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UISULAIMUK 
The results contained in this report are based on source term data that are incomplete because none of 
die 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 risks 
of contaminated sites present at the facilities described in mis 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 RISK ASSESSMENT FOR THE 
ENVIRONMENTAL RESTORATION 

PROGRAMMATIC ENVIRONMENTAL 
IMPACT STATEMENT 

EXECUTIVE SUMMARY 

L.W. Barnthouse, G.K. Eddlcmon, 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 alternatives 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 Femald Environmental 
Management Project (FEMP); the Oak Ridge 
Reservation (GRR), 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 geneiic 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 

resources (e.g., receptor species and 
communities) belonging to these categories were 
identified for each facility and, where possible, 
die spatial patterns of occurrence of these 
resources were described. 

Information on the types, quantities, and 
distributions of contaminants on the six facilities 
was obtained 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 toxicity 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 (I) 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 assessment. In this assessment 
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an attempt was m&je to provide an ecological 
context for the contaminant risks by companng 
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 Statement (PEIS) Implementation Plan 
[the Appropriate, Relevant, and Applicable 
Requirements (ARAR) alternative and the 
Restricted Land Use alternative], relative degrees 
of contaminant risk reduction and habitat 
disturbance impact were evaluated and compared. 

Below is a summary of major findings and 
conclusions. 

Ecological 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 majo* human 
intrusions (except for grazing at INEL and 
forestry at Oak Ridge) for up to SO 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 ecosystem types that are becoming 
rare in surrounding regions due to rapid increases 
in agricultural industrial, and residential 
development. All three reservations are included 
in DOE's National Environmental Research Park 
system. 

The three smaller facilities examined (Rocky 
Flats, Femald, and Portsmouth) were more 
variable in terms of ecological value but all 
contain some ecological 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. Femald 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 *wMlif©s -

Although they were 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 Exist ing 
Contamination 

The screening-level risk assessments showed that 
potentially ecologically significant contamination 
exists at all of the facilities examined. Although 
radionuclides are die most widespread 
environmental 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 areal 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 and 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, art 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-eating 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 support 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-1 
summariezes result of a bounding analysis of the 
three most extreme alternatives included in the 
PEIS: the No Action alternative, th e ARAR 
alternative, and the Restricted Lair* Use 
alternative. Only radioncuclides were examined, 
but the results of the analysis probably ate 
representative of other contaminants as well. 
The ARAR alternative involves the greatest 
contaminant removal and also the greatest habitat 
disturbance. The Restricted Land Use alternative 
imolves 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 alternative 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 alternatives 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 die total reservation area 
contaminated by past DOE activities is small 
enough that habitat disturbance impact appear 
negligible as well. For small facilities such as 

Rocky Flats and Ferrald relatively large (up to 
25%) fractions of die total reservation areas 
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 eidier alternative, the 
resources most likely to be at risk are (1) 
endangered and threatened species (because even 
very small impacts on die 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 
activi^es are focused on sites of highest 
contamination, where the degree of habitat 
disturbance per unit contaminant removed is the 
smallest. Specific remedial priority 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 unknown degree of 
conservatism of die 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-die-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. . ities to generate site-specific exposure and 
effects data. 
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TABLE ES-1 - Summary of Ecological Risks and Bsrxfits ofER Ahema&es 

Facility Tool Area 
(acres) 

Resources ar 
Risk 

Alternative1 «Msk 
i r - i i . , , tim—* 

ftFacflttjr 
Distorted4 

INEL' 570.000 Soil: none 

Water (waste ponds): 
wildlife, endangered 
species 

No Action Soil: NR 
Water 0 

0 

ARAR ScrikNR 
water 0 

0.03 

Restricted land use Soil: NR 
Water 0 

0 

Harford* 365.700 Soil: none 

Water (waste ponds): 
wildlife, endangered 
species 

No Action SoilNR 
Water 0 

0 

ARAR Soil:NR 
Water. 98 

0.1 

Restricted land use Soil:NR 
Water 0 

0.02 1 

IFemald7 1050 Soil: wildlife, endangered 
species, biodiversity 

Water fish 

No action Soil:0 
Water 0 

0 i 

ARAR Soil: 99.95 
WaterO.O 

19 I 

Restricted land use Soil:0 
Water 0 

19 

I Oak Ridge 
1 Reservation* 

37.500 Soil: wildlife, endangered 
species, biodiversity 

Water: fish, wetlands 

No action Soil:0 
Water. 0 

0 

ARAR Soil: 99.99 
Water: 99.5 

I.I 

| 
Restricted land use SoilO 

Water 0 
0.8 

| Rocky Flaw' o f̂l Soil: wildlife, endangered 
species, biodiversity 

Water: wetlands 

No action Soil. 0 
Water: 0 

0 

ARAR Soil W W 
Water>99.99 

26 I 

Restricted land use SoilO 
Water: 0 

6 I 
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'Resources at risk are denned 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 concentrations to regulatory criteria or other 
toxicologkal benchmarks indicates a moderate or severe risk to organisms inhabiting contaminated 
areas. 

1 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 arts reference contaminants. 

*% of total facility are?, either 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 to be at risk for purposes of the PEIS. None of the remediation alternatives for INEL 
include remediation of waste ponds. 

'Major areas of Hanford containing contaminated soil are alread) 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 to contaminated areas; aquatic resources at risk include waste ponds and 
statutory wetlands. None of the remediation alternatives for Femald 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 to some contaminated areas. Small wetlands are widely dispersed over the 
site. 

, 0NR = no resources at risk 
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CHAPTER 1: INTRODUCTION 

This report presents an assessment of impacts of 
environmental restoration and (ER) alternatives 
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 U.S. 
Department of Energy (DOE). Impacts 
addressed in this report include current 
contamination, residual contamination following 
remedial 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, eight are singled out 
for detailed ecological risk assessments: the 
Idaho National Engineering Laboratory (INEL). 
the Hanford Reservation, the Femald 
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-I2 Plant, and K-25 Site] occupying 
the Oak Ridge Reservation (ORR). 

The assessment process consists of the following 
five tasks: 

1. Description of climatic regime and 
ecosystem types, drawn from 
environmental data available for each 
reservation. This information includes 
meteorology, 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 planned. 

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. 

3. Estimation of the exposure of ecological 
resources to habitat disturbance associated 
with sits remediation. 

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

5. .Evaluation of die 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 die facilities is mapped. These resource 
distributions are overlaid on the distributions of 
ER activities at each facility. General locations 
of activities are available 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 each 
remedial action or construction activity including 
both the actual contamination 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 alternative consists of 
(I) 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). 
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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. 

Chapicr 2 of this report describes die generai 
classes of ecological resources for which impacts 
are addressed. These are often termed 
assessinenl sndpoints in the ecological risk 
assessment literature (Surer and Barnthouse 
1993). Chapter 3 describes the method to be 
used for cumulative impact assessment. Chaptr -s 
4-9 present the results obtained for die six 
reservations addressed in this report, appendices 
A and B present detailed documentation of the 
methods ?nd data used for the assessments. 
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This chapter describes the ecological resources to 
be addressed in die ecological impact sections of 
the ER PEIS. Once identified, these resources 
will serve as endpoints for die ecological risk 
assessment components of die PEIS, in die same 
way diat cancerous and noncancerous heahh 
effects serve as endpoints for heahh risk 
assessments. 

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

1. Societal relevance. The endpoint should 
be understood and valued by die public 
and die 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 evaluated; otherwise, 
there is no point in performing an 
assessment. 

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

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

1. Threatened and endangered species. 
Species diat are legally protected under 
federal or state endangered species acts have 
by definition societal relevance. Because of 
die rarity of die endangered species, losses 
of even a small amount of habitat or a few 
individual organisms can have potentially 
adverse impacts on populations of arose 
species. Population characteristics are 
amenable to study widi die use of standard 
field techniques and hence meet die criteria 
t>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 
die ER/WM Program, may affect organisms 
or habitats ax DOE facilities. Federally or 
state-lifted and candidate species are known 
to occur at each of die facilities. 

2. Wetlands. Wetlands are also 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 Ash and wildlife Many 
species of fish and wildlife valued for 
recreation flourish on and in die immediate 
vicinity of DOE facilities. Methods for 
study of fish and wildlife populations are 
well developed, and some of die facilities 
widi 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 die productivity or 
marketability of these resources constitute 
valid endpoints for ecological risk 
assessment. 

Parks and other poblk lands. Several of 
the DOE reservations border state parks, 
national forests, or odier publk 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-
rcsident populations can have impacts on 
wildlife inhabiting non-DOE land as well. 

Biodiversity. The worldwide decline and 
disappearance of species and communities, 
generally termed loss of biodiversity, is 
attracting 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). 

Global auu ungc-SCaic biodiversity issues are 
more difficult to translate into e/idpoints. but 
assessment is possible if specifL taxonomic 
groups or well-defined community types can be 
identified as being "at risk." For purposes of 
this assessment, species or communities diat do 
not otherwise have explicit legal protection are 
defined as at risk if (1) they belong to a 
taxonomic group known or suspected to be 
declining worldwide, (2) diey are rare outside 
areas that are protected from disturbance or 
development, or (3) Aey arc a critical component 
of a larger landscape. Because of dieir long 
isolation from human influence, many DOE 
reservations provide refuge for such species and 
communities. Examples of die worldwide loss 
of biodiversity include die worldwide decline of 
amphibians, bats, and neotropical migratory birds 
(McCracken 1988; Blaustein and Wake 1990; 
Terborgh 1989). Wild stocks of anadromous 
salmonid fishes are also declining in many 
regions (Nehlsen et al. 1991); most of die wild 
stocks in die upper Columbia River basin in die 
northwestern United States are being considered 
for protection under die Endangered Species Act 
Some types of plant communities are susceptible 
to invasion by normative species, especially after 
disturbance (Cheater 1992), and ouier once-
common plant communities have become rare 
because land has been converted for agricultural 
use or urban/suburban development. 



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 i 508.81. 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 person undertakes such other actions. 
Cumulative impacts can result from individually 
minor but collectively significant actions talcing 
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 source recurs sufficiently densely through 
space; and (3) different kinds of sources impose 
similar consequences on a valued environmental 
component, such that the individual disturbances 
cannot 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 

endpoints, the cumulative effects of the proposed 
action(s), when added to other past, present, and 
reasonably foreseeable 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 alternatives would tend to reduce 
contaminant exposure risk to ecological 
endpoints while tending to simultaneously 
increase risks from construction activities. 

The objective of the programmatic cumulative 
risk assessment is to compare the ecological 
benefits of remedial activities with thr 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 
endless 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 risks 
from existing and planned sources other than 
those of the proposed actions. In this analyses, 
cumulative risks at the local level are considered 
to be 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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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.e., 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 each 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 tie or exist 
within a single contiguous ecosystem. Further 
aggregation (i.e., across all DOE reservations) is 
unnecessary because the geographic distances 

atwj *rn\<noiral Histimilaritiyt; a m n n a w w w t i n m 

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.e., 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) (see appendix B). 

There are no scientifically defensible methods for 
directly comparing or combining habitat 
disturbance risks and contaminant risks. Thus, 
these two kinds of risks were addressed 
separately, and results were summarized in 
tabular form. A qualitative comparison 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 1 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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LABORATORY 

The Idaho National Engineering Laboratory 
(LNEL) 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 die 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 Beaverhead 
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 r/e 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 
northern 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 reservation are contaminated, 
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 die LNEL 
reservation is shrub-steppe, and there are some 
trees in the surrounding foodiills 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 die rivers on die reservation 
when they contain water, but flow is intermittent 
on-site. Although hunting is not allowed on 
most of die site, several recreational wildlife 
species are present. Sheep or cattle currently 
graze 60% of die reservation, and die reservation 
is surrounded by Bureau of Land Manag rnent 
(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 concern 
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 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. 

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 die 
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 Idaho National Engineering laboratory 

j Ubiquitous Discontinuous Discrete 

1 Resident, breeding, and Wetlands and riparian Grazing land for sheep and 
I wintering federally listed vegetation along rivers cattle (agricultural 
I and candidate species 

Waste pond wetlands and 
production) 

| Lava tube caves1 associated migratory waterfowl Public lands surrounding the j 
I (biodiversity) (biodiversity, recreational 

wildlife) 
reservation I 

I Small playa wetlands in | 
1 lava flows Recreational fish when water 

flow in rivers is sufficient 
Recreational wildlife 

Important components of 
biodiversity not included in I 
the above (bats, food | 
sources for protected 
species, sagebrush 
communities) I 
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 relative 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 (Reynolds 
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 bald eagie feeds almost 
exclusively 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 hibernating 
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. 

4.11.2 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 tnan 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 

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 axe the waste ponds, which are a 
source of drinking 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 us:d 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 currently 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 sriiall 
wetlands, for our analyses we assume ihese 
small ephemeral wetlands are found 
throughout the reservation at a density 
comparable to that of a representative 
sample area of INEL from the NWI quad 
maps. We estimate that at least 0.2% of the 
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TABLE 4-2—Rare Species on the Idaho National Engineering Laboratory 

Species Common Name States2 

Birds 

Haliaeetus leucocephalus Bald eagle E 
Falco peregrinus Peregrine falcon E 
Accipiter gentilis Northern goshawk 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 

1 Compiled from Marknam 1987: DOE 1985; Arthur et al. 1984; Cholewa and Henderson 1984; Moseley and Groves 1992; and 
Reynolds 1993. 

1 Endangered and threatened wildlife and planu. 50 CFR 17.11 & 17.12. July 15. 1991; endangered and threatened wildlife and 
planu: animal candidate review, 56 FR 58804-58836. November 21. 1991. E=*ndangered, C2=candidate under review. 

reservation is in small ephemeral wetlands in any 
given area. 

4.1 J 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 come 
from surrounding areas to winter in the northern 
part of the reservation (Rope and Stanly 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 risks to populations continuously 
exposed to contaminants. Exposure risks to sage 
grouse and antelope populations that winter off 
'he 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 predators (Arthur et al. 1984). 
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4.1.4 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, cattle 
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 Stanly 1993; Reynolds 
1993). 

4.1.5 Parks and Other Public Lands 

4.1J.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 on 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 

(i.e., small mammals eaten by raptors and 
coyotes, and insects eaten by loggerhead shrikes 
and bats) and other endpoints discussed in die 
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, another important 
species group at the she. 

4.1.6.2 Distribution 

All of die 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 die INEL 
reservation. The northern 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 eagles, American kestrels, owls, and 
vultures), 6 species of bats, 6 species of 
carnivores, 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 die 
INEL reservation lava tube cave habitats and 
associated lava flows are important sensitive 
habitats, providing shelter for bats, snakes, owls, 
and carnivores (Rope and Stahly 1993). The 
distribution of all lava tube caves on die 
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 
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establishment on fresh disturbances. We assume 
out die abundance of this species is inversely 
proportional to the quality of native sagebrush-
steppe habitat and that cheatgrass is most 
abundant in and adjacent to disturbed sites. 

43, 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 
I I 7Cs 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 
4-3,4-4, 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. 

43 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 (e.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 species 

from exposure to die maximum values were not 
considered runner. If exposure to die maximum 
concentrations of contaminants posed a risk to 
organisms, dien die average concentrations of 
those contaminants were used in die assessment 
to estimate the most probable and reasonable 
exposure and risk. 

The risk assessment considers chronic exposures 
of vegetation, terrestrial wildlife, and aquatic 
organisms to radiological and nonradioiogical 
contaminants. Due to limited availability of 
sensitivity data for many species (e.g.. dtreatened 
and endangered species) and to similarities in 
exposure (e.g., similarly sized raptors feeding on 
die same prey), representative organisms for each 
endpoint were chosen for evaluation. A food 
web showing relationships among diese 
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 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 die reservation were included as important 
prey components ci~ 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 4-6 lists die body 
weights and consumption rates for die 
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 die fruiting bodies of plants (i.e., 
seeds). On die basis of a review of die 
literature, die 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; die loggerhead 
shrike eats 60% insects and 40% mice; die 
ferruginous hawk eats 100% jackrabbits; die 
coyote eats 45% mice, 45% jackrabbits, and 10% 
sage grouse; and die bald eagle is assumed to eat 
only carrion, consisting of 50% jackrabbits and 
50% pronghorn. The bat is assumed to eat 100% 
insects, and die insects are assumed to eat 100% 
vegetative plant parts. 
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FIGURE 4-2. REPRESENTATION OF THE TERRESTRIAL FOOH WEB OF THE 
IDAHO NATIONAL ENGINEERING LABORATORY 



TABLE 4-3 MmrimMM md Atttrng* Sri Cimtmnrntiw m th* Idmko N«i0mci Emgineirimt 
Lmmmmhnj [mig/ig Dry rrirajfe {for Cmcmucmi Cmuauumu) trpGntg Dry Weight (for 

HmHonmcMes)] 

r,.,,, • • • • • - . . , • • • • « ! . . r , . , B „ , . , A t t r a c t 

Bonne 4.00E-O3 Toaaae 200E-03 
BEHP 6J0E-O1 ' n a w j SME+OO 

400E-02 Ancaic 4J0E+00 
TcaxMoroaheae 760E-O2 Sanaa 2.I7E+03 
Tahne 2.00E-O3 C a t r n 306E+00 
TricMoroobeae 400E-O3 ~* II nil ii 3.02E+02 
Xyfcac 400E-03 Cobalt 4.07E-06 
2-bMBOK •.DOE-OS Lead 1.966+01 
1 1 * ) l - I - t > M I U « l . 400E-02 Mocvy 6.036+00 
AMUDOBy 5J0E+00 NidceJ 2.I5E+02 
A n e w 9J0EMJ0 Trli • II — 7.17E-OI 
Bariaa 3J3E*03 Siher 3.74E«00 
DCfylMM 3.90E«00 "* T . i I35E+O0 
Caimmm 3UE-KH U M M 531E+O0 
Oamm &22E-04 Sac M3E+02 
C h a a m i 3.02E+02 — ' in 1.05E+04 
Cebak 4 07E-06 Aiadorl254 9.ISE-+00 
Leal 6 31E+02 Cyaaide 9*36-01 
Mcray 1 I5E+02 Coaaa-134 4 4*6+04 
Metal 325E*02 Ccoua-137 I.14E+07 
S i l f i — 8 7OE+O0 Cobah-60 4 606+06 
SiNcr I74E+0I Ptnoanjav239 I72E+04 

SZT 4 066-06 
I90E+O0 

Thona>-232 I30E+03 

Unaum 483F.KO 
Sac I43E+02 
Zncoamre I05E+O4 
Arodor 1234 I I9E+0I 
Cymdc 9SJE-0I 
Araenciwn-241 7.60E«05 
Ceuum-134 4 4JE+04 
Coram-137 4 01E+O7 
Cobdi-60 4.6IE+06 
Caram-244 6.75E*03 
Earopiam-152 l.07E«O5 
Earapiaro-154 4.706*06 
Eurapnim-155 9.67E+03 
Pouunun-40 I.ME+04 
Plutonian)-23S I30E+O6 
PkHMiam-239 I.24E+0J 
•.•thrown-103 
KMhauam-106 
SawKium-90 2*06+06 
Tbori«n-22S 2.72E+04 
Tharium-230 I42E+04 
Urnuam-234 5 52E*03 
Uramam-235 3 0OE+O6 
Uramum-23* 1666+03 

HA * no measured toil concentration available. 



TABLE 4-4 Maximum and Average Water C M e n M b n em the Idaho Hmtienal Engineering 
Laboratory [mgJL (for Chemical Consthnena) or pCVL (for KoMenmctiaei)] 

COBStftMBt MaziBMUB Coaceatratioa Coaittoeat Avcn«e Coaoatmiaa 
Cesium 3.33E-12 Cobalt 2.29E-12 
Cobalt 2.29E-I2 Cesium-137 2.90E-01 
Cesium-137 2.90E-01 Cobak-60 2.59E+O0 
Cobalt-60 2.59E+00 

TABLE A-S—Maximum 
Laboratory 

Average Sediment Concentrations on the 
[mgfkg (for Chemkab) orpG/kg (for 

Idaho National Engineering 
)] 

ComtHoeat fVaaVQaaVaaal COBCCBttTBOGS Ccartteat An rngi CmmmOn/mm 
Acetone 7.00E-03 Methylene chlorule I40E+OI 
Ethylberizene 1.60E-02 Toluene 4.00E+00 
Methylene chloride 2.60E+OI Antimony 1.68E+OI 
Toluene 400E+00 Arsenic I.16E+0I 
Xylene I.00E-O2 Barium 2.93E+02 
4-methyl-2-pentanone I.70E-0I Cadmium 3.80E4O0 
Antimony I.68E+0I Chromium 3.44E+03 
Arsenic 1.16E+0I Cobalt 8.14E+00 
Barium 2.93E+02 Lead 4.39E+01 
Beryllium 2.2OE+00 Mercury 2.80E+00 
Cadmium 3.8OE+00 Nickel 3.60E+O1 
Chromium 3.44E+03 Selenium 1.20E+00 
Cobalt 8 14E+00 Silver I.50E+OI 
Lead 4.39E+0I Vanadium 6.80E+01 
Mercury 2.8OE+O0 Zinc 3.I2E+02 
Nickel 3.60E+01 Cesium-134 1.48E+I3 
Selenium I.20E+00 Cesium-137 2.58E+I3 
Silver 1.50E+0I CobcH-60 9.I9E+I2 
Tin 2.I7E+0I Plutonium-239 I.59E+08 
Vanadium 6 80E+01 Uranium-234 9.86+06 
Zinc 

I Cesium-134 
Cesium-137 

3.12E+02 Zinc 
I Cesium-134 

Cesium-137 
1.48E+I3 

Zinc 
I Cesium-134 

Cesium-137 2.09E+O8 
Cobalt-60 9.I9E+12 
Phttonium-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 coyote for which soil ingestion 
was assumed to be negligible. Soil ingestion 
rates (QJ 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 

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 
each representative species were calculated from 
allometric regression equations that are based on 
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T A B L E 4 - 6 *»•> Maj to mad Ctaiaaaaalia « W > r TtrmWtml Sfcin> «• AW M w Naa»«al CagteMrWf Lmktrmmrtti 

*rmy lngtlr i Saf l TAB. M M 
* * • » — " » " MMaat KakMt Jukfhwl IYoa«Mtf* Cam (Rabin) GlWCa* M a l M Shria* M t r.Hawk Eaghl iCtytN 

M r M M * . 1W (kg) 220E-O2' 440E-0I* UTE+OO" 4666+01* 400E+0T isM-oy ioflWf/ nifi+oo" 4.Jtt-6t" i.6oB-oin iMtVP 4«§+MH itol+ol" 
Wan M M * I M C Q. (LM) ft.OOE-03 3 76E-42 II3E-0I 2 26E+O0 I.23B+OI I43E-02 1 906-01 1.2SE-01 I.00E-O2 2.90E-03 I43E-0I 3 396-01 7 706-01 
Waax a y www. R. IOOE+00 100E+00 1006+00 1006+00 1006+00 IOOE+00 100E+00 7.0W-0I 600E-0I 1.008*00 6008-01 JOOU-OI I09E+00 
Sou aaaac n * . Q. (k(M) • 36E-05"* I25E-03" 9 32E-03" 46IE-02" 4S6E-0I ' 3.46E-04" I.OSE-02" 564E-03 0 0.00 0.00 000 0.00 000 
Sed a^naoa fcaaioa. Ft, IOOE+00 IOOE+00 I0OE+00 IOOE+00 IOOE+00 1006+00 IOOE+00 700E-0I 000 000 000 0.00 0.00 
V o M B N a MMfat IMC Q, 000 2I4E-02 I39E-0I 934E-OI 7.47E+00 000 1 I3E-0I 0.00 0.00 0.00 000 000 0.00 
(k*M) (Af4)> (Se«8) 

l*rMi/M i M MOME nae. Q, 

000 IOOE+00 I00E+O0 IOOE+00 IOOE+00 0.00 IOOE+00 0.00 000 0.00 0.00 000 0.00 

l*rMi/M i M MOME nae. Q, 4 506-03 000 000 000 000 5 ME-03" 0.00 7.4IE-01 0.00 000 000 000 000 
ft**) 
Tr—hMdi a y m i fcacma. 

rtey i aoaa nae. Q^ (kf/d) 

IOOE+00 000 000 0.00 000 IOOE+00 000 7.00E-OI 000 0.00 0.00 0.00 000 Tr—hMdi a y m i fcacma. 

rtey i aoaa nae. Q^ (kf/d) 000 000 000 000 0.00 2.32E-03 000 0.00 366E-03" I.70E-03 K.44E-02" 1 JOB-01" 163E-0I" 
(uuecu) (iHMCIS) (laatctt) (JackrabWO OMkratWl) (aaM) 

?My 1 aajetaea fcacaoa. 

ftcy 2 aaafct oat. Q» (kaM) 

000 000 000 0.00 0.00 1006+00 0.00 0.00 600E-0I looe+oo 6O0B-OI 5 00E-OI IOOE+00 ?My 1 aajetaea fcacaoa. 

ftcy 2 aaafct oat. Q» (kaM) 000 000 000 000 000 0.00 0.00 0.00 2.446-03 0.00 0.00 6428-03 J43E-0I 
(aan> (pfoufponi) (iiKbatWO 

•toy 2 MgHaMfli fanooav. 

Picy ) laakc me. Q» (14M) 

000 000 000 000 000 0.00 0.00 0.00 600E-OI 0.00 000 3006-01 IOOB+00 •toy 2 MgHaMfli fanooav. 

Picy ) laakc me. Q» (14M) 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 JI4»-« 
Iflraan) 

H . 
000 ono 000 000 0.00 0.00 0.00 0.00 0.00 0.00 000 000 IOOB+00 

a O N (Ron « al I9M). for xatuaoa dat ratio u 0.9| ( * • horn bwad oa a» raa« for hcyfeMM* rroorajd ia Saw 199)), aad for MaAaaaa, la* raao it 0 17 (Morrtaaa I9#») 
US ETA I9M «aba) •) ualna (tfaarwua i 

Tat uat (route aoil ianiawa rati u M M — d to b* 10% of da dry y%\ 
Tat aaJard toil iaukc raw u 1.2% of dry »eaa>auoa aMaka (Bayar « al. 1991). 
Taa rota a I H H — I I to M> 70% rhanraMdi aad 30% iamti (Tarrn 1990)° Taa 
TM> lamniaoai aawk n MiaMad to ut 100% >ackrabaiu (ianrarMad from 
Taa aaM caa> a uiaawd a> cm 70% jacaraabli carhoa aad 30% areagaora carrioa 
The coyoM it aaaaaad to aal 43% mice. 43% jadaabaaa, aad 10% lata (roan < 

to oat 60% iaaaca aad 40% aaoa (laMraraatd awn tafiaaaalua ia Taiiaa |9flOX 
1961) 

wa* T. RtyaaUi 1993). 
RWM dMH M M M l M a i GfQMaVaVaMaftW 1976). 

(Sayaatai 1991). 
n a a a i ncaiiabii (6 3% of dry a— 

dry i M I I M a t iauaa M M (Af*ar Md G M M I9M). 
dry nataaiua laaat rMt (Anaor aa4 O M H I9W). 

anaoa raai (Maytaad m aL 1977). 
aajMl n 10% of Ma dry naaMioa aata raM. 
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the weight of the organism (EPA 1988) 
(appendix A). These eqssdcss are based ca the 
combined measurements for laboratory animals, 
livestock, and selected wildlife and bird species. 
Measured values for some rates were obtained 
from die 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 due all 
species spend 100% of oieir time on the 
reservation. The exceptions are the raptors, the 
mallard duck, and die loggerhead shrike (see 
discussion in chapter 4.1), whose specific time 
spent on die INEL reservation has been 
documented by she ecologists (Reynolds 1993). 
Therefore, die fraction of contaminated 
vegetation, fruit, prey, soil, and water consumed 
(FI^ FI,, FIH, FI„ and FI„ respectively) is set at 
100%. except for those species noted above, for 
which die FI values are set accordingly. The 
bald eagle, for instance, is present 6 months out 
of die year, so values are set at 30% (table 4-6). 

Contaminant concentrations in vegetation, die 
first level in die food chain, are estimated from 
source-term concentrations in die 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 die 
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. 

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

detank, conservative one-to-one transfer between 
vegetation and insects was assumed. The 
rationale and limilatioiB for applying diese 
transfer factors are discussed in appendix A. 

The consumption rates and die benchmark limit 
or r»o*>bscrvabte-adverse-effect level (NOAEL) 
values are typically reported in wet weights, 
whereas die vegetation and soil conoeatrations 
are typically reported in dry weights. Therefore, 
conversion factors were applied to account for 
mis difference. The wet- to dry-weight 
conversion factor for die vegetative parts of 
plants on INEL was assumed to be 0.91 [die 
lower end of die range of die percent age of 
water content for hay and grasses (Suter 1993)]. 
The wet- to dry-weight conversion factor for die 
fruiting parts of plants on INEL was assumed to 
be 0.17 (Morrison I9S9). The dry- to wet-weight 
conversion factor for soils is 0.98; it is the mean 
for 16 sampling locations in die southwest 
portion of INEL (Rope et al. 1988). 

For die baseline assessment of INEL, die 
concentrations of radionuclides in animal tissues 
and die resulting doses were not decay-corrected. 
The doses are estimated for die current situation 
and not at some point in die future. The primary 
radionuclides of concern, ; I TCs and * t o . have 
relatively long half-lives, so Uiis assumption is 
reasonable. PNL decay-corrected the 
radionuclide concentrations in die 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 die assessment 
included bentfv; .iiacroinvertebrates and, for 
radiological analyses, emergent vegetation (i.e., 
cattails) and muskrats. All aquatic organisms, 
except tor bendiic macroinvertebrates, are 
exposed to contaminants in surface water. 
Bendiic macroinvertebrates are assumed to be 
exposed only to sediment pore-water for 
calculation of internal radiation dose and 
exposure to chemicals. The external radiation 
dose from exposure to surface water was 
calculated for all organisms. 



TABLE 4-7—Soil to Vegetation and Float to B**f Transfer Factors for the Commitments of Concern om 

o.*^ Sal to Vcgetetfea Tiwifrr Factor Vcfrtatfoa to BaaTTi—iln Factor 

A « - e 5J3E+OI I.45E-M 
BcntaC 237E+00 3166-06 
BEHP 4J7E-Q3 3I6E-03 
Bayfeeauae 54*6-01 3.986-05 
BaMMtoaaaM** a U f H u k 6J6E+00 5016-07 
TctracMtMoetfceac 4.206-01 6JIB-05 
Tabne I.07E+00 1-266-05 
TmHonHttVw 1596*00 6JIE-06 
Xjtaa? 54IE-0I 3986-05 
2-tMaaoae 2436+01 490E-08 
1 frtijl-2-pfM—m 7J46+00 3986-07 
AMMtf 2.006-01 1006-03 
Annie 4.006-02 2.00E-O3 
I T H J — IJ06-0I 1506-04 
D i i j a n i 1.006-02 1006-03 
C M M 5506-01 5506-04 
C C L M a.ooe-02 240E-02 
CTMUMMMB 7506-03 5-SOE-03 
Cobalt 2.006-02 2.006-02 
Lead 4506-02 3006-04 
pvocwy rooE-oi 2506-01 
Nickel 6.006-02 600E-O3 
ttkmwn 250E-02 1506-02 
Sttw 4006-01 3006-03 
Svroanani 2506+00 300E-O4 
TMUMB 4.006-03 4006-02 
Tw 3.006-02 8.006-02 
Uraaiaa 8506-03 2.00E-O4 
Vaaadun 5506-03 2506-03 
Sac 1506+00 iooe-01 
Ztttomn 2.00E-03 5506-03 
Andor 1254 2.246-02 1 006-O2 
Cjrawfc 5.416+01 1.416-08 
AMCIKIMD-241 5506-03 3 506-06 
AatiiMMy-125 2006-01 1006-03 
Ceriam-141 1006-02 7506-04 
Coram-134 8.006-02 2.00E-O2 
Cenwft-137 8006-02 2.006-02 
Ccbah^O 2.006-02 2.006-02 
Cariam-244 tsoe-04 3 506-06 
Eoropiam-152 1006-02 5006-03 
Earopiam-!54 1006-02 5006-03 
Earooiam-155 1006-02 5006-03 
Maagaaese-54 2 506-01 4006-04 
PMmiMn-40 1006+00 2006-02 
Pwtoaiaiii*238 4 506-04 5.00E-O7 
PlBtoaiiini-239 4506-04 5006-07 
••Acawm-103 7 506-02 2.006-03 
Radteaiain-106 7 506-02 2O06-O3 
Strattum-90 2 506*00 3006-04 
Tbonam-22> » 506-04 6006-06 
Tnoriwn-230 8506-04 6006-06 
Tlwrianv232 8506-04 600E-06 
Unjriam-234 85OE-03 2.00E-O4 
Unamm-2'.>5 8506-03 200E-O4 
Ur«uam-23S 1506-03 2.006-04 
Ziiconiaro-93 2006-03 5 506-03 

S i i u i . Fororpato.aatnmfcrfattortamcakiilaadMm.lyWfromTruhtmtAranaitK,rwrnmn turnmaimftfmdCmmkmlDamMavtx Farlawjaalcimairtmirliiai, 
hewn warn utm Horn Ban m. al. 71M K_ for cnatdt « a ufcaa from MEPAS. ma Om t w i n - tacwn nam tttelmi from H I " ' " *"• 7™*»» "Ml Arm 



4 4 CONTAMINANT EFFECTS ASSESSMENT 

To quantify risk to terrestrial receptors exposed 
to organic and inorganic contaminants, die daily 
consumption rate of contaminated food and 
water, normalized to body weight (in units of 
mg/kg/d), was compared with die NOAEL 
benchmark (mg/kg/d). Ratios more dtan 1 are 
considered to pose a potential risk to organisms 
but do not necessarily indicate die severity of die 
effects). However, it is reasonable to assume 
that die higher die ratio, die greater die risk 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 diat 
exceeded 0.1 rad/d were considered to pose a 
potential risk to terrestrial organisms (IAEA 
1992). Methods used tc ilculate exposure and 
risk are described in ap^-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 die data base, extrapolation techniques 
were employed to obtain die chronic NOAEL by 
adjusting for differences in body weight between 
die receptor and a test organism. If a NOAEL 
was available for a laboratory test species, die 
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 
NOAFJLs were extrapolated from human 
noncarcinogenic toxicity data (i.e.. RfDs) listed 
in die MEPAS constituent data base, normalized 
to die "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 die 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 (»°SJ; (table 4-8). 
Where applicable, the lowest source 
concentration in a soil medium that produced 
phytotoxically excessive effects was chosen from 

the data ham. Several beschnssk* «vei» derived 
from experiments using nutrient solutions. 
However, uncertainty values were not applied to 
diese data to account for differences in growth 
media. 

As cited in die MMR Air National Guard Risk 
Assessment Handbook (1992), Eskew and Babb 
developed a raedMdology for deriving 
phytotoxicity benchmarks for organic 
constituents (table 4-8). Estimated critical 
concentrations (mg/kg wet weight) for soil were 
calculated from experimental data on die uptake 
of compounds from nutrient solution or vapor 
phase by determining die distribution of a 
compound between die soil solution and 
absorption to organic matter widi die use of a 
K,* value. The K* value was estimated from die 
chemical-specific K,,. 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%. 
The organic fraction of die soil is die primary 
factor in determining bioavailability of organic 
compounds to plant roots. Use of diese 
assumptions was determined to be applicable 
since die average soil organic matter at INEL is 
1.7* (0.8 - 2.4-fc) (Rope et al. 1988). 
Uncertainty factors were applied to adjust the 
data from acute to chronic effects and from 50% 
inhibition of growdi to lowest toxic effect levels. 

Risks to aquatic organisms from exposure to 
organic and inorganic contaminants in water and 
sediments (pore water) were calculated dtrough 
comparison of die water or sediment pore-water 
concentrations widi die 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, die 
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 internal dose to benmic 
macroinvertebrates and odier 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 



TABLE 4-8—Criteria Benchmarks for Terrestrial1 ami Amtatic* Specks on the tdahe National Engineering Ttrntummtj 
(NOAEU Listed in mg/kg/dfor Terrestrial Benchmarks or mg/Lfor Aquatic Benchmarks) 

c-n—. M ~ Pygary rafeWt JsdmbMl h ^ Caw ^mnmmmagmj S * * t . r ~ M M 

Aceaoae 2J2E+0I 9.27E+00 5J6E+00 I 966*00 9.S6E-0I 1.676+01 5J9E+O0 667E+00 

B e n e 6.296*00 2J2E+00 1J4E+00 4.90E-01 2J96-0I 4.I8E+00 I4OE+O0 1^76*00 

BEHP NA NA NA NA NA NA NA NA 

M p l b . . . . . . NA NA NA NA N \ NA NA NA 

MctkyvM cMondc 1.476*01 5.42E+00 3.146+00 I.I5E+00 5.606-01 9.786*00 3.27E*00 3.90E+00 

TfatMcouhuat 1.556*00 5.72E-0I 3JIE-0I I.21E-01 5.906-02 1036+00 3.45E-0I 4.I2E-OI 

Totaeae 5.616+01 2.076+0! I.20E+01 4J7E+00 2.13E+00 3.736+01 1J5E+0I 1456*01 

TricUoeoedMe I.66E+02 6.I3E+OI 3.556*01 1J0E+0I 6J3E+O0 1.256+02 4.20E+OI 500E-*OI 

XyvsBC I.26E+03 4 63E+02 2.686+02 9.79E+0I 4.785+01 8.366+02 2J0E4O2 3J3E+02 

2-batar.aK 23IE+oi 8.52E+00 4.93E+O0 I.8OE+00 8.806-01 I-54E+01 S.15E*O0 6.I4E+00 

4-aardqrl-2-peaxaMK 1366+01 4.636+00 2.686+00 *79£-OI 4.7S6-0I 8366+00 2.8OE+O0 3J3E+O0 

Aatuaoay U5E+04 4.61E+03 2.67E+03 9.73E+02 4.756+02 8.316+03 2.78E403 3 3IE+03 

Aneaac 1.056-01 2.26E+00 IJIE+00 8.106-01 3.966-01 70OE-O2 IJ6E400 1436400 

Barm I28E+00 4.73E-0I 2.73E-OI 9.996-02 4 88E-02 8.52E-0I 2J5E-0I 3.40E-OI 

BeryOaani 1366+00 5.006-01 2.90E-OI I.06E-0I S.I6E-02 9026-01 3.02E-0I 3A0E-CI 

OAmmn 2.42E-02 S.92E-03 S.I6E-03 I89E-03 9.216-04 1.446-01 I.98E-03 1266-02 

Ceeiaoi NA NA NA NA NA NA NA NA 

C b o a m 6.P46+00 2.22E+00 129E+00 4.706-01 2.30E-0I 4.016+00 I.34E+00 1.606*00 

Cobalt NA NA NA NA NA NA NA NA 

Mercury 

7.296-03 2.69E-03 I.56E-03 56SE-04 2.776-04 1.596-02 985E+O0 I.I7E+0I 

Mercury I47E+0I 2.22E-02 558E-03 2.296-02 1.I2E-02 3.196+00 5.09E-0I 283E-02 

Nickd 607E+0I 2-24E+OI 1.296*01 4.73E+00 2.3IE+00 4.176+00 1.406*00 1.676*00 

Sekaram 632E-02 2.33E-02 1 35E-02 492E-03 2.406-03 2.516-01 8.39E-02 1.006-01 

Silver NA NA NA NA NA NA NA NA 

Strontium 6.62E+02 244E+02 I4IE+02 5 I5E+0I 2.52E+0I 4.406+02 1.476*02 1756*02 

Thallium 2.52E-02 927E-03 536E-03 I96E-03 9 56E-04 1.676-02 5.596-03 6.676-03 

Tia NA NA NA NA NA NA NA NA 

Uranium I56E-0I 5.74E-02 332E-0"! I2IE-02 5936-03 22OE+0I 7.356*00 8 77E+00 

Vanadiani 237E-0I 8.73E-02 5.056-C2 1846-02 9016-03 1.576-01 5276-02 6.286-02 

Zinc 2.446+01 8996*00 J206+00 1.906+00 9.286-01 I.62E+0I 5.436*00 6.476*00 

Zirconium 7766-02 2 86E-02 1656-02 6.046-03 2956-03 5166-02 1.736-02 2.066-02 

Aroclor 1254? I45E-0I 6.05E-02 3506-02 1.776-02 8.636-03 3196+00 1 306*00 1536*00 1 

Cyanidcion 2.72E+0I 1.006*01 5796+00 2.306-02 1376-02 1806+01 6.046*00 7206*00 J 

NA * BeMdw^fc not available. 
1 The iourtce for all leneathal orjamim» except vegeuiion wai Opmko and Suter (1993). For vegetation, die MOTCC wai Smer and Fawll (1993). and die Mam.-tiai— 
Military Rcaervation Riak Afaeument Handbook (1992). 
' The toorce for aquatic benchmark! wa* Suter et al (1992). 

