34

chemical forms that are available for uptake by
organisms (e.g., dissolved in soil pore water or
loosely bound to particles) and those that are
biologically unavailable (e.g., insoluble salts).

The waste sites are mostly highly developed
arcas that do not provide suitable habitat for
many organisms. Thus, actual risks associated
with these sites are probably lower than indicated
by the HIs. However, for biota that live in (e.g..
macreinvertebrates) or use the wetlands (e.g.,
waterfowl in ponds), contaminant exposure may
be substantial. Exposure of benthic
macroinvertebrates to average sediment pore-
water concentrations resulted in Hls over one for
15 inorganic contaminants. Risk to receptors
was greatest from inorganic contaminants (21
with Hls greater than 1). Organic contaminants
(4 with HIs greater than 1) posed a risk mainly
to receptors in wetlands. Risks from
radionuclides were negligible (all Hls less than
1). An alternative that involves closure of the

Portsmouth facility without restoration might
result in reoccupation of the waste sites by plants
and animals: risks similar to those indicated in
tables 9-13a, b, ¢, d, and ¢ would then be
expected.

The only currently known mechanism for off-site
transport of contaminants from the waste sites is
via ingestion by wide ranging wildlife (e.g.
migratory waterfowl or deer). Of the three
classes of contaminants in waste sites (ie.,
organics, inorganics, and radionuclides), the only
source of radionuclides in the region would be
the Portsmouth Reservation waste sites.
Therefore, any regional (off-site) cumulative
risks from radionuclides would be the same as
on-site risks which are considersd negligible
(i.e., HI less than 1). At the time of our analyses
no regional date for organics or inorganics were
available, and cumulative risks off-site could not
be estimated.



TABLE 9-14—Comparative Summary of Alternatives for Onsite Risks' to Ecological Endpoints’
on the Portsmouth Reservation

Source of Risk

Construction’
Aroclor 1260
Benzo(a)anthracene
BEHP

Viny! chloride
Aluminum
Antimony

Arsenic

Cadmium
Chromium

Cobalt

Copper
Cyanide ion R
Iron W.F

Lead
Magnesium

Manganese

E,W.R, B
E.W.R, B
E,W,.R, B

Mercury W,.R,F P

Nickel w

€

Potassium

Selenium

Silver
Sodium ion
Thallium

Vanadium

€ WM E £ ™M

Zinc
A Ot

'Only those contaminants are listed which our analyses showed could pose severe or moderate risks (0 some endpoints.

‘Risks are for endpoints associated with waste sites or contaminated waters. Otherwise, risks to endpoints are assumed to be negligible.

'These are short-term risks. Long-term risks could be reduced with successful restoration of appropriate habitat.

*Ecclogical endpoints: E = threatened, endangered and candidate species; W = wetlands; R = recreational fish and wildlife; F = agricultural or
production; P = parks and other public lands, and B = biodiversity.

Source terms for alternatives were unavailable for this ecological risk assessment.

timber
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CHAPTER 10: COMPARISON OF ALTERNATIVES

Programmatic alternatives for environmental
restoration are described in Chapter 4 of the
DOE Implementation Plan for the PEIS. Under
the No Action altemative, DOE would undertake
no further remedial actions at ER sites.
Although this altemnative is not censistent either
with DOE policy or with CERCLA, it provides
a baseline of potential impacts for comparison to
other alternatives. Alternative I, which reflects
DOE's current ER program, emphasizes
compliance with applicable laws and regulations.
The principal laws in question include CERCLA,
the Resource Conservation and Recovery Act
(RCRA), and the Atomic Energy Act (AEA).
These laws are implemented in facility-specific
agreements negotiated with Federal, state, and
local regulatory agencies. Environmental
standards specified in other regulations, termed
Applicable or Relevant and Appropriate
Requirements (ARARs), are often adopted as
remedial action goals. The use of ARARs as
remedial action goals emphasizes reduction of
local public risks from residual contamination,
but may involve urnrealistic assumptions about
future land use and also fails to account for risks
to remedial action workers and risks related to
transportation of contaminated matenal.

Urder Alternative 2, likely future land use would
be given explicit emphasis early in the site
evaluation process to better reflect potential risks
which are likely to occur. The PEIS
Implementation Plan describes three "bounding
land use” options. For unrestricted land use,
contaminant exposures associated with all six
major human exposure pathways (gronndwater
for drinking, surface water, air inhalation,
atmospheric deposition, soil ingestion, and direct
radiation) would be reduced to levels that would
permit any future land use. For "somewhat
restricted land use,” groundwater would not be
remediated, and future land use would be
restricted to activities not involving the use of
groundwater as drinking water. For “totally
restricted land use,” only the minimum
remediation performed to stabilize contamination
and prevent future spread. Only future land uses
consistent with prevention of public access fe.g.,
hazardous waste management facilities, m:litary
test facilities) would be permitted.

Under Alternative 3, remedial and waste
management worker and remedial waste
transportation risks would be equally emphasized
with the risks to a site’s surrounding population.
Remedial actions that would result in greater
risks than posed by the current contamination
would not be implemented, even though ARARs
might have to be waived. Feasible future land
uses and necessary engineering or institutional
controls at each site would be determined by the
condition of the site following completion of
remediation.

Under Alternative 4, alternatives 2 and 3 would
be combined to emphasize both early evaluation
of likely future land uses and minimization of
worker and transportation risks.

Estimates of (1) degrees of reduction in human
health nisk and (2) areas of land disturbed for
each alternative were developed by PNL. These
results were used to roughly compare the
ecological benefits and impacts caused by
implementation of ecach alternative at INEL,
Femald, Rocky Flats, Hanford, and Oak Ridge.
Analyses of health risk reductions were not
performed for Portsmouth, consequently, no
comparisons can be made for that site.

Several assumptions were required to extrapolate
the human health nisk results to ecological risks.
First, radionuclides were selected as reference
contaminants.  Estimates of the aggregate
radiological doses for all radionuclide sources on
ech reservation were calculated for on-site
workers, the off-site public, and for a farm
family residing on the site. It was assumed for
our analysis that (1) radionuclide risk reduction
would be qualitatively similar to reductions in
risks from chemical contaminants, and (2)
reductions in exposure of on-site farmers would
be qualitatively similar to reductions in risk to
on-site biota.