4-15 



ABLE (cont'd) for Terrestrial Specks om the Idaho National Engineering Laboratory 
(NOAEU listed in mg/kgM) 

C - t t o c * Shrike T A X bat F. Hawk Baldeaflt Coyate Aaaatfk VcgttatlM | 

Acetone I.97E+01 3.27E+0I 6.31E+O0 *nz*oo 2.80E+O0 2.37E+01 9.65E+0I 

Baueae 4.94E+00 8.I8E+O0 1.58E+O0 1.07E+00 699E-0I 2 106-02 NA 

BEHP NA NA NA NA NA 3.00E-04 140E+01 

Ethylbeazene NA NA NA NA NA 4.40E-01 NA 

Methylene chloride 1 I5E+0J 

I22E+O0 

4.40E+0I 

I.91E+01 

2.02E+O0 

729E+0I 

3.69E+O0 

3 90E-0I 

I.41E+0I 

2.50E+O0 

2.63E-0I 

9.52E+O0 

1.64E+O0 

I.73E-OI 

6.24E+00 

4.I0E-OI 

5.00E-OI 

2.60E-02 

5.60E+O0 

I.57E+OI 

9.70E+00 Toluene 

1 I5E+0J 

I22E+O0 

4.40E+0I 

I.91E+01 

2.02E+O0 

729E+0I 

3.69E+O0 

3 90E-0I 

I.41E+0I 

2.50E+O0 

2.63E-0I 

9.52E+O0 

1.64E+O0 

I.73E-OI 

6.24E+00 

4.I0E-OI 

5.00E-OI 

2.60E-02 

5.60E+O0 

I.57E+OI 

9.70E+00 

Trichlotoeihene I.48E+02 2.I6E+02 4.74E+01 3.20E+01 1.S5E+01 5.76E+O0 6706-01 

Xylene 987E+02 I.64E+03 3.I6E+02 2.13E+02 I.40E+02 2.68E+O0 2406+01 

2-bnuaone I.82E+OI 3.01E+O1 5.8IE+O0 3.93E+O0 2.57E+O0 I78E+OI NA 

4-methyi-2-pent»wae 9.87E+00 I.64E+0I 3.16E+O0 2.I3E+O0 I40E+00 I.59E+00 NA 

AMiimiy 9.81E+03 I.63E+04 3.I4E+03 2.I2E+03 1.39E+03 1906+00 S.OOE+00 

Artenk 8.27E-02 I.37E-0I 2.61E+O0 I.77E+O0 I.I6E+00 9 32E-01 1.506+01 

Barium I0IE+O0 I67E+00 3.22E-01 2I8E-01 I.43E-0I 2.03E+OI 5.006+02 

Berytliani I.07E+00 I.77E+00 3.41E-01 2.3IE-01 I5IE-01 3.80E-03 IOOE+01 

Cadmium I.70E-0I 3.I5E-02 2.24E-03 I.5IE-03 2.69E-03 I.I0E-03 3006+00 

Cesium NA NA NA NA NA NA NA 

Chromium 474E+O0 7.85E+00 I.52E+O0 I.02E+O0 6.7IE-0I I.IOE-02 7.50E+0I 

Cobalt NA NA NA NA NA 4 4OE-03 2.50E+01 

Leid I.88E-02 9.49E-03 I.IIE+01 7.51E+O0 8.I1E-04 3.20E-03 I00E+02 

Mercury 3.77E+O0 I.92E+01 5.74E-01 3.88E-OI 2.9IE-03 1.30E-03 3 006-01 

Nickel 4.93E+O0 7.90E+01 I.58E+O0 1.07E+00 6.75E+O0 I.60E-0I 100E+O2 

Selenium 2.96E-01 8.22E-02 9.47E-02 6.4OE-02 703E-O3 3.50E-02 5.00E+00 | 

Silver NA NA NA NA NA 2.0OE-O4 2.006+00 1 

Strontium 5I9E+02 8.61 E+02 I.66E+02 1 12E+02 736E+OI NA NA | 

Thallium I97E-02 327E-02 6 3IE-03 427E-03 2.80E-03 6.40E-02 1.006+00 1 

Tin NA NA NA NA NA NA NA 

Uranium 259E+OI 2.03E-OI 8.3OE+O0 5.61E+O0 I.73E-02 2.70E-O2 NA 

Vanadium 1.86E-0I 3.08E-0I 595E-92 4.02E-02 2 63E-02 4.I0B-02 NA 

Ztac I9IE+0I 3I7E+OI 6I3E+O0 4I4E+00 2.7IE+00 i.ioe-oi 7.006+01 

Zirconium 6 09E-O2 IOIE-01 I.95E-02 I.32E-02 8 63E-03 2.51E-0I NA 

I Aroclorl254 377E+O0 I89E-0I I.47E+O0 992E-OI 2.52E-02 5.20E-04 IOOE+01 

| Cyanideion 2 13E+OI 3.53E+OI 6.82E+O0 6IIE-02 400E-02 5.20B-03 NA 



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 concentration 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 
territories that range from small [e.g., less than 1 
ha (\ 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. 

3. The assumption was made that wide-
ranging species with home ranges 
more tfui 2 ha (5 acres) but less 
than the total area within die waste 
complexes on the reservation could 
receive at most 25% of die exposure 
calculated by die 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 (33.000-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 die only source of 
drinking water. 

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

5. Only 4500 ha (11,000 acres) or 2% 
of die surface area of die INEL 
reservation is waste sites, which is 
the only part of die reservation 
considered for remediation. Biota 
living in die 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 diem and assume they are 
negligible compared widi the 
contamination in the waste sites. 
Because die assumption was made 
that the entire INEL reservation is 
similar habitat, only 2% of die area 
supporting ecological endpoints 
would be affected by contaminants 
from die waste sites. 

6. Except for threatened and 
endangered species, for which the 
loss of an individual is considered a 



TABLE 4-9—Territory Sizes of Receptors Chosen for Analysis on the Idaho National 
Engineering Laboratory Reservation' 

<2ha 2 - 1 4 6 6 0 1 M 
Eodpoiat Receptor 

Threatened and Pygmy rabbit X 
Endangered Shrike X 

Townsend's big-eared bat X2 

Ferruginous hawk X 
Bald eagle X 

Wetlands Generic X X 
Recreational wildlife Jackrabbit X 

Pronghom antelope X 
Sage grouse X 
Mallard X 
Coyote X 

Agricultural Cow X 
Biodiversity Mouie X 

Songbird XJ X 

Correction factor for 
average His4 I 0.25 

1 Data sources are discussed in appendix B. 
1 Sizes of feeding territories of bats in general are not known. We assume that Townsend's big-eared bats at INEL 
have feeding areas of more than 5 acres. 
' The songbird selected for our risk analyses was the robin, which generally has a territory size of more than 2 ha. but 
smaller birds can have territories of less than 2 ha. 
4 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 
waste 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 nonradiologtcal 
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, invertebrates, and 
sage grouse. Comparisons were made between 
the modeled hazard indices (His) for chemical 
contaminants or dotes for radiological 
contaminants for the pygmy rabbit and 



jackrabbit. and the calculated His (or doses) for 
cottontail rabbits; between the modeled values 
I W UIC MMlgUlIU OIIU MUIAC, «UK> UIC KUIUIOICU 

His (or doses) for swallows and doves; and 
between die 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 die organism. External dose 
from exposure to radionuclides was also applied, 
using measured soil concentrations. 

Results of the comparisons indicated that die 
modeled His or doses were similar to the 
measured values. With few exceptions, the 
modeled values were generally within one to two 
orders of magnitude of die 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 die 
modeled maximum contaminant concentrations. 
In general, the model tended to overestimate the 
risk from exposure to mercury, l 3 7Cs, and "Co 
and underestimate the risk from strontium and 
"Sr. 

AJS2 Baseline 

Baseline His for terrestrial receptors exposed to 
the maximum source concentrations were greater 
than the criteria limit of I for IS out of 21 
inorganic contaminants. There were no exposures 
to organic contaminants that resulted in His 
greater than I. Exposure to the maximum 
concentrations of radionuclides resulted in His 
for all receptors of 30. Radiological exposure 
was dominated by external exposure to l l 7Cs in 
soils. 

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

words, 72% of die contaminants that resulted in 
His greater nun 1 from exposure to die 
fiiaXifiouu CODCcuuauOua iiSO u w n i » gfcaici 
than 1 from exposure to average concentrations. 

About 90% of die HI values were less tihan 10, 
8% were above 10 but less tfian 1000, and 2% 
were still greater than 1000. Exposure to 
zirconium was responsible for those His diat 
exceeded 1000. 

Exposure of aquatic organisms to maximum 
concentrations of nonradiological contaminants in 
surface water did not result in any His ever 1 
(cesium and cobalt were die only constituents 
wim measured concentrations in surface water). 
Exposure of benuk macroinvertebrates to die 
maximum sediment pore-water concentrations 
(calculated from sediment concentrations) 
resulted in many His greater dun l.%azard 
indices resulting from exposure to die average 
pore-water concentrations were identical to die 
maximum His (table 4-11); diis v& because diere 
was only one value given in die source terms, 
and it was not clear whether it represented die 
maximum or die average concentration 

Exposure to both die maximum and average 
concentrations of radionuclides in die surface 
water or in die sediment pore water 
(macroinvertebrates only) resulted in His (or 
doses) greater than 1 for only bendiic 
macroinvertebrates (table 4-12). The primary 
contributing radionuclide was die gamma emitter 
m 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 die proportion 
that could potentially be contained widiin waste 
sites. Of die receptors included in die analyses, 
only the shrike and die deer mouse occupy a 
small enough area (table 4-9) to potentially live 
entirely widiin 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 

4-19 



odier receptors included in the analyses had 
territories or heme ranges greater than 2 ha (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 correction 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 dun 
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 4b 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 
alternatives. 

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 

occurrences of threatened and endangered species 
wosik! be necessar" to <*T*»H,VW* «f H»»— » • 
actual risks. 

4.5.2.2 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-poud 
wetlands are not contaminated, risks to receptors 
in natural wetlands from contaminants would be 
negligible. 

4.SJ2.3 Recreational Species 

For some recreational species occupying waste 
sites, risks from Ba, Zr, and Pb 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, overall 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 sptcies 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 
pronghorn) are capable of transporting 
contaminants to public lands, risks to populations 
of these species would be negligible. 
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T A B L E 4 -10—Basel ine Hazard Indices for Terrestrial Organisms on the Idaho National Engineering Laboratory 

Hazard Indices Calculated Using Average Contaminant Concentrations1 

M m Rabat JackrahMt Praafkani Caw SaagMra Saft MaftMw SMht TAB. Ut P. Hawk kaM l a * CayaM VMtwjtfaa 

Kewqrwae 2J0E-O4 3 43E-04 (34E-04 6.67E-04 I2IE-4U 299E-04 666E-04 237E-04 IS6E-04 3 32E-04 3 01E-II 7I3E-II 3 63E-II 2 73E-03 
calonat 

Tatar M. I44E-06 I83E-06 46IE-06 334E-06 699E-06 I71E-06 383E-06 1.4SE-06 7.47E-07 I.39E-06 40SE-I2 9 36E-I2 496E-I2 IMC-04 

Aanaway 2.07E-06 7I4E-06 I78E-C3 IME-03 2*9E-OS 6 36E-06 1 74F.-OS 5 666-06 I83E-06 JME-06 I25E-09 283E-09 133E-09 l « S * w > 

A m i , I33E-OI 613E-03 I3SE-02 644E-03 1 SIE-02 4S4E-OI I80E-O2 843E-03 3 36E-02 7I3E-02 1 31E-06 283E-06 I66E-06 27(C-OI 

• » » umm U w b w t SJKtOI 4 4 3 8 * 1 •MftrtI 1I1B44I 3.C4&01 I.MfevI 4.9WO0 liMaVOI 3J9E-04 I32E-03 7 34E-04 xnmm 
C a d a « . ***** ' 3UMM* J j a u i rmm l .«B«M 3O7E-0I a^atoi ttusm I3JE-0I 7sm#i 9.96E-04 2 3IE-03 449E-04 9IIIE-0I 

C b j o a . . I79E-01 J63E-0I 906E-OI 6IIE-OI MOMW 303E-OI tJQ*XB S74E-OI 7J8E-OJ I37E-02 3J0E-O4 749E-04 447E-04 *™^™r9W 

Goaak NA NA NA NA NA NA NA NA NA NA NA NA NA I 4 1 E - 0 7 

Leaf imam xxmm S.»IB*01 4.KJMI M M M I ITCBtfO i i o e - 0 2 SI3E-03 7.23E-OI i « M 9 203E-O7 44SE-07 1 38E-03 I7CC-OI 

M o w y 424E-03 M M l i W i O t I T M M T I M M M t JS7E-02 24IE-OI 960E-0I 2 23E-02 I.34E-02 SIIE-03 I2IE-02 3.32E-OI »^P^ " 
N K W I9SE-02 3 3SE-02 « 17E-02 SS6E-02 1 J5E-0I 4I2E-0I 894E-OI 447E-OI 4.Q4E-02 IME-05 J4IE-04 749E-04 443E-03 \mtk 
S e h a a i 4I7E-02 907E-02 2 26E-OI I55E-OI V7IE-OI 203E-02 4 42E-02 229E-02 9 33E-04 1 I9E-02 400E-O3 8 65E-03 303E-O4 izte-oi 

SaNar NA NA NA NA NA NA NA NA NA NA NA NA NA lW%:"i 
T W b . IME-OI 3S2E-OI 9 33E-OI 6 4IE-0I K*^w4*ff S33E-OI I82E+00 6I0E-0I I69E-02 S9SE-01 268E-03 5 72E-03 3 4JE-03 i*Wm$ 
U — 1 2IE-0I 2 496-01 62IE-0I 4I9E-0I IMMP I62E-03 3 32E-03 IME-03 269E-05 I2IE-02 4IIE-0* S.IIE-M 1 ME-05 NA 

V a a t a ' aoo aoo aoo 000 000 000 aoo 000 0.00 0.00 0.00 0.00 000 ISA 

Sac 2.03E-01 412E-0I vmmm 792E-OI \**m 306E-OI 8.36E-0I 2I5E-OI I7JE-0I 368E-0I 7 20E-03 I.70E-02 I75E-03 

a*—. t\*a**nW*J*M- • ' aMMaat .<gw* ^l^r*W. • 'W9- LlaBnaY uauts i**mi . I T S P B ' 9.I7E-OI IJaaTafaY ' • \ WflWBf. NA 

Andarl2M 265E-0I 44IE-0I ' ' U M 344E-OI .:.|iii«pr^ 204E-02 3 62E-<i2 IS8E-02 MSE-04 393E-02 2I7E-03 4696-03 7I2E-04 124 £-01 

Cyaaai 6.UE-02 I30E-02 207E-0I ^••a^a|a- - 7I4E-02 I.39E-OI 3.S6E-02 3ME-02 S20E-02 204E-I0 3.66E-M I.ME-Ot NA 

Raaataakal Ujggjfc| . 'tMMgl!' •*/'*W^^^Wr3^r" VMMMRV' MBMwt •.-•mm* M w M l tmiai AMmM- /'I'triwliii,- ' / ^ a « - & : • (m*M£-
K A » > n I m i t * •araalaMe. * anfan. kauri •Mtn coaktaa be cilcahwri 

' VaaBliwai wa> iwavt oaiy at wtmnt. tmulvit. to aMHray C U M for M I I I I B I uaown. 



TABLE 4-U—Baseline Chemical Hazard Indices for Ammatic Organisms 
om tk* Idahn NmHgmgt Fmmim**rimm f/tlmmmUmm 

Ceamtftnent 

Ca*aaJWj^ 0 4 1 ^ H V ^ i ^ l aWJ*a» 

a v m vTMcr u u i i i UMCX 
SQMMC alâ BCfvtovcnwfVaW Innffv 

late 

Methylene chloride 
Toluene 

0.00 
0.00 ;^a^S 

Antimony 0.00 I.96E-0I 
Arsenic 0.00 6.22E-02 
Barium 0.00 2.40E-01 
Cadmium 
Chromium 
Cobalt 
Lead 
Mercury 
Nickel 

0.00 
0.00 

5.20E-I0 
0.00 
0.00 
0.00 WR 

Selenium 0.00 1.I4E-01 
Silver 0.00 >^ ;.r|^i4aiMi§^ .-./'.:•.. • •• 
Thallium 0.00 0.00 
Uranium 0.00 0.00 
Vanadium 
Zinc 

0.00 
0.00 l¥#fj££#^f 

Zirconium 0.00 0.00 
Aroclor 1254 0.00 0.00 
Cyanide ion 0.00 0.00 

1 NA = Benchmark wai not available; therefore, hazard index cook) sot be calailaifd. 

TABLE 4-11—Average Internal and External Radiological Doses to Aquatic Organisms (rad/d)' 
on the Idaho National Engineering Laboratory 

External Beta and Internal Bentfck Internal 
Gamma Internal Plants MacTouwertebratea Internal Flan Mnafcrats 

Cesium-134 0.00 0.00 8.53E-f04 0.00 0.00 

Cesium-137 9.53E-09 6.99E-07 7.79E+04 3.50E-06 4.93E-06 

Cobalt-60 3.41 E-07 3.97E-05 3.13E406 3.97E-06 7.81E-06 

Plutonium-239 0.00 0.00 96IE+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 4.04E-05 3 30E+06 7.47E-06 1.27E-05 

1 The benchmark for aquatic organisms is I ad/d, therefore the total dose equals the hazard index. 



4JJ.6 Biodhtrsity 
4.7 CUMULATIVE ASSESSMENT 

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 endpoints. there would be potential risks to 
some receptors important to biodiversity in 
waste sites. In addition to the receptor species 
discussed previously. Pb, Zr, and total 
radiological contaminants pose potentially severe 
risks, and Ba and Cd pose potentially moderate 
risks to mice or songbirds that could occupy 
waste sites (table 4-13e). In addition to these 
contaminants, vegetation is also potentially at 
severe risk from Hg and at moderate risk from 
Sb. Cr. Ni, Ag, TL and Zn in waste sites. On 
the basis of calculated risks to Townsend's big-
eared bat (table 4-9). risks to bats inhabiting lava 
tube caves and feeding wimin 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 natural 
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 (i <.. 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) 
(predecisionai draft EIS for INEL, September 

4.6.1 Baseline 

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

4.7.1 On-Site 

4.7.1.1 Basdme 

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 md two (antimony 
and thallium) pose potential risks only to other 
elements of biodiversity (e.g., v>»getafion growing 
on waste sites; table 4-13e). Bkrium.Cd.Cr.Pb, 
Hg, Zr, and total radiological contaminants pose 
poteutial 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 whh these sites are probably lower 
than indicated by the His. Wildlife and 
waterfowl probably use waste ponds; dierefore, 
for these organisms current exposures may be 
substantial. For all of die 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 source-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 His 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). 

http://Bkrium.Cd.Cr.Pb


TABLE 4-13A—Baseline Potential Risks' to Threatened, Endangered, and Candidate Sped** that 
occupy Waste Sites. Risks to Individuals that do not Occupy Waste Sites are Negligible. Waste 

Sues Account for 2% of the Surface Area of the Idaho National Engineering laboratory 
Reservation 

Towasead's 
Big-Eared 

Pygmy Rabbit Shrike Bat FmagfaMMS Hawk BaMEaeJe 

Barium M 2 M M 
Cadmium M 
Lead M M 
Mercury M 
Zirconium S M M 
Radiological M M M M M 

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

TABLE 4-13B—Baseline Potential Risks to Wetlands that are Waste Sites. 
Risks to Wetlands that are not Waste Ponds are Negligible 

Contaminants Benthic Invertebrates' 

Cadmium 
Chromium 
Cobalt 
Lead 
Methylene chloride 
Mercury 
Nickel 
Silver 
Toluene 
Vanadium 

| Zinc 
J Radiological 

S 
S 
S 
S 
s 
S 
M 
S 
S 
M 
S 
S 

'Based on Environmental Protection Agency Water Quality Criteria (Suter 
et al. 1992). It is assumed that benthic invertebrates are exposed to pore-
water concentrations, whereas other wetland (aquatic) organisms are 
exposed to surface water. 



TABLE 4-\3c—B*setitu Potential Risks to Recreational WUtsfe that occupy Waste Skes. Risks to 
Individuals that do not Occupy Waste Sites are Negligible, and Overall 

Risks to Populations ofWUdhfe on the Reservation are Negligible 

Contaminants Jackrabbit Prooghoni Sage Grouse MaBard Coyote 
Barium S S S M 
Cadmium M M M 
Cyanide M 
Lead S S 
Mercury M 
Zirconium S S S S 
Radiological M M M M M 

TABLE 4-13D—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 

Contaminants Cattle 
Barium S 
Cadmium M 
Chromium M 
Cyanide M 
Lead S 
Zirconium S 
Radiological M 



*»•»!» 4.1«_/"'»—— 
EnApomtsfrom the BaseBne Atorm&t on the Idaho Notional Engimmimg 

Kesenmlum. Risks an for Emdpoimts that Ocean w—* Situ1 

CortMmkuod BweanatRbk 
Coasaucrjon' 
Antimony B4 

Barium EJLB 
Cadmium E.WJLF3 
Chromium W.FJ 
Cobalt W 
Cyanide RJ 
Lead E.WJU :3 
Mercury E.WJLB 
Methylene chloride W 
Nickd W3 
Silver W3 
Thallium B 
Toluene W 
Vanadium w 
Zinc W.B 
Zirconium EJLF.B 
Radiological E.WJU'J 

1 Only those contaminants are listed mat our analyses showed could pose severe or moderate risks to some endpoints. Risks 
could be severe from at least one contaminant for each endpotnt (see table 4). 
1 Risks to endpoints out do not occupy waste sites are assumed to be negligible (see Section 4.43). 
5 These are short-term risks. Long-term risks could be reduced wem successful restoration of appropriate habitat 
4 Ecological endpoints: E * threatened, endangered, and candidate species; W « wetlands; R - recreational fish and wildKfe; 
F * agriculture and forestry; P * public land; B * biodivenity (only for receptors not included under other endpoints). 

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

Range of 
Soorcc-Tcrn Ave. Backfroond Ave Cone, for Nrntmrmtty 

Contaminant Cone. Cone at INEL 1 Western US 1 Occurring Coac.2 

Antimony 5.8 NA' 0.3 < l - 2 . 6 
Barium 2170 298 580 70-5000 
Cadmium 3.1 0.6 NA NA 
Chromium 302 18 41 3-2000 
Lead 19.6 12 17 <10 - 700 
Mercury 6.0 0.24 0.05 <01 - 4.6 
Nickel 215 18 15 <5-7O0 
Silver 3.7 NA NA NA 
Thallium 1.4 NA NA NA 
Zinc 143 68 55 0 0 - 2 1 0 0 
Zirconium 10300 NA 160 <20- 1500 

1 Prom Rope etal. (1988). 
1 Prom Shacklette and Boerngen (1984). 

NA - not available. 
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It was not possible to definitively determine 
either the fraction of inonanic substances in the 
source term data base actually attributable to 
contamination or die fraction of rhose substances 
biologically available to organisms living on die 
reservation. However, evaluation of existing 
data on regional background leveis pemu-*s some 
tentative conclusions. Ranges of concentrations 
for thallium throughout die United States &re 
higher than our average source-term data for that 
element (table 4-16). Therefore, risks front 
thallium due to waste sites are probably 
negligible. At present, no data characterizing 
ranges of concentrations of cadmhun, 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, geometric means for the western 
United States were much less (e.g., 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 Sife, and 
source-term concentrations were only about three 
times die average concentration for die western 
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 His, 
cumulative risks from available source-term and 
benchmark data are arienuatr. to compare 
alternatives. Because of the relatively small 
fraction of the INEL reservation diat is 
contaminated, potential risks to all endpomts 
except for (I) endangered and threatened species 
and (2) wildlife using waste ponds appear 
negligible. Because no restoration activities are 
included in die baseline case, habitat 
disturbance/fragmentation risks would also be 
negligible. 

4.7.2 Off-Site 

The only currendy known mechanism for 
transport of contaminants from waste sites off 
the reservation is dirough ingestion by wide-
ranging wildlife (e.g.. migratory waterfowl or 
prongbom antelope). Of dse three classes of 
contaminants in waste sites (i.e., organics, 
inorganics, and radionuclides), the only source of 
radionuclides in the region would be INEL 
reservation waste sites. Therefore, regional (off-
site) cumulative risks for radionuclides would be 
die same as on-site risks. At die time of our 
analyses no regional data for organics or 
inorganics were available, and cumulative risks 
for die 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 miles2) of semiarid sagebrush-steppe 
vegetation located just iiOrth of die confluences 
of the Snake and Yakima rivers with the 
Columbia River (figure 5-1). About 6% of die 
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 rhe Saddle Mountains. 
The Columbia River flows through die northern 
part of rhe site, and turning south, forms part of 
the eastern boundary. The Yakima River runs 
along part of the soudiern boundary. Rattlesnake 
Mountain. Yakima Ridge, and Umtanum Ridge 
form die southwestern and western boundary. 
Two small east-west ridges. Gable Butte and 
Gable Mountain, rise above die plateau of the 
central part of the reservation (Cushing 1991). 
The Arid Lands Ecology (ALE) Reserve, a 
protected environmental research area, occupies 
die southwestern edge of die reservation. Saddle 
Mountain National Wildlife Refuge and Wahhike 
Slope Wildlife Refuge Area occupy die portion 
of the reservation north of the Columbia River. 

This semiarid reservation is one of die largest 
undisturbed tracts of native sagebrush-steppe 
remaining in die state of Washington. Big 
sagebrush is the most common shrub species. 
Additional shrubs include other species of 
sagebrush, antelope bitterbrush, gray rabbidxush, 
greasewood, spiny hopsage, and winterfat 
Common grasses are bluebunch wheatgrass. 
Sandberg's bluegrass, and cheatgrass. In die past, 
trees were planted for windbreaks and shade, and 
some have persisted at abandoned farmsteads on 
die 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 river 
environments of die region. Ecology of die 
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 nave been 
grouped into four aggregated areas using 
identifiable geographic boundaries (figure 5-1). 
The four aggregated areas, which have been 
placed on die U.S. Environmental Protection 
Agency's (EPA) National Priorities List, are as 
follows: 

• The 100 Area occupies about 
11 km2 (4 mi2). It lies along the 
Columbia River in rhe northern 
portion of the Hanford 
Reservation and is the she of 
eight retired plutonium 
production reactors and die 
N Reactor (currenUy in retired 
status). 

The 200 West and 200 East 
Areas cover about 16 km2 

(6 mi2). They lie in die center of 
die Hanford Reservation near die 
basalt outcrops of Gable 
Mountain and Gable Butte. 
These areas historically were 
dedicated to fuel reprocessing 
and waste process ing 
management and disposal 
activities. 

• The 300 Area covers 1.5 km2 

(0.6 mi2). It is near die south 
border of the Hanford 
Reservation and is the site of 
nuclear research and 
development. 

• The 1100 Area is a corridor 
northwest of die city of 
Richland used for vehicle 
maintenance and odier 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 contaminated soil and 
45 ha (110 acres) of waste ponds. This is about 
0.6% 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 plants and animals occur, visit, or nest on the 
reservation; we .lands 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 relatively 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). 

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), 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, endpoints (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 candidr 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 to 
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 
w< stem 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 eagle feed 
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. 
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TABLE 5-1—Distribution of Ecological Endpoints and Receptors 
at the Hanford Reservation 

Ubiquitous Discontinuous Discrete 

Resident, breeding federally 
listed and candidate species 

1 (peregrine falcon, western sage 
I grouse, loggerhead shrike) 

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

1 Biodiversity (important 
1 components not included 
1 above- bats, food sources for 
I protected species, sagebrush 
i communities) 

Wetlands (vegetation, benthk 
invertebrates, fish, tnuskrats, 
and migratory waterfowl) 

Recreational wildlife (salmon) 

Biodiversity (pelican, bald 
eagle) 

Public lands (Arid Lands 
Ecology Reserve, Saddle 
Mountain Wildlife Refuge, 
Wahluke Slope Wildlife 
Refuge Area) 

TABLE 5-2—Rare Species on the Hanford Reservation 

Species Common Name Status* J 

Plants 
Art'.misia campestris borealis wormskioldii Northern wormwood CI I 
Astragalus columbianus Columbia milk vetch C2 1 
Rorippa columbiae Columbia yellowcress C2 1 
Lomatium tuberosum Hoover's desert parsley C2 1 

Birds 
Branta canadensis leucopareia Aleutian Canada goose T 
Falco peregrinus Peregrine falcon E 
Haliaeetus leucoephalus Bald eagle T 
Buteo regalis Ferruginous hawk C2 
Centrocercus urophasianus phaios Western sage grouse C2 
Lanius ludovicianus Loggerhead shriek C2 

Mollusc 
Fluminicola columbianus Columbia pebblesnail C2 

"Endangered and threatened wildlife and plants. Fed. Regist. SO CFR 17.11 & 17.12, August 29, 
1992; endangered and threatened wildlife and plants: animal candidate review, Fed. Regist. 50 CFR part 
17, Nov. 21, 1991; endangered and threatened wildlife and plants: review of plant taxa. Fed. Regist. 
SO CFR part 17, August 29, 1992. E * endangered, T « threatened, Cl , C2 « under review. 
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5.U.2 Distribution 

Most of the federally listed or candidate species 
are known to have patchy 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 Saddle Mountain Wildlife 

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

5.1 J Recreational FIrfa 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). 

5.1.4 Agricultural or Timber Production 

Because of arid conditions, natural productivity 
on the Hanford Reservation is low. Although 
closed to agricultural activity, data are available 
on productive- of native vegetation (see 
references in Cushing 1991). The reservation is 
surrounded by range and agricultural land to the 
west, north, and east. 
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5.L5 Parks and Other Public Lands 

5.1J.1 Receptors 

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

5.1.52 Distribution 

The Arid Lands Ecology Reserve (ALE) 
occupies the southwestern section of the 
reservation, and the Saddle Mountain National 
Wildlife R^oige and the Washington State 
Department of Game Wahluke Slope Wildlife 
Refuge Art* occupy the portion of the 
reservation north of the Columbia River 
(figure 5-1). 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 die 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 natural sagebrush-steppe 
vegetation contributes to the conservation of 
biodiversity. 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 
(Antroznus 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 

and coyotes, and insects eaten by loggerhead 
shrikfs and hats) which « m chosen to renresent 
odier endpoints. Akhough 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 diem. 
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 odier 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 &.xas, crowd out native species, and 
inhibit or prevent their reestablishment on fresh 
disturbances. The abundance of these species is 
assumed to be inversely proportional to the 
quality of native sagebrush-steppe habitat and 
most abundant in and adjacent to disturbed sites 
and old cultivated fields. 

5.2 CONTAMINANTS O F POTENTIAL 
CONCERN 

The contaminants of potential concern at the 
Hanford Reservation include radionuclides and 
inorganic and organic contaminants (table 5-3). 
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TABLE S-3 Maximum ami Avttugt Conctntrations of Organic, Inorganic, ami 
RaawnucHa* Conmmmmnts in Soil at A* Hanjori Raonation 

[mg/kg dry weight (for chemical constituents) or pCi/kg dry weight (for radionuclides)] 

Mtoaoxmn Avenge 
CoostibKBt Coaotatratfoa Qmstftaeat Coaceatratioa 

Ammonia (carbonate) 4.43E+04 Benzo(a)pyrene 1.15e+04 
Benzo(a)pyrene 
4-methy!-2-pentanone 

I.80E4O4 
I.35E+OS 

4-methyl-2-pentanone 2.65e+04 
7.89e+02 

Benzo(a)pyrene 
4-methy!-2-pentanone 

I.80E4O4 
I.35E+OS 

2.65e+04 
7.89e+02 

Tributyl phosphate (TBP) 2.J5E+06 Cadmium 6.25E-0I 
Trichloroethenc I.05E+03 Chromium 3.51e+01 
Aluminum (fluoronitrate) 2.75E+05 Copper 5.07efO2 
Beryllium 3.92E+00 Cyanide (iron) 1.12C+03 
Cadmium 7.85E+00 Iron (nitrate) 5.23e+04 
Chromium 3.92E+02 Lead 4 69c+01 
Copper 7.85E+03 Magnesium (nitrate) 2.35e*05 
Cyanide (iron) 1.57E+04 Mercury 3 94e+00 
Fluoride I.08E+O6 Nickel 8.20e+01 
Iron (nitrate) 5.23E+04 Zinc 3 51e+01 
Lead 2.35E+02 Cobak-60 5.82e+05 
Magnesium (nitrate) 2.35E+05 Cesium-137 1.58e+07 
Mercury 2.94E+04 Europium-152 4 9lc-f06 
Nickel I.18E+03 Plutonium-239 3.77e+09 
Nitrate 4.04E+06 Strontium-90 I.l9e407 
Nitric acid 1.18E+05 Uranium-238 3 96c+04 
Nitrite 2.88E+05 
Phosphate 6.02E+05 
Potassium (borate) 2.82E+05 
Sodium 2.72E+06 
Sulfate 1.31E+05 
Sulfuric acid 3.00E+O3 
Zinc 3.92E+02 
Americium-241 1.57E405 
Carbon-14 I.62E+08 
Cobalt-60 4.96E+08 
Cesium-134 I.56E+05 
Cesium-137 5.05E-K)9 
Europium-152 3.32E+07 
Europium-154 5.81E+06 
Europium-155 I.36E+07 
Iodine-129 2.04E+04 
Nickel-63 I.84E+06 
Plutonium-238 7.I6E+05 
Plutonium-239 3.07E+I2 
Plutonium-240 8.33E+06 
Plutonium-241 8.05E+06 
Promethium-147 8.52E+05 
Ruthenium-106 I.36E+06 
Strontium-90 2.09E+09 

I Tin-113 8.4IE+02 
I Tritium 3.52E+09 
1 Uranium-235 6.59E+02 
1 Uranium-238 4.90E+07 
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The primary radionuclides, according to relative 
average concentrations, are "to, "C, '"Cs. J"Pu, 
rl, and of; the primal} inorganics ihai are not 

essentia! nutrients (i.e., sodium) are Al. cyanide, 
Pb, Hg, Ni, and Zn; the primary organks 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, 5-4, 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 
routinely. 

The ecological risk assessment (appendix B) 
estimates die risk to vegetation, terrestrial 
wildlife, and aquatic organisms from chronic 
exposure to radiological and nonradiological 
contaminants. In our exposure analyses, die 
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 die same prey), 
a representative organism for each endpoint was 
chosen for evaluation. A food web was 
developed 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 
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 
die 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 5-6 lists die 
body weights and consumption rates for die 
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 die basis of a review of die 
literature, die percentage of prey items consumed 
by omnivores and predators was estimated 
(table 5-6; figure 5-2). The mouse is assumed to 
eat 80% fruits and seeds and 20% insects; die 
robin is assumed to eat 70% fruits and seeds and 
30% insects; and die coyote eats 35% mice, 35% 
jackrabbits, 20% sage grouse, and 10% fish. The 
loggerhead shrike is assumed to eat 60% insects 
and 40% mice, die ferruginous hawk eats 100% 
jackrabbits, and die 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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TA5LS 5=4—Mssssssss ssd Arrrsyr CsacsssSrsSsxs sfGrgazic, Imrgssic, sad 
RaauMBdide Contaminants in Water at die Hanford Reservation 

[mg/L (for chemical constituents) or pCi/L (for radionuclides)] 

C r t t * * 
Maii i—i 

C o . * * * * 
Average 

Coaceatrotioa 

Antimony-125 199c+O0 Cobalt-60 1.22e+00 
Bayllium-7 6.82e+OI Ceshim-137 9.64e-0I 
Cobtlt-60 2.64e+00 Stroatium-90 5.10e+03 
Cerium-144 8.35e+00 Technethnn-99 6.49e+12 
Cesium-134 7.33e-01 
Cesium-137 9.64e-01 
Europium-154 3.47e+O0 
Potasshan-40 7.14e+Ol 
Rutbeniuni-106 8.34e+O0 
Strootium-90 5IOe+03 
Technedum-99 9.87e+l2 
Tntium 7.33*403 
Unmium-234 3 10e-0l 
ZvcoQium-93 l.86e+01 

TABLE 5-5—Maximum and Average Concentrations of Organic, Inorganic, and 
Radionuclide Contaminants in Sediment at the Hanford Reservation 

fmg/kg (for chemicals) or pCi/kg (for radionuclides)] 

Maxnamn Average 1 
CowtHMnt Concentration Couftftnent Qmcentratfcm 

Cesium-137 2.45E+03 Cesium-137 2.45e+03 
Plutonium-239 5.40E+04 Plutonium-239 5.40e+04 
Potassium-40 2.19E+04 Strontium-90 2.94e+02 
Strontium-90 1.57E+03 Uranium-238 5.13e+03 

j Uranium-235 I.91E+02 
[ Uranium-238 5.I3E403 J 
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TABLE 5-6—Body Weights and Consumption Rates'for Terrestrial Species1 on the Hanford Reservation 

ParasMter 
Great Batta 

Packet Ma—r 
Mack-iSled 
Jarturaabst PattdBat Mule Dew Rohia Sege Grout* 

Pallida 
Gnoae 

LaggtflwMl 
SkfCw 

Ftmigmem 
Hawk BaM Eagle <^F«ai 

Body weight, BW (kg) 2.38E-02' 2.27E+O0* 3.30E-025 UOE+02* 7.50E-02' 2.00E+00* 2.76E+O0' ^SSE-OZ'* I.39E+O0" 4.50E+O0" l.e0E+0l" 

Water intake rate. Q . (Ud> 6 30E-03 1 83E-0I 7.30E-03 4.45E+O0 I.43E-02 I.90E-OI 2.80E-OI 9.70E-03 I.67E-0I 40SB-OI 7 73E-OI 

Water iagestaoa fraction. F l . IOOE+00 1006+00 lOOE+00 I.00E+O0 IOOE+00 looe+oo IOOE+00 7.00E-OI 7.00E-OI 3.00E-0I 1.006*00 

Soil intake rate. Q. (kg/d) 3.22E-051 4 932E-03" 0.00 2.79E-02" 3.56E-04' I.03E-O2" I.35E-02" 0.00 0.00 000 0.00 

Soil ingestion fraction. Ft, IOOE+00 I.00E+00 0.00 IO0E+O0 I.00E+O0 I.00E+O0 l.OOE+OO 0.00 0.00 0.00 000 

Vegetation intake rate. Q, <kg/d> 0.00 I 5 9 E - 0 1 * 000 2.I3E+00" 000 1 I3E-0I I.77E-OI 000 000 0.00 0.00 

Vegetation ingestion fraction, R, 000 I00E+O0 0.00 IOOE+00 0.00 l.OOE+OO IOOE+00 000 000 0.00 0.00 

Fran/seeds intake rale. Q, (kg/d) 376E-03" 0.00 0.00 S.32E-01 5.8OE-031 000 0.00 0.00 0.00 0.00 0.00 

FrunVseeds ingestion fraction. Fl, I.00E+O0 000 0.00 IOOE+00 IOOE+00 000 0.00 0.00 000 0.00 000 

Prey 1 intake rate. Qj,, (kg/d) 9.40E-04 
(insects) 

0.00 4.40E-03 
(insects) 

0.00 2.SOE-03 
(insects) 

0.00 0.00 336E-03** 
(insects) 

9 9IB-02 
(rabbiu) 

2.67E-0I 
<fith) 

2.C4E-0I" 
(mice) 

Prey 1 ingestion fraction, Ft*, I00E+O0 0.00 IOOE+00 000 I.0OE+OO 0.00 000 7 0OE-0I 700E-0I SOOE-OI l.OOE+00 

Prey 2 intake rate. Qj„ (kg/d) 000 0.00 0.00 0 0 0 0.00 0.00 0.00 2.24E-03 
(mice) 

000 0.00 2.04B-OI 
(rabbits) 

Prey 2 ingestion fraction, F l ^ 000 000 000 000 000 0.00 000 7.00E-OI 000 0.00 I.U0E+00 

Prey 3 intake rate. Q*, (kg/d) 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 I7E-OI 
U [rouse) 

Prey 3 utgestion traction. Fl„, 0.00 000 000 000 000 0.00 0.00 0.00 000 0.00 I.OOE+OO 

Prey 4 intake rate. Q * (kg/d) 000 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 J.ME-02 
(flsh) 

Piey 4 ingestion fraction. Fl^, 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0 0 0 0 0 0 IDOE+00 

'AH values arc on a wet weight basis. For sous, the wet dry ratio is 0< 
a 17 (Momson 1959) 

'Water and food coammftjon rates were computed by methods in US 
•Wtaaker 1981 
'Ban and Grossenheider 1976. 
'Anderson and Wallmo 1984. 
'Anderson and Wittmo 1984. 
'terns I9ta 
*Tenes 1980 
*Weatern Band Bmfcng Association 1984. 
*Tenes 1980 
"Brown and Asandon 1968 
"Brown and Amadoa 1968 
"Ban aad GrotseaneMer 1976 
**Tae —was soil •grslina mr is 2 * of dry vegetaooa intake (Beyer at al. 1991) 

I (Rope et al. 1988). for vegetation the ratio is 0.91 (the lower bound on the range for nay/grasses reported in Sutet 1993) and for fruits/seeds, the tono 

EPA 1988 (table 4-8) unless otherwise noted. 

"The soil ingestion rate of the jnckrabbil is 6 3 * (Arthur and Gates 1988). 
"The mule deer Mil ingestion rule is 1.33% of dry matter intake (Arthur and AUdredge 1979). 
"The soil ingestion rate of uV robin is assumed lo be 10% of dry matter intake. 
"The sage grouse soil ingesu. rate is assumed to be 10% of dry matter intake. 
"The Canada goose soil ingestion rate is assumed lo be 8.2% of dry mailer intake (Beyer et al. 1991). 
T h e Mack-tailed jackrabbit ingestion rate is 159 g/d wet weight (Whitaker 1988). 
"The mule deer is assumed to eat 80% vegetation and 20% fruit/seeds (Anderson aad Wallmo 1984). 
]*Tfce mouse is assumed to eat 80% fruit/seeds and 20% insects. 
"The robin is assumed to eat 70% fruit/seeds and 30% insects (Terres 1980). 
>The loggerhead shrike is assumed lo eat 60% insects and 40% mice (Tenet 1980). 
T h e coyote is assumed so eat 35% mice, 35% rabbiu, 20% sage grouse, and 10% fish (Burt aad Orotseahsldsr 19* 



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 (QJ 
for black-tailed jackrabbits is said to be 6.3% of 
tbe 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 tbe 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 die 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 (FI,, FI,, FI„, FI, and FI., 
respectively) is 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 element-, or chemical-specific 
soil-to-plant transfer factors (Baes ei al. 1984; 
Travis and Arms 1988) (table 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 general 

(Travis and Arms 1988). Tbe methodology used 
to predict contaminant concentrations in 
vegetation does not distinguish between different 
plant types or species. Therefore, all species 
ingest "generic" vegetation containing 
contaminant concentrations derived from soil 
concentrations via transfer factors. 

Contaminant concentrations in die 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 1988) 
(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 eagle 
(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 reporrd 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 die vegetative 
parts of plants on die 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 al. 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 
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TABLE 5-7—fit* Bioconcontrmtiom Factors end Sod to Vntftian, Soil * Fruit, end PUnt 
to Beef Transfer Factors, for ComtomimomtJ of Concern on the Hmmford Resenntion 

FWl Sal ta SaBtoFraJt ViUhfls i la 
M n — uaii Ulna Vegetate Transfer Beef Traaufcr 

Cmuam*. Factor Traaafcr Factor Factor Factor 

Beazotalpvrene 2-3SE+04 I.32C-G2 IJ2E-02 2.5IE-02 
4-mcthyt-2-pEntanot)e 2.08E+O0 •86E+00 7 86E+00 3.97E-07 
Trtchtoroethene 3.79E+01 159E+00 1_59E+00 6.31E-06 
Aluminum (fhioiontoatc) 1006*00 4.006-03 6.506-04 1.506-03 
Betyumm 2.0OE+O0 100E-02 1.506-03 1.006-03 
CwufBtttfD 2.00E+O2 5J0E-OI l-SOE-OI 5J0E-04 
QtfOflUOfll 2.006*01 7.50E-03 4.506-03 5 506-03 
Copper 5.00E+01 4006-01 1506-01 I.00E-O2 
Cyanide (iron) 3.79E-OI 5.42E+0I 5.606-01 141E-08 
bon(Qitme) 1.006*02 400E-03 1.006-03 2.006-02 
Lead 1.006*02 4J0E-02 9006-O3 3.00E-04 
Magnesium (nitrate) 5.006+OI 1.00E+00 5J0E-0I 500E-O3 
Mercury 2.006*05 9.006-01 2.006-01 2J0E-0I 
Nickel I.00E+O2 6.00E-O2 6.006-02 600E-03 
Phosphate 1.006+05 NA NA NA 
Potassium (borate) 100E+O3 1.006+00 5J0E-0I 2.0OE-O2 
Sodium 1006*02 7JOE-02 5 506-02 5.50E-O2 
Zinc 2.00E+O3 1506+00 9006-01 1.00E-0I 
Americium-241 2.50E+01 5.50E-O3 3.00E-O2 3.50E-06 
Antimony-125 1.006+00 2.006-0! 3 006-02 1006-03 
Beryllium-7 2.006+O0 1.006-02 1.506-03 1006-03 
Carboo-14 4.606+03 1006+00 1.006+00 1.006+00 
Cobab-60 5.00E+OI 2006-02 7.0OE-O3 2 006-02 
Cerium-144 1.006+00 1006-02 4 006-03 7.50E-O4 
Cesium-134 2.00E+03 8.006-02 3 006-02 2.006-02 
Cesium-13? 2.00E+03 8.006-02 3 006-02 2.006-02 
Europium-152 2.50E+O1 1.006-02 4006-03 5006-03 
Europium-154 2.50E+OI 1006-02 4.006-03 500E-O3 
Europium-155 2.506+01 1006-02 4.006-03 5006-03 

1 Iodine-129 1.506*01 1 506-01 5.006-02 7.00E-03 
! Nickel-63 I.00E+O2 6.006-02 6.006-02 6.0OE-O3 

Plutonium-238 3.506+00 4.50E-04 4.506-05 5.006-07 
Plutonium-239 3506*00 4.506-04 4.50E-05 5.00E-07 
Plutonium-240 3.50E+O0 4.506-04 4.506-05 5.00E-07 
Plutonium-241 3.S0E+00 4.506-04 4.50E-05 5.0OE-O7 
Potassium-40 I.00E+O3 I.OOE+OO 5.50E-0I 2.00E-O2 
Promethium-147 NA 1.006-02 4.006-03 5.006-03 
Ruthenium-106 1.006*01 7.50E-02 2.006-02 2.006-03 
Stromium-90 3.00E+OI 2.506*00 2.50E-OI 3 006-04 
Technetium-99 1506+01 9.506+00 1.506+00 8 506-03 
Tin-113 3 00E+O3 3.00E-O2 6.006-03 800E-O2 
Tritium 1006*00 I.00E+O0 1.006+00 1006+00 
Uranium-234 2006+00 8.50E-03 4.006-03 2006-04 
Uranium-235 2.00E+O0 8.506-03 4.006-03 2.00E-04 
Uranium-238 2.00E+00 8 506-03 4.00E-03 2.00E-O4 
Zinc-65 2.00E+O3 I.50E+00 9006-01 l.ooe-oi 
Zirconium-95 3.3OE+O0 2.00E-03 5006-04 5.50E-03 

NA * Transfer factor could not be calculated. 
Soarct. For organic*, the transfer facton were calculated from equations in Travis and Arms (1988) using K^ 

values from (he Superfund Chemical Data Matrix (1991). For inorganics and radionuclide*, the transfer facton were 
taken from Baes et al. (1984). The K„. for cyanide was taken from MEPAS and the transfer facton were calculated 
from equations in Travis and Arms (1988). 
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have relatively long half-lives, so this assumption 
is reasonable. The radionuclide concenmtions in 
the source terms were deczy-corrected by PNL to 
die time of disposal or release. To estimate dose 
to terrestrial receptors, all short-lived daughter 
products were included. 

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

5.4 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 toxicologkal 
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, die daily 
consumption rate of contaminated food and 
water, normalized to body weight (in units of 
mg/kg/d), was compared with die NOAEL 
benchmark (mg/kg/d). Ratios greater than I are 
considered to pose a potential risk to organisms 
but do not necessarily indicate die severity of die 
effect(s). However, it is reasonable to assume 
that die higher die ratio, die greater die rh... 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. 

Toxicologkal benchmarks for terrestrial 
organisms, excluding vegetation, wem nntiin*d 
from Opresko et al (1*993) (table 5-8). For 
representative receptor species diat were not 
listed in die data base, extrapolation techniques 
were employed to obtain die chronic NOAEL by 
adjusting for differences in body weight between 
die receptor rad a test organism. If a NOAEL 
was available for a laboratory test species, die 
NOAEL for a receptor species could be 
calculated. Many of die 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 noncarcinogenk toxicity data (i.e., RfDs) 
listed in die MEPAS constituent data base, 
normalized to die "standard man" body weight of 
70 kg. Thus, for our purposes, wildlife species 
that weigh less dian 70 kg would have a higher 
benchmark dian humans and die 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 
die 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 die 
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 die water or sediment pore-water 
concentrations widi die chemical-specific 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). 
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TABLE 5-8—Criteria Benchmarks for Terrestrial' and Aquatic2 Species on the Hanford Reset 'ation 
(NOAELs listed in milligrams per kiilogram per day for terrestrial benchmarks or milligrams per liter for aquatic benchmarks) 

G X P . Bterklalfed Pallid Sag. •LofftriMftd Canada Mule Bald 
CasMttaeat Mans* Jackxaaa* Bat Rabin Grauae Shrike Gaaac Dear F. Hawk Eagle Cay ota VagttatlM Aaaattc 

Beuo(a)pyieae 2.4SE-02 S.36E-03 2 206-02 I.67E-02 S.59E-03 I.97E-02 5.026-03 1.476-03 6 3IE-03 4.276-03 2.BOE-03 1 186-02 2996-03 
4-nK*hyt-2-pcalaaooe I22E+OI 268E+00 1 106+01 8 366+00 2.806+00 9.87E+00 2.518+00 7.356-01 3.166+00 2.136+00 1406+00 NA 1596+00 

Tridrioroetfeeae 162E+02 4 02E+OI 1.656+02 1 IIE+02 4 206+01 1.3IE+02 3.776+01 1.106+01 4.746+01 3 206+01 2.106+01 6.7OE-0I 5 766+00 

Ahuanauai NA NA NA NA • NA NA NA NA NA NA NA 8.006+00 8.708-02 
(fhioroaumc) 

Rrrryltmm 1 326+00 2.906-01 J 196+00 902E-OI 302E-01 I07E+00 2.71E-01 7.946-02 3416-01 2316-01 I.SIB-01 1006+01 3 806-03 
Cadniam 236E-02 5 166-03 2.I2E-02 I.44E-0I 1 066-02 1706-01 1783-03 I.42E-03 2.246-03 1516-03 2.696-03 3 006+00 1.108-03 
Ckroaaium 5 886+00 1.29E+00 S27E+00 4011 .(XI I.34E+O0 4 74E+O0 I.21E+00 3 33E-OI 1.526+00 1.026+00 6 7 IE-0I 7 506+01 1 I0B-O2 
Copper 1 846-01 7.5IE-OI 1 6SE-0I 6.88E+OI I.86E+0I 8 I2E+0I I67E+OI 2 06E-OI 2 106+01 I.42E+OI 3.V2E-0I 6 006+01 I20E-02 
Cyaasde (iron) 16SE+0I 3.79E+00 2.37E+OI 1 806+01 6.04E+00 2I3E+OI 3.43E+O0 2.106-02 6.826+00 6.116-02 4.00B-02 NA 5 206-03 
boa(amic) NA NA NA NA NA NA NA NA NA NA NA i ooe+04 1.006+00 

Lead 7I0E-O3 IS6E-03 6 37E-03 I.S9E-02 98SE+00 I88E-02 8.846+00 4.276-04 1.116+01 7.316+00 BUE-04 1.008+02 3 206-03 
Magaeauin (utmc) 4.3IE+01 9*46+00 3.87B+01 2.94E+0I 98SE+00 3.47E+OI 8.84E+00 2.596+00 I . I IE+0I 7.SIB+00 4 92E+00 NA 1 606-O4 

Mercury 1.44J-+0I S.58E-03 1296+01 3 19E+00 5.09E-OI 3.776+00 4.376-01 1.726-02 5.746-01 3.886-01 3.276-02 3 001. • i 1306-03 

Nickel 592E+OI 129E+0I S3IE+0I 4 I7E+00 i 406+00 4.936+00 1.256+00 35SE+O0 I.S8E+00 1076+00 6 75E+O0 1.008+02 I60E-OI 
Potassium (bonte) NA NA NA NA NA NA NA NA NA NA NA NA 1306-04 

Sodiun NA NA NA NA NA NA NA NA NA NA NA NA 4 806-01 

Z H K 238E+OI 5.206+00 2I3E+01 I62E+0I 5 43E+00 1.916+01 4.87B+O0 1.43E+O0 6.I3E+O0 4.14F.«00 2.7IE+00 7 00E+0I I.IOE-OI 

"The source for all terrestrial beacantarks. except for vegetMion is Opresko et al. 1993. For vegetation, the source is Suter and Futrell 1993 and Eskew and Babb 1992. 
'The source tor aquatic benchmarks is Stner et al. 1992. 
NA = Benchmark not available. 
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To determine the internal dose to generic bendiic 
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 external radionuclide-specific dose 
conversion factor. Combined internal and 
external doses greater 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 concentration screening (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 hectare (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 risk analysis, the following 
assumptions are made about contaminant 
exposure to receptors. 

1. 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 

outside die waste sites, source 
terms outside waste sites are 
assumed to be negligible. 

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

3. It is assumed that wider ranging 
species could receive at most 
30% of die exposure calculated 
by our average screening. This 
assumption is based on the 
approximately 8 0 0 ha 
(2,000 acres) of waste sites 
contained within the two major 
waste areas [i.e., 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. 

4. Waste sites occupy about 800 ha 
(2,000 acres) or 0.6% of the 
surface area of the Hanford 
Reservation; this is die 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 mat 
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 supporting ecological 
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TABLE 5-9—Home Ranges' of Hazard Index (HI) Correction Factors (CFf 
for Terrestrial Receptor Species at the Hanford Reservation 

r Home Range (ha) 

Correction Factor j Receptor Specks <5 5-800 >800 Correction Factor 

Bald eagle X 1.03 

Aleutian Canada goose X 0.30 
Generic vegetation 
Black-tailed jackrabbit 

1.0 Generic vegetation 
Black-tailed jackrabbit X 0.15 
Mule deer X 0.27 
Sage grouse X 0.15 
Canada goose X 0.30 
Coyote X 0.09 
Great Basin pocket mouse X 1.0* 
Pallid bat X4 0.004 
Robin X 1.0 
Loggerhead shrike X 0.15 
Ferruginous hawk X 0.11 

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

2A CF of 1.0 was applied to His 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). 

3A 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 receive the 
a v e r a g e e x p o s u r e 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 external doses were generated for 
radiological constituents. 
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5.5.1 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 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 His 
for all receptors of about 2E+04. Radiological 
exposure was dominated by exposure to 2 3 9Pu, 
"Sr, T c , " t o , and I J 7Cs 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 His greater 
than 1 (table 5-10). About 18% of the HI values 
were above I but below 10, 61% were above 10 
but below 1000, and about 21% were still above 
1000. The His for all specie* exposed to the 
average concentrations of radionuclides were still 
over 1, as a result of a*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 
resukei in His (or doses) greater than I 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 
concentration of "Tc in the water did not change 
significantly (table 5-12). 

Oi the receptors included in these analyses, the 
Great Basin pocket mouse and robin occupy 
small enough areas (table 5-9) lo 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 

or territories greater than 5 ha (12 acres) and less 
than the to*aJ estimated contanuMted *reas (i.e., 
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 [i.e., 
2700 ha (6670 acres) for Areas 100 and 200], 
whereas the home ranges or territories of the 
pallid bat, mule deer, ferruginous hawk, bald 
eagle, and coyote exceeded the area of die waste 
complexes. 

On the basis of assumptions discussed in 
chapter 5.3, appropriate correction factors were 
applied to the His 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 
wim home ranges or territories less than 5 ha 
(12 acres), no correction factor was applied to 
the hazard index. For species witii home ranges 
or territories greater than 5 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 = 
0.30/2 = 0.15). For species with home ranges or 
territories greater than 2700 ha (6670 acres), the 
correction factor is determined by dividing the 
total estimated contaminated area by the area the 
species home range or territory in hectares [i.e., 
800/home range]. 

Some contaminants on the Hanford Reservation 
may be highly localized; however, there are no 
data for their area! distribution. Of the 
contaminants that result in moderate to severe 
risks (i.e., HI from 1 to 10 and HI greater than 
10, respectively), source terms for Mg represent 
about 0.02 ha 0.G5 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.QC02 ha (0.0005 acre) 
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TABLE 5-1^—Baseline Hazard Indices for Terrestrial Organisms on the Hanfitrd Reservation 

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

TABLE 5-11—Baseline Average Radiological Doses for Terrestrial Organisms on the Hanford Reservation 

Radtateffkal Deata (radM) Calculated Uttaa, Average Contwlnwn Caacentratloca 

Great Baste 
Packet M«uac 

Mack-tailed 
JackrabbH PaMMBal Male Deer Rabin 

Saft 
Gctwat 

Canada 
Geeee Sarlk* 

rVami^HlOlM 
Hawk BaMEagto Ceyett Veg<«atiaa 

Coluh-60 6.97E-02 6.97E-02 697E-02 6.97B-02 6.97B-02 6.97B-02 6.97E-02 697B-02 6.97E-02 6.97E-02 6.97B-02 6.S1>e-04 

Cesium-137 591E-0I 591B-01 5 9IE-0I 5 92B-01 5.91B-01 5.91E-OI 3.9IE-01 5.9IB-0I 5.9IE-OI 5.9IE-OI S.9IB-OI 0.00 
Europium-1S2 2 8SB-OI 2.MB-01 2.ME-01 2.ME-01 2.MB-01 2.MB-01 2.MB-01 2UB-01 2.MB-01 2.N8-0I 2.MB-01 1)00 

Plutoniuin-239 I 29E+00 I.29E400 I29E+O0 I.29B+O0 1.29B+00 1.298*00 1.29B+00 1.296*00 I.29E+00 I.29B+O0 J .296+00 5.00E-OI 

Strontium-90 6I9E-0I 619E-01 6.I9B-01 619B-01 6.19B-0I 6.19E-0I 6.I9B-0I 6.I9E-01 6.19B-0I 6.19E-0I 6.196-01 S.9IE+01 

Technetium^ 180E+00 5 22E+01 2.14E+O0 1.27E-f03 4.08E+00 5.41E+OI 7.98E+OI I.94E+00 3.33E+OI 6.29B-f02 3.28E+02 000 

(JraBsum-231. 1.66E-03 I.66E-03 I.66E-03 1.66E-03 I.66B-03 I.66E-03 1.66B-03 1.662-03 1.66E-03 1.66B-03 I.66B-03 I.27E-02 

Total dsae 4 66E+00 5 50E+OI 5 0OE+OO I.27E+03 6.94B+00 3.70E+01 8.26E+OI 4.80E+00 3.6IE+OI 6.32E+02 5.3IE+02 3 516+00 

Ramolofical HI 4.66eH01 3J0B+O2 jooe+oi 1.270*04 C j M W S/TOJWB *Mn*ta 4 M X 0 1 3.<iB*<n 6J2B*03 3JIB+03 3 5*8+01 



TABLE S-Yl—Baseline Average Internal and External Radiological Doses far 
Aquatic Organisms (rad/d) on the Hertford Reservation 

Internal 
External Plants 

Cobalt-60 1.60E-07 1.87E-05 
Cesium-137 3.17E-08 2.32E-06 
Europium-152 0.00 0.00 
Plutonium-239 0.00 0.00 
Strontium-90 1.40E-04 I.40E-0I 
Technetium-99 I.60E+O4 124E+06 
Uranium-238 0.00 0.00 
Total dose 1.60E+O4 1JME+06 

The benchmark for aquatic organisms is 1 
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 I rad/d; thus for radioactive 
contaminants the HI equals the total dose). Risks 

lateral Internal Intel nil 
Invertebrates Ffah Masfcrats 

0.00 1.87E-06 3.68E-06 
7.38E-06 I.16E-05 1.64E-05 

0.00 0.00 0.00 
3.25E-03 000 0.00 
4.83E-05 1.40E-03 6.15E-01 

0.00 4.62E+05 9.07E+04 
2.50E-O3 0.00 0.00 
5.81E-03 4.62E+05 9.07r*04 

[; thus the hazard index is equal to the total 

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, csid because less than 0.6% of the 
reservation is waste sites, overall risks 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 
the reservation, whereas the Yakima River and 
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TABLE S-UK—Basetine Potential Risks' to Federally Listed Threaten**, 
Endangered, or Candidate Receptor Species' That Occupy Waste 

Sites on the Hanford Reservation 

Contaminant 

Receptor 

Contaminant 
Aleafhn 

Canada Goose Bald Eagle 
Ferragsaoat 

Hawk 
Benzo(a)pyrene 
4-Methyi-2-pentanone 
Cadmium 
Cyanide km 
Magnesium (nitrate) 
Total Radionuclides 

S3 

S 
M 
S 
s 
s S 

M 

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. 

2See 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 10. 

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

Contaminant 

Receptor 

Contaminant 
Black-Tailed 
Jackrabbit Mole Deer 

Sage 
Grouse Coyote 

Benzo(a)pyrene 
4-Methyl-2-pentanone 
Copper 
Cyanide ion 
Lead 
Magnesium 
Mercury 
Total Radionuclides 

S2 

s 
M 

S 
s 
M 
S 

S 
S 
M 
S 
S 
S 

S 

S 
S 

s 

s 

s 

M 

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. 

2M * moderate risk, where HI is equal to or m-cater than 1.0, but less than !0; S * severe 
risk, where HI is equal :o or greater than 10. 



and west Although other wide-ranging species 
\ c g . , UJC l u i u g u n / u a IMWK, wuw . •tî tw-, «MW 
coyote) are capable of transporting contaminants, 
the risk to public lands would be negligible 
because of the size of home ranges or territories 
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 (e.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., shrikes 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 S-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 (Tri-Cities) 
located southwest of the reservation are the 
nearest urban areas. 

1450 km2 (about 560 mi2). Of this about 665 km2 

(25? tni2) is dedkstsd to the Arid Lssds EccSc*" 
(ALE) Reserve, the U.S. Fish and Wildlife 
Service Saddle Mountain National Wildlife 
Refuge, and the Washington State Department of 
Game Reserve area (Wahluke Slope). About 
90 km2 (36 mi2) 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 
alternative, 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. His 
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 His. Waste 
ponds, however, are utilized by wildlife and 
waterfowl; consequently, exposure may be 
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TABLE 5-13C—Bmeime PoisnUsl Risks' te Rstsptst Spssses that srs Ixpsi 
Food Wi- Components on Waste Sites on the Hanford Reservation 

Receptor 
Great Basta 

Cootaminaat Pocket Mouse RcMa VertatfcN 
Benzo(a)pyrene S2 S s 
4-Methyl-2-pentanone S S 
Trichloroethene s 
Copper s M 
Cyanide km s 
Iron (nitrate) M 
Lead M s 
Magnesium (citrate) s s 
Mercury S 
Total Radionuclides 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. 

2 M = moderate risk, where HI is equal to or greater than 1.0. but less than 101 S = 
severe risk, where HI is equal to or greater than 10. 

TABLE 5-13D—Baseline Potential Risks' to Receptor Species mat are Important for 
the Conservation of Biodiversity1 on the Hanford Reservation 

1 Receptor 

| Contaminant 
Pallid 

Bat 
Loggerhead 

Shrike 
Ferrofinotu 

Hawk 

Benzo(a)pyrene 
4-Methyl-2-pentanone 
Cyanide ion 
Magnesium 
Total Radionuclides 

M> 
M 

M 

S 
S 
M 
S 
M 

M 

S J 

'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 on the reservation are negligible. 

2 See Table 5-18c for potential risk to other receptors important for the conservation of 
biodiversity (e.g.. Great Basin pocket mouse, robin, and vegetation). 

J 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 Fmdpomtx on the Hanford Reservation 

Attn uatf its 

Benzo(a)pyrene E 2 .R .B 
4-Memyl-2-pentanone E .R.B 
TrichJoroediene B 
Cadmium E 
Copper R, B 
Cyanide E.R.B 
Iron (nitrate) B 
Lead R, B 
Magnesium (nitrate) E .R.B 
Mercury R.B 
Radionuclides E. W\ R. B 
Habitat Disturbance4 

'Only dwse contaminants are listed for which our analyses showed potential moderate or severe 
risk to endpoint receptors. 

'Ecological endpoints: E=federalJy listed threatened, endangered, and candidate species: 
W=wetlands: R*recreational wildlife; F=agriculture or Timber production: Psparks and odier public 
land; and B=biodiversity. 

'Risk to aquatic resources from organic and inorganic contaminants is unknown; source terms 
were provided for radionuclides 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 similar to those indicated in tables 
5-13a, b. c. and d would then be expected. 

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). 

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 
(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 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 

Despite difficulties in interpreting the His, 
cumulative risks from available source term and 
benchmark data are adequate to compare 
alternatives. Because of the relatively small 
fraction of the Hanford Reservation that is 
contaminated, potential risks to all endpoints 
except for (I) endangered and threatened species 
and (2) wildlife utilizing waste pcnds appear 
negligible. Because no restoration activities are 
included in the baseline case, habitat 
disturbance/fragmentation risks would also be 
negligible. 
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5.7.2 Off-Site 

The only currently known mechanisni 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.e.. 

organics, inorganics, and radionuclides), die only 
source of radionuclides in the region wnuld be 
the Hanford Reservation waste sites. Therefore, 
regional (off-site) cumulative risks for 
radionuclides would be die 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 die 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 FemaJd 
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 vegetation communities that 
dominated the region prior to clearing 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 Miami River flows within 1.2 km 
(0.7S mile) of the eastern boundary of the 
reservation on its way to the Ohio River, 
approximately 39 river km (24 river miles) to the 
southwest. This river averages about 1 m (3 ft) 
in depth and ranges in width from 40 to 120 m 
(130-390 ft). Average flow is about 94 m3/s 
(3200 cfs), whereas the maximum and minimum 
discharges were about 3100 mVs (110,000 cfs) 
and 4.4 mVs (1SS 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 southern 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 (I) 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 (he northeast and southwest 

corners of die reservation, (3) fairly extensive 
areas of introduced grassland 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 northwestern part of die 
reservation, and (6) fly ash piles towards the 
southeast corner 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 die north central part of die 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 occasionally 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 concern 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 Femald 
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.e., 
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biodiversity) are typical of that found in the 
surrounding area. 

Determining risks 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 is 
considered to be either ubiquitous (i.e., more or 
less uniformly distributed throughout ine 
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 
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 encompass 
the FEMP reservation, including the threatened 
northern wild monkshood (an herb, Aconitum 
noveboracense) and the endangered peregrine 
falcon (Falco peregritua), bald eagle (Haliaeetus 
leucocephalus), and Indiana bat {Myotis sodalis). 
The range of one state-listed endangered species, 
the cave salamander (Eurycsa lucifuga), also 
overlaps die reservation. For reasons stated in 
the next paragraphs, 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 
early summer to 4.S 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 S.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 ofEndpoints and Receptors at 
Fernaid Environmental Management Protect 

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 
benthos), recreational 
wildlife (fish) 

6.1.2 Wetlands 

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. 

6.1 J Recreational Fish and Wildlife 

6.1.3.1 Receptors 

Several vecreationally desirable wildlife 
species occur or may occur on the FEMP 
reservation, 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 the 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 
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and birds that occur on the reservation 
include the eastern cottontail rabbit 
(Sylvilagus floridanus), white-tailed deer 
(Odocoileus virgirr.mus), and the bobwhite 
(Colinus virginianus). The fish have a 
discontinuous distribution, while both 
mamn.Mian species are considered to be 
ubiquitous in distribution. 

6.1.4 Agricultural or Timber Production 

6.1.4.1 Receptors 

Although cattie 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 (^30 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 
corners 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 perimeter's 8.4-km length 
(S.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 die 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 earlier, die ecosystems of the 
reservation and its environs began to 
undergo substantial alterations in structure 
and function beginning with die arrival of 
the first European settlers. Virgin forests 
and the complex plant and animal 
communities they supported no longer exist 
in the area. What voodland persists is 
highly fragmented, and current practices in 
land management on the reservation, 
including mowing and grazing, prevent the 
establishment of tn ly 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 biodiversity (i.e., die 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 irom the 
actual waste sites. 

6.1.6.2 Distribution 

AU 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. 

6.2 CONTAMINANTS OF POTENTIAL 
CONCERN 

The contaminants of potential concern at 
FEMP include numerous inorganic, organic, 
and radioactive contaminants (table 6-2). 
The most prevalent radionuclide, according 
to relative average concentrations, is 2 3 8U; 
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 as the inorganic and 
radioactive contamkants. 

Maximum and average soil, surface water, 
and sediment concentrations used in the 
assessment were determined from the source 
ter- provided by F L (tables 6-2,6-3, and 
6- Development of average and 
maximum source terms for use in exposure 
and risk assessment involves certain 
assumptions concerning interpretations of 
and compensation for data gaps. Appendix 
A describes the methodology erupbyed to 
develop useable source terms for input into 
the exposure and risk assessment. 

6.3 EXPOSURE ASSESSMENT 

Estimeting 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 

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., 
small 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 
contaminants [appendix A]. It is desirable in 
exposure analysis tc consider all 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 
lepreserting all endpoints (figure 6-2). 
W?.ere data were available, we tried to 
ensure conservatism in our estimates of 
exposure and risk by selecting receptors 
most sensitive to contaminants or habitat 
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TABLE 6-2—Constituents of Potential Concern w/Maximum and Average Soil 
Concentrations [mg/kg dry weight (for chemical constituents) or pCVkg dry weight (for 

radionuclides)] on the Fernald Environmental Management Project 

Constituent 
Maximum 

Concentration Constituent 
Average 

Concentration 

l,4dioxane 
2-butanone 
2-methy!napthaiene 
Acenapthene 
Acetone 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
BEHP 
Dibenzofuran 
Diethyl phthalate 
Di-n-butyl phthalate 
Di-n-octylphthalate 
Fluoranthene 
Methylene chloride 
Napthalene 
Octachlorodibenzo-p-dioxin 
Pyrene 
Toluene 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide ion 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Sodium ion 
Strontium 
Thallium 
Uranium 
Vanadium 
Zinc 
Cesium-137 

1.29E+01 
I.20E-O2 
1.10E+01 
2.80E+01 
2.30E-O1 
1.60E+00 
5.65E-01 
I.lOE+00 
6.10E-01 
3.10E-01 
1.90E+00 
840E-02 
T30E-02 
2.10E-01 
6.I0E-02 
2.40E-01 
1.90E+01 
7.SOE-03 
5.00E-01 
I.80E-OI 
1.I7E+04 
3.25E+01 
1.54E+01 
2.23E+02 
1.60E+00 
7.70E+00 
5.I8E+OI 
I.70E+OI 
2.01 E+01 
1.70E+00 
I.47E+02 
2.00E-01 
1.88E+0I 
5.02E+01 
6.20E-0I 
2.I7E+OI 
I 85E+02 
5.00E-09 
6.80E-0I 
I.81E+05 
2.69E+01 
7.99E+0I 
2.0OE+O2 

ArocLor 1248 
Aroclor 1254 
Di-n-butyl phthalate 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Cyanide ion 
Lead 
Mercury 
Molybdenum 
1 Nickel 
Selenium 
Silver 
Uranium 
Vanadium 
Zinc 
Technetium-99 
Uranium-238 

5.65E-01 
9.77E-0I 
7.30E-02 
5.85E+03 
2.53E+01 
4.50E-MM 
5.84E+01 
8.00E-OI 
5.10E+00 
I.45E+0I 
1.52E+02 
1.70E+00 
I.99E+01 
1.00E-0I 
4.80E+00 
2.62E+01 
5.00E-01 
9.60E+00 
2.97E+03 
I.75E+OI 
4.02E+01 
8.90E+O3 
9.51E+05 
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Constituent 
M*«ti«Mtm» 

Coactitaent 
A ' U I | C 1 

Concentration 1 Constituent Concentration Coactitaent 
A ' U I | C 1 

Concentration 1 
Lead-210 4.43E+04 I 
Neptunium-237 4.00E+03 I 
Plutonium-238 6.00E+02 I 
Plutonium-239 2.00E+O3 1 
Radium-224 2.10E+03 
Radium-226 8.76E+05 
Radium-228 1.30E+03 
Strontium-90 8.00E+O2 
Technetium-99 3.70E+04 
Thorium-228 1.70E+04 

1 Thorium-230 4.42E+05 
Thorium-232 1.80E+O4 ] 
Uranium-234 1.80E+05 | 
Uranium-23 5 4.20E+04 | 
Uranium-236 7.60E+02 j 
Uranium-238 6.04E+07 I 

6-8 



TABLE 6-3—Maximum and Average Fernald Water Concentrations I mg/L (for chemical constituents) orpCi/L (for radionuclides)} 
on the Fernald Environmental Management Project 

Drinking Water1 Aquatic Water1 ^ " ™ miMmommi 

Constta*** Maximum Cone Constituent Average Cone. Constituent Maximum Cone. Constituent Average Cone. 
2-Waaone 5.O0E-O2 Atoclor 1248 3.28E-OI Cadmium 5.00E-O3 Cadmium 2.80E-O3 
Acetone I92E+00 Aroclor I2S4 6.I5E-OI Copper I.47E-02 Copper I.03E-O2 
Aawraccae 4.77E-0I Bcnzo(a)pyrcne 7.I2E-OI Uad I.40E-02 Uranium-234 3.43E+03 
Aroclor 1248 328E-OI Di-n-butyl phihalalc 1 8IE+00 Mercury 1.00E-03 
Aroctar 1254 32BE-01 Aluminum I.00E-OI Uranium I.90E-O2 
Bcaz(a)aMhraccae 946E-0I Antimony 370E-O2 
Bcazo(a)pyreac 7 I2E-0I Arsenic 9 25E+00 
Be**o(b)iluoraMhene 754E-01 Barium 3.32E<03 
BctuoUJu^rytene 245E-OI Beryllium 9.67E+00 
Bcazotk tfluoraalhenc 7.96E-0I Cadmium 1.90E+00 
BEHP 595E-OI Chromium 3.69E+OI 
Chcyseae 106E+00 Copper 3.97E+02 
Di-a-butyl pmhaUie 181E+00 Cyanide ion 976E+00 
Fmoraawcac 329E+00 Uad I94E+OI 
utdc*o< 1_2.3-cd)pyrene 229E-01 Mercury I.5SE+00 
Methylene chloride 6.80E-0I Molybdenum 1 80E-O2 
Phcaaathrcac 224E+00 Nickel 7 12E+01 
Pyreae I.49E+O0 Selenium 395E+O0 
Aluminum 997E-02 Silver I76E+O0 
Antimony 369E-02 Uranium 727E+02 
Arsenic 1 85E+01 Vanadium I.72E+03 
Barium 664E+03 Zinc 9 I6E+OI 
BcryUiiun 9.67Et00 Technetium-99 3.28E+05 
Bon* 243E-01 Uranium-238 2 34E-t05 
Cadmium 7.59E+O0 
Calcium (oxide) 4.79E+OI 
Chromium 7.3&E+OI 
Cobalt I96E+01 
Copper 1 I9E+03 

Cyanide ion 976E+O0 
ltoa 3 33E-02 
Lead 7.75E+OI 
Magnesium 478E+01 
Manganese 1.14E-0I 
Mercury 4.65E+00 
Molybdenum 8.I3E-02 
Nickel 7.I2E+OI 



Drinking Water' Aquatic Water 1 

Caartttacat M i T i i m Cane. Cwtslltncnl Avtrate Cooc. Constituent Maximum Cane. ContlilueDl Average Catx. 
Potassium I32H+01 

Sefcattim 3 9SE+00 

Silicon I.04E+00 1 
Silver I.I3E-02 B 
Sokfcun toa i72E*U2 1 
Umaiiam 2.I3E+03 1 
VacadMim 1 72E+03 fl 
Ztoc 183E+02 A 
CCSHUU-137 479E+05 | 
Nepmaium-237 28SE+03 

Hmaauua-238 9.596+01 

RadJturv226 324E+OS 

Ratkuaa-228 1 20E+00 

Tectaedam-99 349E+05 

TV- -mra-22» 5.37E+04 

Thonura-230 46IE+06 
Thon<MO-232 4 I IE+04 

Uramajft-234 3 80E+OO 

Urauasi-235 5 I6E+04 

UnMWP-23S 7.03E+05 

NA * No lauirWd toaoeaarauoa available 
' Dtiakiac wafer coacnanuoea at FcraaM were used ta Krresenai cipoMirc pathwayi and were denved from all uiei, includinf the Great Miami River and Paddy'i Run. 

Aqaaac tajet ceaceamnoea at KeraaM were used w die aquatic organum npowre pudiway and were derived from die Cireal Miami River and Paddy'i Run only 

i • 
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TABLE 6-4—Maximmm and Average ternaid Sediment Concentrations1 Imgfkg (for chemicals) or pCi/kg (for 
radionuclides)! on the FemaU Environmental Management Project 

Constituent 
Majdama 

Concentration Constituent 
Avcra^B 

Coaceotratioo 
Aluminum 5.46E403 Aluminum 3.82E+03 
Radium-226 3.70E+03 
Radium-228 8.20E+O2 
Thorium-228 I.50E+O3 
Thorium-230 I.30E+03 
Tborium-232 6.20E+02 
Uranium-234 2.90E+04 
Uranium-238 3.00E+O4 

1 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 exclusively 
on the vegetative parts of plants. The cottontail 
rabbit and white-tailed deer are assuned to eat 
50% vegetation and 50% fruits and seea;.. 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 assurrri ••> 
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 Qw, 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 turn, 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 
(FT,) is set at 100% (table 6-5). 

Contaminant concentrations in vegetation, the 
first lew>] in the food chain, are estimated from 
concentrations measured in soils using published 
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TABLE 6-S—Body Weights and Consumption Rates'for Terrestrial Species2 on the Fernaid 
Environmental Management Project 

r ^ - e f e r WaMe-fooled 
Mouse 

Eastern 
CattMlaM rabbtt 

Deer Cow Robin Indiana Bat Rad-TaMed Hawk RadFm 

Body weight. BW (kg) 2 40E-02' 1 I9E+O0* S.6SE+0I' 4.00E+02* 7.50E-O27 7.30E-O3' I.39E+W* 6.0UE+00* 

Water wake rate. Q . (Utf) 640E-03 1 14E-0I 2.63E+00 I.23E+01 1.43E-02 2.30E-03 1 43E-OI 4.5IE-0I 

Water ingestion fraction, R . IOOE+00 IOOE+00 l.OOE+00 1.00E+00 l.OOE+00 I.00E+O0 I.OOE+OO IOOEVOO 

Soil intake rate. Q, (kg/d) 438E-OS" I.28E-03" S.83E-03" I .86E-0I" 3.87E-04" 0.00 0.00 0.00 

Soil ingestion fractioo, R, IOOE+00 IOOE+00 I.OOE+OO I.00E+O0 l.OOE+00 0.00 0.00 0.00 

Vefetation iattke rale. Q, (kg/d> 000 3.73E-02" 7.93E-OI" 7.47E+00 0.00 0.00 0.00 0.00 

Vegetation ingestion fraction. Fl, 000 IOOE+00 I.00E+O0 l.OOE+00 0.00 0.00 0.00 0.00 

Fran/seeds iaiake me. Q, (kg/d) 3.36E-03" 3 73E-02 7.93E-OI 0.00 5.806-03" 0.00 0.00 0.00 

FruM/secoV ingestion fractioa. Fl, 1006+00 l.OOE+00 l.OOE+00 0.00 I.00E+O0 0.00 0.00 0.00 

Pity 1 iauke rate. Q„, (kg/d) 

Prey 1 iafestioa fraction. R„ , 

1406-03 
(insects) 
IOOE+00 

0.00 

0.00 

0.00 

0.00 

000 

0.00 

2.SOE-03 
(insecls) 

l.OOE+00 

I.30E-03 
(insects) 

I.00E+OO 

7.92E-02* 
(mice) 

IOOE+00 

I.88E-OI" 
(mice) 

I.OOE+OO 

Prey 2 iaiake me. Q*, (kg/d) 

Prey 2 iafestioa fractioa, F l ^ 

0.00 

0.00 

0.00 

000 

000 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

I.98B-02 
(rabbiu) 

l.OOE+00 

8.06E-O2 
(rabbits) 

l.OOE+00 

Prey 3 iaiake me. Q,,, (kg/d) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Prey 3 iaffitina frjcuoo. f\^ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 

1 AK values are oa a wet weight basis. For soils, the wet/dry ratio is 0.90 (Clark et al. 1977), for vegetation the ratio is 0.32 and for fruits/seeds, the ratio is 0.17 (Morrison 1959). 
i W a K r ^ j food consumption rates were computed by methods in U.S. EPA 1988 (table 8) unless otherwise noted. 
> Lackey et aL 1985 
4 T T r j — et al. 1980. " The robin soil ingestion me is assumed to be 10% of dry matter intake. 
I San* 1991. M The eastern cottontail rabbit is assumed to eat 50ft fruit/seeds and 50% vegetation (Whitaker 1988). 
* U.S. EPA 1988. " The white-tailed deer is assumed to eat 50% vegetation and 50% fruit/seeds (Whiuker 1988). 
' Tenes 1980. " The mouse is assumed to eat 70% fruit/seeds and 30% insects (Lackey et al. 1985). 
' Thoaasoa 1982 " The robin is assumed to eat 70% fruit/seeds and 30% insects (Torres 1980). 
* Browa and Aundon 1968. K The red-tailed hawk is assumed to eat 80% mice and 20% rabbiu (Terns !9B0). 
* Opresko and Surer 1992. " The red fox is assumed to eat 70% mice and 30% rabbiu (Whilaker 1988). 
I I Mouse soil ingestion rate is 2% of dry vegetation intake (Beyer et al. 1991). 
1 2 The eastern cottontail is assumed to have the same soil ingestion rate as the jackrabbit (6.3%) (Arthur and Gates 1988). 
1 1 The white-tail deer is assumed to have a soil ingestion rate of 1.35% of dry matter intake (Arthur and Alldredge 1979). 
1 4 Cattle soil ingestion rate is about 7% of dry matter intake (May land et al. 1977). 
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FIGURE 6-2. REPRESENTATION OF THE TERRESTRIAL FOOD WEB OF THE 
FERNALD RESERVATION 
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(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, all 
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 BJ (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 bromegrasi, and orchard grass (Morrison 
1959)]. The wet- to dry-weight conversion 
factor for the fruiting parts of plants on Femald 
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. 

The piUu&ry toutOuuCiidcS of concern, " \J and 
"•U, have a very long half-lives, so this 
assumption is reasonable. 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. 

Aquatic organisms considered in the assessment 
include benthic macroinvertebrates and a generic 
Fish species. For radiological analyses, emergent 
vegetation (i.e., cattails) ind muskrats are 
included as well. All aquatic organisms, except 
for benthic macroinvertebratei, are assumed to be 
exposed to contaminants in die 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 internal 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 terrestrial 
receptors, consumption rates of contaminated 
food and water are compared with toxicological 
benchmarks. For aquatic receptors, containinant 
concentrations in water or sediment pore water 
are compared with chemical-specific aquatic 
benchmarks. To quantify risk to terrestrial 
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TABLC 6-6—Sou-a>'Vegmtiom mmi Fkmt-to-Beef inuufer Fmctonfor the Comnitmema of Comam 
on the Fermmli Etmnmmumel Management Project 

CoDstitoeat 
Sofl to Vegetatioa Transfer 

Factor 
VegetatfcM to Betf Traasfer 

Factor 
1,4 dioxane 5.55E+OI 1.35E-08 
2-butanone 2.63E+01 4.90E-O8 
2-methylnapthalene 2.27E-0I 1.82E-04 
Acenapthene 2.16E-01 2.00E-04 
Acetone 5.33E+01 I.45E-08 
Aroclor 1242 2.24E-02 1.00E-02 
Aroclor 1248 2.24E-02 l.OOE-02 
Aroclor 1254 2.24E-02 1.00E-02 
Aroclor 1260 2.24E-02 l.OOE-02 I 
BEHP 4.37E-02 3.I6E-03 I 
Diethyl phthalate 5.48E-01 3.98E-05 1 
Di-n-butyl phthalate 3.82E-02 3.98E-03 1 
Di-n-octylphthalate 1.86E-04 3.98E+01 
Fluoranthene 5.72E-02 I.98E-03 
Methylene chloride 6.86E+O0 5.01E-07 
Napthalene 3.22E-01 1.00E-04 
Pyrene 3.35E-02 5.01E-03 

1 Toluene 1.07E+00 I.26E-05 
| Aluminum 4.O0E-O3 1.50E-03 

Antimony 2.00E-01 1.00E-03 
Arsenic 4.00E-02 2.00E-03 
Barium 1.50E-01 1.50E-04 
Beryllium 1.00E-02 1.00E-03 
Cadmium 5.50E-01 5.50E-04 
Chromium 7.50E-03 5.50E-03 
Cobalt 2.00E-O2 2.00E-02 
Copper 4.00E-01 1.00E-02 
Cyanide ion 5.42E+01 I.41E-08 
Lead 4.50E-02 3.00E-O4 
Magnesium 1.00E+00 5.00E-03 
Manganese 2.50E-O! 4.00E-O4 
Mercury 9.00E-01 2.50E-OI 
Radium-226 I.50E-O2 2.50E-O4 
Radium-228 I.50E-O2 2.50E-04 
Thorium-228 8.50E-O4 6.00E-06 
Thorium-230 8.50E-04 6.00E-06 
Thorium-232 8.50E-O4 6.00E-O6 
Uranium-234 8.50E-O3 2.00E-04 
Uranium-238 8.50E-O3 2.00E-04 

Source: For organic*, the transfer facton were calculated from equations in Travis and Arms (1988) using K„. values from (he Suptrfivul 
Chtmkal Data Matrix (1991). For inorganics and radionuclides, the transfer factors were taken from Baes el 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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receptors exposed to organic 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 
ratios are termed hazard indices (His). Ratios 
greater than 1 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 risk 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 
mote detail methods used to calculate exposure 
and risk. 