Table 10-1 presents resuits of these analyses. It
is apparent from this table that most of the above
altematives are quite similar with respect to
ecological risk reductions and disturbance
impacts. The No Action alternative and the
Totally Restsricted Land Use altemative involve
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little or no contaminant risk reduction and also
lirtle or no hahilat disturhance. All of the other
altemnatives involve large (24 orders of
magnitude or more) reductions in contaminant
risks and similar degrees of habitat disturbance.
With the exception of Recky Flats, the areas
disturbed were estimated to be on the order of
500 acres or less. These values represent 1% or
less of the total areas of large reservations such
as INEL, Hanford, and Oak Ridge. From a
complex-wide programmatic perspective, none of
the environmental remediation altematives appear
to have major ecological consequences. Impacts
of land use changes associated with opening up
these reservations for residential, agricultural, or
commercial development would likely be much
greater than the impacts of any of the
remediation alternatives examined in this report.

On a facility-specific level, there may be
substantial differences between the alternatives.
For smaller sites. (¢.g., Rocky Flats and Fernald),
contaminated areas requiring remediation may be
a much larger fraction of the total facility area
than is the case on large facilities. Differences
between removal-orieated and land-use oriented
remediation approaches could be substantial for
these facilities. For example, the disturbed areas
of Rocky Flats listed in Table 10-1 range from
6% for the Totally Kestricted Land Use
altemative to 26% for the ARAR aitemnative.
Moreover, ecological impacts of restoration
activities that disturb equal areas can vary
significantly depending on the remediation
technology employed. Although the immediate
ecological impacts of soil removal/remediation
are large (ie., complete destruction of all
ecological resources on the site), the long-term
impacts may be small if the site is properly
restored. Capping involves an initially similar
degree of disturbance, but the potential for
ecological restoration is severly limited because
of the need to insure integrity of the cap.

For any facility, the ecological importance of the
specific areas selected for remediation (e.g.,
wetlands, habitat for endangered species) must be
evaluated prior to any action. These
determinations would best be addressed in
facility-specific assessments. If adequate
facililty-specific data on contaminant
distributions and biological resource distributions
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are available, the technical approach employed in
this renart can he directly apnlied to facility-level
assessments.

10.1 UNCERTAINTIES

The results presented in Table 10-1 are
predicated on several key assumptions. The
assumption that exposures to an on-site farmer
are similar to exposures to biota was necessitated
because the ARAM model used to calculate risk
esumates for the various alternatives does not
permit direct calculation of ecological exposures.
Reductions ia exposures to farmers eating
vegetables grown con contaminated soil or
consuming beef/milk from cattle grazing on
contaminated pastures would be expected to be
similar to reductions in exposure to wildlife
consuming natura! vegetation growing on the
same soil. However, farmers might drink treated
tapwater or be exposed to well-water that is not
consumed by wildlife and they may not ingest
surface water at all. The farm scenario is,
therefore, less realistic for the surface-water
pathway than for the soil pathway. However, for
INEL and Femald, no surface-water remediation
is included in any of the altematives and so for
those sites the difference between surface-water
exposure to farmers vs. wildlife is unimportant.

Radionuclides were wused as reference
contaminants because (1) radiological doses due
to different isotopes are summed to caluclate
human exposures in the same way they are
summed to calculate ecological exposures (this is
not true for cancer risk estimates for chemical
carcinogens), and (2) the environmental transport
of radionuclides is similar to the transport of
many chemical contaminants. This assumption
could produce misleading estimates of ecological
risk reductions if (1) chemical contaminants are
the dominant source of ecological risks, and (2)
the remediation alternatives emphasize
radionuclides over chemical contaminants. The
results in chapters 4-9 suggest that chemical
contaminants may, in fact, often be of more
concern than radionuclides, but insufficient
information was available to evaluate whether
the remediation alternatives preferentially
emphasize radionuclides.



TABLE 10-1—Ecological Risks and Benefits of ER Alternatives

T aciiity Total Area Resources at ARernative ¥ Rik “Acres distarded |
(acres) Risk Reduction’ (% of
reservation)
INEL' 570.000 Soil: none No Action Soil: NR* 0 (0%)
Water. 0
Water (waste ponds):
wildlife, endangered
species
ARAR Soil: 99.94% 188 (0.03%)
Water: 0
Unrestricted land | S0il:99.94% 188 (0.03%)
use Water: O
Se.qi-restricted S0il:99.94% 188 (0.03%)
land use Water: 0
Totally restricted ] Soil: NR N (<0.01%)
land use Water: 0
Health-risk $0il:99.94% 188 (0.03%)
driven WaterNA'
Combination Soil: Not 188 (0.03%)
available
Water:NA
Hanford® 165.700 Soil: none No Action Soil: NR 0
Water: 0
Water (waste ponds):
wildlife, endangered
species
ARAR Soil: NR 453 (0.1%)
Water; 98%
Unrestricted land | Soil: NR 453 (0.1%)
use Water: 98%
Semi-restricted Soil: NR 234 (0.06%)
land use Water; 0
Health-risk Soil: NR 597 (0.16%)
driven Water: 98%
Combination Soil: NR 596 (0.16%)
Water,98%
-
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TABLE 10-1 (continued)

e ————

10-4

A A

Fernaid' 1050 | Soil: wikilife, endangered | No action Soil: O 0
species. biodiversity Water: 0
Water: fish
AT AR Sail: 99.95% 201 (19%)
Water: 0%
Unrestricted land use Sail: 99.95% 201 (19%,)
Water: 6
Semi-restricted land use Saoil: >99.9% 201 (19%)
Water: 0
Totally restricted land use | Sail: O 200 (19%)
Water: 0
Health-risk driven Soil: >99.9% 201 (19%)
Water. 0
Combination Soil: NA 201 (19%)
Wates: NA
Oazk Ridge 37.500 | Soil: wildlife, endangered | No action Soil: 0 0
Reservation'® species, biodiversity Water. 0
Water: fish, wetlands
ARAR Soil: 99.9% 421 (1.1%)
Water: 99.5%
Unrestricted land use $0il:99.9% 421 (1.1%)
Water: 99.5%
Semi-restricted land use $0i:99.9% 421 (1.1%)
Water: 99.5%
Totally restricted land use | Soil: 0 314 (0.8%)
Water: 0
Health-risk driven Soil: 99.9% 420 (1.1 %)
Water: 99.5%
Combination Soil: NA 421 (1.1 %)
Water: NA




TABLE 10-1 (continwed)

Rocky Flas'* | 6550 Scil: wildlife, No action
endangered species.
biodiversity
Water wetlands
ARAJ. 1695 (26%)

Water:>99 9%

Unrestricted land use Sotl: 99.9%
Wxer: >99.9%

Semi-restricted land use | Soil: 99.9% 1694 (26%)
Water: >99 9%

Restricted land use Soil: 0 373 (6%)
Water: 0

Health-risk driven Soil: >99.9% NA
Water: >999%

Combination 1694 (26%)

'Resources at risk are defined separately, by principal exposure medium. Resources were determined to be ~at risk” if (1) the
are present on the facility and possibly present in known contaminated areas, and (2) comparison of estimated contaminant
concenrations to regulatory criteria or cther toxicological benchmarks indicates a moderate or severe risk to organisms
inhabiting contaminated areas.