Toxicological benchmarks for terrestrial 
organisms, excluding vegetation, were obtained 
from Opresko et al. (1993) (table 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 NOAELs 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 

soil 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 
suface 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 I 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. 
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TABLE 6-7—Criteria Benchmarks for Terrestrial' and Aquatic2 Species (NOAELs listed in mg/kg/dfor terrestrial 
benchmarks or mg/Lfor aquatic benchmarks) on the Fernald Environmental Management Project 

WWte-
Faated 

Eastern 
Cottontail American Red-Tailed While-Tailed 

CAaMflfttttaSi Manse Rabbit ladlanaBal Robin Hawk Deer Cow RedFoi Aquatic Vegetation 
I.I.MncfclMO-1.2.2 NA NA NA NA NA NA NA NA NA 2 6OE+O0 
trifaofoeifcue 
l.l4khloroclhMC NA NA NA NA NA NA NA NA 1.59E+O0 8 606-01 
2-twtaaoae 225H+01 6.I2E+00 334E+OI 1 54E+OI 5.8IE+O0 169E+00 8.80E-OI 3.57E+00 1.78E+OI NA 
2 iK&yinaptha)cnc NA NA NA NA NA NA NA NA NA 2.I0E+OI 
Accaapcacae NA NA NA NA NA NA NA NA I.97E-OI I28E+02 
Acetoae 2.44E+0I 6.65E+00 3.63E+OI 167E+OI 6.3IE+00 I.84E+00 9.56E-OI 3.88E+00 2.37E+OI 9 65E+OI 
Aathraccae NA NA NA NA NA NA NA NA 8.20e-O3 I28E+02 
HAKJOT 1242 1 I6E-0I 3I6E-02 1 73E-01 1.59E-OI 6.02E-02 8.74E-03 4.55E-03 I.85E-0' 2.906-03 I00E+OI 
Arodc*1248 6.22E-OI 6.05E-02 9.2SE-01 4.25E-OI 5.75E-02 I.67E-02 8.70E-O3 3.53E-02 4.00E-04 NA 
Aroclur 1234 I41E-0I 4.34E-02 2 106-01 3I9E+00 1 47E+O0 1.73E-02 9.03E-O3 3.S0E-O2 3.20E-O4 I00B+OI 
Aroclor 1260 I46E+00 2.92E-03 2.I7E+O0 9.96E-0I 2.77E-03 8 06E-O4 4.20E-04 I.70E-O3 2.IOE-03 NA 
Bcjuu)aB(hnctac NA NA NA NA NA NA NA NA 6.50E-O4 1 28E+02 
Btazoiajpyrcae 244E-02 6.65E-03 3.63E-02 I67E-02 6.3IE-03 I.84E-03 9.56E-04 3.88E-03 2.99E-03 I.28E+02 
BeaKKbtfuonatheae NA NA NA NA NA NA NA NA NA I28E+02 
B«uo(xJw)perytene NA NA NA NA NA NA NA NA NA I28E+02 
Bcuo(k)fluonolhcoc NA NA NA NA NA NA NA NA NA I.78E+02 
BEHP NA NA NA NA NA NA NA NA 3 00E-O4 1.40E+0I 
CWyscac NA NA NA NA NA NA NA NA NA I28E+02 
CHtordane I72E-03 4.69E-04 2.56E-03 3.98E-01 I.5IE-01 I.30E-04 6.75E-OS 2.74E-04 I.70E-04 I.99E+04 
Dibeaxofima NA NA NA NA NA NA NA NA 2.00E-O3 NA 
Diethyl phthatate NA NA NA NA NA NA NA NA i.ooe+oo NA 
Di-a-bucyl phthataie 4 56E+0! l.24E*0! 6 78E+OI I.4IE-02 S.34E-03 3.43E+00 1.78E+00 7.23E+O0 2.70E-O1 I.48E+04 
D«-n-octy(phth»h»- NA NA NA NA NA NA NA NA 3.10E-OI NA 
Raoraatacae NA NA NA NA NA NA NA NA 3.20E-02 I28E+02 
•adeaoi 1 J.3-cd)pyreae NA NA NA NA NA NA NA NA NA I28E+02 
Methyteae chloride I43E+OI 389E+O0 2.I3E+OI 9.78E+00 3 69E+O0 107EtO0 5.60E-01 2.27E+00 4.I0E-OI 5oOE+00 
Napduleac NA NA NA NA NA NA NA NA 4.50E-0I I.I2E+02 
CVtaijMornrtihraTO-p- (boua 244E-02 6 6SE-03 3.63E-02 1.67E-02 6.3IE-03 I84E-03 9.56E-04 3.88E-03 NA NA 
PWanntWrar NA NA NA NA NA NA NA NA I.I0E-OI I.28E+02 
Pyveae NA NA NA NA NA NA NA NA NA I.28E+02 
Tohieae 5 4SE+OI I48E+01 8.I0E+0I 3.73E+01 I.4IE+OI 4ioe+00 2.I3E+O0 8.6SE+00 2.60E-O2 9 7OE+O0 
Aaunisura NA NA NA NA NA NA NA NA 8.70B-O2 8 00E+O0 
Aatimoay I2IE+04 33IE+03 I.81E+04 8.3IE+03 3UE+03 9.I3E+02 4.73E+02 1.93E+03 I.90E+O0 s.ooe+oo 
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Table 6-7 (cont'd) 

Wkitt-
Fnated 

Eastern 
CaUwMail American Red-Tailed White-Tatted 

Cwutitueot Mnwe Rabbit Indiana Bat Robin Hawk Deer Cow Red Fox Aquatic VnfstattM 
Arsenic 102E-OI I62E+00 I52E-OI 7.00E-O2 2.6IB+00 7.60E-01 3.96E-01 1.606+00 9.3'E-OI I.50E+0I 
Barium I.25E+00 339E-OI 18SE+00 852E-OI 3.22E-OJ 9.37E-02 4.88E-02 1.98E-0I 2.03E+O1 5 00E+C2 
Beryllium 1 32E+O0 3.59E-OI 196E+00 9.02E-0I 3.41E-0I 9.92E-02 5.I6E-02 2.09E-0I 3.80E-O3 lOOE+fll 
Boroe NA NA NA NA NA NA NA NA 7.00E-03 NA 
CaAniura 2.3SE-4T 6.41E-03 3SOE-02 I44E-01 2 24E-03 1 77E-03 9.2IE-04 3.73E-03 1 I0E-O3 3.00E+C0 
Calcium (oxide) NA NA NA NA NA NA NA NA NA NA 
Chromium 5.86E+00 1.60E+00 872E+O0 4.01 E+00 I52E+00 4.4IE-0I 2.30E-O1 9.3IE-OI 1 IOE-02 7J0E+0I 
Cobalt NA NA NA NA NA NA NA NA 4.40B-03 2.30E+0I 
Copper 183E-01 9.3IE-0I 2.72E-01 6.88E+01 2.I0E+01 2.57E-OI I.34E-OI J.43E-0I I.20E-02 6.00E+0I 
Cyaaioe Km 2 64E+OI 7.18E+O0 3.92E+0I 1 HOE+OI 6.82E+00 2.63E-02 I.37E-02 5.S5E-02 5.20E-03 NA 
too NA NA NA NA NA NA NA NA I00E+O0 I.00E+04 
Lead 7.09E-03 I.93E-03 t.OSE-02 I.S9E-02 11IE+01 5.33E-04 2.77E-04 I.I2E-03 3.206-03 I.00E+02 
Magnesium 233E+02 6.34E+0I 346E+02 I.59E+02 6.02E+01 I.75E+01 9.I2E+00 3.70E+OI I.60E-04 NA 
Manganese 2.00E+00 54SE-01 2 97E+00 I.37E+00 5.J7E-01 1.50E-01 7.83E-02 3.18E-01 i.ioe+oo 1.506+03 
Mercury 143E+OI 6.92E-03 2 I3E+0I 3 I9E+00 5.74E-0I 2.ISE-02 I.I2E-02 4.04E-03 I.30E-03 3 00E-OI 
Molybdenum NA NA NA NA NA NA NA NA 3.60E-0I 2.00E+OD 
Ntckd S90E+01 I61E+01 877E+01 4.17E+00 I.58E+00 4.44E+O0 23IE+O0 9.37E+O0 t.606-01 1.006+02 
Potassium NA NA NA NA NA NA NA NA I30E-04 NA 
Selenium 614E-02 I.67E-02 9 I3E-02 2.3IE-0I 9.47E-02 4.62E-03 2.40E-O3 9.75E-03 350E-O2 5.00E+OI) 
Saver NA NA NA NA NA NA NA NA 2.00E-O4 2.006+0) 
Sodium ion NA NA NA NA NA NA NA NA 4.80E-OI NA 
Strontium 643E+02 1 75E+t •>. 9.56E,02 440E+O2 I66E+02 4.83E+01 2.52E+01 I.02E+02 NA NA 
Thallium 244E-02 665E-03 3.63E-02 I 6 7 E - 0 2 6.3IE-03 1.84E-03 9.56E-04 3.88E-03 6.40E-O2 IOOE+00 
Utaawm 151E-0I 4.I2E-02 2 25E-OI 2.20E+OI 8.30E+00 I.I4E-02 5.93E-03 2.406-02 2.70E-02 NA 
Vanadium 2.3OE-01 6.26E-02 3.42E-0I I.57E-OI 5.95E-02 I.73E-02 9.0IE-O3 3.6SE-02 4 I0E-02 3.00E+OI 
Ziac 2.37E+QI 6.4SE+00 3.52E+01 162E+01 6.13E+O0 1.78E+00 9.28E-0I 3.76E+O0 I.IOE-Oi 7.00E+0! 

NA & Wrarawart aot available. 

' The soarce for all terrestrial benchmarks except those for vegetation was (Oprcsko 1993). For vegetation, the source was (Suter 1993) and the Massachusetts Military Reservation Risk Assessment Handbook, 1992. 
' The soarce for aquatic benchmarks was (Svter. el al. 1992). 

6-18 



{iSuiiiaiuig icatiStSv CXpOSUTCS tOT « i CuwpOiutS 
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 die 
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 [e.g., 1 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 
assumptions about the contribution of waste 
sources to receptor exposure are made. 

1. For most of the DOE sites assessed 
in thts 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 His 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 

2. 
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pathway (typically 97% or mote), 
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 to 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 calculated His in tables 6-9 
through 6-11) to determine the 
effective His used to characterize 
risk in (tables 6-12a through 6-l2e.). 
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 His for these 
metals therefore require no 
correction (i.e., the correction factor 
is 1.0) since none of the receptor 
species under consideration have 



TASLS $4h-Sstne ranges' of end Hazard index (HI) eer^eetiemfsekfrs (CFf for t*rrt*trtel rtttpior specter at 
Fertudd Environmental Management Project 

Receptor Specks 

White-footed mouse 

Eastern cottontail rabbit 

Indian bat 

Red fox 

White-tailed deer 

American robin 

Red-tailed hawk 

Vegetation 

Hone Raace^ba) 

<22ha >22ha 

X 
(0.2 - 0.6) 

X 
(1.0 - 2.8) 

X 
(13-4.5) 

X 
(0.1 - 2.0) 

X 
«0.1) 

X 
260-520 

X 
60-520) 

X 
(130-420) 

Correctioa Factor 

1.0 

1.0 

1.0; 036 

1.0; 0.35 

1.0; 0.55 

1.0 

1.0; 0.42 

1.0 

1 Burt and Grossenheider 1976; Chapman et al. 1980; Smith 1991; Schoener 1966. 
1 A CF of 1.0 was applied to His for each contaminant ft* each species having home range £ 1.0 ha. Other CFs based on ratio of circumference of 
contaminated water bodies to total length (shoreline) of water bodies available within home ra>iges except for cadmium, copper, lead, mercury, and uranium. 
which require a correction factor of 1.0 because of their extensive distribution throughout reservation wrface waters. 
' Where terrestrial sources of contaminant are most important to exposure. 37 ha should be used as the maximum territory size riiat can result in a correction 
factor of 1.0. 
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TABLE 6-9—Basehne Hazard Indicts for Terresthai Organismr 
on the FemaU Environmental Management Project 

cs Calcaantid ttaag Avcrap 1 

M - lakkit Deer O w • a t * ted. Bat I T Hawk Red Fax Vefetafea 

Arodorl24S I.43E-01 5.30E-01 922E-0I 1.196*00 1546-01 I.I2E-0I 5.866-01 6.986-01 N/A 

Aiodor 1254 1.186*00 1386*00 1466*00 2.156*00 3.84E-02 938E-0I 430E-02 1326*00 N/A 

Bcuo(ft)pyicftc 7.776*00 1.026*01 IJ0E*0! 2396*01 8.126*00 6.I7B«00 1.166*01 1386*01 0.00 

CUordaae 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 

Di-a-buryi phthaUte I.06E-02 1396-02 2.46E-02 3.I2E-02 2446*01 8.426-03 3.446*01 1.88E-02 443E-06 

AfaMBiMni N/A N/A N/A N/A N/A N/A N/A N/A 6586*02 

Aatunoay 9.92E-06 2.ME-05 3.136-05 8.83E- 05 I.97E-05 937E-06 131E-06 144E-06 4536*00 

Aneaic 2.426*01 SASE-01 5.68E-0I 736E-0I 2556*01 1426*01 3.63E-01 433E-01 2.706-01 

Bannai 7.116*02 9356*02 IJ656*03 2496*03 7436*02 5.656*02 1.066*09 1366*03 105E-OI 

BeryUkun 1.966*00 2576*00 4546*00 5.766*00 2J056«00 1.536*00 2.916*00 3.476*00 720E-02 

LafulDMHI) 2.406*01 3.426*01 5.856*01 8.406*01 2J7E+00 1.976*01 •.716*01 3126*01 1536*00 

Chmman 1.686*00 2326*00 3.906*00 4.976*00 1.776*00 1336*00 2506*00 2586*00 I.74E-0I 

Conner 5.886*02 4.176*01 7336*01 9.43E«0I 1.126*00 4.676*2 1.946*00 5496*01 2386*00 

Cyanide ion 2J2E-0I 3.27E-OI 4.146*01 6326*01 2.126-01 1.816-01 1.476-01 1326*01 N/A 

Lead 7366*02 9.756*02 1.716*03 2306*03 2398*02 5326*02 1.796-06- 1346*03 1.79E-0I 

Mercury 2.90E-O2 2.156*01 3386*00 4316*00 93IE-02 23IE-02 2.78E-01 2.906*01 3.00E-0I 

Molybdenum N/A N/A N/A N/A N/A N/A N/A N/A 2.166*00 

Nickel 324E-01 4.26E-0I 7.50E-0I 9.57E-OI 3396*00 256E-OI 4J636*00 5.7IE-0I 2J6E-0I 

Selenium 1.726*01 2.266*01 3.996*01 5066*01 3026*00 1366*01 43se*oo 3.056*01 9.00E-O2 

Silver N/A N/A N/A N/A N/A N/A N/A N/A 4326*00 

Uranium 1326*03 1.766*03 3016*03 4016*03 6356*00 1026*03 8.996*00 2376(03 N/A 

Vanadium 1.996*03 2.626*03 4.636*03 5.876*03 2.086*03 1566*03 2.976*03 3546*03 3.I5E-OI 

Zinc 1.106*00 I49B«00 2406*00 3446*00 1.146*00 8.836-01 1546*00 1336*00 5.I7E-OI 

Radioloficai 399E-01 3.99E-0I 4.00E-0! 4.03E-0) 3.99E-0I 3.99E-01 I.26E-OI I26E-0I 4.09E-01 

NA = Benchmark- not available, therefore hazard index could not be calculated. 
1 Shaded numbers in HIi > 1.0. 



TABLE 6-iO—Baseline Chemical Hazard Indices for Aqmatic Organisms' on the FemaU Environmental Management 
Project 

Constituent 
Average 

Surface Water HI Sediment Water HI 

Aluminum 
Cadmium 
Copper 
Lead 

0.00 
2.55E+O0 
8.54E-01 
2.09E+00 

2.93E+01 
0.00 
0.00 
0.00 

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 

External Beta i Internal Fbfc Internal Maakrats 
MaoafcwrStfcraau 

Uranium-234 

Total doie 

I.5OE-06 

I.5OE-06 

1*48*00 4.87E-04 

4 87E-04 

8.64E-02 

8.64E-G2 

I22E-02 

I22E-02 

The benchmark for aquatic organisms is I rad/d. therefore the total dote equals the hazard index. 

1 Shaded number* are His > 1.0. 

TABLE 6-12A—Baseline potential risks''2 to the endangered Indiana hat, the only endangered species mat may 
reside, feed, or drink in the immediate vicinity of the waste sites or contaminated waters on the Fernald 

Environmental Management Project. 

Contaminant Risk 

arsenic S 
benzo(a)pyrene M 

barium S 
cadmium S 
copper S 
lead S 
selenium M 

vanadium S 

uranium S 

1 Potential risks based on assumptions discussed in Section 4.4.3; M * moderate risk, where 1.0 SHI < 10; S » severe ritk. where HI 2 10. 
1 Risks to individuals that are not in the immediate vicinity of the waste sites are negligible. Waste sites and conuminated waters account for less than 
17% of the surface area of the Femald Environmental Management Project. 
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TABLE 6-12B—Baseline potential risks1 to wetlands adjacent to waste sites. Risks to wetkmds that are not 
adjacent to waste ponds are negligible at Ae Fernald Environmental Management Project 

Contaminant Benthos2 Plants 

Aluminum S -

Cadmium M -

Lead M -

Radiological dose - M 
1 M - moderate risk, where HI is equal to or greater dun 1.0, but less dian 10; S = severe risk, where HI is equal to or greater dun 10. 
2 Based on EPA Water Quality Criteria (Suter et al. 1992). We assume that bendiic invertebrates are exposed to surface water or sediment pore water 
concentrations, whichever are higher (see Section 6.6.2) while other wetland (aquatic) organisms are exposed to surface water. 

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 Environmental Management Project 

Coatamnunt Cottontal Rabbit White-tailed Deer Fish 

Benzo(a)pyrene S M 

Aroclor 1254 M 

Barium S S 

Beryllium M M 

Caomium S S M 

I Chromium M M 

1 Copper S S 

1 Uad 
S S M 

Mercury s M 

Selenium s S 

| Uranium s S 

H Vanadium s s 
Zinc M M 

Cyanide ion s 1 
1 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 6-Lte—-Baseline potential risks' to vegetation (grasses sad planted piste). Risks to rndtvidumli Ami do 
not grave or drink in waste sites are negligible; hence, risks to cattle are negligible in the areas currentfy used 

for livestock grazing at the Fernald Environmental Management Project 

Contaminant Vegetation 

Aluminum S 

Antimony M 

Cadmium M 

Copper M 

Molybdenum M 

Silver M 
1 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 6-12E—Baseline potential risks' to other important food web (biodiversity) components that occupy 
waste sites on the Fernald Environmental Management Project 

Contaminant Meow 
Red 
Fox 

Other 
Bali Robin 

RT 
Hawk Vegetation 

Aquatic 
Benthos 

ATOCIOT 1254 M 
BenzoUVpyrcne 
Cyanide ion 

M M 
M 

M M M 

di-n-butyl phthalate 
Aluminum 

s s 
S s 

Antimony 
Arsenic S S S 

M 

Barium S S S s S 
Beryllium M M M M 
Cadmium S S S M s M 
Chromium M M M M 

I Copper 

I U a d 
S 
S 

S 
S 

s 
s 

M 
S 

M M 

1 Mercury 
I Molybdenum 
1 Nickel 

S 

M M 
M 

I Selenium S S M M M 
I Silver M 
I Uranium S S s M M 
jj Vanadium S 5 s S s 
1 Zirc M M 

1 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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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 
His for these species. 

For the very few instances in which 
other (non-drinking water) 
contaminant uptake pathways are 
important, the effective HI was 
determhied 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 range 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 
assumed for each contaminant. 
Exposure of biota living completely 
outside the 9% of the reservation 
that is contaminated is limited to 
contaminants that have moved from 
waste sites in dust and by 

CCicwuSuwuSu Wuuiit^ «uiw psafitS-
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 assumed 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 to 
contaminants. All aquatic biota 
receive the average exposure to 
contaminants if they occur in these 
small wetlands. Conversely, it is 
assumed that biota in other wetlands 
are not exposed to contaminants. 

Aquatic receptors ( f i sh , 
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 



applicable if caaie were allowed to 
graze in waste areas. 

&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 M 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 His >1 
(table 6-9). About 48% of the HI values for 
non-radioactive contaminants were above 1 but 
below 10. 38% were above 10 but below 1000, 
and about 19% were still above 1000. 

Exposure of aquatic organisms to the maximum 
concentrations of nonradiological contaminants in 
surface water resulted in His 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 1 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 pr". 
water (macroinvertebrates only) resulted in His 
(or doses) greater than I (about 30) only for 
aquatic plants exposed to m U . Exposure to the 
average concentrations in the same media 
reduced the HI for aquatic plants to about 9 
(table 6-11). 

rfOiu iuc ifiiuoi Siiivc uf SO CCQsuuiSiiiS o f 
concern, the two-stage screening process using 
maximum and then average contaminant values 
yielded 22 contaminants producing HI values 
equal to or greater than 1 (i.e., representing at 
least an intermediate risk from contaminants) for 
at least one endpoint receptor, as shown in tables 
6-9.6-10, and 6-11). Of these, 13 contaminants 
produce HI values of 10 or greater (i.e., 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 100% of the calculated 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, die approximate home 
ranges or territory sizes of receptors were 
calculated to estimate die proportion of their 
range that could potentially encompass 
contaminated lands or surface waters. 

Three of die endpoint receptors included in our 
analyses (the white-foe .ed mouse, the cottontail 
rabbit, and die American robin) occupy small 
enough areas (table 6-8) u> 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 die 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.e., 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 His to produce a more 
meaningful, effective HI. Aquatic receptors 
(fish, macroinvertebrates, invertebrates, and 
plants) are assumed to be fully exposed to 
contaminants measured in aquatic habitat outside 
the primary waste areas (i e., Paddy's Run and 



the Great Miami River) but not in the waste 
areas themselves. Based on the assumptions 
discussed here and in chapter 6.4, appropriate 
correction factors were applied to His in table 
6-9 to determine potential severity of risks to 
endpoints. For receptor species with home 
ranges or territories less than 37 ha (e.g., die 
mouse), no correction factor was used. For 
species wim 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 
contaminated, even though some contaminants 
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 and Endangered 
Species 

As shown in table 6- 12a, no less than nine 
contaminants pose moderate to 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 fur each 
contaminant except cadmium, for which 87% of 
the HI for this contaminant is due to water 
ingestion. Ingestion of contaminated insect prey 
accounts for 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 realistic exposure 
levels. 

6J.U Wcdands 

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

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

6.5.1.3 Recreational Species 

Table 6-12c summarizes risks to recreationally 
desirable species at FEMP. Baseline average His 
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 mis assessment, nine of the 
contaminants pose severe risks to cottontail 
rabbits, whereas each of eight contaminants 
would put deer at severe risk. Fish in 
contaminated 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 



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 die analytical techniques used 
to measure metal concentrationals in soil. With 
respect to aluminum, it should be noted that die 
geometric mean concentration for soils in die 
eastern 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 dial die 
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 I km northeast of die reservation 
boundary, but it is upgradient from the 
reservation and is therefore unlikely to receive 
any contamination beyond negligible quantities 
in die 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 die 
FEMP reservation has suffered under die 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 die reservation as 
indicated in table 6-l2e. 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). Bom bird species included in diis 
assessment incur severe risks from di-n-butyl-
pttthalate as well. Aluminum may pose severe 
risk to vegetation (see discussion under wetlands 
above), whereas the heavy metals generally pose 
moderate risks to vegetation. Aluminum is die 
only contaminant that produces an HI greater 
than 1 for aquatic invertebrates, but it is 
sufficiendy high that the risk must be rated 
severe. 

6.5.1.7 Conchtsions 

On the basis of die 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 to one 
or more receptor species in die six endpoints. 

Wim respect to die agricultural endpoint, if the 
contaminated sites were to be used for grazing 
cattle or planting trees, then those cattle or trees 
actually using these sites would also incur severe 
to moderate risks. Odierwise, no adverse effects 
on agricultural receptor species would be 
expected. 

Most wetlands on die reservation would not be 
affected under die no-action alternative; however, 
a few small wetlands in die immediate vicinity 
of the waste sites could be affected. These 
analyses indicate that risks 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 die reservation; hence, no adverse 
effects on this endpoint would be expected. 

6.6 HABITAT DISTURBANCE ASSESSMENT 

Agricultural, residential, and industrial 
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 
arrival 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 



TABLE 6-13—Comparative summary of potential risks' to ecological endpoints from baseline and ARAR 
atiernatives on the Fernald Environmental Management Project Risks are for endpoints which occupy or use 

waste sites or contaminated waters' 

Scarce of Risk 
Eodpotats • No-actfoB 

(Barttae) 

Construction3 

Aroclor 1254 R.B 
Benzo(a)pyrene 
Cyanide km 
Di-n-butyl phthalate 
Aluminum 

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

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

F.B 
E.B 
E.R.B 
R. B 
E. W. R. F, B 
R.B 

Copper 
Lead 
Mercury 
Molybdenum 
Nickel 

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

1 Selenium E. R, B 
1 Silver 
1 Uranium 

F.B 
E.R.B 

1 Vanadium E.R.B 
I Zinc R. B 
| Radiological W 

' Only those contaminants are listed which our analyses showed could pose severe or moderate risks to some endpoints. 
1 Risks to 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. 
4 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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support fsiriy rich, if substantial^ altered, 
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 reservation, is highly 
disturbed physically and therefore possesses little 
or no habitat vhie. primarily due to die presence 
of waste sites and ancillary facilities. The base
line alternative under consideration here does 
not, by definition, include additional disturbances 
by restoration activities beyond the 9% of die 
reservation already disturbed. 

6.7 CUMULATIVE ASSESSMENT 

6.7.1 On-Site 

As many as 22 contaminants 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-being 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 contaminated 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 

cusses of qyfyyj «"ecses richness and diversitv. 
These factors include the intermittent nature of 
the stream adjacent to and downstream of the 
FEMP; natural differences 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, aiH a steel plant. 
Ahhough FEMP releases, runoff, or groundwater 
recharge may have had adverse effects on 
aquatic communities of Paddy's Run, none of 
the studies of Paldy'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 municipd 
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 
separate the impact of FEMP -derived 
contaminants from up stream industrial/urban 
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 healthiest fish 
communities in the lower ISO km (93 miles) of 
tlie rh er. 



CHAPTER?: OAK RIDGE RESERVATION 

The ORR 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 primarily in agricultural use, in 1942 for the 
warthne Manhattan Project (Fielder et al. 1977). 
At that time, public access to the ORR was 
restricted except at the Three developed facilities 
(•he Y-12 Plani, the K-25 Site, and X-10). The 
upper slopes 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 areas were 
severely eroded prior to establishment of these 
plantations. From 196S 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 designated as 
the Oak Ridge Research Park. 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 lowering 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 northern 

Alabama. The most common forest types are 
either 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 
terrestrial buds (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), abo.it 220 ha (550 acres) of 
the ORR are contaminated 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 ENDPOENTS 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 (table 7-1). Natuil 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, nviiy 
recreational wildlife 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 wildlife. Sensitive habitats 
include wetlands providing habitat for state-listed 
plants and animals, cedar barrens, and river 
bluffs. 

As discussed in Section 4.1, determining risks to 
endpoints requires (!) selecting receptor species 
and (2) defining distribution and composition of 
endpoints. Although ORR is not ecologically 
homogeneous, it is more or less uniformly 
heterogeneous 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, 
supplemented by personal communications 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 Species 

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 

evaluated; state-listed species or species of 
special concern 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 
plants 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 bttu repeatedly reported on 
the ORR (Kroodsma 1987a; Parr and Evans 
1992). The ORR is also within die range of the 
endangered Indiana bat, 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 cf 
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 

Hardwood 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 specie: ess die Qsk Rif'ge Rssars^sa 

Species Common Name | Status1 

PLANTS 

Aureolaria panda Spreading false foxglove CI 

Cimicifuga rubifolia Appalachian bugbane C2 

Delphinium exaltation Tall larkspur C2 

BIRDS 

Haliaeetus leucocephalus Bald eagle E 

Thryomanes bewickii Bewick's wren C2 

| Aimophila aestivalis Bachman's sparrow C2 

| REPTILES AND AMPHIBIANS 

1 Cryptobranchus alleganiensis Hellbender C2 

| Aneides aeneus Green salamander C2 

1 FISH 

| Polyodon spathula Paddlefish C2 

' Endangered and threatened wildlife and plants. SO CFR 17.11 & 17.12, July IS. 1991; Endangered and threatened wildlife and 
plants: animal candidate review. Fed Reg SO CFR part 17.Nov.21.1991; Endangered and threatened wildlife and plants: review 
of plant taxa. Fed Reg SO CFR part 17. Feb. 21. 1990. Esendangered, T=threatened, CI, C2=under review. 
Source: Cunningham et al. 1993. Kroodsma 1987a. Kroodsma 1992. Parr and Evans 1992) 

TABLE 7-2—Distribution ofEndpoints on the Oak Ridge Reservation 

1 Ubiquitous Discontinuous Discrete 

1 Resident, breeding, and 
1 wintering federal candidate 

species' 

Wetlands along streams 

Recreational wildlife 

Important components of 
biodiversity not included in 

R the above (bats, food sources 
1 for other species, interior 
| deciduous forest communities) 

Wetlands and riparian vegetation 
along the impounded river 

Recreational fish in major streams 
and the impounded river 

Sensitive ecosystems important •' 
biodiversity and federally listed 
and candidate specks3 (river bluffs, 
cedar barrens, and Indiana bat 
foraging habitat) 

Public lands within the 
reservation 

1 Birds 
1 Indiana bat and plants 
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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 concern are likely to have 
patchy distribution rather than 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 toxicity 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 
(Cunningham 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., stated-listed orchids) (Cunningham et al. 

7.1 J Recrestfcss! Fish and WOdlifc 

7.1.3.1 Receptors. 

Fish and wildlife suitable for recreational use are 
abundant on the ORR (Boyle et al. 1982; Parr 
and Evans 1992). Fish suitable for recreational 
use include gizzard shad; large-mouth, white, 
striped, and yellow bass; several species 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, does not require 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 v"nted annually, and wild turkey, 
which are o ^ e d for release off-site. Other 
recreational wildlife .nclude coyote, beaver, 
foxes, bobcat, raccoon, crtontail rabbit, 
groundhog, opossum, eastern gray squirrel, 
weasel, mink, woodcock, bobwhite quail, ruffed 
grouse, mourning 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 (Bradburn and 
Rosembalm 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 agricultural 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, 
some wetlands, very young pine plantations, and 
fields previously used as pasture, primarily on 
the eastern end of the ORR. 

7.1 £ 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 lands 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 a,ea 
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 on 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. 

7.1.6 Biodiversity, indvding Sensitive 
Habitats Other Than Wetikods 

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 die ORR. The endangered 
Indiana bat, whose habitat 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 waterfowl 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 major food 
organisms of receptors chosen to represent other 
endpoints (i.e., 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, at: other 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 to 
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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in the spring and fall and is an important source 
of wildlife for surrounding areas (e.g., 
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 stare-protected plant and animal species are 
found throughout the reservation (Cunningham et 
al. 1993). Abundant relatively pristine reaches 
of streams on the ORR are also an important 
component of biodiversity and contrast with 
streams in the surrounding area, which are 
affected by agriculture and urbanization. 
Although chemical and radiological contaminants 
are present in some streams, sediment resulting 
from human activity, which is 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 certain 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. Terrestrial receptors (e.g., 
mouse, rabbit, coyote, bats other than the Indiana 
bat, and other species not explicitly included in 
the analyses) are ubiquitous. 

Two normative plant species dominate certain 
areas of the ORR. Several hundred acres, 
primarily along roads in the valleys, have been 
planted in normative loblolly pine (Pima taeda). 
which is very poor habitat for most native 
species of plants and animals. Many disturbed 
areas (e.g., roadsides and nghts-of-way) have 
been planted in fescue (Festuca elaiior), 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 

planted for erosion control, Japanese honeysuckle 
(Lonicera japonica) is invasive *hrcughout the 
ORR. Japanese grass (Microstegium vimineum) 
often blankets the ground in moist 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 restoration 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 inorganic and organic 
contaminants. The primary radionuclides, 
according to relative average concentrations, are 
"•Ru. "Sr. *Y. "Tc. "7Cs, " t m . M ,Am, , 4 ,Ce. 
2 J 4 MPa, ^Pu. nt33a:a*Th. and "'Np; the primary 
inorganics are AL, AS. BA, B, Cd. Co. Cu. Cr. 
Fe, Mg. Mn. Ni. Si. Pb. Hg. Zn, 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,). 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. 

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 species from exposure to the 
maximum values were not considered further. If 
exposure t< the maximum concentrations of 
contaminant* posed a risk to organisms, then the 
average concentrations of those contaminants 
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i n S L c #-«»/m g i i n i i i m i i i m w n r c t u g c * « « i *vw v v m i J S i i i i M i i 

M u t a n t AWMJB 
COOtUtOMt CoaccatmlM CawtHmt CMctstfnrttoa 

Arodor 1248 156E+02 Arociorl248 5.24E+00 
Benzene 3.80e-02 Methylene chloride I.64F+00 
Trans-1 J-dJchkwoethytene 2.706+00 Phenol 2.90E+OI 
2.4-dirnethylphenol 2.40E+00 Toluene I.60E+00 
Fluoranthene I.40K+02 Aluminum 1.68E+04 
Freon 113 7.?4E+00 Antimony 1.35E+OI 
Methylene chloride •64E+00 

1306+01 
Atsenk 
Barium 

9.09E+O0 
IJ2E+02 Phenanthrene 

•64E+00 
1306+01 

Atsenk 
Barium 

9.09E+O0 
IJ2E+02 

Phenol 2.90E+01 Beryllium l.OIE+00 
Tetrachloroetbene 9.I7E+00 Cadmium 9.69E+0I 
Toluene I.60E+00 Chromium 2.43E+OI 
l.l.l.-trichJoroethane 4.27e-02 Cobalt I.68E+OI 
Xylene 5J7e-01 Copper 2.00E+O0 
Aluminum 8.62+04 Cyanide 1606-01 
Antimony 1.35+01 Iron 1.65+04 
Arsenic 7J0E+OI Lead 3.01 E+01 
Barium 6.84E+02 Lithium 5.I6E+01 
Berllium 2.90E+02 Manganese 9.08E+O2 
Boron I.89E+02 Mercury 3.43E+02 
Cadmium 6.95E+03 Molybdenum 1.12E+00 
Calcium 2.04E+05 Nickle 2.17E+OI 
Chromium 8.80E+OI Potassium 3.16E+03 
Cobalt 2.50E+01 Selenium 1.68E+OI 
Copper 2.40E+OI Silver 3.05E+OI 
Cyanide ion l.60e-01 Sodium ion 8.09E+OI 
Gallium 2.13E+01 Thallium 7.55E+OI 
Hafnium 8.I5E+00 Vanadium 2.39E+OI 
Iron 6.43E+04 Zinc 4.11E+0I 
Lanthanum 3.00E+00 Zirconium 4.25E+O0 
Lead 5.50E+02 Cerium-141 I.97E+-I5 
Lithium 3.70E+01 Curium-244 I.530E+12 
Magnesium 7.93E+03 Siontium-90 9l7e-0l 
Manganese 9.08E+02 Yttrium-90 6.53E+-I5 
Mercury 3.73E+02 
Molybdenum 6.00E+00 
Nickle 3 05E+O2 
Niobium 2.00E+01 
Nitrate 2.00E+OI 
Phosphorus 2.I8E+03 
Potassium 3.87E+04 
Scandium I.26E+OI 
Selenium I.71E+01 
Silver 305E+01 
Sodium ion 3.84E+02 1 
Thallium 7.55E+01 
Titanium 2.I2E+03 
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Average 

Vanadium 2.12E-MB 
Zinc 760E-»Ol 
Zirconium 5.70E+OI 
Cerium-141 I.97E+I5 
Cesium-137 3J6E+02 
Curium-244 6.04E+I2 
PDtassium-40 1 12E*04 
Strontium-90 8.21E+12 
Tborium-232 2.18E+03 
Uramum-235 2.25E403 
Uramum-238 909E+04 
Yttrium-90 6.53E+I5 

Note: Measurements for chemical constituents given in milligrams per kilogram, dry weight, measurements for radionuclides given in 
pkocuries per kilogram, dry weight 
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TABLE 7*38-Msssssst ss&Arzrsgt K2S SsSr SsS CsscsxSrsSsss 

^ ^ • ^ ^ ^ ^ ^ • ^ ^ ^ ^ • ^ ^ ^ Avenge 
Coattttfuat CawtaMtori' CMtttmt CMctatatiM 

Acenapchytene 2.00E+O0 
6.70E+O0 

Ben20(A)pyfcite 
BEHP 

1 15E+00 
U4E+00 Anthiaccne 

2.00E+O0 
6.70E+O0 

Ben20(A)pyfcite 
BEHP 

1 15E+00 
U4E+00 

Aroclor 1016 1.00E-OI Di-n-boryl phthalate IJ2E+00 
Aroclor 1232 l.OOE-OI Ahnmnum I90E+O4 
Aroclor 1242 1.00E-0! Antimony 4.65E40I 
Aroclor 1248 l.OOE-OI Arsenic I.08E+01 
Aroclor 1254 6.T0E+O0 Barium I92E+02 
Aroclor 1260 2.80E-OI 

2.50E+O0 
Beryllium 
Boron 

6.4IE-01 
2.0IE+CO Bcnzo(a)aMthfacene 

2.80E-OI 
2.50E+O0 

Beryllium 
Boron 

6.4IE-01 
2.0IE+CO 

Benzo(t)pyrene 4.70E+O0 Osffasmn 1.75E+00 
Benzo<b>flDorantheae 4.20E+00 Cbrotnium 7.94E+01 
BenzofgJulperylene 3.50E+00 Cobalt 9.72E*00 
Bcnzo(k)ftuorantbene 4.50E*00 Copper I.07E+02 
Benzoic acid 9.60E+00 Iron 4.9IE+04 
BEHF 3.80E+00 Lead 3.S4E+0I 
Chloride IC l.00E*O3 Lithium 2.04E+01 
Chiorofcrm 8.O0E+O0 Magnesium 1I0E+03 

Chrysene 2.70E+00 Manganese 5.63E+02 

Dibenzo(a.h)ar>thracene 1.90E+OO Mercury 1.20E+00 
3,3-dkhlorobenzidine 4.00E+00 Molybdenum 2.22E+00 
Diethyl phtnalate I.3CE+0I Nickel 3.13E+0! 
Dimethyi phthalate 2.00E+00 Potassium I.57E+03 
Di-n-botyl phthalate S.30E+00 Selenium 6.95EKX) 
Di-n-octylphthalate 2.00E+00 Silver 163E+00 
2.4-dinitrophenoi 9.60E+O0 Vanadium 6.44E+0I 
Ruoranthene 4.00E+00 Zinc I.06E+02 
Fluoride 3 96E+02 Zirconium 9.59E+00 
indeno( 1,2.3-cd)pyrene 3.50E+00 Americium-241 1.96E+09 
2-methylnapthalene 2.00E+00 Cesium-137 I.54E+I0 
Napihylene 2.00E+00 Plwonium-238 5.33E+09 
2-nitroaniline 9.60E+00 Protactinium-234M I.900E+I9 

3-nitroaniline 9.6OE+00 Strontium-90 I.10E+I2 
4-nitroaniline 9.60E+00 Technecium-99 l.20E-f(J5 
4-nitrophenol 9.60E+G0 Thorium-228 I.79E+I2 
a-aitro*odiuiT.-n-propylamine 1.20E+00 Thorium-230 1.46E+07 

Petitachlorophenol 9.60E+O0 Thorium-234 I.7I0E+I4 

Phenanthrene 2.IOE+00 
Pyrene 4.60E+O0 
Sulphate 5.43E+03 
2.4,5-trichlorophenol 9.60E+O0 
Aluminum 240E*O4 
Antimony 5.00E+OI 

1 Arsenic l.77E*02 
1 Barium 7.20E+O2 
1 Beryllium I.OOE+02 



Table 7-3b (coat) 

M a i l . — AWSfB 
LOMtatat CoaccatratieaT* CMHae* ConceamUn 

Boron 8.90E+O0 
Cadmium 2.90E+OI 
Calcium 3.10E+O5 
Chroromm 3.70E*O2 
Cobak 5.9CE+OI 
Copper 300E+O3 
Iron 124E+05 
Lead 4.20E+02 
Lithium 2J0E+01 
Magnesium 2.70E+O4 
Manganese 170E+O4 
Mercury 290E+OI 
Molybdenum I.OOE+OI 
Nickel I.90E+03 
Niobium 3.60E+00 
Nitrate 8.56E+OI 
Phosphorus 3.10E+O2 
Potassium 5.70E+O3 
Selenium I.45E+02 
Silicon I.IOE+03 
Silver 6.75E*02 
Sodium 1.30E+02 
Thallium i.ooe+oo 
Titanium i.ooe+02 
Vanadium 3.25E+02 
Zinc I.3IE+03 
Zirconium I.IOE+OI 
Americium-241 2.29E+09 
Cesium-137 I.37E+II 
Neptunium-237 104E+06 
Plutonium-238 2.59E+I0 
Plutonium-239 4.86E*04 
Protacunium-234M 4.83E+I9 
Strontium-90 2.04E+I3 
Technecium-99 3.79E+08 
Thorium-228 6.65E+I2 
Thorium-230 6.54E+07 
Thorium-232 2.I9E+04 
Thorium-234 47I0E*I4 
Uranium- 235 6 2IE+04 

| Uranium-238 4.32E+03 1 
"Chemical constitoems measured in milligrams per kilogram; radionuclides in picocuries per kilogram. 
NA * No measured soil concentration available. 