Altematives are defined in the PEIS Implementation Plan.

'% reduction in contaminant exposure, as approximated by % reduction in risk to on-site farmers. Radionuclides were used
ans reference contaminants.

“% of total facility area cither temporarily or permanently disturbed by remedial activities. Estimates include adjustments for
access roads and soil borrow areas.

‘major areas of INEL containing contaminated soil (e.g.. the Radioactive Waste Management Complex) are already heavily
disturbed and provide poor habitat for terrestrial biota, hence, terrestrial resources are not at risk. Contaminated waste ponds
are utilized by wildlife, hence these resources are considered (0 be at risk for purposes of the PEIS. None of the remediation
alternauves for INEL inchide remediation of waste ponds.

*"NR = no resources at risk

'NA = no estimate available
* major areas of Hanford containing contaminated soil are already heavily disturbed and provide poor habitat for terestrial

biota, hence, terrestrial resources are not at risk. Contaminated waste ponds are utilized by wildlife. hence these resources
are considered to be at risk for purposes of the PEIS.

*Wildlife have free access (o contaminated areas; aquatic resources at risk include waste ponds and statutory wetlands. None
of the remediation alternatives for Fernald include remediation of waste ponds or wetlands.

‘“This facility has many widely-dispersed contaminated arcas; wildlife have free access to many of these. Contaminated
aquatic resources include both on-site waste ponds and on- and off-site streams.

"Wildlife have free access to some contaminated areas. Small wetlands are widely dispersed over the site.
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Additional uncertainties limiting this
assessment include (1) the validity of
source-term estimates, (2) the actual
distribution of receptor species on the facilities
relative to sites where contamination is present,
(3) the unknown degree of conservatism of the
transfer coefficients and toxicity benchmarks
used in the hazard assessment. The first two
uncertaintics can be addressed in
facility-specific assessments that focus on
optimizing the balance between remediation
and habitat preservation based on
reservation-wide distributions of contaminants
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and ecologi<al resources. The third uncertainty
is a function of the state-of-the-science of
environmental toxicology. It can be reduced
by performing (1) periodic updates of the
toxicological data base as new information
becomes available from the scientific
community, and (2) field studies at the DOE
facilities to generate site-specific exposure and
effects data. Such studies are now being
performed at many DOE facilities to support
CERCLA Baseline Ecological Risk
Assessments.
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APPENDIX A: EXPOSURE AND EFFECTS
ASSESSMENT METHODOLOGY

A.1 EXPOSURE ASSESSMENT

The baseline (no-action) exposure assessment
focuses on chemical stresses and any existing
physical stresses to the endpoints as a result of
preremediation activities. Baseline exposures to
chemical stresses were assessed from the current,
existing contaminant profile in the environmental
media in which organisms may be exposed.
Physical stresses are defined in terms of
alteration or destruction of ecosystems during
and after remediation. The baseline (no-action)
assessment of contaminant exposures invoives
the following tasks: (1) determining
representative receptor species composition and
distribution within the ecological endpoints,
(2) defining the contaminant transport and
exposure pathways from the sources to the biotic
receptors, (3) determining the average and
maximum contaminant levels in the media to
which the receptors are exposed, (4) calculating
the daily intake or tissue concentrations of
contaminants from each exposure pathway for
each receptor, and (5) characterizing the risks to
each receptor for each contaminant by comparing
the total daily intake or exposure of a
contaminant to the contaminant-specific
benchmark (figure A-l). Assessment  of
ecological exposures associated with remediation
altemmatives involves (1) reassessment of residual
contaminant exposures, and (2) evaluation of
habitat disturbance (Appendix B).

Exposure scenanios were determined for each of
the representative receptors for all
ingestion-related pathways (e.g., food and water
consumption; grooming or preening) and for
external exposure. {nhalation exposures were not
included because (1) air concentrations of
contaminants were not available, and (2)
preliminary calculations showed that risks from

inhalation are minor compared to risks from food
and water ingestion. To determine how
contaminants are transferred through components
of successive trophic levels within temrestrial
ecosystems, a food web was formulated for each
reservation and used to assess contaminant
ingestion by terrestnal receptors.

The fate and transport model used for the human
health risk assessment by Oak Ridge National
Laboratory is the Multimedia Environmental
Pollutant Assessment System (MEPAS) (Pacific
Northwest Laboratories, 1989). MEPAS was
developed to prioritize contaminated waste sites
based on their potential hazard to the public.
The assessment framework for MEPAS addresses
the migration, fate, exposure and human health
impact from radionuclides and chemical
contaminants, accounting for complex chemical
processes and intermedia transfer among the
atmospheric, groundwater, surface water, and
overland runoff pathways. MEPAS-derived
contaminant concentrations in surface water were
used as exposure estimates for aquatic receptors.
Soil-to-plant and plant-to-animal transfer
coefficients were wused to translate
MEPAS-derived  soil  concentrations into
food-chain exposures to terrestrial receptors.

The primary exposure routes for tervestrial
vegetation is root uptake from soil. Published
soil-to-plant transfer factors were be applied to
obtain concentrations of radionuclides, organics,
and inorganics in the vegetative parts of plants
and concentrations of radionuclides and inorganic
chemicals in fruits (Baes et al. 1984; Travis and
Arms 1988). Travis and Arms (1988) reported
that for organic chemicals, the bioconcentration
factors for vegetation were inversely proportional
to the square root of the octanoi-water partition
coefficient.  This transfer factor takes into
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account all exposure routes responsible for the
contaminant burden measured in plant tissues.
Transfer factors do not take into account,
however, the bioavailability of a chemical in the
soil, the biodegradation rate, weathering factors,
or chemical transformations within the tissues.
Therefore, the transfer factor is conservative in
that it does not factor for these loss mechanisms.
The equation used to estimate concentrations of
contaminants in vegetation is:

C,=GCs *TF, (A.1)
where
C: = concentration in vegetation (vegetative

or fruits) (mg/kg; pCikg dry weight),

C; = concentration in soils (mg/kg. pCirkg
dry weight),

TF = soil to plant transfer factor ( vegetative or
fruits) = concentration in _vegetation
(unitless).