TABLE 7-3C—Maximum and Average XIO Soil CemcentrtOkms 

Custitaotf MUIBMUB Avenft 

Arodor 1248 

Ahnnimm 

Barinm 

Cadmium 

Calcium 

Chromium 

Hafhhnn 

Lithium 

Magnesium 

Manganese 

Mercury 

Nickel 

Phosphorus 

Potassium 

Sodium ion 

Titanium 

Vanadium 

Zinc 

Zirconium 

Americium-241 

Carbon-14 

Cerium-141 

Cesium-134 

Cesium-137 

Chromium-SI 

Cobalt-60 

Curium-244 

Europium-152 

Europium-154 

Europium-155 

lodinE-131 

Neptunium-237 

Plutonium-238 

Phtfonium-239 

Radium-226 

Ruthenium-106 

I.31E-01 

5.88E404 

2.62E+02 

I.I3E+01 

4.04E+04 

2.72E+02 

633E+01 

5 88E+01 

5.21E+03 

3.41 E+02 

320E+O2 

2.83E+02 

2.23E+02 

I.72E+04 

2.60E+03 

3.1IE+03 

607E+O1 

6.00E+OI 

9.I5E+OI 

4.47E+05 

1.39E+05 

347E+06 

8.36E+04 

3.73E+11 

383E+02 

2.43E+09 

4.47E+05 

I.39E+OI 

4.47E-MM 

I.39E+OI 

3.79E+03 

4.02E+03 

4.47E+0S 

4.47E+05 

1.70E+O3 

6.3IE+09 

Aluminum 

Barium 

Lead 

Lithhtm 

Manganese 

Nickel 

Potassium 

Selenium 

Silver 

Sodium km 

Zinc 

Zirconium 

Cerium-141 

Curium-244 

Strootium-90 

Ynrium-90 

NA 

5.24E+00 

1.64E+00 

2.90E+OI 

I.60E+00 

I.68E+04 

I.35E401 

9.O9E+00 

1.32E+Q2 

I.OIE+00 

9.69E+01 

2.43E+0I 

2.22E+08 

2.30E+06 

1.35E-»09 

7.69E+07 



T*fc7-3c(cMl) 

Constituent MufaMra 
CoKcatradMl* 

Cuimtfrnii Average 

Soontium-90 7.76E+C9 

Technecium-93 8.45E+03 

Technechun-99 2.01E+O3 

Thorium-228 7.90E+03 

Thorium-232 1.50E+03 

Uranium-234 1.I3E+00 

Uranium-235 I.77E-01 

Uranium-238 1.20E+O3 1 
"Chemical constituents measured in milligrams per kilogram: radionuclides : n picocuries per kilogram. 
NA = No measured soil concentration available. 



TABLE 7-4A—Maximur* and Average Y12 Water Concentrations 

fTonsdtaent Maximum Cooc' Constituent Average 
Cone* 

1 ArocJor 1016 2.50E-03 Aroclor 1016 2.50E-03 
1 Aroclor 1232 2.50E-03 Aroclor 1242 2.50E-O3 
1 Aroclor 1242 2.50E-O3 Aroclor 1248 2.50E-03 
I Aroclor 1248 2.50E-03 Aroclor 1254 2.50E-03 
I Aroclor I2S4 2.50E-03 Aroclor 1260 2.50E-03 
j Aroclor 1260 2.50E-03 Benzene hexachloride 

(gamma) 
2.50E-04 

j Benzene 1.20E-02 4.4--DDE 2.50E-04 1 
1 Benzene hexachloride (gamma) 2.50E-04 4.4'DDT 2.50E-04 
9 Carbon tetrachloride 1.10E-02 Methylene chloride 4.10E-03 
1 Chloroform 2.50E-02 Phenol 3.00E-02 
j Chloromethane 5.00E-03 Tetrachloroethene 4.81E-03 

2.4-D 2.50E-O3 Toluene 1.10E-03 
3.16E-03 I 4.4-DDD 2.50E-04 Vinyl chloride 
1.10E-03 
3.16E-03 

I 4.4'-DDE 2.50S-04 Aluminum 2.69E-02 
I 4.4'-DDT 2.50E-04 Arsenic 2.10E-03 
I l.l-dichloroethane 5.00E-O2 Barium 1.30E-03 
1 1.2-dichloroethane 1.00E-02 Copper 8.90E-03 
I 1,1-dichloroethene 2.50E-O2 Iran 1.36E-03 
j Trans-1.2-dichlorocthy Icne 8.31E-OI Lead 8.00E-04 
I Dieldrin 2.00E-O4 Magnesium 1.47E+01 
| Di-n-octylphthalate 2.70E-O2 Manganese 1.09E+00 
1 Endosulfan r50E-04 Potassium 4.94E-03 

Endosulfan II 2.50E-O4 Sodium ion 3.16E+00 
Endrin 250E-O4 Zinc I.53E-02 
Endrin ketone 2.50E-04 
Methoxychlor 2.50E-04 
Methylene cLi?*'*? 6.50E-02 
Phenol 3.00E-02 
2.4.5-T 5.00E-O4 
2.4.5-TP (Silvex) 5.00E-04 
Tetrachloroethere 1.02E-OI 
Toluene 6.30E-02 
Toxaphene 5.00E-04 
l.l.l-irichloroethane 6.80E-02 
1,1.2-trichloroethane 5.O0E-O3 
Trici 'oroethene 4.43E-03 
Vinyl chloride 9.20E-O2 
Aluminum 2.69E-02 
Arsenic 2.10E-G3 
Barium I.30E-03 
Calcium 936E-02 
Cooper 8.90E-O3 
Iron 5.80E-03 
Lead 8.00E-04 
Magnesium I.47E+0I 
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Table 7-4a (con't) 

Constituent Madman Cone." CoBstitatnt Avenge 
Coat* 

Manganese 1.09E+00 
Niobium 9.50E-03 
Nitrate I.OOE+00 
Potassium 2.00E+00 
Sodium ion 3.WE+00 
Zinc 1.53E-02 
Americium-241 8.80E-O2 
Neptunium-237 6.41E-01 
Radium-226 5.68E-01 

1 Thorium-230 3.90E-01 
I Uranium-234 1.11E+02 
I Uranium-235 I.65E+OI 1 
I Uranium-23l' 2.35E+02 1 

"Chemical constituents measured in milligrams per kilogram; radionuclides in picocuries per kilogram. 
NA - No measured concentration available. 
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TABLE 7-4B—Maximum and Averagt XIO Water Concentrations 
Measurements in miiiigrams per liter (for chemkai constituents) or pkocuries per liter (for radionuclides) 

C U t e M M a x ^ - C - c ^ r a U o . 1 Avenge vsBccfltnttiQ 

Benzene 6.80E-03 1 Benzene hexachloride (gamma) 2.50E-03 
Benzene hexachloride (gamma* 2.00E-03 I 1 Almniflttsn 2J0E-03 
Chiatofatin 4.70E-02 \ 1 Barium 250E-03 
2.4-D l.OOE-02 

5.0OE--O3 
390E-O:, 

Beryttram 
Boron 
Cfafomrafn 

250E-03 
2.50E-03 
2J0E-04 U-dkhloroetbaiie 

l.OOE-02 
5.0OE--O3 
390E-O:, 

Beryttram 
Boron 
Cfafomrafn 

250E-03 
2.50E-03 
2J0E-04 

trans-1.2-dichloroethylene 2.I0E-O3 Copper 2.50E-04 

EttdrtB 2.00E-03 Iron 2 50E-04 

MethoxycMor S.OOE-03 Lead 4.I0E-03 
Methylene chloride 6.40E-03 Lithium 3.00E-02 
2.43-TP (SUvex) l.OOE-02 Magnesium 4.81E-03 
Toxapbeae 5.0OE-O3 Manganese I.I0E-03 
« . • . _• 1.90E-03 Mercury 3.I6E-03 i ncnionietneoe 1.90E-03 Mercury 3.I6E-03 
Aluminum 4.80E+00 Nickel 269E-02 
Antimony 7.40E-02 Selenium 2IOE-03 
Arsenic I.00E-O1 Silver I30E-03 
Bahum 1.30E-0I Cerium-Mi 300E+O3 

Beryllium l.OOE-02 Curium-244 5.10E+03 

Bonn 8.00E-02 Yttrium 90 2.60E-02 

Cadmium 2.00E-02 
Calcium 3.I0E+VI 
Ovominm 5.00E-02 

0 Cobalt 6.IOE-03 

I Coppw 5.0OE-O2 | 
B Fluoride I.OOE+00 Q 
1 'fon 5 3OE+0O I 

Lead 2.00E-OI | 
Lithium 1.S0E+01 | 
Magnesium 1.40E+0I 
Manganese 9.70E-0I 
Molybdenum 400E-02 

Nickel 50OE-O2 

Nitrate IOOE+01 
Phosphorus 3.00E-OI | 
Selenium 2.00E-01 A 
Silicon 8 4OE+O0 | 
Silver 5.00E-02 | 
Sodium ton 5.00E+00 | 
Sulfate ion 500E+00 
Tin 5.00E-O2 
Titanium 450E-02 
Vanadium 8.50E-03 

Zinc 500E-02 

Zirconium 2.00E-02 
Amcricium-241 l.09E>02 

Cesium-137 2I1E+04 

Cobalt-60 5IOE+03 

1 Europium-152 131E+03 

| Europium-154 707E+02 I 



Table 7-4b .cam't) 

Cawtftwat Maxfcmm Caamatrattaa c - » - A m m O m M t a 
Earopnam-153 2.69E+02 
Ptarown-23S I.S5E+Q2 
rlmoorani-239 292E+02 
Ptanaiam-240 2.92&02 
Stroabsm-90 I.OOE+03 
TrHhm 2.00E+O6 

NA = No m i m e d water coacenuauon available. 



TABLE ?-5A—Msdmttm end .Average Y-12 Pkaii Sediment CsxcsatraShxs 
Measurements in milligrams per kilogram (for chemicals) or pCi/kg (for radionuclides) 

CMttaMt Mariana CtmntrattM CaaBtttao* ATtragt Cnaccai 

Aceaapmcne 7.90E-02 Aractet254 8J2E-02 
Aceaapmykae 1.606-01 Aroclorl260 120E-02 

AMria 1.106-03 BeaatXt)—ihnti 4.14E-01 
Anthracene 8-50E-01 •Vnit nr. hrxarblonde (gmna) 4.67E-04 
Arodori2S4 4.20E-01 BEHP 1.71E-0I 
Arodorl260 2.70E-OI 4.4-DDE 3.75E-04 
BeatoitimAuLtmt 3.90E+00 AA'-DDT 9.74E-04 

Benzene IJ5E-02 Methyleae chloride 1666-02 
Benzene hexacnloride (alpha) 2.00E-O4 Phenol NA 

Benzene hexacMoride (beta) 1 606-03 iCUamHKJIIW l l a l l g 8.SIE-03 
Beazeae hrxarhloride (gamma) 1006-03 Totneae 1.04E-03 

Beazeae bexaddoride (delta) 2.706-03 Vinyl cUoride 462E-04 

3.4-benzfluanadieae 5.006-04 Aiaaaaam 8.F0E+03 

BfHTO(a)t)y lene 3-506+00 Aatinaay 7396+01 

Benzo(gJu)pcryiene 5006-04 Arsenic 1666+01 

Bcazo(k)fhiofin!haie 4.606-01 Barnnn I.20E+02 

Benzoic acid 1806-01 Betytthun 1.78E+OI 

BEHP 1.206+00 Boron 3.16E+03 
Butyl benzyl phtbalate 2J06-OI CadnvBiu 5.32E+00 

Ca/bczol 7.806-02 Chromium 4.95E+01 

ChlorcUne (alpha) 4606-03 Cobalt I76E+0I 

Chlordane (gamma) 7.806-03 Copper 2.456+01 

Chiorobenzene 1.556-02 Iron 3.796+04 

ChJoroethane 5.006-03 Lead 6.566+01 

Chloride IC 2.006+00 Lithium NA 

Chlorofonn 2.10E-02 1 Magnesium 5106+03 

Chloromethane 2.906-02 I Manganese 1.246+03 

Chrysene 3.706+00 1 Mercury 1.316+01 

4.4'-ODD 4 806-03 1 Molybdenum I.69E+0I 

4.4'-DDE 6.006-03 I Nickel 3266*01 

4.4--DDT 4.70E-03 1 Potassium 6.806+02 

Dibenzo(aJi)anthracene 5806-01 1 Selenium 1.266+02 
1,1-dichloroethanc 1.606-02 1 Silver 1.656*01 

1.2-dichloroethane 9.006-03 I Sodium km 3I9E+03 

l.l-dichtoroethene 1206-02 i Thallium 1.596+03 

Trans-1,2-dichloroethylene 4206-01 | Vanadium 3306*01 

Dieldrin 1.206-03 I Zmc 962E+0I 

Diethyl phthaiaie 6006-02 B Zirconium 640E+00 

Di-n butyl phthalate 9.70E-0I 1 Curium-244 3.03E+OI 
Di-n-octylphthalate 2.506-01 1 Strontium-90 4.77E+00 

Endosulfan 1006-03 

Endosulfan II 1.306-03 

Fluoranfhene 7I0E+00 

Fluorene l.40e-' ,• 
Fluorotnc hi oro methane 2.10E-O. 
Heptachlor 3.00E-04 

Heptachlor epoxide 8006-05 

indeno( 1.2.3-cd)pyrene 2.206*00 

Methylene chloride 1306-01 



Tn»»«7-Sa(«»»*t) 

C n M t a e * WnlmmmCmKmnttm M k M ArnirCMcSSta 
Him—hi nr sooe-02 
Pyieac 7.906*00 

2.70E-0I 
7.906*00 
2.70E-0I 

Toluene 3I5E-02 
3.ME-03 l.l.l-vichioroethane 

3I5E-02 
3.ME-03 

TiKfcloroemene 590E-03 
Vinyl chloride 1J0E-O2 

7.80E+04 
Antimony 2.10E+O2 
Arsenic 2.20E+O2 
Brant lJOE+03 
Bciylliwn 515E+OI 
Boron I14E+04 

Cadmium 7.00E+O1 
CaldMD I.0SE+OS 
OvDcnmiQ I.40E+02 
Cobak 6 70E+O2 
Copper 1 I0E+O3 
Galhuin 390E+OI 
Oermaniwn looe+oo 
Iron 842E+04 
Lanthanum I.80E+01 
Uad 9.S4E+02 
Lithium 2.I0E+O2 
Magnesium 2.72E+04 
Manganese I60E+04 

Mercury 

Molybdenum 
Nickel 
Potassium 

Selenium 
Silicon 

Silver 
Sodium ion 
Thallium 
Tin 
Titanium 

Uranium oxyfluoride 

Vanadium 

Zinc 

Zirconium 

Americium-241 

Cesium-137 

Cobtk-60 

Curium-242 

Curium-244 

Nentunium-237 

Plutonium-238 

Plutonium-239 
Protactinium-233 

Slrontium-90 

956E+OI 
5I5E+OI 
5.20E+O2 
6.806*02 
I98B*03 
5.90fc>03 
5.I5E+01 
950E+O3 
3.4IE*04 
I90E+04 
2.60E+O3 
I20E+O2 
6.60E+O2 
8 70E+O2 
6.40c>00 
200E+O2 
2 05E+03 
222B+02 
2 00E+OI 
240fc>02 
2S4E+03 
l.70fcVfO2 
4 406+01 
742B+02 
I4IE+I3 
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T9Ms7-£s{S8Bt) 

CMtftant M i d M i CvBCHKnttai Cnri t t in i A w n s t CMMM 

Thoriwn-228 1 I7E+03 
Thorium-230 12IE+03 
Tboritim-232 I.4SE+03 
Uraniwn-234 385E+04 
Uraoraro-23S 3J6E+03 
Urannsn-238 I05E+O5 

NA = No mewed icdirocm coocambcn avaUbfe. 
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TABLE 7-5B Maiimmm tmd Avtwwg* K-25 $m Stdintm! C*mtm!nt6em 
Measurements in milligrams per kilogram (for chemicals) or pCi/kg (for radionuclides) 

C.U.WI.I M — C « « t a r '• in A W J I Ciauaiiaalia 

A c m e IOOE-OS BEHP 3JOE400 

Arodorl254 IOOE+00 AhMMMM 363E+04 

Arador 1260 1.00E+O0 Aneaic IJ9E+0J 

BEHP 3.5OE+O0 Bariaea 3^3E+01 

Broujofom. I.OOE-03 Btryuam l^OE+00 

Ovbos letricMonde 3.00E-03 BtWHfc SiJOE+OI 

O f a n b e m e IOOE-03 r i i • II 4.4fcE-0l 

M-ficMaracttne IOOE-03 d r a m a IJIE+03 

3O0E-03 Cobalt 2J0E+OI 

U ^ d t e ^ ^ e I.OOE-03 

iooe-03 
Cooocr 

boa 

IJ7E+02 

4.94E+04 

I.OOE-03 

iooe-03 
Cooocr 

boa 

IJ7E+02 

4.94E+04 

trtM-l̂ HficliloropropgBC I.OOE-03 Lead 2J8E+OI 

Efbyl hrwiff I.OOE-03 UB*HM 290E+OI 

FtaafMhne I.6OE+O0 M a p e m 507E+03 

Free* 113 I.OOE-03 MMg>MK 8I2E+02 

Free* 114 IOOE-03 Mercury 7.74E-0! 

FROM 123 IOOE-03 Melybdeauni 1.00E+OI 

Methyl chlofofonn 2.50E-02 Nickel 4 50E+O2 

Methyl ethyl ketone I.OOE-03 Potanwn 475E+03 

PbauMfarcw I.IOE+OO Sefcenm 6.00E+OI 

Phosphate S40E+O2 Silver I35E+00 

Pyieoe 1.40E+00 

I.OOE-03 

Vaaadiom 

Zac 

4 40E+01 

4 32E+02 

1.40E+00 

I.OOE-03 

Vaaadiom 

Zac 

4 40E+01 

4 32E+02 

Toluene I.OOE-03 Ceshm-137 663E+03 

Toupheae 3.00E-G3 Ptutomanv23t 2.16E+03 

l.l.2-<richloroethai>c I.OOE-03 Stronovm-90 7.50E+I2 

Tnchlofodhcnc 6.90E-O2 Technecuan-99 2 38E+06 

Tnchlorofluoromethane IOOE-03 Thorium-234 NA 

Alniranum 363E+0* 

Anemc 2 506+02 

Barium 6.30E+O2 

BcryUiom 3I0E+O0 

Boron I90E+O2 

Cadmium 56OE+O0 

Calcium 2 2SE+04 

Chromium 3 30E+O3 

Cobalt 6.I0E+0I 

Copper I70E+03 

Iron 4.94E+04 

Lead 2.20E+O2 

Lithium 530E+OI 

Magnesium I60E+05 

Manganefe J40E*03 

Mercury 9J0e+O0 



T«bkT-5M««t) 

C o - * — M**mmCma*n*m c « — A m n C M M . 

MolyMcapiP 4.90E+01 

Nkkd 9.70E+03 

Niobrara 7.00E-01 

rnOtpbOCVS 2.I0E+OJ 

rDCmnun UOE+04 

Sdcmm 2MC-»02 

Sihtr «.90£*0I 

Sodnm 3.IOE+C3 

Tkamo 4.6OE+02 

Vaoadnm 7 606+01 

Zac I30E+03 

Cerium-137 9.0IE+03 

Cobah-60 2.I3E+02 

NeptMunn-237 7.66E+03 

Pf«oaiaro-238 8 56E+03 

StRMtthun-90 2.58E+13 

TedmccittiD"99 6.76E+06 

Thoram-232 6.34E+03 

Unatani-235 834E+04 

Unoiam-238 4.74E*05 

NA = No measured sediment conceatiatkm available. 



TABLE 7-SC Mmriwuum mmd Awn** X10 Scdaumt Cmeadntimms 
Measurements in millignms per kilognun (for chemicals) or pCi/kg (for radionuclides) 

A m n . C i . f w i M 

B m 693E+C2 Bariaa NA 

BeiyflMi NA BCTyBaaai 152E-4B 
Boron NA Boroa 1206-02 
C A M NA C I I I I I I I 414E-0I 

Caicnai NA Choanal 467E-04 

Ctaoamn NA Cobak I.7IE-0I 

Cobalt NA Coooer 3.73E-04 

COODCT NA boa 974E-04 

Lead 2.62E+02 Lead 146E-02 

MapcsiaK NA Mataemn SJ1E-03 

Rtafaaese NA Maaaaaeat I4ME-03 

Mercary 2.19E+0! MQCHy 4.62E-04 

Nickel 650E+0I Nickel SIOE+03 

Potaniam NA htamam 739E+0I 

Sefcawra NA SffclMMH 1.66E+0I 

Saver NA SUver I.20E402 

SodtamioB NA Sodiamioa 17SE+0I 

Vaudram NA Vaaadian 3!6E*03 

ZMC NA Zinc 5J2E+00 

Zifcoajani NA Zifcooivni 495E+OI 

NA = No measured sediment coacentrabon available. 
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probable and reasonable exposure and risk. 

Contaminant exposure of species on the 
reservation depends on the amount of time spent 
in waste areas and die amount of contaminants 
ingested. Only species widi 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 .ueas of 
maximum concentrations (see Appendix B for 
discussion of home ranges). 

The risk assessment estimates die risk to 
vegetation, terrestrial wildlife, and aquatic 
organisms from chronic exposure to radiological 
and nonradiological contaminants. In the 
exposure analyses, die 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 die 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 
contaminants 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 
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to feed exclusively on fish and songbirds (robin), 
respectively; die mink to eat 50% fish and 50% 
mice; and the coyote to eat 50% mice and 50% 
rabbits. The bat was assumed to eat 100% 
insects, and die 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 (QJ for cottontail rabbits was assumed to be 
the same as diat reported for die jackrabbit, 6.3% 
of the dry matter intake (Arthur and Gates 1988). 
The white-tailed deer soil ingestion rate was 
assumed to be die same as diat reported for the 
mule deer, 1.35% of the dry matter intake 
(Arthur and Alldredge 1979). The soil ingestion 
rate for die moose was assumed to be 2% of the 
dry matter intake (Beyer et al.. 1991). The soil 
ingestion rate of die Canada goose was assumed 
to be die same as diat for die mallard, 8.2% 
(OHEA 1991). Since published values of soil 
ingestion rates were not found for die 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 QH. and Q„, respectively) 
for each representative species were calculated 
from allometric regression equations that were 
based on die weight of die 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 die specific habits and 
behaviors of most of the representative wildlife 
species is not well known, it is assumed that ail 
species spend 100% of dieir time on die 
reservation or within the vicinity of contaminated 
areas. Therefore, the fraction of contaminated 
vegetation, fruit, prey, soil, and water consumed 
(FIV, FIf, FI„, FI, and FI., respectively) is set at 
100% (table 7-6). 

Contaminant concentrations in vegetation, the 
first level in die food chain, are estimated from 
source term concentrations in die soils using 
published soil-to-plant element- or chemical' 



specific transfer factors (Baes et ai. 1984; Travis 
and Arms 1983) (tabic 7-7). Transfer factors for 
inorganic chemicals are available for both the 
vegetative and fruiting parts of plants (Baes et a!. 
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 die use of transfer factors 
(appendix A). 

Transfer factors for contaminants of concern 
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 
fxtors 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 (Morrison 1959). The wet- to dry-weight 
concentration conversion factor for soils was 
assumed to be 0.90 (Clark and Maisel 1977). 

• i 

Fty the baseline assessment of the ORR, the 
concenaarions of radionuclides in animal tissues 
and the insulting doses were not decay-corrected. 
The doses are estimated for die current situation 
and not at some point in the future. The primary 
radionuclides of concern (except for *Y) have 
sufficiently long half-lives, so this assumption 
was reasonable. PNL decay-corrected the 
radionuclide concentrations in die source terms 
to die 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 benmic macroinvertebrates and generic 
aquatic biota. For radiological analyses, emergent 
vegetation (i.e.. cattails) and muskrats were 
included as well. All aquatic organisms, except 
for benthk 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 internal radiation 
dose and exposure to chemicals. The external 
radiation dose from exposure to surface water 
was calculated 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 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 man I 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 greater 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 Species1 

Wyie-footed Eastern White- Cooper's 
Pma-cter Moats* Cottontail 

Rabbit 
tailed 
Deer 

Indiana 
Bat 

Robin Canada 
Goose 

Hawk Osprey Mink Coyote 

Body weight. BW (kg) 240E-02' 1 19E+00* 5 63E+OI' 7.30E-03' 7.50E-02 7 2.76E+O01 4.39B-OI' 1496+00" 1 1 & + 0 6 " i.oo4*Jin~" 
Water make rat , Q. (Ud) 6.406-03 1 I4E-0I 2.63E+O0 2 30E-03 I.43B-02 2.80E-0I S7SE-02 I7JE-0 I I.23E-OI 9.76E-0I 
Water •ccttwei fracboa, R , IOOE+00 IOOE+00 IOOE+00 IOOE+00 IOOE+00 I.OOE+00 I.OOE+00 I.OOE+OO I.OOE+00 i.eoe+oo 
Soil intake me. Q, (kgM) 438E-0S" 1 2SE-03" S.83B-03" 000 387E-04 1* C.29B-03" 0.00 0.00 0.00 0.00 
Soil iagestioa fracboa, Fl, IOOE+00 IOOE+00 looe+oo IOOE+00 IOOE+00 IOOB+00 0.00 0.00 0.00 0.00 
Vegetation Mtakc w e , Q, (kg/d) 000 3 73E-4B" 7.93E-0I" 0.00 0.00 I.77E-OI 0.00 0.00 0.00 0.00 
Vegctaboa iagenioa fraction. Fl, 0.00 IOOE+00 IOOE+00 0.00 000 I.OOE+00 0.00 000 0.00 0.00 
Flaxseeds intake tale. Q, (kgM) 3 36E-03" J73E-02 793E-01 000 5.80E-03" 000 0.00 0.00 0.00 0.00 
rrait/seedi lagesuoa fraction, Fl, IOOE+OO IOOE+00 IOQE+00 000 IOOE+00 0.00 000 000 0.00 0.00 
Piey 1 make rate. Q., <kg/d) I4OE-03 000 0.00 i 30E-03 2.50E-03 0.00 3.39B-02 I.05E-OI 3.63E-OI" 2.92E-0I" 

(insects) (uuecti) (insects) (meadowUrtu) (Ash) (mice) (fUM 
Prey 1 lagtrtion fraction, Fl* , IOOE+00 000 000 IOOE+00 I.OOE+OO 0.00 I.OOE+00 1.006+00 looe+oo IOOE+00 
Prey 2 intake me, <Au (kg/d) 000 000 0.00 000 0.00 0.00 0.00 0.00 363E-OI 2.92E-0I 
Prey 2 iacestioa fractioa. Fl„, 000 000 000 000 0.00 0.00 0.00 0.00 I.OOE+00 IOOE+00 
Prey 3 intake me. Q,,, <kg/d) 000 000 0.00 000 0.00 0.00 0.00 o.oo 0.00 0.00 
Prey 3 iaac irion tract, m. Ft*, 000 000 0.00 000 0.00 0.00 COO 0.00 0.00 O.OO 

' All vahtet are oa a wet weight oasis. For soils, the wetAsry nuto is 0 40 (CUr- and Maisel 1977). for vegetation the ratio is 0.32 >or Anil/seeds, the ratio is 0.17 (Morrison 1959). 
i W a J e r ^ f o o i co^unytto, fffgn w t K |,y methods in US EPA 1988 (Table 4-8) unless otherwise noted. 
' Lacsxry e» tl 1983. 
* Chapanan et al 1980 
' Ssntth 1991 
* Thocaaon 1982 
' Tenes 1980. 
* Tenes 1980 
' Tenes 1980 
T e n c s 1980. 
"WhMaker 1988. 
"Ban aad GraoaesJander 1976. 
"> toast soil iacestioa m e is 2 * of dry vegetation intake (Beyer et al 1991) 
T h e eastern coooatail is assumed to have die same soul ingestion me as die jackmbbilt (6.3%(Anhur and Gates 1088.) 
"The wlMt-tail deer is assented to have soil ingestion m e of 155% of dry mailer intake (Arthur and Alldredge 1979) 
T h e room soil ingcrtion m e is assumed to be 10% of dry matter intake. 
"The goose soil lagrttw m e is assamed to be 8.2% of dry matter intake. 
T h e rabbin ts atsanaed to eat 50% fnut and seeds aad 50% vegetation (Whitaker 1988). 
T h e while-tail deer is assumed to en 50% fruit and seeds and 50% vegetation (Whitaker 1988) 
"The BXMIK is assumed so eat 70% fruit and seeds and 30% insects (Uckery et al 1985) 
"The rotaa is assume-i lo eat 70% frail and seeds and 30% insects (Tenes 1980) 
"The miak is assuaaed ro ttt 50% mice and 50% fish (Whttaker 1988). 
T h e coyote is assessed to eat 50% mice and 50% rabbits (Whiiaker 1988). 

« j 



TABLE 7-T-Srim Vtgaaihm, Sri* FT^ m*Hamm IttfTnat/kr Fm*n, mi Fhk 
Ktctmumwtmn Fmamfur ate Otk U4gt Kqtn*im CiutHuimU tfCamctrm 

p=r Flak attacaaceatrattoa 
Factor 

S a l * Vegetattoa 
Transfer Factor 

SoItaFrait 
Transfer 

Factor 

Vegetarian * 
Beef Trawler 

Factor 

6.46E+02 2.16E-01 2.16E-01 2.0DE-04 

Acewp&ylenc 30IE+02 2.16E-0I 2.I6E-01 2.00E-04 
Akhia 3 14E+03 7.I4E-01 7 14E-0I 2.5IE-05 
Anthracene I.42E+03 9.71E-02 9.7IE-02 794E-04 
Arodor 1016 I.70E+O4 2.24E-02 2.24E-02 1.00E-02 
Aiodor 1232 I.60E+O2 2.24E-02 2.24E-02 I00E-02 
Arodor 1242 7.S4E+02 2.24E-02 2.24E-02 I.OOE-02 
Aradar 124S I.40E+O4 2.24E-02 2-24E-02 I.OOE-02 
ArocKir 1254 2J0E+O4 2.24E-02 2.24E-02 100E-O2 
Aiertor 1260 I.60E+OS 2.24E-02 2-24E-02 I.OOE-02 
Benxo(a)andiraccne 1 17E+04 I.97E-02 I.97E-02 I.26E-02 
Benzene 2.4IE+0I 2.37E+00 2J7E+00 3.I6E-06 
Benzortitfliiorjnthene 2J8+04 2.37+00 1 l9e-02 2.I4C-04 

Benzene texadiloride (alpha) 5.I7E+02 2.46E-0I 2.46E-0I I.58E-04 

Benzene htxachloride (beu) 5.42E+02 2.16E-0\ 2.16E-01 1.98E-04 

Benzene hexadtioride (ganvna) 1.80E+O2 I.65E-0I I65E-0I 3.16E-04 

Benzene hexadiloride (ddta) 7.70E+O2 I62E-0I I62E-OI 3.27E-04 

3.4-benzfluonmhene 6.94E+04 5.93E-03 5.93E-03 I.00E-0I 

Benzo(a)pyrenc 2.38E+04 I.32E-02 I.32E-02 2.5IE-Q2 

Benzo((J>j)peTylene 6.70E+04 609E-03 6.U9E-03 ^55E-02 
BenzoOctflooranchene 2.38E+04 1 I9E-02 I.19E-02 3.02E-02 1 

Benzoic acid 1.55E+OI 3O9E+0O 3.09E+00 2.00F.-O6 1 

BEHP 1.19E+07 4.37E-02 4.37E-02 3.16E-03 1 

Rutyl benzyl phtfaaiaie 3.54E+03 5.70E-O2 570E-O2 200E-O3 I 
Carbon tetrachloride 1 70E+01 932E-01 932E-0I I.58E-05 j 
Chlordane (alpha) 3.22E+02 2.56E-02 2.56E-02 7.94E-03 I 

Chlordane (gamma) 3.22E+02 2.56E-02 256E-02 7.94E-03 | 

Chloride IC NA 1 I9T-02 NA 8 00e-04 1 

Chlorobenzene 6.45E+02 932E-OI 9.32E-01 I58E-05 I 
CMoroethane 7 19E+00 576E+O0 5.76E+00 6.78E-07 | 

Chloroform 1 85E+01 2.706+00 2.70E+OO 2 5IE-06 I 

Chloromethane 3 IOE+00 I.I5E+0I I.I5E+0I 2.04E-07 1 

Chryiene I.08E+O4 I97E-02 I.97E-02 I26E-02 1 
2.4-D 805E+OI 9I7E-0I 9J7E-0I I63E-0S I 
4.t-DDD 2.7IE+03 I32E-02 I.32E-02 2.5IE-02 1 
4.4-DDE 845E+03 I.97E-02 I.97E-02 1 26E-02 | 

4.4-DDT 2.98E+04 7.74E-03 7.74E-03 6.3IE-02 I 
Dibenzo(aJi)anthracene 1 I3E+05 678E-03 6.78E-03 7.94E-02 

l.l-didiloroethane 1 35E+OI 353E+00 353E+00 1 58E-06 

1.2-didiloroethane 2.0OE+O0 J26E+00 5.26E+O0 7 94E-07 

1.1-dichloroethene I47E+0I 237E+00 2.37E+00 3I6E-06 

Trans-1.2-didtloroethyl'.ne 1 36E+O0 2.37E+00 237E+00 3I6E-06 

| Dicldrin 487E+03 8 50E-O2 8 50E-02 I.OOE-03 

Diethyl phthalate 436E+0I S48E-OI 5 48E-OI 398E-05 

2.4-dimeihylphenol 150E+O2 

J J70E+OI 

1.396+00 1 39E+00 794E-06 

3.3-dishlorobenzidine 

150E+O2 

J J70E+OI 2.70B4flF 

3.65-01 200e-O2 

Dimethyl phthalate 

150E+O2 

J J70E+OI 2.70B4flF 48S+0O 500e-03 



Tabic 7-7 (caat'd) 

Flafc MacaaKeatratfoa 
Factor 

S o l to Vcaetattoa 
Transfer Factor 

Sa«toFra1t 

Factor 

Veattattoate 
niifTiaaaftr 

Factor 

Di-n-buryl phthitale I.07E-MM 3.82E-02 3 82E-02 398E-03 

Oi-a-octylphdiitae I87E+07 I.86E-04 I.86E-04 3 98E+OI 
2.4-ditu(orpt)eno( 8.12E+00 9l7e-01 5.22E+O0 6.0Ce-03 
Endosulfan 2.94E+02 3.22E-01 322E-0I IOOE-04 

Eudosulfanll 

Eadhn 

3.32E+02 3.22E-01 322E-01 1.00E-04 Eudosulfanll 

Eadhn I48E+03 2.24E-02 274E-02 I.OOE-02 
Ffoonntfieae 312E+03 5.70E-O2 5.70E-O2 2.00E-O3 
Fluorene 7I3E+02 144E-0' 144E-0I 4.02E-04 
Fluoride I.OQE-fOI 7.74C-03 NA 5 50e-02 
Haofotricnlorofnethane 5.60E+OI I.34E+00 I34E+O0 8.5IE-06 

Ficon 113 1.90E+O2 4.79E-0I 4.79E-01 5.02E-05 
Hepucalor 1.30E+O3 I27E-01 1.27E-OI 5.01E-04 

1 Hepuchlor epoxide 6.73E+OI I.05E+00 105E+O0 128E-05 
j wdeiKrtl.2.3-cd)pyrene 5I3E+04 2.37E+00 6.69e-03 3.0QC-03 
I indent* l.2.3-cd)pyicne 5.I3E+04 669E-03 6.69E-03 S.I3E-02 
3 Methoxychkx 830E+O3 6.5IE-02 6 51E-02 I.58E-03 
I Methylene chloride 574E+00 6.86E+00 6.86E+00 501E-O7 1 

1 2-methylnapthalene 505E+O2 NA 2.28e-OI 8.00e-02 

Napthylene I68E+02 5.48C-OI 5 26e-OI 3O0e-O2 
2-nitroaniline NA I.39E+00 NA 2.50e-O3 
3-mtroaniline NA 3.82e-02 NA IOOe-01 
4-nitroaniiine NA l.86e-04 NA 5.50e-O3 
4-nrauphenol I26E+02 322e-OI 3.05+00 NA 
a-nitrosodium-o-oropy limine 7.22E+00 322e-01 6.34E+O0 NA | 

Penuchlorophenol 3.72E+03 2.24e-02 4.99e-02 NA 1 
Phenanduene I.44E+03 9 7IE-02 9 7IE-02 7.94E-04 1 

Phenol 7.57E+O0 526E+00 5.26E+O0 7.94E-07 I 

Protactinium-234M 1 10E+0I 250e-03 2.50e-O4 I.OOe-05 1 

• Pyrcne 280E+O3 335E-02 335E-02 50IE-O3 1 

i Sulphate NA 1 34E+00 NA NA | 

i 2 4 5 - T I90E+03 6 25E-0I 6.25E-OI 3I6E-05 I 
1 2.4.5-TP (Silvex) 5 7IE+02 207E-0I 2.07E-OI 2.I4E-04 

I Technccium-99 I50E+0I 950E+00 150E+00 8.50e-C3 

| Tetrachloroethene 5.57E+OI 420E-O1 4.20E-0! 6 3IE-05 

1 Toluene 699E+0I I07E+00 I.07E+00 I26E-05 

9 Tbxapnene I90E+02 65IE-02 6.5JE-02 I58E-03 

1 I.I.I-tnchlocoeihane 900E+00 I3^E+00 1 39E+O0 794E-06 

1 1.1.2-mchloroethane 390E+OI 207E+00 2.O7E+O0 3 98E-06 

2.4,5-trichlorophenol I90E+03 97le-02 273e-OI NA 

Tnchloroethene 3 79E+OI I59E+O0 1 59E+O0 63IE-06 1 

Vinyl chloride 6 59E+O0 6 0IE+00 60IE+00 63IE-07 

Xylene I77E+02 5 48E-OI 5 48E-OI 398E-05 

Aluminum IOOE+00 40OE-O3 6 50E-04 I50E-03 

Antimony IOOL+00 2.00E-OI J.OOE-02 I00E-03 

Anenic IOOE+00 4 00E-02 6O0E-O3 200E-03 

Barium 4 00E+00 1 50E-0I I50E-O2 1 50E-04 

Beryllium I90E+0I 1 OE-02 1 50E-03 IOOE-03 

Boron 220E-OI 400E+00 2 00E+O0 8O0E-O4 



TaMe 7-7 {cnt'A 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide ion 

Gallium 

Geftnaniiim 

Hafnium 

Iron 

Lanthanum 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Niobium 

Phosphorus 

Potassium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium ion 

Thallium 

Tin 

Titanium 

Uranium oxyfluohde 

Vanadium 

Zinc 

Zirconium 

Americium-241 

Cerium-141 

Cesium-137 

Cobalt-60 

Curium-242 

Curium-244 

Ncotunium-237 

Potasfium-40 

Plutonium-238 

Plulonium-239 

Protactinium-233 

Radium-226 

Stfontium-90 

Thorium-228 

Thorium-230 

Sol to Vtactattoa SaltaFralt ViajtattM » 
Factor Traaafer Factor Traaaftr BecfTraaa* 

Factor Factor 

2.006*02 55OE-0I 1.5OE-01 5 50E-04 

000 3.506+00 3.506-01 7.006-04 

2.00E+01 7.50E-03 4.506-03 5.506-03 

5.00E+OI 2.00E-02 7.006-03 200E-02 

5.00E+01 4.00E-01 2.506-01 1006-02 

3.79E-0I 542E+OI 5.60E-01 I41E-08 

I00E+O2 4.00E-03 4.00E-04 5O0E-04 

4.006+03 4O0E-0I 8.00E-02 7.006-01 

4.00E+01 3.50E-03 8.5OE-04 •006-03 

1.006+02 4.00E-03 1.006-03 2.00E-O2 

3.00E+01 I.00E-O2 I.OOE-02 3006-04 

1.00E+02 4.50E-02 9.0OE-O3 3.006-04 

5 00E-0I 2.50E-02 4.00E-O3 1.006-02 

500E+01 1.006+00 5 5OE-01 5.006-03 

4.00E+O2 2.50E-OI 5.006-02 4.006-04 

2.00E+O5 9.006-01 2.006-01 2.506-01 

I.00E+01 2.506-01 6.00E-O2 6.006-03 

I.00E+O2 6.006-02 6006-02 6006-03 

3.00E+04 2.006-02 S.OOE-03 250E-01 

I.00E+05 3.5OE+O0 3.506+00 5.506-02 

I.00E+03 1.00E+O0 5.50E-OI 2.006-02 

l.OOE+02 6.006-03 1.006-03 1.506-02 

1 706+02 2.506-02 2.506-02 1506-02 

200E+01 3 50E-OI 7.OOE-02 400E-O5 

23OE+00 4.00E-01 1006-01 3.006-03 

1.00E+02 750E-O2 5.506-02 5506-02 

l.OOE+04 400E-03 4.006-04 400E-O2 

300E+03 3 00E-O2 600E-03 8006-02 

I.00E+03 550E-O3 3.00E-03 3006-02 

200E+O0 NA NA NA 

1.00E+01 5.50E-03 2.506-03 2.506-03 

2.0U6+03 I50E+00 1.006-01 1.006-01 

J30E+00 2.006-03 5.006-04 5.506-03 

2.50E+OI 550E-O3 3.006-02 3.506-06 

I00E+00 1006-02 4006-03 7.506-04 

2.00E+03 8.006-02 300E-O2 2006-02 

5.00E+0I 2.006-02 700E-03 2.006-02 

2.50E+01 8.50E-04 1506-05 3.506-06 

2.50E+01 8506-04 I.50E-0S 3506-06 

I00E+0I I0OE-0I iooe-02 5506-05 

I00E+O3 lOOE+OO 5506-01 20OF-02 

350E+00 4506-04 4506-05 500E-07 

350E+00 450E-04 4506-05 5O0e-O7 

1 I0E+0I 250E-03 2.506-04 1006-05 

500E+0I 1506-02 1.506-03 2.506-04 

3 00E+0I 2 5OE+O0 2.5OE-0I 3.006-04 

3 00E+0I 850E-O4 I5OE-05 6006-Ob 

3 00E+OI 830E-O4 8506-05 6.0q^rO6 
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TaMe 7.7 ««•* '« 

Fttfc lataontratt— Safl to VefriatlM SaltoFrab VcfriatiMto 
Factor Traanfcr Factor Transfer 

Factor 
Beef Transfer 

Factor 

Thoriura-232 300E+01 8.50E-04 8.50E-05 6.00E-06 
Uranium-234 2.00E+00 8JOE-03 4.00E-03 2.00E-O4 

Uranium-235 200E+00 850E-03 4.00E-03 2.00E-O4 

Uranium-238 200E+00 8.30E-03 400E-03 2.00E-O4 

Yttrium-90 2-50E+OI I50E-02 60OE-O3 4.00E-O4 

NA z Transfer factor could not be calculated 
S wuu.: For organic*, the transfer factors were ralmlatrd from equations in Travis and Arms (1988) using K^ values from the Smptrfimd Chemical Data Matrix 
(1991). For inorganics and radionuclides, the transfer factors were taken from Baes et al. (1984). The K . for cyanide was taken from MEPAS and rhs transfer 
factors were calculated from equations in Travis and Anns (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 potential risk 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 ad. (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 die chemical-
specific aquatic benchmark (Suter et al. 
1992) (table 7-8). 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 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 concentration by the 
external radionuclide-specific dose 
conversion factor. Combined internal and 
external doses greater 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 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)J. 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 
assumptions 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 levels 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, c) 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 calculated 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 either 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 (CMI ' I ) 

Ca 
Zwcoanra 

w.r. 