The primary exposure routes for terrestrial
wildlife species are ingestion of food, external
exposure to radionuclides, and drinking water.
The incidentai ingestion of soils is also
considered for some herbivorous species such as
deer. mice, and rabbits. The daily intake of a
nonradiological contaminant by ingestion is
estimated by the following equation:

intake = ((Cy * QU FI, + (C; * Q9FI, + (Cy, *
Quw)FI, +«C, * Q)FL, + (Cy * QyFL)BW ,

(A2)
where

intake =  daily intake of contaminated source
(mg kg' day),

C, = concentration in vegetation
(vegetative parts of plants) (mg/kg
wet weight),

C, = concentration in soils (mg/kg wet

A-2

weight),
Cy = concentration in water (mg/L),
Cu = concentration in {prey) (mg/kg wet

weight),

C; = concentration in fruits, nuts, or seeds
(mg/kg wet weight),

Q = consumption rate of vegetation by
animal (kg/day),

Q = consumption rate of fruits, nuts, or
seeds (kg/day)

Q = consumption rate of sotls by animal
(kg/day),

Qu = consumption rate of water by
animal (L/day),

Q = consumption rate of prey by animal
(kg/day),

Fl,,.ny = fraction of source ingested or
inhaled that is contaminated
(unitless),

BW = body weight of the organism (kg).

Typical consumption rates of food sources and
water were obtained from the literature, where
available, or determined from calculations by
using allometric regression equations based on
the body weight of the organism (Opresko and
Suter 1992; EPA 1988;).

The contaminated fraction (FI) of each food
source ingested was estimated for each organism
based on the animals home range, time spent on
the reservation, and the amount of food and
water consumed from contaminated areas.

To determine the exposure of terrestrial
organisms to radionuclides, tissue concentrations
were estimated by using the following equation:



C, =By [(Cy * QYFI, + (Cs * Qo)FL + (Cy, *
QW)F[' + (Cl * Ql)ﬂ + (Cn * Qn)F[qJ'
(A.3)

where

C. concentration in animal tissue (pCi/kg or

mg/kg wet weight),
B, = plant to muscle transfer factor (day/kg).

The other variables were defined in Eq. (A.2);
the units for concentration in food sources and
drinking water containing radionuclides are
pCit/kg or pCi/L, respectively. The
plant-to-muscle transfer factors for inorganics
and radionuclides can be obtained from various
literature sources, such as Baes et al. (1984), and
for organic compounds, the biotransfer factor can
be estimated by using allometric regression
equations (Travis and Arms 1988). Travis and
Arms (1988) found that the biotransfer factor for
organic chemicals in muscle tissue (and milk)
was direcily proportional to the octanol-water
partition coefficient.  Although the muscle
biotransfer factor was originally derived for
cattle, as a reference herbivore, it can be applied
to other animals that are consumed as food.
Even though (1) the amount of dry matter
ingested per body weight of the animal, (2) the
fraction assimilated by muscle, and (3) turnover
rate differ among species, the relationship
between food ingested and concentration in
muscle should not vary substantially among
species (JAEA 1982). The transfer factor can
also be applied to ingestion of water and soil.
However, the chemical forms of the contaminant
in soils and water may be different from that in
meat, and care should be taken wnen applying
these transfer factors. Biotransfer from food to
muscle for organic chemicals assumes that fresh
meat is 25% fat (Travis and Arms 1988).
Although some predators ingest the whole
organism, it is assumed that bone will not be
digested. Thus, concentrations in an organism
ingested whole are expected to be similar to
those in muscle tissue,

Contaminant-specific fish  bioconcentration
factors (BCFs) were used to estimate the
concentration of contaminants in fish tissue for
consumption by fish-eating receptor organisms.
The BCF is simply the ratio of literature-derived
measurements of contaminant concentrations in
fish tissue to comesponding contaminant
concentrations in ambient surface water.

The internal dose to terrestrial organisms from
exposure to radionuclides is estimated by
converting the concentrations in organisms
[Eq. (A.3)] to an internal whole-body dose rate
for alpha-, beta- and gamma-emitting
radioisotopes (IAEA 1982; Tumer 1986):

dose (rad/year) = 0.01867 (E,) (C,) , (A4)

where

E = average energy of decay (MeV) for
isofope i (includes all short-lived
daughter products),

C = concentration of radionuclide in the

organism (pCi/g wet weight),

This relatively simple dose estimation of a
semi-infinite absorbing medium assumes that the
radionuclide is distributed uniformly throughout
the organism.

To estimate external ground dose from gamma
radiation and skin dose from beta radiation, the
soil concentration can be substituted for the
organism concentration in Eg. (A.4) {(IAEA
1982).

Exposure of aquatic organisms may occur via
several pathways: (1) direct ingestion of water
and sediments, (2) foliar or root uptake by
aquatic plants, (3) indirect exposure via uptake
through the food chain, and (4) external exposure
from contaminated water and sediments.
Chronic exposures of aquatic organisms to
contaminants in surface water and sediments
were determined for fish and benthic
macroinventebrates, and radionuclide exposures
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are determined for wetland emergent plants and
muskrats, as well.  Because muskrats are
semiaquatic, estimated radiation doses, which are
based on criteria established for strictly aquatic
species that spend the . entire lives submerged in
water, are conservative.

Exposures of bottom-dwelling fish, benthic
macroinvertebrates, and fish larvae were
determined from the sediment pore-water
concentrations. Organisms that reside on or in
the sediments are primanly exposed to chemicals
in the pore-water. If pore-water measurements
are not available, they can be estimated for
organic chemicals by using the following
equation (Suter 1991):

P = S/(K,. (P (A5)
where

P = pore-water concentratior: (mg/L)
S = sediment concentration (mg/L)

Kow = octanol-water partition coefficient,

F = 0.01, the assumed organic fraction of the
sediments.

It was assumed that equilibnum pantitioning
occurs between the organic matter in the
sediments and the pore-water. The K, is used
in place of the organic matter~water partitioning
coefficient (K,) because K_ values are not
generally available. The organic fraction of the
sediments was conservatively assumed to be 1%,
unless otherwise known. For radionuclides and
inorganic chemicals, the K; can be substituted
for the K,, and the organic fraction of the
sediments in the denominator can be omitted.

Internal and extemal chronic radiation doses to
aquatic organisms from exposure to water were
estimated by applying published dose conversion
factors derived from generic bioaccumulation
factors for freshwater fish, invertebrates, plants,
and muskrats (Killough and McKay 1976).
Internal radiation doses for combined alpha, beta,
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and gamma energies of a radionuclide are
estimated by the following equation:

intemal radiation dose (mrad/year) = exposure
concentration (pCi/L) x intemal dose conversion
factor (mrad/year per pCvL).