7ME-02 

F.Catlaa. 

2ME-02 

WMvftMl 
D«*r 

J67E-0.1 I 126-01 II6B-02 I MB-02 
Hawk 

2166-02 I9IE-02 iotE-oi 
Ci 

TS 
'aVaVaanW i aatiaMB aVaVatMaataW 

.W-01 j NA J.SiE-OI 

'The vourcc for aH terminal benchmarks cirep Ihmc for vctciauon was (Op9.'> For vegetation, Ihe MMHCC wax (Su9)) and Ihe Masimhtartlt Military Rturtation Kith Aistumrnl HumHxmt, 1992. 
>Hte sowrcc for aquatic benchmarks was (SuV?) 
NA - Benchmark not available 



As at ENEL, it was assumed that 
terrestrial species with home 
ranges greater man me wasie 
complex of each facility could 
receive at roost 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 linear 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 5 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 

along East Fork Poplar Creek. 
Poplar Creek, and Bear Creek 
IOT i-14 JOB. •#•]£.«* one uw. 
Creek for X-10 would be at risk 
at the level wfiiawrf hji m tngr 
hazard indices, and mat mink 
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 l small stream, 
about 1.2 krri (0.75 miles) of 
which contains 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 feed on aquatic 
life in streams (e.g., the great 
blue heron and the belted 
kingfisher) were assumed to be 
exposed to contaminants similar 
to those calculated for the 
osprey. 

6. As reported in the source term 
data base, only about 220 ha 
(550 acres) or about 1.5% of the 
surface area (eg., nonaquatic) of 
the ORR is waste sites or known 



areas of contamination, which 
are the only parts of the 
reservation considered for 
remediation. Terrestrial 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 plants. As at INEL, 
although mis contamination may 
be measurable and is known to 
be of concern in some areas, 
source terms were not available 
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 to be simi'-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 to 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-10 were 
apparently for the entire 
watershed, including terrestrial 
habitat, of East Fork Poplar 
Creek and White Oak Creek and 

are much larger than actual 
aquatic or wetland habitat. 

More accurate estimates of 
surface areas of stream habitat 
affected by effluents from Y-12 
and X-10 were derived from 
map distances and published 
data for East Fork Poplar Creek 
(SA1C 1994). resulting in 
estimates of 40 to 80 ha (100 to 
200 acres) and 5 to 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 
45 to 100 ha (112 to 250 acres) 
are affected by effluents, about 
one-third to one-half of the 
stream area on die 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. 

8. Wetland area associated with 
streams, ponds, and embayments 
was assumed to be proportional 
to die surface area of water. 
Therefore. U»e proportion of 
wetland affected would be 
compar. .e to the proportion of 
streams, ponds, and embayments 
affected. 

9. 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 
c o n t a m i n a t e d a n d 
uncontaminated habitat. 

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



TABLE 7-f A—Horn* rm*es* oftmd Batmi Index (HI) Correetmm Fmcfn* (CF) for neemar 
specks* the Y-I2 Pkmf* d* ORR 

E i * * * • - » • » 
<4b> 

( I t acres) 
4 * » 7 t » t . 

( l t » 7 W a c r a ) 
>7Mka 

(lTWsxm) Factor 

Threatened and 
Endangered 

Indiana bat X 1.0 

candidate 
songbirds 

X 1.0 

Wetlands generic X 1.0 

Recreational wildlife white-tailed deer X 0.2 

cottontail rabbit X 1.0 

Canada goose X 0.2 

coyote X 0.14 

Agricultural vegetation X 1.0 

Biodiversity white-footed 
mouse 

X 10 

Coopers hawk X 0.2 

mink X l.0» 

robin X 0.2 

• osprey X 0.3' 

1 See Appendix b 
2 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 to the ratio of 
contaminated land to the area of the waste coompiex: CFs for wide ranging species egual the ratio of contaminated area to the area of the home range (see 
text and Appendix B for discussion of CFs). 
1 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 %9B—AM Mages of mad Hazard Index (HI) Comet** Factors (CFf 

<2»ha > » h a Camctfosi 
C«l|iilU •'upM (5t acres) { » acres) Factor 

Tbicatencd and Endangered Indisna Indiana bat X 1.0 

candidate songbirds X 1.0 
Wetlands generic X 10 
Recreational Wildlife while-ailed deer X 01 

cottontail rabbit X 10 
Canada goose X 0.04 
coyote X 0.02 

Agricultural vegetation X 1.0 
Biodiversity white-footed mouse X 1.0 

Coopers hawk X 0.1 
mink X' '0.5 
robin X 1.0 
osprey X' 0.01 

1 See appendix B. 
2 A CF of 1.0 was applied to His for each contaminant for each species having a home range < 20 ha (50 acres): other CFs are equal to the ratio 
of contaminated area to the area of the home range (see text and Appendix B for discussion of CFs). 
1 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 l-9C—Home Ranges of and Hazard Index (HI) Correction ¥ acton (CFf for receptor species 
a\ X-10 on the ORR 

rin*Pffhrt RftfiHm 
<2lM 

(5 acres) 
2 to 450 ba 

(5 to 1100 acres) 
450 ha 

(1100 acres) 
Correction 1 

Factor j 
Threatened and 
Endangered 

Wetlands 
Recreational wildlife 

Indiana bat 

Candidate songbirds 
generic 
white-tailed deer 

X 

X 
X 

X 

10 1 
1.0 1 
10 1 

0.15 I 
j cottontail rabbit X 1.0 

1 Agricultural 
1 Biodiversity 

Canada goose 
coyote 
vegetation 
white-footed mouse 

X 
X 

X 
X 

0.13 
0.06 
1.0 
1.0 

Coopers hawk 
mink 

X 
X' 

0.15 

robin X 1.0 
osprey X' 0.1' 

' See Appendix B. 
' A CF of 1.0 was applied to His for each contaminant for each species having a home range < 2 ha (5 acres), other CFs are equal to the ratio of 
contaminated land to the area of the waste complex. CFs for wide ranging species equal the ratio of contaminated area to the area of the home range 
(see text and Appendix B for discussion of CFs). 
1 These species feed near or in streams, ponds, and aquatic areas. Correrrion factors for these species are discussed in the text (Section 7 4) 
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FIGURE 7-4 
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for which the loss of an individual is 
considered s significant risk to th? 
population. other endpoints „were 
assumed to be at risk only at'the'scale-
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, 
the 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 estimated the level of 
effects frorr. exposure to contaminants. 

7.5.1.1 Y-12 Plant 

Baseline uncorrected His for terrestrial receptors 
exposed to the maximum source concentrations 
at the Y-12 site were greater than the criteria 
limit of I for 10 of 22 organic contaminants with 
benchmarks, and 23 of 28 inorganic chemicals 
with benchmarks. Exposure to the maximum 
concentrations of radionuclides resulted in His 
for all receptors of about 3E+9: radiological 
exposure was dominated by exposure to *"Y and 
l 4'Ce in soils. 

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

Of the 20 radionuclides to which terrestrial 
receptors could potentially be exposed, only 
M'Ce. 244Cm, "'Sr. and *°Y resulted in His 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 His 
grecter than I (table 7-10a). About 40% of the 
HI values were above ! 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. 

despite the much lower average dose from "Sr 
and ! 4 4Cm: 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 His 
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 1 for benzo(a)anthracene, 
BEHP. methylene chloride, vinyl chloride, 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 alt of the 
inorganic contaminants (table 7-1 la). Only 
exposure to the average concentration of vinyl 
chloride resulted in an HI over 1 for benthic 
macroinvertebrates in the sediment pore water 
(table 7-1 la). Hazard indices for benthic 
macroinvertebrates exposed to the average 
sediment concentrations were still more than I 
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 His exceeding 1 only for 
macroinver^ebrates exposed to '"Sr. There were 
no His 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 terrestrial 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 terrestrial 
receptors could potentially be exposed, only 
, 3 7Cs, 2 4 lAm, 2 MPu. 2 3 4 mPa. *Tc, 2 M 2 M T h and ^Sr 
resulted in His greater than 1 for all species. 
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Exposures of terrestrial species to average soil 
concentrations at the site were calculated for 
these contaminants whose maximum 
concentrations resulted in His 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 His 
for inorganic contaminants were all less than 30. 
About 82% of these HI values were above 1 but 
below 10. 15% were above 10 but below 1000, 
leaving 3% still above 1000. The radiological 
dose to receptors from exposure to average 
concentrations decreased slightly to about 8+«12 
and was primarily due to exposure to "^Ta 
(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 His 
over 1 for one organic chemical, BEHP, and 20 
inorganic chemicals. 

Hazard indices resulting from exposure of 
benthic macroinvertebrates to *he average 
sediment pore-water concentrations were still 
over 1 for BEHP and 18 inorganic contaminants 
(table 7-1 lb). The His for B, Fe, Mg, and K. 
were more than 1000, and Al, Cr, Co, and Ag 
had His 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 His exceeding 1 for *'Sr only (table 7-12b). 
Concentrations of *°Sr in the sediments were on 
the order of 10 1 3 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 criteria limit of 1 for 
14 of 18 inorganic contaminants with 
benchmarks. There were no His greater than I 
for terrestrial receptors exposed to the maximum 
concentrations of organic contaminants. 

Exposure to the maximum concentrations of 
radionuclides resulted in His for all receptors of 
about 1.5E+05. The maximum radiological 
exposure was dominated by exposure to '"Cs'ih 
soils. 

Exposure of terrestrial species to average soil 
and water concentrations at the site were 
calculated for those contaminants whose 
maximum concentrations resulted in His greater 
than 1 (table 7-10c). About 73% of the HI 
values were above 1 but below 10 (versus 70% 
for the maximum). 23% were above 10 but 
below 1000 (versus 27% for the maximum), and 
about 2% were still above 1000 (versus 3% for 
the maximun). Theaverage radiological dose to 
receptors decreased to about 100 and was 
primarily due to exposure to 1 0 6Ru (table 7-l0c). 

Exposure of aquatic organisms to the maximum 
concentrations of non-radiological contaminants 
in surface water at the X-10 site resulted in His 
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 1 (table 7-
12c). 

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 (i.e., 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 12 a, b, c). 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) 

ft Hatard ladira (atcutated Using Average Coatamiranl Cancralra<i«u 

Rabbit Deer Ind. Bat Rabia ( i m C. Hawk Oapfty Cayatt VtaMatlM 

Vaaadiuin I 87E-OI 

YV7E-02 

3 96F.-0I 

I06E-OI 

2 M E - 0 I 

I7IE-0I 

I 63E-OI 

7 71E-<12 

2 I9E-02 

9 98E-02 

7 I9E-0I 

5WE-02 

I09E+00 

277E-OI 

1 88E-05 

2 8IE-04 

000 

360E-OI 

• f t i . 

I29E-05 

I48E+00 

S29E-05 

9 I I E - 0 4 

RadMagkal D a m (rad/d) Calculated Using Average CaalawlwaiK Coneettlratlena 

43OE-0I 

S28E-0I 

NA 

C chant M l 

O v u m 244 

Stfoati«nv90 

YnnwrtW 

Total dose 

M« Deer Ind. Bal RaMn C-Hawk Oaprey Cayotc 

2 23E+07 2 23E+07 223E+07 2 23E+07 2 23E+07 2 23E+07 2 23E+07 223E+07 2.23B+07 2.23E*07 2248+0? 

7 2SE+02 725E+02 7 25E+02 7 2SE+02 7 2SE+02 7 25E+02 7 2.1EHH V2SE+02 725E+02 725E+02 ISIE+02 

4 77E-08 4 77E-08 4 77E-08 4 77E-08 4 77E-08 477E-08 477E-OS 477E-OJ 477E-08 4.77E-08 90IE-OI 

2»1E*08 2 8IE+m 281E+08 28IE+08 2 81E+08 28IE+08 28IE+08 28IE+08 2IIE+OS 2.8IE+OS 2I3E+OI 

103E+O8 1 03E+O8 3 03E+O8 3 03E+08 .103E*O8 303E*O8 303E+O8 303E+O8 303E+O8 3 03E+O8 303B44I 

IflMfrff IPfrfll _JLQlEifl8 M U H 



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

H a u r d Inak t i Catoalatnl Ustn| Average CanUartaanl CanreatnrtlMM 

Mawe Rabbit Deer litd. Bal Rabin Gaaat C.Hawfc Otptcy M M CayaU Vefetatfan 

1 IMF.-01 2 02E-OI I 15E-01 2 18E-02 1 4 I E - 0 I 5 1IE-0I 8 956 -05 0 00 7 ! 6 E - 0 6 2 7.16-04 809E-0.1 

NA NA NA NA NA NA NA NA NA NA 797E-02 

9 46E-05 1 66K-<M 1 17E-04 4 24E-05 5 I9E-0I 8 ROE-OI 2 I5E-05 0 0 0 I04E-09 JJ5E-08 8.02E-05 

NA NA NA NA NA NA NA NA NA NA 2.146+03 

2 1.1E-05 4 4IE-OS 5 4IE-05 2 91E-05 4 0IE-05 1 I4E-04 4 I9E-I0 0 0 0 6 416-11 2.ME-09 1.366400 

2 67E-OI 9 3IE-01 407E-0.1 162E-OI 7 94E-0I 149E-02 2 84E-07 oon 2 52B-OS 588E-07 6 47E-OI 

7 * * - O I I44E+O0 I64E+00 8 85E-OI I45E+00 3 84E+00 2 2 7 E - 0 6 0 0 0 .1.056-07 1 I6E-05 .1 45E-OI 

9 06E-O4 1 92E-0.1 9 11E-04 1 866-04 1 19E-0.1 5 .1.1E-4M .1 5.1E-08 0 0 0 2 49E-09 I01E-O7 5.77E-02 

1 ISE*O0 IOIE+00 2.89E*O0 IS7E+00 I.36E+O0 1 3IE+0I 8 70E-O7 0 0 0 I74B-06 S.89E-05 524E-OI 

2 566-02 5 3IE-02 2 47E-02 389E-01 9 47E-02 1 45E-OI 54.1E-06 0 0 0 .187E-07 1 56E-05 9 S 2 B - 0 I 

NA NA NA NA NA NA NA NA NA NA .1506-01 

SME+OO 107E-02 I04E+00 J99E+00 I.03E+0I 6 60E-02 I99E-06 0 0 0 549E-07 I66E-05 16IB+O0 

NA NA NA NA NA NA NA NA NA NA 4 42E+O0 

1466*01 292E+0I 228E+OI 9.3SE+00 1.27E+OI 1 29E-02 197E-05 0 0 0 I 2 I E - 0 5 4 70E-04 346E-0« 

NA NA NA NA NA NA NA NA NA NA 9 20B+00 

tOIE-OI 4 6IF.-0I 7 07E-0I 3 45E-OI 2 97E-OI 9 89E-0I I55E-05 0 00 4 I 4 E - 0 6 1 25E-04 NA 

MIE+OO Y»7E*00 SOOE*OO 2 7CE+00 3.2SE+00 9S3E+00 t 17F. -05 0 0 0 2.12E-06 812E-05 3 38E-OI 

1 95E-01 I.92E+O0 2 58E-OI 2 906 -01 6 17E-01 540E-02 1 66E-05 0 0 0 7 56E-04 2 596-02 3 616+00 

NA NA NA NA NA NA NA NA NA NA 9 9 9 B - 0 I 

2 22E-01 .1 M E - 0 1 .1 S7E-01 1 22E-03 4 56E-02 8 I 9 E - 0 2 2 85E-06 0 0 0 167E-OB 1 I9E-06 282E-OI 

3 06E-OI 5 62F.-OI 199E-0I 1 08E-OI 1 45E-OI 2 37E-OI 2 286-05 0 0 0 1 266-05 4.53E-04 I.23B+00 

NA NA NA NA NA NA NA NA NA NA 7 32E-01 

S05E-0I I07E+00 4 60E-0I 5 90E-02 I.94B+00 294E+O0 5 05E-O5 0 0 0 347E-06 I42E-04 I.I6B+00 

1 416-01 2 7IE-OI 4 I9E-0I 2 5 6 6 - 0 1 143E-OI 7 I I E - O I 1 496 -04 0 0 0 393E-0S 1 45E-01 I.36B+O0 

2 1SE-OI * " * - < » MIE^l 9i7»lrt» ••MBHH t rffitflfl 

I 

Bcuo(i)pyme 

BEHP 
Di a butyl pWulaic 

Aannoay 

Anrwc 

Ban am 

Beryiirani 

CadmHin 

CkroiMw.n 

CobaM 

Copp« 

boa 

Uad 

LNhnim 

Mapiesram 

hhagaacse 

Mercwy 

MolyMeaam 

NKkel 

Sctcwura 

Sdvet 

Vaaadiam 

ZMC 



Table 7-10b (cont'd) 

R*4M«gkal D M H (raaYd) Calculated Usfcqt Average CtMamlnanl ('«nrenlrathMM 

M ~ . RafcMt Peer l i* . BM RMMH G W K C-Hawk Oaacey MMl (.'•y«4t VcgMMtMi 

Arnenctum 241 7 6IE+00 7 6IE»flO 7 6iE*oo 7.6IEtfl<> 7 6IE+00 76IE+00 7 6IE+00 7 6IE+00 76IE+00 7 6IE+00 VI0E+O2 

Cesium 117 5 77E+4H 5 77E»02 5 77E+02 S 77E+02 1 77E+02 5 77E+02 V77B+02 5 77E+07. J77E+OJ J 77E+02 .193E+02 

Pfcrtoaiuni 2.WS J04E+00 1 04E+O0 i 04K«00 J04E+00 1041-+00 10411+00 .104E+00 V04E+00 Y04E+0C ) 04E»00 1 VTE+Ol 

Protactinium 2.V4M 7 76E+II 7 76E*11 7 76E+II 7 76Evll 7 76E+M 7 J6E+II 7 76E+II 7.76E+II 7.76E+II 7 76E+M 7 77E»II 

Strom Kim 90 5 72E+04 6 76E+04 V72E+04 572E+04 V7JE*<M I04E+0S 572E+04 S72E*04 572E404 172E+04 IME+OJ 

Techacciuin-99 5S8E-04 1 52E+00 V58E-04 VttE-04 1 2SE-02 6 ME+flO J.S8E-4M 5S8E-04 5 5SE-04 5 62E-04 2 44E-OJ 

TWonum 228 2 00E+O5 2 0OE+O5 200E+OS 2 0OE+O5 2Q0E+0S 200E+O5 200E+0S 2 00E+O5 2006*05 200E+O5 2S8E+06 

Thooum 2 JO 1096-02 I09E-02 I09E-02 I09E-O2 I09E-02 1 09E-02 1 09E-O2 MWE-02 I09E-02 IWE-W 2ODE+06 

Thorium 2 U 1 96E+07 1 96E+07 1 96E+07 1 96E+07 I96E+07 I96E+07 196E+07 1 96E+07 I96E+07 1 96E+07 7 7IE*4» 

Toui dose 7 76E+II 7 76E+II 7 76E+1I 7 76E+II 7 76E+II 7.76EHI 7.76E+II 7 76E+II 7 76E+II 7 76E+II 7 77E+II 

i PrtK^mmtL.„,. - . . 7iMti8 7 7M5+I2 

N/A - Benchmark oot available, therefore hazard index could not be calculated 

I, 



TABLE 7-IOC—Baseline Average Hazard Indices for X-10 Terrestrial Organisms 

Haiard Indicts t'alrwMed Using Average Contaminant Cancentratiani 

Ma Deer Ind. Bat Rabin <;• t \ Hawk Oaprey Cayate T C H I M H W h 

AHimuMm 

Banura 

Bcryihant 

Cadnaam 

CWmmum 

Copper 

Lead 

Uriaum 

Magnesium 

Manganese 

Hetcwy 

Nickel 

Sciearam 

Vanadw-n 
ZMK 

NA 

I04E+00 

2 22E-04 

7 51B+O0 

I 94E-02 

1 46E-02 

177E+O0 

NA 

7s«e-oi 
1296*00 

s ise-oi 
2 0IE-O2 
2 09E-OI 
4 806-01 
K I2E-02 
1 ™*™ 

NA 

2 0IE+00 

2 92E-04 

6.606*00 

4 006-02 

4 J2E-05 

2338*00 

NA 

1 166+00 

2 366+00 

5.116+02 

1 34E-02 

2""4E-Ot 

1016+00 

I 54E-OI 

NA 

2316+00 

5 166-04 

1 886+01 

I 93E-02 

1 8IE-03 

4 1)6*00 

NA 

1786*00 

3066+00 

6 876+01 

3 24P.-02 

4 84E-0I 

442E-0I 
2 38E-OI 

NA 

I 236+00 

I 77E-04 

tCQE+OI 

3 22E-03 

I I6E-02 

14IE+00 

NA 

8 67E-OI 

I6SE+00 

7 706-OI 

I IIE-02 

I66E-OI 

5 8SE-02 

I 46E-0I 

NA 

201BMW 

2 326-04 

8MB+00 

7 086-02 

I S2E-02 

5 63E-0I 

NA 

7S0E-0I 

2.006+00 

1696+00 

4I2E-OI 

365E-02 

1836+00 

8 I4E-02 

NA 

5 29E+00 

4 IIE-04 

8496+01 

I09E-0I 

6 08E-05 

5 396-04 

NA 

2 488400 

3 986+00 

1446+01 

7 4IE-OI 

6 46E-02 

2788+00 

4 04E-OI 

NA 

3 606-02 

2 ME-04 

1076-02 

5406-04 

3 436-OS 

3776-04 

NA 

1636-02 

2 076-02 

4 426-03 

V92E-04 

4 526-02 

4 70B-03 

2 746-04 
< t - M K - m 

NA 

I 65E-OI 

4816-03 

4 226+01 

9386-03 

1.786-03 

3 106-02 

NA 

6R0E-0I 

6.72B+O0 

000 

4 6JE-02 

6.27B+00 

4.396-02 

3 066-OI 

NA 

5 I9E-0I 

I8SE-02 

6356+01 

?.626-02 

I 696-01 

7 63B+02 

NA 

2.72B+00 

275B+0I 

201B+00 

I 95E-02 

t 53B+02 

1606-01 

I26B+O0 

NA 

5 566-02 

4 44E-04 

4.016-01 

1396-04 

6.57E-01 

3 536*00 

NA 

2S5E-02 

3 206-02 

6886+00 

IOIE-04 

4I7E-0I 

7 3IE-03 

II2E-03 

i.ias-tti 

6626+03 

4.726-01 

NA 

3 39B+O0 

7086-OI 

NA 

NA 

265B+OI 

NA 

20SB-0I 

960E+02 

2.3JB+O0 

NA 

1096 400 

7 7IE-OI 

lift 

Radtilagltal Oaaa (rnd/d) Calculated Using Average Contaminant CancinlraUom 

later Ind. Bal RoMn C-Hawk Oaacej Cayote 

Cesmro-137 

Cobalt 60 

Ruthenium 106 

Strom ram 90 

Total dose 

N/A = 

8 3IE+O0 8 3IE+O0 8 1IE+O0 8 3IE+O0 8 3IE+O0 8 316+00 

2 75E-0I 2 75E-0I 275E-OI 2 7SE-41I 275E-OI 2 756-01 

I OOE+02 I OOE+02 1006*02 IOOE+02 IOOE+02 I006+02 

4 006*00 4 006*00 4 006*00 4 006*00 4 006*00 4 006*00 

I I3E+02 I 136*02 I I3E+02 I I3E+02 I I3E+02 I I3E+02 

, l « t U U J index could not be calcinated 

83IE+O0 

2.7SB-OI 

1006*02 

4 006*00 

I I3E+02 

MTfitffl 

8316*00 

2 756-01 

I OOE+02 

4 00E+00 

I 136*02 

MMtffl 

8.316*00 

2756-01 

1006*02 

4 00E+O0 

I I.3E+02 

llWtffl 

8316*00 

2 756-01 

I 006+02 

4006*00 

I 136*02 

limn 

8 546+00 

2776-01 

1036*02 

7S6e*00 

1206*02 

iMftun 

s 



TABLE 7-11A Jwctow Awap llnvrf Im&cesf* Y12 A*mk Orfmvms 

Avtrajt 

A/odor 1242 • 62E-0I NA 

Arodor 1248 6756*00 NA 

A/odor 1234 4J1B*00 4 I2E-02 

Arador 1260 I 196*00 263E-03 

Bcaao(a)aalB/acsBe NA IJ7E-0 I 

Beaatae bexacfctonde (fanana) 3138*00 464E-02 

BEHP NA 433E-0I 

Metfcyieae caionde I00E-G2 203E-0I 

Paeaot IJOE+02 NA 

Tma.Hh»ucihi». 943E-03 6SSE-04 

Toiweae 423E-02 7.98E-03 

Viayl chloride 3J3E+O0 1.946*00 

Almaaafn 3.09E-0I 6.21E+01 

AMmoay NA 864E-01 

Anemc 2.25E-03 8 91E-02 

Bamvn 6.396-05 983E-02 

BcrytUum NA 7.21E+00 

Boron NA 1.506*03 

Cadfittani NA 7.446*02 

ChroiDjurn NA 3.2*6*00 

Cobalt NA 8J96*0l 

Copper 7.42E-0I 5.83E+01 

Iron I36E-03 1-326*03 

Lead 2 50E-01 2.2»6+0I 

Magnesium 9.196*04 7086*06 

Manganese 9 9IE-01 173E+01 

Mercury NA 1.016*03 

Molybdenum NA 2356+00 

Nickel NA 1366*00 

Pouitium 3I0E+0I 9.516*05 

Selenium NA 1.206*01 

Silver NA 1836*03 

Sodium ion 6.JSE+00 1026*03 

Thallium NA 1.666*01 

Vanadium NA 805E-OI 

Zinc I39E-OI 2196*0) 

Zirconium NA 8 5OE-03 

K 

N/A » Bcnchmavt not available, therefore hazard inde> could not be calculated 



TABLE 7-11B—Bmtduu Awagt Hazard Indicts for K25 Aquatic Organisms 

Average 

CMtftetat (fWi) 

BEH? NA 847E+00 

AJunajMun NA 2 71B+02 

Arsenic NA 7 45E-02 

Barium NA 265E-02 

Beryllium NA 4.KE-01 

Boron NA 3J1E+03 

Cidmnmi NA 6T7E+01 

Ctarofmnn NA \4aeMn 
Cobah NA I.26&02 

Copper NA 303E+02 

boa NA 19*E*03 

Lead NA 8.256*00 

Magnesium NA 7 04E+06 

Manganese NA 1 I4E*01 

Mercury NA 5.95E+01 

Molybdenum NA 139E+O0 

Nickel NA I.87E+OI 

Potassium NA 664E+06 

Selenium NA S72E+00 

Silver NA 1.39E+02 

Vanadium NA I07E+00 

Zinc NA 9 81E+01 

N/A * Benchmark not available, therefore hazard index could not be calculated 

7-51 
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TABLE 7»llC BatHm Awn*r Bmmi ImScttfm Xl$ AfMrir Orpamm 

BeaxK keuehlonde (fMMM) 2joe*oi NA 

AlaniMiD S6SB*00 NA 

Barism 6 39E-03 56tE-01 

Beryl Irani 2S9E-0I NA 

Boron I.I4E40I NA 

CadiiWBP 591B+O0 NA 

QffOBMfn S.2SE-0I NA 

Cobalt 9 55E-0I NA 

Copper 8 3JE-0I NA 

boa 770E-0I 

Lead 147E+0I 910E+01 

Mncpjcsivni 6MB*04 NA 

Manganese 109E-0I NA 

Mercury 000 I4IE+03 

Nickel 625E-02 2.7IE*00 

Seiemam 1J7B+00 NA 

Stiver 3I5E+OI NA 

Sodium KM lOOBtOI NA 

Vanadium 7J6E-02 NA 

Zinc 1 18E-01 NA 

ZircontofD 797E-02 NA 

N/A * Benchmark not available, therefore hazard index cooid not be calculated. 
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TABLE 7-12A—Baseline Average Internal and External Radiological Doses for YI2 Aquatic Organisms (rad/d) 

External Internal Plants Internal 
Invertebrates 

Internal Fbh 

(XX) 4.57E-03 0.00 
().<X) 7.84K-07 0.00 
ooo 4.64E-05 0.00 

Internal Mutants 

Curium- 244 
Strontium W 
Tool dase 

0.00 

OCX) 

0.00 

0.00 

0.00 

0.00 

TABLE 7-12B- Base/in* Average Internal and External Radiological Doses for K2S Aquatic Organisms (rad/d) 

External Internal Plants Internal 
Invertebrates 

Internal Fish Internal Muskrats 

Cesium 137 0.00 0.00 2.00e-05 0.00 0.00 

Plutonium 218 0.00 000 I.45E-04 0.00 0.00 

Strontium 90 000 0.00 I.23E+OG 0.00 0.00 

Technectum-99 0.00 0.00 3.83E-02 0.00 0.00 

Total doses (rad/d) 0(X) 0.00 1.23E+06 0.00 0.00 

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

Cesium-137 
Cobaltd<) 
Strontium 90 
Total doses (rad/d) 

External Internal Plants 

9.86E-05 

6.7IE-04 

7.I2E-IO 

7.69E-04 

7.23K-03 
7.82E-02 
7.I2E-07 
8.55E-02 

Internal Internal Fish Internal Minarets 
Invertebrates 

0.00 3.62E-02 5.IOE-02 

0.00 7.82E-03 I.54E-02 

0.00 7.I2E-09 3.I3E-06 

0.00 440E-O2 663E-02 



candidate species), the cotton tail rabbit, 
the deer riwuse. aquatic species, and mmk have 
home ranges small enough to potentially live 
CaauiCij muuti waMCHinw w m H a m w o a c i s 
(see section 7.4 and appeodfc B).< thtfapt fee die 
coyote for the Y-12 Plant, the K-25 Site, and 
X-10. and for the Canada goose at X-10. other 
terrestrially 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 7.5. appropriate correction factors were 
applied to His in tables 7-10 a. b. c: 7-11 a, b. c 
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 
moder?.; for His from 1 to 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 
aquatic organisms or vegetation. As discussed in 
section 7.S, 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 die Y-12 
Plant. For all other receptors at the Y-12 Plant 
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 
0.1S 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 (C.02 acres) of contaminated land 
(appendix B). Source terms for other soil 
contaminants range from 007 ha (0.2 acres) to 
68 ha (170 acres). Although data for most 
contaminants were reported for only some of the 
total area in waste sites, the data were assumed 
to be representative. The averaged source terms 
used in the risk analysis were, therefore, assumed 

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

Thrtatentd 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 woui also be severe 
to 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 die 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 risks. 

7.5.1.4J Wetlands. Risks to wetlands 
receptors (e.g.. nonbenthic aquatic life and 
bentbic macroinvertebrates) 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 affected by contaminants at the Y-12 
Plant is unavailable but is assumed to be 
proportional to the total area of contaminated 
water at the Y-12 Plant, which is about 40 to 80 
ha (100 to 200 acres) or about one-third to one-
half of the surface area of water in streams, 
embay menu, and x>nds on the ORR. 

73.1 .4 .3 Recreational Suedes . For some 
recreational species occupying waste sites or 
contaminated areas, risks from Cd. Pb. Hg. Ti, 
and total radioactive 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 contaminated areas would be 
negligible. 

7 J . 1.4.4 Agriculture. Aluminum. Cd. Li. 
Hg, Ag. Ti. and total radiological contaminants 
would pose severe risks to vegetation (e.g., hay 
or timber) growing in waste sites or 
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TABLE 7-13A—-Baseline potential risks' to threatened, endangered and candidatr species2 that 
sf±:Y-12SiU. 

Candidate Soagbinb1 

Coataaiaaat Indian bat reddest Migrant 

Cadmium S« S s 
Lead M S M 

Manganese M M M 

Mercury M M 

Thallium S s 
Radiological S S s 1 

1 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 contaminated areas. 
1 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 individual that do not occupy waste sites are negligible. Waste sites aid contaminated areas associated with 
Y-12 account for less than 15% of the land area and one third to one half of the streams and ponds on the ORR 
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TABLE 7- 13B—-BaseUne potential risks to wetlands that are waste sites or contaminated streams 
and sediments on the Y-12 Site. 

Noa-bcatfck Aqmtk 1 Bcatfcic tarcfttbratcs1 | 
Aroclor j 
1248 M2 I 
1254 M j 
1260 M 1 
Aluminum S I 
Benzene hexa-chloride M | 
Beryllium M 
Boron S 1 
Cadmium S 1 
Chromium M 1 
Cobalt 
Copper 

S 1 Cobalt 
Copper s 
Iron s 
Lead s 
Magnesium S s 
Manganese s 
Mercury s 
Molybdenum M 
Nickel M 
Phenol s 
Potassium (/)

 

S 
Selenium S 
Silver S 
Sodium M S 
Thallium S 
Vinyl chloride M M 
Zinc S 
Radii. iical S 

' Based on EPA Water Quality Criteria (Suier « al 1992) We assume that bemhic invenebrates are exposed to pore water 
concentrations while other wetland (aquatic) organisms are exposed to 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 wikUife that occupy waste sites or 
contaminated areas on the Y-12 Sue. 

• -... n 

1 Cottontail Wbite-tsJfcd Canada Goose Coyote 
p; 

Rabbit Deer 

| Cadmium S l S S 

I Lead s M 

1 Manganese M M M 

| Mercury S S M M 

D Selenium M 

1 Thallium S M M 

fl Radiological s S S S 

' M = moderate. S = severe. 
Note: R sis 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 M 

Cadmium S 

Iron M 

Lithium S 

Mercury S 

Selenium M 

Silver S 

Thallium S 

Radiological S 

1 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 « Busline maximum potential risks to other important food web component* that 
ocempy waste sites or contaminated areas on the Y-12 Site. 

1 ' J *** * 
Mom* Cooper's 

Hawk 
Osprey Mlak Robin 

1 Aroclor 

I 1016 S l S 

1242 s 
1248 s s 
1254 bo

 

I 1260 s s 

1 DDE 
M s 

DDT M s 
Cadmium S S 

Lead S s M 

Magnesium M 

Manganese M S s M 

Mercury M 

Thallium M M 

Zinc M 

Radiological S S s S S 

' M = moderate. S = severe. 
Note: Risks to individuals that do not occupy waste sites and contaminated areas are negligible. 
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contaminated areas (table 7-13d). Similarly, Sb, 
Fe !_ and Si would **ose nsodersts 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. 

7.5.1.4.5 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 (I 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 overall 
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 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, Axoclor (all five forms), 
DDE, DDT, Cd. PI, Mn, and total radiological 
contaminants pose potentially 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 and 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 

fraction. These disturbed sites provide 

.plant species and subsequent iWWiiiWmr *.*. ' ™*u/-T 
expansion of populations of-these >MiiiMfr%t;gt/-J. 
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 
macroin vertebrates 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'H by the K-25 Site was not 
known, but it is assumed to be proportional to 
the total area of contaminated stream 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 total 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 7-14c). 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. 

7-59 



TABLE 7-14A—Baseline potential risks' to threatened, endangered and candidate species2 Out 
occmfj r o w i'iiii end Coniaminmieu areas on the K'25 Site, tasks to individuals that do not occupy 

waste sites are negligible. Waste sites and contaminated anas associated won K-25 account 
for less Aon 1.5% of the ORR 

1 Candidate Songbirds3 1 

1 Contaminant Indiana Bat Resident Migrant | 

Barium M4 | 

Cadmium M I 
Copper S M 1 
Lead s M 1 

1 Manganese M M 8 
1 Vanadium M M I 
I Radiological S S S | 

1 Risks based on assumptions discussed in Section 7.4. 
'The candidate hellbender and paddlefish only occur in the river reservoirs for which no source term data were available. No 
candidate plant species habitat is in waste sites or contaminated areas. 
3 Bewick's wren and Bachman s sparrow represented by the robin in our analyses 
4 M = moderate. S = severe 
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TABLE 7-14B Baseline potential risks to wetlands that are waste sites or mmtaminmfed smeams 
and sediments on the K-25 Site. Sonne terms were not avaHaUeifmh mhta*im eJ^25>ottmthm »a^ 

wetlands on the ORJL We assume risks to other wetlands on the 0Wt*re negligible 

Omtominmm Bcatfcfc Irertebnles 1 

Aluminum S1 

BEHP M 

Boron S 

Cadmium s 
Chromium s 
Cobalt s 
Copper s 

| Iron s 
Lead M 

Magnesium s 
Manganese 

Mercury 

s Manganese 

Mercury s 
Molybdenum M 

Nickel 

Potassium 

M 

S 

Selenium M 

Silver S 

Vanadium M 

Vine S 

Radiological s 1 
' Based on EPA Water Quality Critena (Suter et al. 1992) We assume that benthic invertebrates are exposed to pore water 
concentrations while other wetland (aquatic) organisms are exposed to surface water. 
; M = moderate. S = severe 
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TABLE 7-I4c—Bm»tm» Mamgaf risks is rsan 
on K~25 Site. Risks to 

or 
that do not occupy waste sites 

are negligible 

CottootaB Rabbit Wbke-taBed Deer Caaada Goose Coyote 

Barium M 

CJmium M M 

Lead S M 

Manganese M M 

Mercury M 

Vanadium M 

J Radiological S S S s 1 
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 

Contaminants Vegetation 

Aluminum S' 

1 Antimony M 

Copper M 

Iron M 

Lithium M 

Mercury M 

Selenium M 

Vanadium M 

Zinc M 

Radiological S 

M s moderate. S = severe 
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A«UM*E* r-^-wx* • > • • • • — • 

sites or contaminated 
•_ - _ _ . _ . « ; - / „ • - « . . . » r » — « . — - • - * t - -

onK-25Sue. Risks to individuals that do 
contaminated areas are negUgMe 

not occupy waste 
Occupy mate 

sites and 

Moot Cooper's Hawk Oiprey MUi 

] Cadmium M' 

1 Copper M 

Lead S 

Manganese M 

Radiological S S S 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 floodpiains 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 risks 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). 