(A.6)

The extenal dose from exposure to gamma rays,
or both gamma rays and beta particles in water,
were calculated in the same way, except that the
extemnal dose conversion factor is used.

The estimated daily rates of food and water
consumption (Q, or Q,, and Q,, respectively) for
each representative species were calculated from
allometric regression equations that are based on
the weight of the organisms (EPA 1988.) These
equations (Table A-1) are based on the combined
measurements for laboratory animals, livestock,
and selected wildlife and bird species.

A.1l.1 Uncertainties in Model Predictions

All models used to predict the fate and effects of
contaminants on the environment are inherently
uncertain. At best, they can only approximate
the real-world situation. Model predictions
contain many potential sources of errors. Major
sources include (1) improper parameter
estimation (or parameter bias), (2) improper
model formulation (or model bias), and
(3) stochastic effects due to random measurement
and sampling errors or natural variability (Till
and Meyer 1983).

The models used to estimate doses to receptor
organisms are limited by the lack of site-specific
data for model parameters. Most of the
reservations considered in the PEIS lack
sufficient environmental databases to allow
detailed and specific predictions of contaminant
exposures. Transfer factors and dose conversion
factors are not determined on a site-specific
basis, even though these parameters are the most
variable and exhibit the most uncertainty.
Consumption rates, body weights, and behaviors



TABLE A-1—Allometric Equations for Estimating Water Consumption (C in L/d) and Food
Consumption (F in kg/d) from Data on Body Weight (U.S. EPA 1988

o —
Animal Group Allometric Equation e

Water Counsumption Rates
All species combined C=011 W™ 093
Primates C =009 W™ 095
Laboratory mammals C =010 W™ 0.88
Chickens C =013 wW® 0.74

Food Consumption Rates 41
All species combined F = 0.065 w*™" 095
Laboratory mammals F = 0,056 W°*"' 0.87
Rabbits F = 0041 W™ 0.73
Chickens F = 0075 w*»” 097

SR— s

of representative species are also generally not
site-specific, however, these values are much less
variable and exhibit less overall uncertainty. The
consistent use of the same contaminant- and
organism-specific parameters for all reservations
permits comparisons between reservations on a
relative scale. Because most of the parameters
used in the models are conservative (i.e., they
represent the upper-most value on the range of
pu.sible values), the models can be used to
identify contaminants that clearly pose negligible
risks to exposed organisms.

There are additional uncertainties conceming the
fate and effects of radionuclides and toxic
contaminants that are cuncntly unaccounted for
even in site-specific assessment models. These
include antagonistic or synergistic interactions
between chemicals and influences of
environmental conditions such as pH,
temperature, and redox potential on contaminant
mobility, bioavailability, or toxicity. Although
potentially significant to site-specific
assessments, these uncertainties are unlikely to

affect estimates of the relative risks of broadly
defined programmatic altematives such as those
addressed in the PEIS.

A.2 EFFECTS ASSESSMENT

Characterization of ecological effects from
contaminant exposures begins with an evaluation
of the toxicity effects data that are relevant to the
particular contaminants and species of interest.
Aquatic and terrestrial chemical effects databases
for the primary contaminants that occur at
representative  DOE reservations have been
compiled and consist of toxicological benchmark
concentrations to which the exposure
concentration is compared (Suter et al. 1992;
Suter et al. 1994; Opresko et al. 1994). If the
exposure concentration exceeds the benchmark,
there is considered to be a risk that the
contaminant may adversely affect the population
(or individual organisms in the case of threatened
or endangered species) organism and would
require further measurement and evaluation.
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However, if the benchmark is greater than the
exposure conceatration, no adverse effects to
populations are expected to occur and further
assessment is not necessary. The ratio of the
exposure concentration to the benchmark is
termed the hazard index (HI). In evaluating the
total exposure to an organism from multiple
contaminants, the individual HIs for each
contaminant are summed together to account for
potential additive effects. Although several Hls
may be less than 1 and individually would not be
expected to pose any adverse effects, the sum of
the Hls could be greater than one, potentially
posing cumulative adverse effects. (The media
concentrations considered are at or above
background concentrations, so the sum of Hls
greater than | would not include exposures to
natural trace clements in the environment)
Cumulative impacts to endpoints from exposure
to contaminants are discussed in Chapter 3.

For radionuclides, the available evidence
indicates that a combined internal and external
chronic dose rate from all radionuclides of no
greater than 1 rad per day to the most sensitive
aquatic species or the maximally exposed
individuals in a population would not measurably
affect aquatic populations (NCRP 199!). For
terrestnal organisms, the upper dose limit is set
at 100 mrad per day (IAEA 1992). If the total
dose received from all exposure pathways and
radionuclides exceeds the limit (i.e., the HI is
greater than 1), there is a nsk that the
contaminant may adversely effect the population
(or individual organism in the case of threatened
or endangered species) and would require further
measurement and evaluation.

The aquatic benchmarks choser from the
chemical effects data base are, in order of
priority, the (1) Environmental Protection
Agency (EPA) Ambient Water Quality Criteria
from the state in which the reservation is located,
if available, (2) Environmenta! Protection
Agency (EPA) National Ambient Water Quality
(.iteria for Protection of Agquatic Life
(NAWQC), where available; or (3) the lowest
effective concentration (EC,,) test results for fish

L .

and invertebrates reported in the literature (Suter
ctal. 1992). The latter benchmark may be lower
than the NAWQC for various reasons and is thus
considered to be more conservative. The
NAWQC benchmarks are set at limits that are
intended to protect most of the aquatic species
most of the time (Suter et al. 1992). Thus, lower
benchmark values should offer even more
protection. The rationale for the selection of
benchmarks for specific chemicals will be
discussed in the reservation-specific reports.

The benchmarks for determining effects in
terrestrial species from exposure to chemicals is
the chronic no-observed-adverse-effects level
(NOAEL) in units of milligrams per kilogram
per day. The Hl is deteninined by comparing the
benchmark NOAEL with the daily intake of a
contaminant per unit body weight of the animal.
The information on the toxicological effects of
chemicals on wildlife is limited; most toxicity
studies are conducted on laboratory animals and
may only report the acute LDy, (the dose at
which the contaminant is lethal to 50% of the
organisms), the LOAEL (lowest-observed-
adverse-effects level), or a subchronic NOAEL.
For receptor organisms that are not listed in the
data base or for which the chronic NOAEL is
not available, extrapolation techniques that use
uncertainty factors and adjust for differences in
body weight (BW) are employed to estimate the
chronic NOAEL for wildlife species from
laboratory animai data or other wildlife species
within the same phylogenetic class (Opresko et
al. 1994;. If a NOAEL is available for a
laboratory test species (NOAEL), the NOAEL
for a receptor species (NOAEL, can be
calculated according to the following equation
(Opresko et al. 1994):

NOAEL, = NOAEL, * (BW/ BW)"”.  (A.7)

If the body weight of the test species is not
reporied, a more conservative approach can be
taken that does not adjust for differences in body
size. A multiplicative factor of 0.1 is applied to
account for intraclass differences (e.g., from
quail to hawk), and a factor of 0.05 is applied to



account for interclass differences (e.g.. mammal
to bird) (EPA 1989). A factor of 0.1 is used to
extrapolate from the LOAEL or a ubchronic
(NOAEL) study to the NOAEL (Opresko et al.
1994).