7.5.1.6 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 contaminants 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 7-1SA Baseline potential risks' to threatened, tadangered ami candidate species' that 
ocemmy watte atatt and 1antmmmmt:£m« «•* **# jr. f« SOs. ****? is isdhsdssb &st is sst sccsi 

waste sites are nagHgiHe. Waste sites and contaminated areas associated with X-10 account for 
less than 1J% of the ORR 

Candidate SoagMnb1 

Coataaahaat ResMeat Migrant Candidate Plant Spades4 

Aluminum S5 

Barium M M 

Cadmium M M M 

Uithium S 

Mmanganese M M 

Mercury M S 

Nickel M 

Vanadium M M 

Zirconium M M 

Radiological S S 1 
1 Risks based on assumptions discussed in Section 7 4. 
: The candidate hellbender and paddieflsh 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-IO. 
1 Candidate songbirds are Bewick's wren and Bachman's sparrow. Risks were estimated from risks to the robin. 
4 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-IO. Source terms were not available for other wetlands; therefore we assume 

risks to other wetlands are negligible 

Contaminants Non-Benthic Aquatic' Benthic Invertebrates' 

Aluminum M 3 

Benzene hexa-chloride S 

Boron S 

Cadmium M 

Lead S S 

Magnesium S 

Mercury S 

Nickel M 

Selenium M 

Silver S 

Sodium S 

' Based on EPA Water Quality Criteria (Surer et al 1992) It was assumed that benthic invertebrates are exposed to port 
water concentrations while other wetland (aquatic) organisms are exposed to surface water. 
1 M « moderate. S • severe 
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TABLE 7- 15C—Baseline maximum potential risks to recreational wildlife that occupy waste sites or 
contaminated areas at X-IO. Risks to individuals that do not occupy waste sites or 

CvfutuHWHuea areas art ncgugitnc 

1 M = moderate. S = severe. 

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 

Magnesium 

Manganese 

Mercury 

Selenium 

Zinc 

Zirconium 

Radiological 

M 

M 

M 

M 

M 

S 

s 
M 

S 

M 

S 

M 

M 

M 

M 

BaseUne potential risks to hay and timber that grow on waste sites or contaminated anas an the same as for vegetation 
shown in Table 7-16a. No hay is harvested from contaminated areas, and timber is not grown on the ORRfor 
commercial honest. Therefore, baseline risks to agriculture and timber production an negligible 

1 M = moderate, S = severe. 
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7.5,1.6.2 Wetlands. Risks to wetlands 
m^nfQTS t*_o_ nnnhrarhi^ arm»tir» life MW4 

benthic rnacroinvertebrates) 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-iO. 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 5 to 20 ha (12 
to 50 acres) or less than 2% of the area of 
water in streams, embayments, and ponds on 
theORR. 

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

7.5.1.6.4 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. 

7.5.1.6.5 Public Lands. As for the Y-12 
Plant and the K-25 Site, risks to public lands 
would be negligible for terrestrial food web 
components with small home ranges but could 
exist 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 

contaminated areas reported in the source term 
data base o c c | , n v o*Uv sbout ! .5% of the ids! 
land area. Risks to receptors in stream 
ecosystems and associated wetlands and 
floodplains would be negligible because of die 
small area of stream habitat 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 die 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-Srte 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). Aluminum, 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 His. 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 biota 
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. 
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TABLE 7-16—Comparative summary of potential on-site cmmulatirt risks' to ecological endpoints 
from baseline on the ORR. Risks are for endpoints which occupy waste sites and contaminated 

areas for which source terms were available2 

Source of Rbk Y-12 K-25 X-10 ORR 
Construction3 

Aluminum WP WP E.WPP E.W.FP 
Antimony 
Arockx 

F F F Antimony 
Arockx W.BP W.BP 
Barium E EJtB EJUB 
Benzene hexacloride WJ> wp wp 
BEHP W W 
Beryllium W W 
Boron W w WP wp 
Cadmium E.WJIP.B E ,WP3 E.W.RPP.B E.WJU\P.B 
Chromium W W W 
Cobalt W W W 
Copper E,WPJB E.WP.B 
DDE B B 
DDT B B 
Iron W.F W J W.F 
Lead E.W.R.B E.WP.B W.P.B E.WP.P3 
Lithium F F E J E.F 
Magnesium W.B.P E.W W.P.B E.W.P.B 
Manganese E.W.R.B W.R.B E.B E.W.R.B | 

1 Mercury E.W.R.F.B W.R.F E.W.R.F.B E.W.R.F.B | 
I Molybdenum W W W 

Nickel W W E,Wf E.WJF 
Phenol W.P wp 
Potassium W,P W wp 
Selenium W.R.F W.F W.P.B W.R.FP.B 
Silver W.F W W.P W.F.P 
Sodium W.P W,P wp 
Thallium E.W.R.F.B E.W.R.F.B 
Vanadium E.W.R.F E.F E.W.R.F 
Vinyl chloride W.P wp 
Zinc W.B W.F B W.F.B 

| Zirconium E.R.B E.R3 
I Radiological E.W.R.F E.W.R.F.B E.R.F.B E.W.R.F.B 

' Only those contaminants are listed which could pose severe or moderate risks to some endpoinu. 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 contaminated areas are assumed to be negligible (see Section 7.4) 
' 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 and forestry; P = public land (fish); and B x biodiversity (only for receptors not included under other 
endpoints) 
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1ABLE 7-17—Comparison of Somre* Term Concentrations of Elements in Soil with 
Naturally Occmring Concentrations (ppm) 

CoQ&MBUtt&t Source Term Ave. Backgroml Are. Coaccatratioa Range of NateraBy 1 
CooccatratkM Coaceatratioa at for Eastern VS.1 Occarriag 1 

(Y-12, K-25, X-10) OUR1 Coaceao-aooa2 | 
Aluminum 16800 

19000 
58800 

9430-38500 33000 7000-> 100000 

Aatimony 14 
47 

0.08-0.3 0.52 < 1-8.8 

Barium 132 
192 
262 

17-107 290 10-1500 

Beryllium 1.0 
0.6 

0.43-1.6 0.55 <l-7 

Boron 
2 

(80)3 

2-12 31 <20-l50 

Cadmium 97 
2 
11 

NA4 NA5 NA 97 
2 
11 

Chromium 24 
79 
59 

15-50 33 1-1000 

<0.3-70 
(1310) 

1-1000 

<0.3-70 Cobalt 17 3-19 6 

1-1000 

<0.3-70 
10 

Copper 2 
107 

5-27 13 < 1-700 

1 Iron 16500 
49100 

13000-53000 14000 100-100000 1 

| Lead 30 
38 

12-33 14 < 10-300 

1 Lithium 52 
20 
59 

3-36 17 <5-140 

Magnesium 1400 
2100 
5210 

413-3840 2f00 50-50000 

Manganese 908 
563 
341 

126-1330 260 <2-7000 
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Conrtanuaaat Sown* Term Ave. Background Ave. Concentration Range of Naturally 
Concentration Coaceutradou at for Eastern VS.1 Occurring 

(Y-12, K-25. X-10) ORR1 Concentration2 

Mercury 343 
1 

320 

0.05-0.28 .081 0.01-3.4 

Molybdenum I 
2 

(17) 

1.2-3* .32 <3-I5 

Nickel 22 
31 
283 

7-27 11 <5-700 

Potassium 3160 
1570 

17200 

301-3960 12000 50-37000 

Selenium 17 
7 

(126) 

0.4-0.8 0.3 <0.1-3.9 j 

Silver 31 
2 

ND NA NA 1 

Sodium 81 

2600 

337-435 2500 500-50000 B 

Thallium 76 0.06-0.57 NA NA 

Vanadium 
(1590) 

Vanadium 24 28-67 43 <7-3O0 
64 
61 

Zinc 41 
106 
60 

37-149 40 <5-2WX) 1 

Zirconium 4 
10 

NA 220 <20-2000 

1 92 J 
' Watkins et al.. 1993 
1 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 elemenu. All 
other source term concentrations for sediments were about (he same or less than soil source term concentrations. 
' ND = not detected 
' NA = nut available. 
* Not detectab'e in 97% of sites 
' Not detectable in 87% of samples. 
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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 resection. 
Moreover, many of the inorganic contaminants 
(e.g., metals) included in the analyses are 
known to occur in scUs throughout the United 
States at concentrations 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 mat concentrations of many 
contaminants in '.he 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 contamination. Even when background 
levels are known, interpretation of His for 
inorganic substances is often difficult because 
most analytical techniques do not distinguish 
between chemical farms 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 
to 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 lead and the uncertainty 
associated with background variability, 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. 
Although 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 
i 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 blocks of 
natural landscape are becoming mote important 
for protection of biodiversity. The ORR 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 raiiroad rights-of-
way occupy an additional small fraction. 1 



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' 

1 1 Cropland Pasture Forest Other Total 

1000s of ha 
(acres) 

percent 

30 (75) 

9 

54(133} 

16 

177 (437) 

53 

72(177) 

22 

332 (822) 

' Derived from Census of Agriculture, Volume I Geographic Area Series, Part 42: Tennessee State and County Data. U.S. Department of 
» mmerce. Bureau of the Census. 1987; and Tennessee Statistical Abstracts 1992/199?, The University of Tennessee, Knoxville, Center for 
business and Economic Research. 1993. 

These disturbed sites provide opportunities for 
establishment of normative plant species and 
subsequent intrusion or expansion of 
populations of these species into surrounding 
native plant communities. 

7.7.2 Off-Site 

Contaminants from waste sites ire transported 
off the reservation in streams leaving the ORR. 
After leaving the ORR, East Fork Poplar 
Creek, the largest of the contaminated streams, 
travels a short distance through ,'he city of Oak 
Ridge before reentering the ORR. .-»II 
contaminated streams enter the impounded 
river at the boundary of the ORR. Transport 
of contaminants 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 wasw 
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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CHAPTER 8: ROCKY FLATS PLANT 

The Rocky Flats Plant (RFP) lies in northern 
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 ft) 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 approximately 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 southern 
boundary, whereas clay and gravel pit operations 
are found along the western boundary. Public 
lands near the site include Boulder Coun'y 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 

seasonal distribution of precipitation and snow 
melt. Aquatic ecosystems on the site consist 
primarily of holding ponds, farm ponds, ditches, 
springs, and three intermittent 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 impoundments 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 habitus on the site. 
Small wetlands and areas of riparian habitat 
occur along streams and around springs and 
seeps. 

More uetailcd 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 solar 
evaporation ponds and contaminated soils 
associated with these ponds and other waste 
facilities. In addition, almost one third of the 
surface soils of the RFP site and buffer zone, 
approximately 810 ha (2000 acres), is 
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 (42.9 acres) of surface water (and 
associated sediments) within the RIP 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 radionuclides: 
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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 A N D 
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 is 
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 requ res 
(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.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 
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. 

Ubiquitous endpoints on the RFP reservation 
include endangered species, recreational wildlife, 
and certain components of biodiversity (table 
8-1). On the other hand, wetlands, federally 
listed candidate and threatened species, and other 
elements 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-i—Distribution of Endpoints and Receptors on the Rocky Flats Plant Reservation 

Ubiquitous Discontinuous Discrete | 

Foraging Federally listed Possible resident. Federally listed Prairie dog colonies, one j 
species (peregrine falcon, bald and candidate species (Ute lady's- component of biodiversity | 
eagle, Preble's jumping mouse) tresses) 

Public lands near the j 
Recreational wildlife (rabbit. Wetlands (benthos, fish, and reservation 1 

| deer, mallard) 

Important components of 

riparian vegetation along streams) | 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 ferret (Mustek 
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 

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 
Creek, 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, tali 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) 
east of the reservation, and Standley Lake, about 
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TABLE ^-2—Federally Luted Threatened, Endangered, 
And Candidate Species on the Rocky Flats Plant1 

Mustela nigripes 

Zapus hudsonius preblei 

Vulpes velox 

j Specks Common Name 1 Status2 

BIRDS 

I Haliaeetus leucocephalus Bald eagle E 

I Falco peregrinus Peregrine falcon E 

1 Buteo regalis Fenvginous hawk C2 

| Lanius ludovicianus Loggerhead shrike C2 

Plegadis chihi White-faced ibis C23 

Charadrius montanus Mountain plover C2> 

1 Numenius americanus Long-billed curlew C 2 3 J 
MAMMALS 

Black-footed ferret 

Preble's meadow jumping mouse 

Swift fox 

PLANTS 

Spiranthes diluvialis 

Gaura neomexicana var. coloradensis 

Ute lady's-tresses 

Colorado butterfly plant 

E3 

C2 

C23 

T 3 

C2 J 

1 Endangered and threatened wildlife and plants. SO CFR 17.11 and 17.12. July IS. 1991: Endangered and threatened wildlife 
and planu: candidate review. 56 FR 58804 - 58836. November 21. 1991. 

2 E = endangered. T = threatened, CI = candidate under revie» 

' Not observed at RFP. but known from region and potential habitat identified on site. 

H -.}. '-• x 
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1.9 km (1.2 miles) east, appear to satisfy these 
preferences, given rcport5 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 carrion or small 
mammals on the RFP reservation. The nearest 
known nest is 40 km (25 miles) from RFP. This 
species is considered to nave a ubiquitous 
distribution 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 (S 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, smalJ 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 requiremeiiis for shelter, 
food, and breeding habitat (DOE 1992). Because 

species-spectflc toxicity benchmarks for most 
wetland-dependent organisms are limited, bendiic 
macroinvertebrates and fish were selected as 
generic receptors representative of the wetland 
endpoint. The mallard also 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, 
approximately 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 
aerial 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 Western Reservoir. 

8.1 J Recreational Fish and Wildlife 

8.1.3.1 Receptors 

Although the entire reservation is closed to the 
public, the buffer zo/>e 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 die 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.L5 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 His 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 Receptors 

Because (1) the RFP site occupies an ecological 
and topographical transition zone including 

elements of both die prairie and Front Range 
foothills, and (2) most of die reservation outside 
die fairly small industrial area is relatively 
undisturbed (especially when compared widi the 
continuing development of surrounding lands), 
this reservation represents an important reservoir 
of biodiversity in die 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 hawthorn. These plant 
communities in turn 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 
die 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 die 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 east gate. The fish and benthic 
macroinvertebrates 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 concern at Rocky 
Rats include inorganic, organic, and radioactive 
contaminants (table 8-3). The most prevalent 
radionuclides, according to relative average 
concentrations, are M ,Am and wSr, whereas Al, 
Ba, Be, cyanide ion, Pb, Mn; ffg, and Zn are the 
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TABLE 8-3—Maximum and Average Soil Concentrations on the Rocky Flats Plant 
[»*g/kg dry weight (for chemical constituents) or pCi/kg dry weight (for radionuclides)] 

Constituent MMjdmam Comtitaest Average 
Concentration Concentration 

Acetone 2.60E+01 Acetone 7.46E-01 
Arocior 1254 5.40E+O1 Arocior 1254 5.40E+01 
Arocior 1260 I60E+03 Arocior 1260 7.47E+O0 
BEHP I.40E+03 BEHP 4.70E+00 
2-butanone 3.90E-OI Di-n-butyl phthalate 2.70E+O0 
Carbon disulfide 1.90E+01 Toluene 2.76E+01 1 
Carbon tetrachloride 1.00E-01 Aluminum I.18E+04 | 
1.2-dichloroethane 1.I0E-01 Antimony 3 96E+01 I 
di-n-butyl phthalate 2.70E400 Arsenic 1.27E+01 j 
Ethyl benzene 7.80E-01 Barium 3.24E-:OI I 
Methylene chloride 

1 4-methyl-2-pemanone 
1.30E-01 Beryllium I.97E+03 1 Methylene chloride 

1 4-methyl-2-pemanone 6.8OE-02 Chromium 902i:-02 I 
1.1.1 -trichloroethane 2.50E-01 1 Copper 6.53E+OI I 
Trichlorethylene I.50E-01 I Cyanide ion 8.70E+00 | 
Xylene 3.30E+00 1 'ron 2.82E+04 
Aluminum 1.76E+04 | Lead I.3IE+0I 
Antimony 3.96E+01 1 Magnesium 2.32E+03 
Arsenic 3.70E+O1 I Manganese 3.36E+02 
Barium 5.30E+02 Mercury 9.66E+00 
Beryllium I.97E+03 Nickel 2.8IE+01 
Boron 2.77E+00 Vanadium 5.49E+01 
Chromium 7.56E+01 Zinc 7.51E+01 
Copper 7.36E+OI Americium-241 2.47E+08 
Cyanide ion 8.70E+O0 Strontium-90 9.76E+13 
Iron I.23E+05 
Lead 8.69E+0! 
Magnesium 3.87E+03 
Manganese 5.51E+02 
Mercury I.14E+02 
Nickel 2.81E+01 
Vanadium 600E+01 
Zinc I.73E+02 
Americium-241 5.92E+II 
Plutonium-238 1.34E+03 
Plutonium-239 2.05E+O7 
Radium-226 1.60E+03 
Strontium-90 9.76E+13 
Uranium-234 2.20E+O3 
Uranium-235 3.30E+O2 
Uranium-238 450E+05 
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TABLE 8-4—Maximum and Average Water Concentrations OK the Rocky Flats Plant 
[mg/L (for chemical constituents) or pCi/L (for radionuclides)] 

CoHtttocat Mudmm Concentration Coastitaut Average CottoefltraliMi 
Acetone 2.90E-02 Acetone 5.75E-03 
AWrin 6.00E-O2 BEHP 1.86E-02 
Ammonia 5.00E-01 Di-n-butyl phthalate I.85E-03 
BEHP 6.50E-OI Phenol 6.44E-02 
Benzene 2.46E-03 Toluene 2.82E-03 

9 Bromoform 2.13E-03 Aluminum 4.21E-01 
1 2-butanone I.30E-02 Antimony 6.70E-02 
| Butylbenzylphthalate 3.00E-03 Arsenic I.3CE-02 
1 Carbon disulfide 4.00E-03 Barium 1.02E-01 
] Carbon tetrachloride 7.00E-03 Beryllium 3.90E-O3 
9 Chlorobenzene 6.00E-03 Cadmium 3.94E-01 
1 Chloroform 1.00E-02 Chromium 1.09E-03 

Diazinon 2.80E-03 Cobalt 1.85E-03 
l.l-dichloroethane I.10E-02 Copper 1.47E-02 
I.2-dichloroethane 3.00E-03 Cyanide ion 1.36E+03 
1.1-dichloroethene 2.38E-03 Iron 6.84E-01 
trans- i ,2-dichloroethylene 3.00E-03 Lead 3.586-03 
di-n-butyl phthalate 2.0OE-O2 Magnesium 4 48E+01 
di-n-octylphthalate I.60E-02 Manganese 9.68E-02 
Ethyl benzene 3.12E-03 Mercury 2.03E-01 
2-hexanone 8.46E-03 Molybdenum 6.00E-03 
Methylene chloride 7.90E-02 Nickel 6.92E-02 
4-methyl-2-pentanone 3.10E-02 Potassium 3.67E+00 
2-metbyiphenol 2.40E-02 Silver 6.7IE-03 
n-nitrosodiphenylamine 3.00E-01 Sodium 1.95E+02 
n-nitrosodipropylamine 3.90E+00 Thallium 7.58E-03 
Parathion-ethyl 2.00E-02 Vanadium 3.13E-02 
Phenol 2.00E+00 Zinc 2.57E-01 
Simazine 6.00E+00 Americium-241 2.42E-02 
Simetryn 6.40E-01 Stromium-90 7.44E+I0 
Tetrachlorethene 1.40E-02 
Toluene I.50E-02 
l.l-trichlorethane 2.96E-03 
1,1,1-trichloroethane 6.00E-03 
Trichlorethylene 260E-02 
Vinyl acetate 8.37E-03 
Xylene 3.00E-03 
Aluminum 7.39E+OI 
Antimony <\44E-02 
Arsenic 1.4OE-02 
Barium I.05E+00 
Beryllium 1.30E-0I 
Cadmium 643E+00 
Chloride 7.63E+02 
Chromium 9.50E-02 
Cobalt 8.00E-02 
Copper 140E-0I 
Cyanide ion 965E+03 
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Table S-4 (cont'd) 

| Constituent Msximm Cunce nti atiuu Constituent Average Concentration | 
1 Acetone 2.90E-02 Acetone 5.75E-03 1 
I Rouride 7.30E+OI 1 
I Iron 7.72E+OI j 
1 Lead 1.30E-01 I 
I Lithium 2.60E+01 | 
I Magnesium 18IE+02 I 
1 Manganese 4.25E+00 I 
I Mercury 2.00E+00 1 
9 Molybdenum 5.00E-01 | 
I Nickel 8.20E-O1 | 
| Nitrate I.60E+03 I 
9 Nitrite 7.50E+01 1 
9 Potassium 3.76E+02 | 
| Selenium 2.83E-02 | 

Silver 4.46E+00 
Sodium 2.44E+03 
Sulfate 7.36E+02 
Thallium 2.10E-02 
Tin 2.03E-OI 
Vanadium 3.I3E-OI 
Zinc 4.2IE+00 
Americium-241 8.60E+00 
Cesium-137 1.00E-OI 
Plutonium-239 6.70E+02 
Radium-226 6.20E+00 
Radium-228 7.90E+00 
Strontium-90 1.20E+II 
Tritium 1.05E+03 
Uranium-234 2.60E+03 
Uranium-235 I.00£*02 
Urarium-238 3.90E+03 
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TABLE 8-5—Maximmm and Average Sediment Concentrations on the Rocky Flats Plant 
(mg/kg (for chemicals) or pCUkg (for radionuclides)] 

Constituent 
Acenapthene 
Acetone 
Ammonia 
Atrazine 
2-butanone 
4-chkjro-3-methyi phenol 
2-chkxophenol 
1,4-dichlorobenzene 
2.4-dinitrotoluene 
Methylene chloride 
n-nitrosodiphenylamine 
Phenol 
Pyrene 

I Tetrachloroethane 
Toluene 
1,2,4-trichlorobenzene 
Aluminum 
Barium 
Cadmium 
Chloride 
Chromium 
Copper 
Cyanide ion 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Nickel 
Nitrate 
Nitrite 
Silver 
Sodium 
Sulfate 
Sulphide 
Thallium 
Vanadium 
Zinc 
Americium-241 
Cesium-137 
Plutonium-239 
Sirpnnum-90 
»Jra ..m-234 
Uramum-238 

Maximm Conccatntioa 

4.50E+00 
4.70E-O2 
1.35E+02 
1.00E+01 
2.00B-01 
790E-H10 
7.70E-K>1) 
4 00E+00 
3.5OE+O0 
5.O0E-O3 
3.70E-01 
7.40E+00 
4.60E+00 
1.30E-0I 
I.OOE-03 
4.30E+00 
1.00E+04 
1.54E+02 

Coaatftnatf 
Acetone 
Phenol 
Tohxne 
Aluminum 
Barium 
Cadmium 
Chromium 
Copper 
Cyanide ion 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Silver 
Sodium 
Thallium 

I.08E+O2 Vanadium 
I.I2E+04 Zinc 
1.47E401 Americium-241 
9.60E+01 Strontium-90 
3.20E+O3 
2.13E+04 
2.61E+01 
4.30E+OI 
1.37E+04 
2.08E+02 
2.00E+00 
I.65E+OI 
1.30E+04 
4.70E+02 
2.12E+01 
3.13E+04 
6.95E+03 
5.60E+01 
7.00E+00 
3.96E+OI 
1.0IE+02 
3.00E+OI 
9.0OE+O2 
I.90E+04 
I.20E+I4 
950E+02 
1.00E+03 

Average Concentration 
4.70E-02 
7.40E+00 
I.OOE-03 
2.50E+03 
7.70E+OI 
8.06E+01 
7.36E+00 
7.36E+01 
3.20E+03 
1.28E+04 
1.26E+01 
3.81E+03 
1.34E+02 
2.00E+00 
6.97E-02 
8.93E-02 
7.78E+02 
7.00E+00 
1.98E+01 
8.47E+01 
6.71E+08 
I.00E+13 
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most important inorganics based on their 
prevalence and/or toxicity. The principal 
organics are acetone, polychlorinated biphenyi 
(PCBs), bis(2-ethylhexyl)phthalate (BEHP). and 
toluene. 

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 
8-3, 8-4, 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 E X P O S U R E A S S E S S M E N T 

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 
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, however, then the average 
concentrationr. 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 risk 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 sensitivity 
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 mat 
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 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 8-6 lists the body 
weights and consumption rates for the 
representative species. With respect to herbivore 
species, the jackrabbit and prairie 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 rr .'.iard 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 (QJ for black-tailed 
jackrabbits is 6.3% of the dry-matter intake 
(Arthur and Gates 1988); the mule deer soil 
ingestion rate is 1.35% of the dry-matter intake 
(Arthur and AUdredge 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 [Qv, (Qf, QH), Q w , respectively] for 
each representative 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. 

Because details of the behaviors and habitat 
requirements of most of the representative 
wildlife species are net well 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 year-round residents at Rocky Flats. 
Therefore, the fraction of contaminated 
vegetation, fruit, prey, soil, and water consumed 
(Fv, Ff, FH, F s, F w , 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 element- 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 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 concern are 
used to predict concentrations in the tissues of 
terrestrial mammalian receptors from 
consumption of vegetation, soil, and water 
(collectively termed BJ (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 concern, "'Am and w Sr, have 
relatively long half-lives (432 and 29 years, 
respectively), so this assumption is not 
unreasonable. The radionuclide-concentration 
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TABLE 8-6—Body Weights and Consumption Rates'for Terrestrial Species* on the Rocky Flats Plant 

jKfcnftkft 

127F.«00* 

I83E-OI 

1006*00 

932E-03* 

lOOEsOO 

I.S9E-0I' 

I.OOEtflO 

000 

000 

000 

000 

000 

000 

000 

000 

D*t Dttr 

TibE*b?" 

4 45E+O0 

IOOE+O0 

3.04E~Or 

lOOEtOO 

2.i3E*orr 

1.00&00 

532E-OI 

lOO&OO 

000 

000 

000 

000 

0.00 

000 

I.I8&OF 

I2SE-OI 

I.OOEfOO 

J64E-OT" 

l.0OE*OO 

000 

000 

7.4IE-02 

IDOEtOO 

0.00 

0.00 

000 

0.00 

0.00 

000 

•aUSaaJt 
Cayaar 

Waan intake me. Q. (L/d) 

Water mgesnoa traaioc. FI. 

Sjtl mraax rate. Q, (V|AI) 

SoJ iagteiaa hacbaa. Ft, 

Vegetation intake raee. Q. (kg/d) 

VegeUDoa ingestion ft at boat. Fl. 

Fraitfeab intake r a t Q, (kg/d) 

Frost/seeds mgesooa fnctkm. FI, 

Prey I intake ra*. Q», (kg/d) 

Prey I infection fnctioa. FI,, 

Prey 2 intake me. Q,, (kg/d) 

Prey 2 ingestion fraction. FV, 

Prey 3 intake rate. Q„ (kg/d) 

Prey 3 iiifeftioa fraction. FI„ 

l90E-flr 

640E-03 

IOOE+00 

5 19E-051 

IOOE400 

0 0 

000 

820E-C4 

I00E+00 

3 28E-03 
(insects) 
IO0E+O0 

000 

000 

000 

000 

I l9EfOO-

126E-OI 

100E+O0 

I63E-04* 

I00E+OO 

I63E-04 

I00E+O0 

0.00 

000 

000 

C00 

0.00 

000 

000 

000 

977E-0? 

124E-02 

I00E+0O 

4 89E-04' 

1.0DE«00 

000 

000 

735E-03* 

IOOE*00 

3.ISE-03 

(iaaccs) 
IOCE+00 

0.00 

0.00 

0.00 

0 0 0 

8 34E-0I' 

1I3E-0I 

S00E-OI 

000 

000 

0.00 

0.00 

000 

0.00 

I29E-02 

500E-01 

5I4E-02 
(mcadowlatkt) 

5O0E-0I 

0.00 

0.00 

450E40TJI 

3 59E-0I 

500E-0I 

000 

0.00 

000 

000 

0.00 

0.00 

643E-02 

(fuh)* 
S00E-0I 

4 28E-02 
(rabbin) 
S.00E-0I 

I.07E-0I 
(mallards) 
5O0E-0I 

I60E*OI' 

773E-OI 

lOOE+OO 

000 

000 

000 

000 

000 

000 

I.75E-OI 
(nace)* 

IO0E«O0 

2J4E-OI 
(rabbis) 
lOOE+OO 

I75E-OI 
(prairie dog) 

100E«OG 

Al values am gi s wal wag* barn Forsoas. ma wat dry fatto » 0 9« (Rop* at el tana), tor vacaMwn «y raw a 0.91 flha towar Bound on me ranga tor .wyrgras*— raponad n (Sutor 1983) and tor iruea/iaada. 
ha rmo * 017 (Mornaon 1999). 

' Water and food consumption rates were computed by methods in EPA 1988 (Table 4-8) unless otherwise noted. 
Whitaker 1972 
Burt et al 1976 
Whitaker 1988 
Anderson et al 1984 
Western Bird Binding Association 1984 
Term 1980 
Terns 1980 
Brown el a). 1968 
Bun et al 1976. 
The mouse soil ingestion rale i« 2 * of dry vegetation intake (Beyer el al 191). 

1 The soil ingestion rate of die jackraobit is 6 3% (Arthur el al. 1988) 
1 The praine dog ii assumed to have u> tan,- toil in^tioon rate i s (he jackrabbil (6 3%KAnhur el al 1988) 
' The mule deer toil ingestion m e is I 33% of a., Tianer intake (Arthur et al 1979) 
' The meadowlark soil ingestion rate is assumed to fc • 1 0 * of dry matter intake. 
1 The mallard soil ingestion rue n 8 2% of dry matter intake (Beyer et al. 1991). 

The black tailed jackrabbit ingestion rate is IS9 g/day wet w ight (Arnold and Reynolds 1943) 
The mule deer is assumed lo eat 80% vegetation and 20% fruit and wads (Anderson et al 1984) 
The mou<e is assumed to eat 20% fruit and seeds and 80% insects fWhitaket 1972) 

' The meadowlark is issumad lo eat 70% fruits and seeds and 30% insect* (Temte 1980) 
' The peregrin* falcon it assumed to eat 20% mice and 80% meadowlarks (Ttrraa 1980) 
' The bald eagle is assumed to eat 50% mallard ducks. 20% rabbits and 30% fish (Tenet 1980] 
' The coyote Is assumed to '•* 30% mice. 30% prairie dog. and 40% rabbits (Whitaker 1988) 
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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 Facton, and Fish Bioconcentration Factors 
for Constituents of Concern at the Rocky Flats Plant 

Fhh Bieceaoatratten S o i to Vesttattoa SoI toFraat ViyMllto to Beet 
C H U I U M K Factor Transfer Factor Transfer Factor m a s t e r Factor 

AcenaptbeQe 6.46E+02 2.16E-01 2.I6E-0I 2.0OE-O4 

Acetone 3.89E-01 S.33E+OI 5 33E+OI I.44E-08 

AMrin 3I4E+03 7.I4E-0I 7.14E-01 2.5 IE-OS 

Arodor 1254 230E+O4 225E-02 235E-02 I.OOE-02 

Aroctor 1260 I.60E+O5 2.25E-02 2.25E-02 IOOE-02 

Atraane I.3IE+0I 4 03E+O0 403E+00 1.26E-06 

BEHP 1 I9E+07 4.37E-02 4J7E-02 3.I6E-03 

Benzene 2 4IE+OI 2J7E+00 2J7E+O0 3.I6E-06 

BrorooftN 111 4.3IE+01 1.63E+O0 163f+O0 603E-06 

2-buunone 9 5IE-0I 263E+01 263E+OI 4.90E-08 

ButyKtenzylphdulatc 354E+03 5.70E-02 5.70E-O2 2.00E-03 

Carbon disulfide I.95E+01 2.706+00 2 706+00 2.5IE-06 

Carbon letnchlohde I.70E+OI 9.32E-01 9.32E-0I I.59E-05 

CrUorobcnzenc 645E+02 9 32E-01 9.32E-0I 1.S9E-05 

Chloroform 185E+OI 2.70E*O0 2 706+00 2.5IE-06 

2-chlorophenol 6.40E+00 2O7E+00 2.07E+00 3 98E-06 

OiaziDcn 463E+02 2.46E-01 246E-0I I.58E-04 

I 1,4-dichlorobenzcne 6O0E+O1 420E-OI 4.20E-01 63IE-05 

1 l.l-dkhloroethane I35E+OI 3.53E+00 3.53E+O0 I.S8E-06 1 
1 1 J-dichloroethane 2.00E+O0 5.26E+O0 5 26E+00 7.94E-07 j 

9 l.l-dichJoroediene 1.47E+OI 2.37E+O0 2.37E+O0 3 16E-06 

| trans- 1.2-dichlcroethylene I.36E+O0 2.37E+O0 2.37E+O0 3 I6E-06 

| di-n-butyl phthalate I07E+O4 3.82E-02 3 82E-02 3.98E-03 

Q di-n-octylpnthalate I.87E+07 I86E-04 1.86E-04 3 98E+0I 

1 2,4-dinitrotoluene I95E+01 2.70E+O0 2.70E+00 2 5IE-06 

Elhy! benzene I.46E+02 492E-01 4.92E-0I 4.79E-05 

2-hexanone 659E+O0 6.I7F+00 6.17E+O0 6.03E-07 

Methylene chloride 574E+O0 6.86E+O0 6.86E+00 5.01E-07 

4-methyl-2-penunone 2.0SE+on 7.84E+O0 7 84E+O0 3.98E-07 

2-methylphenol ! 85E+01 2.85E+O0 2.85E+O0 2 29E-06 

n-nitrosodiphenylamine I4IE+02 625B-OI 6.25E-0I 3I6E-0S 

n-nitrosoa.propylaminc 799E+O0 533E+O0 533E+00 7.76E-07 

Parathion-ethyl 463E+02 246E-0I 2 46E-0I I58E-04 

Phenol 757E+O0 526E+O0 526E+00 7.94E-07 

Pyrene 280E+O3 335E-02 335E-02 50IE-03 

Simazine 66*E-01 387E+01 387E+OI 25IE-08 

Simetryn 6.69E-OI 387E+OI 387E+OI 25IE-08 

Tetrachioroeihane 390E+OI 2.07E+O0 207E+O0 3 98E-06 

Tetrachlorethene 557E+OI 420E-OI 420E-OI 630E-05 

Toluene 699E+01 107E+O0 107E+00 I26E-05 

1,2.4-irichlorobenzene I09E+O3 I27E-OI I27E-0I 50IE-04 

1.1 -tnchlorethane 6.69E-0I 387E+OI 387E+OI 2 51E-08 

1,1,1-irichloroethane 900E+O0 1 39E+O0 I39E+O0 794E-06 

Trichlorethylene 379E+OI 1 59E+O0 159E+O0 631E-06 

Vinyl acetate 1 34E+00 I47E+OI 147E+OI I35E-07 

Xylene I77E+02 548E-OI J48E-01 3 98E-05 

Aluminum 1 00E+O0 4 00E-O3 6J0e-04 I5OE-03 

Antimony I00E+O0 2 00H-01 300E-02 100E-O3 

Arsenic l.</)E+O0 4 00E-02 6 00E-03 2.00E-03 

Barium 4OOE+00 I50E-0I 450E-04 I5OE-04 

Beryllium 1 90E+OI IOOE-02 1506-03 I.OOE-03 

Boron 220E-OI 400E+00 2.00E+00 800B-04 

Cadmium 2 00E+O2 550E-OI I50E-0I 550E-04 
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Table 8-7 (cont'd) 

Hta Btocaunsstrataaat S«« to Vegctatis* S a l t o F n k Vtaetatfea to Beef 
Constituent Factor ftanafcr Factor Traa*fcr Factor Transfer Factor 

Chromium 2.0OE+OI 7.5QE-03 4 506-03 550E-O3 
Cobalt 5.00E+01 2.00E-02 7.00E-O3 2.0OE-O2 
Copper 5.00E+OI 4 006-01 2-50E-01 1 006-02 
Cyanide ion J.79E-01 5.41EMH 5.41E+01 1.41E-0C 
Iron 1.006+02 4.00fe-03 I.OOE-03 2.006-02 
Lead 1006+02 4J0E-02 900E-O3 3 006-04 
lithium 5.00E-O1 2 506-02 400E-03 1.006-02 
Magnesium 5.00E+OI IOOE+00 5J0E-OI 500E-O3 
Manganese 400E+O2 2 506-01 5006-02 4006-04 
Mercury 2.03E+05 9006-01 2.00E-01 2JOE-01 
Molybdenum 1006+01 2-506-01 6.00E-O2 6.006-03 
Nickel 1.006+02 6.0fje-'v2 6.00E-O2 6.00E-03 
Potassrom I.OOE+03 1.006*00 5J0E-OI 2.006-02 
Selenium I.70E+02 2.50E-02 2-506-02 1506-02 
Silver 2.30E+00 4.006-01 IOOE-01 3 006-03 
Sodium l.OOE+02 7.50E-02 5J0E-O2 5-50E-02 
Sulphide NA 1.506+00 1 50E+O0 1006-01 
Thallium I.0OE+O4 4 006-03 4 006-04 4 006-02 
Tin 3.00E+O3 300E-02 6006-03 8.006-02 
Vanadium 1.006+01 5.50E-03 3006-03 2 506-03 
Zinc 2.0OE+O3 1.506+00 900E-01 1.006-01 
Amend um-241 2.506+01 5.50E-03 3006-02 3 506-06 
Cesium-137 2.00E+O3 8 00E-02 3.00E-O2 2006-02 

I Plutonium-238 3.50E+00 4 506-04 4.506-05 500E-07 
I Plutonium-239 3.506+00 450E-04 4.50E-05 5006-07 
I Radium-226 5.00E+OI I.50E-02 I.50E-O3 2.50E-04 
| Radiuro-228 5.006+01 I50E-02 1506-03 2.506-04 
1 Stronrjura-90 3.006+01 2.50E+00 2 506-0! 3.006-04 
9 Tritium IOOE+00 1006+00 1006+00 1006+00 
] Uranium-234 2006+00 8 50E-03 4 00E-O3 2.00E-04 1 
y Uranium-235 2006+00 850E-03 4 006-03 2006-04 J 
1 Uranum-238 2.00E+00 85OE-03 4 006-03 2.006-04 i 

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 (1990. For 
inorganics and radionuclides, the transfer factors were uken from Baes et al. (1984). The K „ for cyanide w u taken from MEPA3 and the transfer factors were calculated from 
equations in Travis and Amis (1988). 
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source terms were decay-corrected by PNL to the 
time of disposal or release. Estimated dose to 
tenestrial 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 macroinveitebrates 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. Thr external radiation dose from 
exposure to surface water was calculated for all 
organisms. 

8.4 C O N T A M I N A N T EFFECTS A S S E S S M E N T 

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 toxicoiogical 
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 mg/kg/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 I 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 
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 potentially unacceptable risk 
(HI > I) to terrestrial organisms (IAEA 1992). 
Methods used to calculate exposure and risk are 
described in appendix A. 

Toxicoiogical benchmarks for terrestrial 
organisms, excluding vegetation, were obtained 
from Opresko et al. (1993) (table 8-8). 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 
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 
cnntaminants, 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 "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 
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 mat 
produced phytotoxically excessive effects was 
chosen from die database. 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 
(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. J 992) (table 8-8). To 
determine internal dose to aquatic plants, fish, 
and muskrats from exposure to radionuclides, the 
surface water concentrations were multiplied by 
ladionuclide and organism-specific (internal) 
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 (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 external radionuclide-specific dose 
conversion factor. Combined internal and 
external doses greater than 1 rad/d are considered 
to pose a potential risk to aquatic organisms (i.e., 
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. Following 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., 1 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 die waste sites 
would represent only a relatively small part of 
the area die species would occupy, if the waste 
sites were used at all. 

To further interpret results of mis risk analysis, 
the following assumptions concerning the 
contribution of waste sources to receptors are 
made. 