Literature sources for inorganic terrestrial
phytotoxicity benchmarks were summarized by
Suter et al. (1994). Where applicable, the lowest
source concentration in a soil medium that
produced phytctoxically excessive effects was
chosen from the database. Several benchmarks
were derived from experiments using nuinent
solutions. However, uncertainty values were not
applied to these data to account for differences in
growth media. A methodology for deriving
phytotoxicity benchmarks for organic
constituents was developed by Eskew and Babb
(Air National Guard Risk Assessment Handbook
1992). The organic fraction of the soil is the
primary factor in determining bioavailability of
organic compounds to plant roots. Therefore,
estimated critical concentrations (mg/kg wet
weight) for soil were calculated from
experimental data on the uptake of compounds
from nutrient solution or vapor phase by using
octanol-water partitioning coefficients (K_,) to
estimate the distribution of compounds between
the solution phase (soil pore water) and the solid
phase (organic soil particles). Assumptions used
to derive toxicity benchmarks were (1) a soil
organic content of 1%, (2) a bulk soil density of
1.3 g/cm’, and (3) a soil water content of 18%.
Uncertainty factors were applied to adjust the
data from acute to chronic effects and from 50%
inhibition of growth to lowest toxic effect levels.

A.3 POSTREMEDIAL ASSESSMENT

For the baseline (no-action) risk assessment, the
only environmental stressors considered are

exposures to chemical contaminants and
radionuclides. For the postremedial assessments,
habita? disturbance resulting from each respective
remedial alternative action (Appendix B), as well
as the associated exposure to residual
contaminar.t levels, were considered (figure A-1).
Contaminants that do not elicit effects in the
baseline assessment are not expected to cause
effects after remediation, assuming that
contaminant loading into the environment
remains the same or is reduced after remediation.

Descriptions of remedial altemmatives were
supplied by PNL. These descriptions contain
estimates of the reduction in contaminant
inventory expected from each alternative, as well
as estimates of the total area disturbed. The
resultant environmental concentration at a given
location should be directly proportional to the
release rate from a particular source (although,
depending on the environment, this may occur
over a relatively long period of time). It follows
that if the release rate were reduced by a given
amount by remediation, the environmental
concentration will be reduced proportionately.
Therefore, the percentage reductions of
contaminants from each source were directly
applied to the contaminants in the media of
interest to determine the degree reduction of the
Hls. In the case of multiple sources of a
particular contaminant, attempts were made to
eliminate those not contributing to the
environmental concentrations by examining the
transport pathways from the sources to all
potential receptors. Once the major contributing
sources of a particular cortaminant were
identified, the average percentage reductions
were applied to the environmental
concentrations.
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PPENDIX R: GENERATIN

| n
ON OF HAZARD INDICES,

HOME RANGE ESTIMATES, EXPOSURE
CORRECTION FACTORS, AND HABITAT
DISTURBANCE ESTIMATES

B.1 INTRODUCTION

This appendix describes the methodologies used
to (1) develop hazard indices and (2) calculate
habitat disturbance caused by remedial actions.
This information is needed to determine how
DOE ER activities will affect ecological
resources at DOE facilities. In sections B.2 and
B.3 of this appendix, the methodology for
generating ER PEIS scurce terms is explained.
Section B.4 discusses determination of home
ranges for potentially exposed organisms.
Section B.5 explains the habitat disturbance
calcudations.

B.2 INITIAL HAZARD SCREENING
B.2.1 ER PEIS Data Bases

Source terms used for ihe ecological nisk
assessment were derived fiom the ER PEIS
source term data base developcd by Pacitfic
Northwest Laboratory (PNL). Six contaminated
media types are included in the data base: solid
waste, contaminated soil, liquid containment
structures, groundwater, facilities, and surface
water. Groups of data -re further associated by
site names within reservation operable units.

The ecological risk assessment focused on soil
and surface water; groundwater was addresse '
only to the extent that, through linkages to
surface water, it influe aced surface water quality.
The initial stage of source term generation, than,
1s one of determining which data are appropriate
for the ecological risk assessment. Table B-1
lists assumptions made during source term
developmeni.

B.2.2 Data Screening Based on Sitewide

Maxima

Generation of ER PEIS hazard indices is a two-
step process. The first stage is a conservative
screening assessment based on the absolute
maximum contamination levels possible across
each reservation. In the second stage a more
realistic estimation of contaminant expost:ce is
attempted. This task presents several difficulties,
some of which will be discussed later. Figure B-
I describes the process by which hazard indices
are generated.

The information compiled for a given facility can
list many different concentrations for the same
contaminants in the same medium at different
spatial locations. For example, **U could be
found in soil at several different sampling
locations on a reservation, and each one of these
sampling locations could have different surface
area associated with it. In the initial screening
stage, the absolute sitewide maxima fer each
combination of cortaminant and medium is
determined. These maxima are used as inputs to
the exposure and effects assessment models
described in appendix A. Cor aminants shown to
have a negligible risk und r these =xtremely
conservative assumptions are eliminated from
further assessment. Remaining contamirants are
analyzed using the methods described in the next
section.

B.3 AREA-AVERAGED HAZARD
SCREENING

B.3.1 (oncentration Averaging Scheme

Source terms - ~orted by PNL are generally
representative samples collected at known
sites of contam-  t1on and are not representative
of reservation-. .de levels of contamination.
Knowledge of the areas occupied by burial
grounds or other contamination sources was used
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i deveiop a scheme for estimating  ihe
contaminant exposures within these coniaminated
areas. Where possible, based on knowledge of
the local ecosystems, surface water used solely
for drinking was treated separately from surface

water that provides aguatic habitat.

The averaging scheme is shown in figure B-2.
In this hypothetical case, data are available for
contaminated sites A, B, and C. A weighted
mean contaminant exposure is calculated by
(1) averaging all of the contaminant
measurements within each area, and
(2) computing an overall mean from the site
means, each weighted by its area.

The weighted mean appiies only to the fraction
of a reservation within which samples have been
collected. It is assumed that contamination of
the remainder of each reservation is negligible
compared to contamination of the areas that have
been characterized. Exposure estimates for
receptor species are corrected to account for
(1) the fraction of an individual organism’s home
range that might include contaminated sites, and
(2) the fraction of the total range of receptor
species Or community types occupied by
contaminated sites.

The source term data base does not include area
estimates for all contaminated sites. Estimates of
the total contaminated area on each reservation
were adjusted to account for the fraction of
contaminated sites for which areas were
provided. If, for example, surface areas are
provided for 50% of the contaminated sites at a
particular reservation, all known surface areas are
summed and then multiplied by two to
compensate for the missing data.

B.4 HOME RANGES OF RECEPTOR
SPECIES

For contaminants and receptors for which
detailed analysis was required, an attempt was
made to further define contaminant exposures by
comparing the home range sizes of receptor
species with the potential fraction of the home
range that was contaminated.

Receptor species at the six DOE reservations
have home ranges or territonies which range from
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small [€.g., onc heéciaie {aboui 2.5 acies) or iess
for very small animals such as songbirds and
mice] to very large [e.g.. thousands of hectares

(acres) for some bats and coyotes (table B-2)).

Food webs of receptor species were developed
for each DOE reservation (appendix A). An
effort was made to include prey species, game
mammals, birds, and predators in these food
webs. Also, where possible, receptor species
were selected that were common to multiple
DOE sites and that included state and federally
listed, threatened, endangered, and candidate
species for each of the six sites.

Species home ranges may vary from reservation
to reservation depending on food availability.
Larger home ranges are typically found in the
arid western reservations where animals mus(
forage over greater distances to find sufficient
food.

Table B-2 lists the bird and mammal receptor
species used for the six DOE reservations, their
home ranges, and the sources of the data. Where
data were lacking, home ranges for birds were
estimated based on regression of home range size
as a function of body weight [ie., Y =-1.16 +
1.19X, where Y = log,, area (acres) and X =
log,, body weight (grams); * = .65 with 94
observations in the sample size]. Generally,
home range area was assumed to be circular or
square. In some cases however, (e.g., some bats,
mink, osprey). home range is reported as a linear
stream distance or as a distance of linear travel
to feeding areas.

Home rangze data were used to further define
exposure risks by companng the home range
sizes of receptor species with the potential
fraction of the home range that is contaminated.

B.4.1 Theoretical Basis for Estimating
Correction Factors

The following discusses the theoretical basis for
applying correction factors to the calculated nisks
(i.e., HIs). The DOE reservations described in
the ER PEIS have numerous contaminated areas
will not spend all of their time in a contaminated
(e.g., bunal grou..ds, scrap yards, contaminated
ponds and streams) yet many animals and birds
area. Thus, it is important to determine the
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TABLE B-1—Assur :ptions Made in the Firset St.

{4 ng Sc_l:_"a Toome o amnésna

-< ..,—’—'o e aVere LiSIeS s wessrs

General

—_
When isotopes are not specifically stated, uranium is assumed to
be U, plutonium is assumed to be Py, and strontium is
assumed to be *'Sr.

Measurements not associated with specific contaminants will not
be used (e.g., gross alpha and total suspended solids).

Solid Waste

Solid waste sources will be considered only if surface soils
swrrounding the solid waste storage areas have become
contaminated.

Contaminated Soil

Only contamination in the top 2 ft of surface soil will be used,
because it is assumed that deeper soils do not contribute to
contaminant exposure %0 biota.

Liquid Containment Structures

Liquid containment structures (LCS) will be considered only if
biota could use water contained in the structure for habitat or
drinking water.

Groundwater Groundwater contamination will not be considered.

Surface Water Surface water and sediments will be treated as separate media.
Where appropriate, the surface water category will be divided
into water used solely for drinking and water used for aquatic
habitat.

—
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S,=A+B+C
Cho=[(Axa)+(Bxb)+(Cxc)J(A+B+C)

S = surface area

S, = total surface area

C = contaminant concentration

C.. = weighted average contaminant
concentration



TABLE D-Z—FHome Range Daia and Rejerences jor Bird and Viammai Recepior Species ai ine Six

Sage grouse

Small generic songbird

Red-tailed hawk

Western meadowlark
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65-31,0600 (160-77,000) RF

8 (20) HN
350-410 (880-1000) IN

0.24 (0.6) IN, OR

190-240 (480-1000) FN

1.2-6.1 (3.0-15) RF

DOE Reservations'
Home Range
Receptor Species hectares (acres) References
American robin 0.24 (0.6) HN Terres 1980; based on
(large generic songbird) 0.1-0.24 (0.2-0.6) RF regression of home range size
4 (10) IN, OR as a function of body weight
(Schoener 1968)
Bald eagle 5500 (14,000) HN Based on regression of home
520-940 (1300-2300) RF range size as a function of body
1200 (3000) IN weight (Schoener 1968); Terres
1980
Canada goose 98C (2400) HN Fitzner and Gray 1991: based
500 (1200) OR on regression of home range
size as a function of body
weight (Schoener 1968)
Cooper’s hawk 230 (560) OR Schoener 1968
Ferruginous hawk 7200 (18,000) HN Fizner and Gray 1991; based
210 (520) IN on regression of home range
size as a function of body
weight (Schoener 1968)
Loggerhead shrike 8 (20) HN Schoener 1968; based on
2(5)IN regression of home range size
as a function of body weight
(Schoener 1968)
Mallard duck 4 (1) RF Based on regression of home
170 (410) IN range size as a body weight
(Schoener 1968)
Osprey 20C (507) OR Based on regression of home
range size as a function of body
weight (Schoener 1968)
Peregrine falcon 2600 (G100) HN Brown and Amadon 1968;

based on regression of home
range size as a function of bcdy
weight (Schoener 1968)

Based on regression of home
range size as a function of body
weight (Schoener 1968):
Connelly and Markham 1983

Based on regression of home
range size as a function of body
weight (Schoener 1968)

Brown and Amadon 1968,
Schoener 1968

Terres 1980




TABLE B-Z (continued)

Eastern cottontail rabbit

Generic mouse (as in various species
of Peromyscus)

Great Basin pocket mouse

Indiana bat

Mink

Mule deer

Pallid bat

Prairie dog

Preble’s meadow jumping mouse
Pronghorn aniclope

Pygmy rabbit

Red fox

Townsend’s big-eared bat

White-footed mouse

White-tailed deer

2100-8000 (5100-20,000) RF
4100 (10,000) IN
1000-6800 (2500-16,800) OR

1.0-2.8 (25-6.9) FN
2-6 (5-15) OR

0.12-2.4 (0.3-6) IN, OR

0.2 (0.5) HN

1.54.5 (3.7-11) 0.82 km linear
stream distance FN OR

8-20 (20-49) OR
2-5 km linear swream distance

3000 (7400) HN
36-240 (90-600) RF

196,000 (485.000); 25 km
foraging distance HN

2.4-2.8 (59-69) RF
0.08-1.1 (0.19-2.7) RF
300-2300 (740-5700) IN
2(5)IN

260-520 (640-1300) RF

2-14,000 (5-35,000); 64 km
foraging distance IN

0.2-06 (0.5-1.5) OR RF
60-520 (150-1300) RF

1977; Bekoff 1982; ORR staff
cbservation

Chapman et al. 1980; McNabb
1963

McNabb 1963

Nowak and Paradiso 1983

Thomson 1982; Humphrey et
al. 1977

Chapman and Feldhamer 1982;
Linscombe et al. 1982; ORR
staff observation

Anderson and Wallmo 1984;
Burt and Grossenheider 1976

Hermanson and O'Shea 1983

Clark et al. 1971

Whitaker 1972

O’'Gara 1978

Green and Flinders 1980
Burt and Grossenheider 1976
Kunz and Martin 1982

Burt and Grossenheider 1976

Burt and Grossenheider 1976,
Smith 1991

—
Home Range
Receptor Species hectares (acres) References
Black-tailed jackrabbit 20 (49) HN Chapman and Feldhamer 1982;
7.3-160 (18.0-400) RF Chapman et al. 1980; Lim 1987
16-20 (40-50) IN
Coyote 8800 (22.000) HN Fiuzmer and Gray 1991; Bekoff

T

" HN = Hanford Reservation; FN = Fernaid Environmental Management Project: IN = Idaho National Engineering
Laboratory: OR = Qak Ridge Reservation. RF = Rocky Flats Plant; PM = Portsmouth Reservation.

B-7



proportion of contaminated area to the total
area of an animal’s or bird’s home range or
territory. Waste sites and adjoining
contaminated areas are usually clustered in
waste area groups or operable units. On large
reservations such as ORR, INEL, and Hanford,
waste sites are generally concentrated near
major facilities or groups of facilities. We
refer to the area containing most of the
contaminated sites as the "waste complex.” At
facilities where a small proportion of waste
sites are widely dispersed, a representative
waste complex was defined which contained
most of the waste sites. The relationskips
between a waste complex, individual waste
sites or contaminated areas, and home ranges
of various species of wildlife are shown in
figure B-3. This conceptual relationship was
used to develop correction factors for hazard
indices in order to produce more realistic
estimates of nisks to receptors.

For purposes of this programmatic risk
assessment, all waste sites are assumed to be
the same size and randomly distributed
throughout the waste complex. This may not
be a realistic assumption as waste siics range in
size and often their distribution is clumped. It
is also assumed that the area surrounding waste
sites within the waste complex is suitable
habitat for wildlife.

As shown in figure B-3, some species have
home ranges small enough to be entirely within
waste sites. For these species no correction
factor was used. For species with home ranges
larger than a representative waste site but
smaller than the entire waste complex, a
correction factor is used that is equal to the
ratio of the sum of the area of the individua!
waste sites divided by the total area of the
waste complex. For species with home ranges
larger than the waste complex, a correction
factor is used that is equal to the ratio of the
sum of the area of the individual waste sites
divided by the area of the home range or
territory.

B.S HABITAT DISTURBANCE

Remedial activities can cause adverse impacts on
plant and animal communities through (1) the

B-8

removal and treatment of oil or sediment, and
(2) the building of roads, decontamination
facilities, and other infrastructure associated with
remediation. For the ER PEIS, a stochastic
analysis of habitat disturbance risks was
performed using the @RISK software package,
a supplement to the Lotus i-2-3 spreadsheet

program.

Information on the areas expected to be disturbed
by remedial activities is derived from the
Analysis of Remedial Alternatives Model
(ARAM) output for each reservation. Site codes
provided in ARAM are cross-referenced to site
codes, site names, and site areas contained in the
source term data base. For each remediation
alternative, the specific sites to be remediated are
identified from the ARAM output and the areas
of those sites are extracted from the source term
data base.

It is unlikely that the entire area of each site will
be disturbed. For example, a 100-m* trench may
have significant contamination throughout only
80% of its area. It is assumed that only this
80% will be disturbed by remediation. There is
no way, however, to determine from the ER
PEIS source term data the exact fraction of each
site that might require remediation. Therefore,
the @RISK program is used to generate
probability distributions of disturbance fractions
for each site. A triangular distribution with a
minimum of 50% disturbance, a maximum of
100%, and a mode of 90% is used to generate
these estimates.

Roads, buffer zones, and storage facilities are
generally constructed at remediated sites. It is
assumed that the amount of habitat disturbance
from these sources is directly proportional to the
area to be remediated.

In many instances, remediation activities will
require that some volume of clean so:l be used to
fill in pits created when contaminated soil is
taken to remediation or waste management
facilities. Borrow pits either on- or off-site must
be excavated to provide this soil. The general
terra “off-site effects” is used to describe the
impacts of these activities as they relate to
habitat disturbance. The percentage of each
remediated site requiring clean soil from a
borrow pit is assumed to be a function of surface



afca. This fraction is moucled a3 a inangulai
probability distribution with a minimum of 50%,
a maximum of 100%, and a mode of 80%.
When borrow pits are constructed, the surface
area affected is expected to be somewhat less
than the actual surface area requiring borrowed
soil because pits are likely to be dug deeper to
generate the necessary volumes of soil. The area
estimates are therefore adjusted by an additional
area ratio huving a minimum value of 10%, a
maximum of 100%. and a mode of 50%.

The total area of habitat disturbed is summed
over all of the remediation sites included in the

ARAM ouipui. In most cases, the sites inciuded
in this output represent a sample of all of the
sites at a reservation requiring remediation. To
scale up the habitat disturbance estimates to the
reservation level, it is assumed that the sites
included in the ARAM analysis are
representative of the full suite of contaminated
sites. For example, if 20% of the known
contaminated sites at a reservation are included
in the ARAM output, the total area disturbed is
adjusted by a factor of five.
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[J Waste complex (Y acres)

Bl Typical (representative) waste site (X acres)

(O Small home range (<X acres); Correction Factor (CF) = 1

@ Intermediate home range (more than X but less than Y); CF = sum X

O Large home range (more then Y); CF=  sum X Y
home range