1. For most of the DOE sites assessed 
in this PEIS, correction factors based 
on die ratio of the total contaminated 
area to die home range of terrestrial 
receptors were developed. These 
factors were applied to die His 
calculated for the average 
concentrations screening to produce 
a more reasonable or effective HI. 
This was done for mis assessment as 
well; home ranges and ratios 
(correction factors) are presented in 
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, die 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 die 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 FUus Plant (NOAEU listed in mg/kg/dfor terrestrial 
benchmarks or mg/Lfor aquatic benchmarks) 

J—4»"t BlackteeM MaltDtcr Ptrtarlm 
Cmatttmmt Mttttt jacaraabM Prairie Dof Meadowlark MaftaH Falcon BaM Baaja Coyote VtffMaDon Aavattc 

Acauptacac NA NA NA NA NA NA NA NA NA 1.28fi+02 I.97E-0J 

AceKae 264E+01 IS6E+OI 665E+O0 I47E+00 I.53E+OI 667E+O0 7.49E+OG 4 27E+00 2.R0E+O0 9.65E+OI 2.3VE+OI 
Arocta 1234 153E-OI 60SE-02 692E-02 1.396-02 2.92E+00 155K+00 I.74K+O0 9.92E-01 2.52E-02 I.0OE+O1 3.20E-04 

Arock* 1260 I57E+00 I I9E-02 2.92E-03 6.46E-04 9I2E-OI 2.93E-OJ 3.29E-03 I.S7E-03 I.23E-03 NA 2.10E-0) 
BEHP NA NA NA NA NA NA NA NA NA I.40E+OI 3.0UE-O4 
BfUffii- 660E+00 4.66E+00 lbofc+00 3.68E-OI 3.83E+00 I.67E+O0 I.87E+00 I.07EXJ0 6.99E-OI NA 2I0E-O2 

Bronufona NA NA NA NA NA NA NA NA NA NA NA 
2-bauaaac~ 2 43E+01 I72E+01 6I2E+00 I.35E+00 I.4IE+0I 6. ME+OO 6.89E+O0 V93E+O0 2.57E+O0 NA NA 

Carboa doalfkk NA NA NA NA NA NA NA NA NA NA IOOE+03 
Carboa tetrachloride 188F.-01 1 32E-OI 472E-02 I.04E-02 I09E-OI 4.74E-02 5.32E-412 3.03E-O2 I.99E-02 3.60E+OI 6 50E-02 

Chka. twaaeoe NA NA NA NA NA NA NA NA NA NA I65E-OI 
Oriora rm 2.38E+OI I68E+OI S99E+00 6 28E-OI I.38E+OI 6.00E+O0 3.2OE+O0 I82E+00 I.19E+00 NA 8 4OE+O0 

1,1-Jjch.JCor hanr NA NA NA NA NA NA NA NA NA 8.60E-OI 1 59E+O0 

1.2-<acaljra«baae 1 93E+00 1 38E+00 492E-01 I09E-01 1 I3E+00 4.94E-0I S.J4E-0I 3.I6E-0I 2.07E-OI 5.40E-OI 1. IOE+01 

l.l-dacfeloroetaeac NA NA NA NA NA NA NA NA NA NA 4.47E-OI 

maa-1J-tehiorociByleae NA NA NA NA NA NA NA NA NA NA NA 

dt-a-bvtyl patiMbjkE 493E+OI 1 79E+02 1 24F.+OI 2.74E+00 I.29E-02 3.64E-03 6J3F 03 3.6IE-03 5.22E+O0 I4IE+04 2.70E-OI 

di-aoctylphrhajaic NA NA NA NA NA NA NA NA NA NA 3.10E-0I 

Ethyl b e a m c NA NA NA NA NA NA NA NA NA NA 4 40E+02 

2'hexxKMM NA NA NA NA NA NA NA NA NA NA I26E+03 

Mcthyfcac chloride 1 S4E+OI I09E+O1 3 WE+00 8.60E-OI 8.9SE+O0 3.9OE+O0 4.3SE+OU 2.3OE+O0 1.ME+OO 5 60E+00 4.I0E-0I 

4-a»«hyt-2-p«Mano»r 1 32E+01 9 32E+O0 3 33E+00 7..ISE-OI 7.65E+00 3.33E+00 3.74E+O0 2.13E+00 I.40E+00 NA I.39E+03 

2<nc*aylphentf NA NA NA NA NA NA NA NA NA NA 7 40E+0I 

a MimwTtiirhi**nyliiT"*^ NA NA NA NA NA NA NA NA NA NA 4.00E+OI 

Phcaoi NA NA NA NA NA NA NA NA NA NA 2 30E-04 

ryw»K NA NA NA NA NA NA NA NA NA 1.28E+02 NA 

TetncakKoeltaac NA NA NA NA NA NA NA NA NA NA 1.30E+0I 

TcmcakiRtbeae I63E+O0 5 92E+O0 4 IIE-01 9.08E-02 945E-OI 4I2E-0I 4.62E-01 2.63E-01 I.73E-OI 1 57E+OI 5.I0E-0I 

Tcitimn 5 89E+01 4I6E+01 1.48E+OI V28E+00 3.4IE+OI I.49E+0I I.67E+01 9.52E+00 6.24E+00 9.7OE+00 2.60E-O2 

M.l4ricbJoroc<hane NA NA NA NA NA NA NA NA NA 6.I0E+O0 2 5IE-01 

TncMorahytcae I75E+02 1.40E+02 499E+OI 1.106+01 94SE-01 .VUuE+OI 5.62E+OI 3.20E+OI 2.I0E+0I 6.70E-OI 3 76E+O0 

Vayl acetate NA NA NA NA NA NA NA NA NA NA I.ME+02 

Xylene 1 32E+03 9 32E+02 3 33E+02 7 35E+OI 7.6SE+02 3.33E+02 3.74E+02 2.I3E+02 1.40E+02 2.40E+OI 2.68E+O0 

Aanuaum NA NA NA NA NA NA NA NA NA sooe+oo 8.70E-02 

Aatuaoay 13IE+04 13JE+04 3.31E+03 7.31E+02 7.6IE+03 3.3IE+03 3.72E+03 2.I2E+03 I.39E+03 5 006+00 190E+00 

Aneuc 1 IIE-01 4 55E+00 1.62E+00 6.09E-OI 64IE-02 I.63E+O0 3.I0E+O0 l.77E*00 I.16E+00 1 50E+0I 9 32E-0I 

Barmm I.35E+00 951E-01 3 39E-OI 7.50E-02 7.80E-OI 3 40E-OI 3.82E-OI 2.18E-OI I43E-OI J0OE+O2 2 03E+OI 

Beryibttm I43E+00 10IE+O0 3.59E-OI 7.94E-02 8 26E-01 3.6OE-0I 4.04E-01 2.3IE-OI I.SIE-OI IOOE+01 3 80E-03 

Bona NA NA NA NA NA NA NA NA NA NA 7 0OE-O3 

CMBawm 2.54E-02 I2IE-0I 6.40E-03 I.42E-03 I.32E-OI 5.7SE-02 2 66E-03 I.5IE-03 2.69E-03 3 00E+00 1 10E-03 

Q n a H B 6J4E+O0 448E+00 I.60E+00 3.S3E-OI 3.67E+O0 I60E+00 1.80E+00 I.02F+O0 6.71E-OI 7.JOE+OI i . ioe-02 

'Tie IMCC fee all lenanal beacfcoMcks. cicepl ibow for veaeiMioa. i» Onreiko cl »l. 1993 For vtreuuon, the KHUIX 11 Suier «ml Futrell. 1993, «nd l he Mourn, hiutas Military KturvaHtm AutumtM Handbook, 1992. 
* lkc warcc Kir (ananc beactnarfa a Suta el «l. 1992 
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Tabic 8-8 (con't) 

CaaattaMN 'zr •tacktalM 
JathraafeM PralrteDot 

MattOaK 
Maaaawlarii Maflarii Falcon •aM Eagle Coy ota VtfMatUa A , , — 

Coke* NA NA NA NA NA NA NA NA NA 2.50E+OI 4 406-03 
Copper I.98E-0I 2 6IE+O0 9.3IE-01 2.06E-OI 6.30E+01 2.74E+01 2.49E+OI I.42E+OI 3.92E-OI 6.00E+OI I.20K-O2 
Cyanide wo 2 85E+OI 2.09E-02 7I8E+O0 2.106-02 I65E+OI 7.20E+00 8.09E+00 6.I1E-02 4 0OE-O2 NA 5.20E-O3 
lroa NA NA NA NA NA NA NA NA NA I.0OE+O4 looe+oo 
Lead 7 66E-G1 S4IE-03 1.9JE <H 4.27E-04 1.46E-02 1 I7E+OI I J2E+01 7.51E+00 8.ME-04 I.00E+02 3 20E-03 
t»h««m NA NA NA NA NA NA NA NA NA 2.00E+00 NA 
M a j a n i w 252E+02 4I8E+02 6 34E+01 I40E+OI I.46E+02 6.36E+OI 7.I4E+0I 4 07E+OI 2.67E+0I NA I.60E-04 
Uiajiartr 2 l o t + 0 0 4.46E-02 5.44E-0I I.20E-0I I.2SE+O0 546E-0I 6.I3E-OI 3.49E-OI 2.29E-OI I.JOE+03 I.I0E+O0 
Mercury 1 S5E+OI 8.7SE-03 692E-03 1.72E-02 2 92E+OU 2.83E-02 6.8IE-OI 3.88E-OI 3.27E-02 30OE-0I I.30E-03 
MoryCdcaum NA NA NA NA NA NA NA NA NA 2.0OE+O0 3.60E-OI 
Nickel 6J8E+0I 4.S0E+0I I6IE+OI 3.55E+00 3.82E+O0 I.67E+O0 I.87E+00 IO7E+O0 6 75E+O0 I.OOE-02 I.6OE-0I 
Pona»«m NA NA NA NA NA NA NA NA NA NA I.30E-04 
StkaiMi 664E-02 241E-OI I67E-02 3.70E-03 2.29E-0I lOOE-OI I.I2E-OI 6.40E-02 7.03E-M SOOE+OO 3.50E-02 
Silver NA NA NA NA NA NA NA NA NA 2.00E+O0 2.006-04 
S~frv*» NA NA NA NA NA NA NA NA NA NA 4.ME-0I 
TWbwn 264E-02 1 86E-02 6.65C-03 I.47E-03 I.J3E-02 667E-03 7.49E-03 4.27E-03 2.80E-03 IOOE+00 6 40E-02 
T » NA NA NA NA NA NA NA NA NA J.OOE+01 NA 
VaaadHm 249E-01 7 8IE-02 626E-02 1 39E-02 I44E-OI 6.28E-02 705E-02 4.02E-02 2.63E-02 5.00E+O1 4IOE-02 
ZJOC 256E+0) 18IE+0) 6 45E+O0 143E+00 1.48E+0I 647E+00 7 26E+00 4.I4E+O0 2.7IE+O0 7 0OE+OI I.IOE-OI 

NA « Benchmark aoi available. 
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hftKitat *nA |aro#» enough to ̂ nc^f!"10*' the 
entire RFP reservation, that is. 
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 endangered 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 reservation. Great Western 
Reservor, only about 0.S km (0.3 
mile) east of the reservation, and 
Standley Lake, about 1.9 kin (1.2 
miles) east, appear to satisfy these 
preferences, 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 not they feed on the reservation. 
Third, the reported home range of 
the bald eagle 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 
potential prey species that are 
probably already undergoing 
considerable disturbances in 

and industrial practices as well as 
residential development. For these 
reasons, the appropriate correction 
factor is considered to be 1.0 (table 
8-9). 

3. For all other terrestrial endpoint 
receptors at RFP, minimum home 
ranges are smaller than the estimated 
total contaminated area. Thus, no 
correction factor (i.e.. a correction 
factor of 1.0) was applied to the 
calculated His in tables 8-10 through 
8-13 to determine the effective His 
used to characterize risk (see tables 
8- 14a through 8-14d). In other 
words, receptor species with 
minimum home ranges of about 980 
ha or less (table &-9) could receive 
as much exposure as the average 
screening of this analysis indicates. 

4. The contaminated area actually 
varies with different contaminant 
species, but lacking sufficient 
contaminant-specifc distribution 
data, die 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. Fxposure of biota 
living completely outside die 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 they 
are minor compared with the 
amounts and concentrations in the 
waste sites. 

5. Although the threatened Ute lady's-
tresses have not been observed on 
the reservation itself, this terrestrial 
orchid is included in this assessment 
because of its known proximity (a 
few kilometers north and south of 
the reservat ion) and the 
identification of potentially suitable 
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habitat along swaies and the edges 
of wetlands within the reservation. 

Wetland and aquatic receptors (Fish, 
benthic invertebrates, and plants) are 
assumed to be fuliy exposed to 
contaminants measured in aquatic 
habitat (i.e., 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 these small waste 
ponds would be unlikely to support 
most aquatic life. Consequently, die 
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. 

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 (His) for terrestrial 
receptors exposed to the maximum source 
concentrations exceeded I for IS out of 19 
inorganic contaminants (for which benchmarks 
were available), and 6 out of 17 organic 
contaminants. Exposure to the maximum 
concentrations of radionuclides resulted in His 
for all receptors of about 5E+07. Radiological 
dose was dominated overwhelmingly by 
exposure to ^Sr 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 His greater 
than I (table 8-10). Because ™Sr concentrations 
were so much higher than concentrations of other 

radionuclides, and average *°Sr concentrations 
could not be estimated, the His 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 soil 
thus remained the dominant radionuclide 
contributing to the total dose for all species. 

About 60% of HI values for all 
species-contaminant combinations were between1 

and 10 (versus 49% for the maximum); 35% 
were about 10 but below 1000 (versus 43% for 
the maximum), and about 5% were 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 His greater than 
1. Hazard indices also exceed 1000 for aquatic 
organisms exposed to the maximum 
concentrations of cyanide km, 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 His 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 His, 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 indices 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 onlyj 
resulted in extremely high His (or doses) for all 



TABLE 3-y—Home Ranges' of and Hazard index (Hi) Correction Factors (CFf 
for Terrestrial Receptor Species on the Rocky Flats Plant 

Home Range3 (ha) | 
! Receptor 
| Species 

<980ha >980ha Correction I 
Factor 

] Me: dow jumping mouse X 
(0.08- I.!) 

1.0 

1 Black-'atled jackrabbit X 
(7.3 - 160) 

1.0 

| Prairie dog X 
(2.4 - 2.8) 

1.0 

Coyote. X 
(2100 - 8000) 

0.47 

I Mule deer X 
(39 - 3400) 

1.0 

Western meadowlark X 
(1.2-6.1) 

1.0 

Mallard duck X 
(4.0) 

1.0 

Bald eagle X 
(520-940) 

1.0 

Peregrine falcon X 
(65-31.000)1 

0.049 

Vegetation X 
«0.1) 

1.0 

'Anderson and Wallmo 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 correction factors. A CF of 1.0 was applied to His for each contaminant for 
each species having home range £ 980 ha. 

'A home range of 20.000 ha was used to calculate the correction factor. 
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TABLE 8-10—Baseline Hazard Indiciesfor Terrestrial Organisms on the Rocky Flats Plant 
RASEU'NE AVERAGE HAZARD INDICES FOR ROCKY FLATS TERRESTRIAL OXtJANlSMS 

Hazard Indices Cakatatcd Using Average Cnlawln—I CoacciMrailoiu 

Acooae 

Aiockx 1254 

ANCkx 12*0 

BEHP 

Di a butyl 

Tulueac 

4 3SE-05 

I t r n u 

BCOUMTO 

Cadttaiat 

Omwmam 

Cobak 

Copper 

Cyaude tun 

Iroa 

Lead 

Mercury 

Malybdeaua> 

Ntcket 

SUvet 

»J 

944E-U2 

l.44E*4» 

194E-02 

NA 

29IE-04 

3 25E-02 

NA 

6.06E-01 

2I9E-0I 

4OE+00 

5.22E+00 

I02E-04 

NA 

1.7IE+01 

NA 

9.I0E+00 

6 3IE-0I 

2.63E+OQ 

3WE-U2 

NA 

3.20E-03 

NA 

9 67E-02 

7.03E-OI 

Pralrto 
Oof 

Westers 
Dtcr Mallard PcrtgriiMt 

tatrua Coyote 

4(t7E*00 

3 42E+O0 

NA 

9H4E-05 

477E-02 

NA 

I JJIICJU 

3.4 IHI I 

» IOE*UO 

3 62E+O0 

NA 

5 20fc <M 

1 I3E-0I 

NA 

4 'WE-OI 

2 66E+O0 

7 92E+0O 

NA 

9 H8E 04 

I 67E-0I 

NA 

6 (ME -02 

1 (UK « l 

4 44E-U2 

NA 

I24E+O0 

2 39E-02 

NA 

6 43K 4>2 

! 72!;. 01 

I 26E+OI 

NA 

2.47E*O0 

298E-02 

NA 

5 2JE <J5 

Sibfc-Ob 

1 8SE 04 

NA 

I 99E-02 

I I5E-OS 

NA 

S75E-OS 

b 97E OS 

5 tOii m 

NA 

3 9IE+0I 

I60E-O4 

NA 

N/A HtarliaifinR^nSSef menloce hazard a m cid^'b. calculated 

ID6E-02 

471E-OI 

9I2E+O0 

243E-OI 

1 10E-04 

NA 

7 39E-OI 

6.70E+03 

NA 

I67E+OI 

3S4E-0I 

I.S0E+O2 

6.94E+OI 

NA 

S02E-03 

NA 

328E-02 

3IIE*00 

* "EiV 

I98E-02 

862E-OI 

3 87E+O0 

6.S2E+00 

I04E-O4 

NA 

I61E*00 

2.18E+OI 

NA 

llJE+01 

2.I7E+O0 

o.90E«00 

7.S0E+OI 

NA 

66*1.-03 

NA 

I 2IE-0I 

4 46E-0I 

2I3E-02 

131E+OQ 

1 IIE+OI 

I I3E+0I 

229E-04 

NA 

2.39E+O0 

3.03B+O3 

NA 

3.32E+OI 

3I6E+O0 

I.32E+OI 

962E+O0 

NA 

I 17E-02 

NA 

208E-OI 

I.JoE+OO 

H?Etfl> 

1 I2E+O0 

298E-01 

I 20E+0I 

685E-UI 

I 92E-04 

NA 

! 27E-V2 

1.9SE+01 

NA 

4 99E+O0 

<24E-Ot 

J.20E+OO 

7.14E-02 

NA 

5 0402 

NA 

I I4E 01 

I95E+U0 

I 65EOI 

3 79E-02 

479H-0I 

2.S7E+OI 

; 2n*x-<ii 

3.39K 0» 

NA 

I 7rE-02 

2.07E+C1 

NA 

5 37E-03 

460K-OI 

3.23E+O0 

3.09E+OO 

NA 

9.43E-02 

NA 

I 20E-0I 

4I8E+O0 

I WW 

28SE-4M 

I VIE 02 

7 3IE04 

1.0IE+0I 

4 I2E-05 

NA 

4 iJE 05 

I.ME*fll 

NA 

I8SE4S 

4.26E-02 

I.07E-02 

2.0SE-02 

NA 

252E-U3 

NA 

6.88c-02 

302E-02 

148E-04 

32IE-02 

397E-03 

3 82E+02 

I94E-04 

NA 

4 1IE-04 

9.506*02 

NA 

3 59E-04 

4J7E-0I 

8.02L-0I 

7 47E+02 

NA 

490E-O2 

NA 

I27E+02 

8 7IE-02 

9 93»:<>« 

4 28K 03 

I 22J: «2 

NA 

I 7hK <» 

2 2 0 t OS 

mn imuw 
5 48E-04 

346E-02 

3 39E-03 

7.07E+«) 

786E-05 

NA 

3.96E-03 

I.64E403 

NA 

2.ISE-0I 

8.2SE02 

209E-O2 

S.07E-OI 

NA 

S.03E-O4 

NA 

I.3IE-0I 

582F J2 

Vcfietalioii 

7 S8K--03 

5 29E+O0 

NA 

3 29fc « l 

I 79E 4M 

2.79E+O0 

Mirny*, 

830E-OI 

63SE-02 

I 93E+01 

0(10 

I l8E-ai 

0 0 0 

I.07E+O0 

NA 

2.76E+O0 

I 28E-OI 

NA 

220E-0I 

3.I6E+OI 

0 0 0 

27SE-OI 

0 0 0 

0 0 0 

I.ME«00 
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TABLE 8-11—Baseline Average Radiological Doses for Terrestrial Organisms on the Rocky Flats Plant 

Radiological liases <rad/d) Calculated Using Average Contaminant Concentrations 

Prefclr's Jumping 
Mouse J^-krabbil Prairie 

Dag 
Mule 
Deer Meadowtark Mallard Peregrine Falcon BaK Eagle Coyote Vegetation 

Amentum 241 

Strontium-90 

Total dose 

Radiological Hi 

I04E+U) 

5 53E+U6 

5 53E+06 

S53E+07 

I IME+OO I 04E+00 i <ME+(X) I 04E+00 I 04E+00 I 04E+00 

VVUUOb 5 53E+06 554E+06 553E+06 5 S1E+06 5S3E+06 

5 53E+06 5 33E+06 5 S4E+06 5 S3E+06 3VUUU6 5S3E+0h 

5S3E*07 553E+07 S 54E+07 5 J3E+07 S S3E+07 S.53E+07 

I (ME+UO 

5 VIE+06 

!S S3E*<>6 

5 S3E+07 

I 40E+00 

I 84E+07 

I H4E+07 

I.84E+08 



TABLE 8-12—Baseline Average Hazard Indices for Aquatic 
Organism* on the Rocky Fists Plant 

Average 

1 Constituent Surface Water Bentok 
HI MacroirmrtebraU 

(Fish) HI 

Acetone 2.42E-04 3.45E-01 
BEHP 620E+OI NA 
Di-p-butyl phthalate 6.85E-03 NA 
Phenol 2.80E+O2 1.Q2E+05 
Toluene 1.08E-01 7.67E-03 

I Aluminum 4.84E+00 1.92E+01 
Antimony 3.53E-02 NA 
Arsenic 1.39E-02 NA 
Barium 502E-O3 9.47E-02 
Beryllium 1.03E+00 NA 
Cadmium 3.58E+02 1.13E+04 
Chromium 9.91E-02 7.87E-01 
Cobalt 4.2IE-01 NA 
Copper 1.23E+00 1.75E+02 
Cyanide ion 2.62E+05 UOE+06 
Iron 684E-01 5.12E+02 
Lead I.12E+00 4.38E+00 
Magnesium 2.80E+05 5.29E+06 
Manganese 8.80E-O2 1.87E+00 
Mercury 1.56E+02 1.545+02 
Molybdenum 1.67E-02 NA 
Nickel 4.32E-OI 2.90E-O3 
Potassium 2.83E+04 NA 
Silver 3.36E+01 9.93E+00 
Sodium 4.06E+O2 2.49E+02 
Thallium I.I8E-01 7.29E-02 
Vanadium 7.63E-OI 4.83E-01 4.83E-01 

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 

RadMofJcml Doses (raaVd) Calculated Using M u l r n i a Contaminant Concentrations 

PreMe's 
JiHBplag Mouse 

Jackrabbit Prairie 
Dog 

Mule Deer Mndowlark Mallard Peregrine 
Kakoo 

Bald 
Eagle Coyote Vegetation 1 

AmchcxuB-241 230E+03 2 50E+03 2S0E+O3 230E+03 2S0E+O3 2SCE+01 250E+03 2 3OEt03 2SOU03 3 36E+03 1 

Ctaiun-137 S32E 13 1 521- I I I 0 S E - I I 3 70E-IO 1 86E-I2 I 0 4 E - I I 4 7 I E - I 2 S35E-09 6 42E-H 0 00 H 

PtiMBHHn-238 8 33E-07 8 33E 07 8 33E07 8 33E 07 8 33E-07 833E-07 833E-07 833E-07 8 3JE 07 4 90E 07 I 

PkWMMm-23V 76SE-03 765E-03 7 65E-03 7 65E 03 7.65E-03 7.6SB-03 765E-03 7.6.iE-03 7 65E 03 9 90E O) 1 

Radium-226 2 I3E-04 2 13E--04 2.I3E-04 213E-04 2 l 3E -m 2 I 3 E 0 4 2.I3E-04 i I3E-04 2.I3E-04 2 44E 04 | 

Radiura-22S 9 44E-I3 2 7UE-11 I86E I I 6 56E 10 3 30E-I2 1 K4E I I 8 36E-I2 2 63E-IO 1 I4K 10 0 00 1 

StroatMJn-90 5S3E+06 5 S3E+06 SS3E+06 5 ME+06 553E+06 5S.»E+06 5 33E+06 5SU-+06 5 J3t0ft 184*07 1 

TfttHun 1 72E-09 492E-08 3 39E-08 1 20E 06 602E-09 336E 08 1 52E 08 369E-08 2.08E-07 0 00 0 

UnwMP-234 I63E-06 I67E-06 I.66E-06 2 23E-06 1 63E-06 I66E-06 1 65E-% I68E-06 I.7SE-06 3 H8E 06 1 

Unautm-235 647E-06 6 4 7 E 0 6 6 47E-06 6 49E 4X> 6 47E-06 647E-06 6.47E06 647E-06 6.47E06 7I0E-O6 | 

Unaiuin-238 2.0SE-02 206E-02 2 05E ^)2 2.06E 02 205EO2 2 06E-02 2.03E-O2 205E-02 2.06EO2 2.I8E-02 1 

Tool dose S33E*06 3 53E+06 S53E+06 554E+06 S53E+06 333EtOb S33E+06 5S3E+06 3 33E+06 1.84E+07 I 

RHhotopcal HI 5 53E+07 3J3E*07 5 53E+07 5.54E+07 S.S3E+07 5.33Bv07 S.33B+07 5 53E+07 5 53E+07 1 84E+OD I 



TABLE 8*!4S—SsssUxt PoUsZal Risks'' ia Federmsy 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 Plant1. 

Contaminant 
Jumping 

Mouse 
Bald 
Eagle 

Peregrine 
Falcon 

Ute's Lady's 
Tresses 

Aroclor 12M 

1 Di-n-butyl phthalate 

M M Aroclor 12M 

1 Di-n-butyl phthalate S 
J Toluene M 
I Aluminum S | 

I Antimony M I 
Beryllium M S 
Cadmium M S 
Copper M M 

Cyanide ion S S 
Iron M 

Lead M 

Manganese M 

Mercury S S 

Thallium S 
Vanadium M 

Zinc M 

Radiologic dose S S S S 

'Potential risks based on assumptions discussed in Section 8.4.3. 

2 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. 

' Risks to individuals that are not in the immediate vicinity of the contaminated resources are negligible. Contaminated sites and contaminated waters 
account for 38% and 100% of (he surface area and water resources, respectively, on the Rocky Flats Plant 
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TABLE $-l4b—Baseline Potential Risks' to Wedamas on the Rocky FUm PUtnt 

Contaminant Benthos2 Fish 

BEHP S 

Phenol S s 
Aluminum S M 

Beryllium M 

Cadmium S S 

Copper s M 

Cyanide ion S S 

Iron S 

Lead M M 

Magnesium s S 

Manganese M 

Mercury S S 

Potassium s 

Silver M s 
Sodium S s 
Zinc S M 

Radiological dose S s 
'M = moderate risk, where HI is equal to or greater than 10. but less than 10; S * severe risk, where HI is equal tc or greater than 10. 

'Based on EPA Water Quality Criteria (Suter et al. 1992). We assume that benthic invertebrates are exposed to port water concentrations while other 
wetland (aquatic) organisms are exposed to surface water. 
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T A B L E 8-14C—JAMM* Mateo* »«.•<«•»> •**»• «» »——-«... 5 w a g ^ j*s 
Orcapy «r facte* Wfcssr Stef «r Cwl i iKw) fffem in TVtr H—u Kamgts 

»m tlu Rtekj Fits Ham 

Contaminant Jackrabbit Mole Deer Mallard 

Aroclor 1254 M M 

1 Aroclor 1260 M M S 
I Di-n-butyl phthalate M 
f Barium M 

Beryllium M S S 
Cadmium S 

Copper . M 

Cyanide ion S S s 
Lead S s 
Magnesium M 
Manganese s S M 
Mercury s M M 
Vanadium M M M 

Zinc M 
Radiologic dose s S S 

'M 3 moderate risk, where HI is eoual to or greater than 1.0. but less than 10; S = severe risk, where HI is equal to o r greater than 10. 



TABLE S-i4d—gmstOmt fiaMMtaf Hois' to Otktr Import** Faed W«* CMfMMtt ttttt Occwmy CMtmmmatad Sites 
am tkt Kockj Flaet Flm* 

J Contaminant Prairie Dog Coyote Meaoowtcrk Vegetation | 

1 Aroclor 1254 M M 
I Aroclor 1260 M 

Di-n-butyl phthalate M 
Toluene M 
Aluminum S 

Antimony V 

Arsenic M 

Beryllium M S s 
Cadmium M M 

Copper M M 

Cyanide ion S S S 

I Iron M 

I Lead S M 
I Magnesium M 

Manganese M M 

Mercury S S 

Vanadium M M 

Zinc M M 

Radiologic dose S S S S 

'M z moderate risk, where HI is equai 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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animti- organisms exposed to ""Sr. Exposure to 
average concentrations resulted in substantially 
the same His 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 coniz.*rur»ant values 
yielded 27 contaminants producing HI values 
equal to or greater than I (i.e.. representing at 
least an intermediate risk from contaminants) for 
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.e., severe 
risk) for one or more endpoint receptors. A few 
contaminant - species combinations resulted in 
His in the thousands, and. indeed. His as high as 
1.8 e+8 for terrestrial organisms 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 
(primarily 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 almost 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 *°Sr 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 fish 
to a concentration of 1.8 pCi/L would produce a 
HI (rods 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 

[shout three times the mean 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 to be "Sr would the magnitude of 
His reported in this document be feasible. Back-
calculations indicate that is exactly what 
happened sometime early in die 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 His for total radionuclides in mis 
EIS to indicate possible relative risk to any 
organism residing in, or otherwise using these 
ponds., however unlikely that may be. Even 
without '"Sr, the HI of 2900 (i.e.. highly 
"severe" risk) for ^'Am-effects on aquatic 
invertebrates would still be cause for concern, 
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 M I Am His of 1.0 (representing the threshold 
for moderate risk) for all terrestrial 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 
proportion of their range that could potentially 
encompass contaminated lands or surface waters 
(table 8-9). Because of die large extent of die 
area assumed for this analysis to 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). 

8.5.1.1 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 His 
greatet than 1, although radionuclides ("Sr and 
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2 4 1 Ami were the onlv contaminant* eewminv 
such a hazard index for die peregrine falcon. 
Six contaminants (radionuclides, 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 cyanide 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, individuab 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 to 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 risks to benthic 
invertebrates are considered severe for 11 
contaminants and moderate for three, while 
potential risks to fish residing 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 macroinvertebrates only 
moderately exceed average background 
concentrations and are well within the range of 
concentrations reported for natural waters 
(Bowen 1979). The benchmarks used in this 
analysis ray well be based on test species that 
are unusually sensitive to these contaminants, 
thereby resulting in the severe risk ratings. 
Magnesium and K, therefore, almost certainly 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 His 
for recreational terrestrial species as represented 

exceeded unity for IS 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 

Ahhough once a part of the vast area of open 
rangeland dominating this region in die past, the 
reservation is now off limits to agriculture of any 
kind. This endpoint, therefore, was not a factor 
in this assessment. 

8.5.1 J Parks and Other Public Lands 

No public lands overlap die site, and die only 
designated public lands near die site are the 
Boulde- County Open Space land adjoining the 
northern boundary of die reservation and the 
Standley Lake Recreation Area to die 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 die reservation 
boundary in die case of the adjacent Boulder 
County Open Space land, but also for the 
Standley Lake area as well since it was included 
in die total irea of contamination used to 
calculate Hazard Indices for the various 
receptors. Thus tables 8-11 and 8-12 and the 
remarks in this section concerning 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 die values reported for on-site receptors. 

8.5.1.6 Biodbenity 

Table 8-l4d summarizes the baseline potential 
risks to four food web components selected as 
representative receptor species for the 
biodiversity endpoint. It should be understood, 
however, Uiat all of die odier receptor species 
evaluated in this assessment (and many tfwt were 
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not considered in thi* assessment at a!!) art sisc 
important elements of biodiversity at RFP. 

Each of a total of 19 contaminants pose 
moderate or 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.S.1.7 Conclusions 

Based on the assumptions and calculations used 
in this assessment, certain contaminants at certain 
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 to be 
used for comparative purposes only, and should 
be understood only in that sense. For numerous 
reasons discussed earlier, many of these His 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; consequently exposures and risks 
incurred by most aquatic and terrestrial 
organisms not in the immediate areas of 
contamination would likely be far less than 
indicated by these indices of relative risk (hazard 

indicts). The value of these hazard indices, 
rather, lies in their usefulness as took that can 
provide decisionmakers and other r.icrested 
persons information needed to compare or rank 
relative risks among die many contaminants 
occurring within a given DOE facility, and 
among the various DOE facilities. 

8 . 6 H A B I T A T D I S T U R B A N C E / 
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 die 
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 for livestock. Even though the reservation 
is hardly a perfect example of the 
montane-prairie transition ecosystem diat 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 terms of disturbance or fragmentation 
beyond the limited damage already done by past 
construction and operations. 

8.7 CUMULATIVE ASSESSMENT 

8.7.1 On-Slte 

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 > I) to the well-being of 
certain endpoint receptor species of local 
ecosystems, including four federally listed 
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b w y w n u rrvm oaacum* 
and ARAR Alternatives on the Rocky Flats PtamL Risks an for endpoints which occupy or use 

contaminated land and/or waters1 

1 Eodpotats* - No-Action Eaopoiacs - AJtAK (to be 
1 Soarceof Risk (BaseHne) provided) 

Construction1 

Aroclor 1234 ER.B 
Aroclor 1260 R. B 

I BEHP W 
Cyanide ion EW.R.B 
Di-n-butyl phdialate ER.B 
Phenol W 
Toluene E 
Aluminum E W B 
Antimony E B 
Arsenic A 
Barium R 

1 Beryllium E.W.R.B 
Cadmium E W. R. B 
Copper E W. R. B 
Iron E.W.B 

j Lead E W. f<. B i 
1 Magnesium W. R. B 1 
1 Manganese E W. R. B 
1 Mercury E.W.R.B 
1 Potassium W | 
1 Silver w 
I Sodium w 1 

Thallium E 
Vanadium ER.B 
Zinc E.W.R.B 
Radiologic dose E W. R. B 1 

'Only those contaminants are listed which our analyses showed could pose severe or moderate risks to some endpoinu. 
"'Risks to endpoinu which do not include known contaminated areas within their ranges are assumed to be negligible (sec 

Section 4.4 J). 
These are short-term risks. Long-term risks could be reduced with successful restoration of appropriate habitat. 
4 Ecological endpoints: E * threatened, endangered, and candidate species; W * wetlands; R » recreational fish and wildlife; 

F = agriculture and timber production; P • parks and other public lands; B » biodivenity (only for receptors not included under 
other endpoinu) 
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threatened, endangered, and candidate species. 
recreation&IIy desirable fish and wildlife, and 
other elements of biodiversity. More 
specifically. 17 contaminants representing all 
three contaminant classes (organics. inorganics, 
and radionuclides) pose moderate to severe risks 
to one or more federally listed species and 
wetland receptor species. Similarly. IS 
contaminants represent potentially moderate to 
severe risks to recreational wildlife, and a total 
of 19 contaminants could pose moderate or 
higher risks to other important elements of 
biodiversity. With the exception 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 available (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 risks to 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 agricultural 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 reservoirs 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 agricultural, residential, and industrial 
development in the watersheds, would be 
expected to be greater than if RFP-genrrated 
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-borne dust. Neither 
mechanism would likely be as important at 
Rocky Flats as hydrologic transport of 
contaminants. 
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CHAPTER 9: PORTSMOUTH GASEOUS 
DIFFUSION PLANT 

The Portsmouth Gaseous Diffusion Plant 
(PORTS) occupies about 400 ha (1000 acres) of 
a 1620-ha [4000-acre; 6.2-km2 (6.3-mi2] 
reservation in sparsely populated Pike County. 
Ohio. The primary process at Portsmouth, since 
beginning 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 floodplain [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; old fields; 
upland and bottomland 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. Cattle graze selected portions of open 
pasture and forest. Land surrounding the 
Portsmouth Reservation, except for die 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 small 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 
tributaries (DOE 1993). Little Beaver Creek 
drains the northern portion of Portsmouth; 
shortly after leaving the reservation it flows into 
Big Beaver Creek which also receives runoff 

directly from the northeastern portion of the 
plant. Big Beaver Creek flows to the Scioto 
River. Storm water is drained from die southern 
portion of Portsmouth via the South Holding 
Pond, which overflows to Big Run Creek, and 
from die southwest, central and western portions 
of die plant via holding ponds, drainage dit:hes, 
and intermittent unnamed tributaries to die Scioto 
River. 

The reservation itself is characterized by (I) the 
fenced centrally located production and waste 
storage area [about 40U ha (1000 acres)) 
surrounded by grasses and herbaceous dicots that 
are mowed throughout die 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 die creeks, and 
(5) upland mixed hardwoods along the western 
border of die reservation. No federally listed 
threatened, endangered, or candidate species of 
plants, or animals 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 
in downstream segments of Little Beaver Creek. 
Although hunting is not allowed, several 
recreational wildlife species are present. 
Important species groups of concern for 
conservation of biodiversity at Portsmouth 
include songbirds, raptors, deer, fox, bats, 
amphibians, fish, and vegetation. 

9.1 ECOLOGICAL ENDPOINTS AND S P E C I E S 

DISTRIBUTION 

Endpoints can be represented by many different 
receptors. The ecological endpoints and 
receptors chosen for die Portsmouth Reservation 
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ecological risk assessment are described in this 

federally 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 distribution and composition of 
endpoints and (2) selecting receptor species. The 
distribu ion 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 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 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 include recreational 
wildlife and certain components </ 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 maps 
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 Specks 

9.1.1.1 Receptors 

The geographic range of the federally listed 
endangered Indiana bat {Myotis 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 die 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 (Houtberg 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 foraging habitat. Foraging habitat for 
one colony of Indiana bats ranged from 1.5 ha 
(3.6 acres) in early summer to 4.S 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 in of the Portsmouth 
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TABLE 9-1—Distribution of Ecological Endpoints and Receptor* at the 
Portsmouth Reservation 

Ubiquitous Discontinuous Discrete 

Recreational wildlife (fish, 
rabbit, and deer) 

Components of biodiversity 
not included above (bats, 
mice, songbirds, raptors, 
foxes, and insects) 

Wetlands (fish, benthic invertebrates, 
and vegetation) 

agricultural and timber production 
(vegetation) 

Threatened and endangered species 
(Indiana bat, if present) 

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 in 
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 available for fish are 

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 die largest stream on 
the Portsmouth Reservation. It drains die 
northern and northeastern part of the site 
before discharging into Big Beaver Creek 
upstream of die reservation. Little Beaver 
Creek has intermittent flow throughout die 
year. Nevertheless, populations of spoPed 
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 die 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. 
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9.1.4 Agricultural or Timber Production 

9.1.4.1 Receptors 

Although cattle are allowed to graze on the 
Portsmouth Reservation, under normal 
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. "rhc 
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 1.6 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 elements 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 

Ail 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 PofENTiAL 
CONCERN 

The contaminants of potential concern at 
Portsmouth include radionuclides and inorganic 
and organic contaminants. The primary 
radionuclides are 2 M 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 die 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 
nsk to any of the receptor species from exposure 
to the 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 risk 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 atJI 
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 (hough 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 nonradiologicai contaminants. In these 
exposure analyses, the ecological endpoints and 
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their receptor species wet? 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 diat 
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 eidier (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 die 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% mice and 30% 
rabbits. The bat is assumed to eat 100% insects, 
and the insects are 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 (Oj 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 assumed to 
be the same as that reported for the mule deer. 
1.35% of the dry-matter intake (Arthur and 



TABLE 9-2—Maxima* amd Average Comuaamtioms of Organic, Inorganic, am 
im Soil oa the Fvrtsmomtn Rasmatiom (mg/kg dry weight (for chemical constituents) orpCi/kg dry weight (ftr 

Arenas 

Acenapthene 
Acetupthylene 
Acetone 
Anthracene 
Aroclor 1254 
Arodor 1260 
BCttZcne 

BcuoUtonttmcene 
Benzo(a>pyrene 
BeazotbXIuoraathent 
Benzo<g.h.i>peryiene 
BenzcHklfluoranthene 
Benzoic xid 
BEHP 
BroroodichloriMnetbane 

Butyl benzyl phdialatc 
Carbon disulfide 
Chlofobctizene 
Chloroform 
Chloromethane 
4-cniora-J-iwthylpbenol 
2-chlorophenol 
Chryscne 
Dibenzofuran 
Dibenzo<a.h)anthraccne 
1.2-dichlorobeazene 
1,4-dichlorobenzene 
l.l-dichloroeihane 
l.l-dictiloroethene 
cu-1.2-dichloroethene 
inns-1.2-dichloroethene 
I. I -dichioroethylene 
2-trans-dichloroethykne 
2.4-dichloropbenol 
4,4. DDT 

2.4-dinitrotoluene 
Diethyl phthalate 
Dimethyl phthalate 

Din-butyl phthalatt 
Di-n-octylphthaJate 
Ethylbenzene 
Fluoranihene 
Fluoftne 
Freon 
indent* 1,2.3-cd)pyrene 
Methylene chloride 
2-fnethylMpchylcne 
2-methylphencH 
Napthalen* 
4-nitPOfhenol 
n-nitrosodi-n-propylarrane 

1206+00 
7 106-03 
3906-01 
1.806+00 
2.106-01 
2.006+O3 
5 106-03 
4.506+00 

3 706+00 
4006+00 
2.506+00 
3.006+00 
8.406-01 
1 006+02 
7 906-03 
1806-02 
2.706-02 
1206+00 
5006-03 
6256-01 
6606-02 
4 606-01 
8 506-01 
7 066*00 
660e-01 

M06-0I 
3 506-01 
2406-01 
2.056-01 
3306-03 
380e-O3 

1706-03 
5886-02 
1446+00 
2406-01 
1606-02 
2.006-01 
1806-01 

4 30e-03 
3506-01 
2.206-02 
2.30e-O3 

1306+01 
1406+00 
3596+00 
2 106+00 
I 326-01 
6606-01 
8 506-01 
5 006-01 
3106-01 
:«oe-oi 

Acenanmeae 

Aroc]orI260 
Beaxo(s)aMhractae 
Bc&zotaluyreiie 
Beazoic acid 
BEHP 

Vinyl chloride 
Aliununn 
Antimony 
Aneaic 
Bariutn 

Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide km 
Iron 
Lead 

Magnesium 

Manganese 

Mercury 

Nickel 
Potassium 
Selenium 
Silver 
Sodium ion 
Thallium 
Vanadium 
Zinc 
Technecium-99 

2O8E-02 
6606-02 
1506-01 
1526-01 
1 146-01 
2 506-01 
5.206-02 
2496-01 
I.79E-01 
4066-01 
8926-01 
l 166+04 
6606+00 
3 356+01 
6986+01 
1086+00 
1346+01 
1586+01 
2.076+01 
3.206+00 
3.436+04 
3.786+01 
7346+03 
3246+02 
1716+00 
5716+01 
1426+03 
7 806+00 
6 566+00 
1696+02 
1.306+00 
3946+01 

4 786+01 
2.446+02 

9-7 



TABLE 9*2 (awdutd) 

°mmm c^L O - t a - A n ^ C — a . 

Pheaaadstac 9906+00 
Phenol 1976+00 
Pyrene 1306+01 

430E-02 
1306+01 
430E-02 

TcaacMoraediylciie .146-01 
Totaeae 3076+00 
1.2*4m ichkHiibcnuoc 2206-01 
l.l.l-mchloroethanc 744E-0I 
1.1.2-tncMoroeihaae 7106-03 

2786*01 Ti lUum uttiMcac 

7106-03 
2786*01 

VmylcNonde 8926-01 
Xylene 1606-02 
AlvflMMMII 1606*04 
Aniimony 4 506*03 
Arsenic 6606+04 
Barium 1996+05 
Berylliuni 2 406+00 
Cadmium 1 106+02 
Calcium 1406+05 
Chromium 7766+03 
Cobtlt 4 206+01 
Copper 2 396+03 
Cyanide ion 3206+00 
Fluoride 1.206+01 
Iron 1 106+05 
Lead 8 366+02 
Magnesium 1 106+05 
Manganese 
Mercury 

8 866+02 Manganese 
Mercury 7 606+01 
Nickel 9 926+03 
Potassium 1586+04 
Selenium 2806+01 
Silver 2006+01 
Sodium ion 3246+03 
Sulfite l70e+02 
Thallium 2806+00 
Vanadium 6206+01 
Zinc 2 446+03 1 
Technecium-99 4156+05 1 
Uranium-238 2636+04 1 

! 
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TABIC 9-S-Maxiaum ami Artragt Concentrations of Organic, Inorganic, ami RoHonmcUie 
Contaminants im Water at tk* Portsmoatk Reservation [mg/L (for chemical constituents) or pCi/L 

(for raiionuclUks)} 

c , Aiarajt caMtaafMaM 

ACCKMC 5206-02 BEHP 2706-03 
Arodor 1260 2006-03 Viayt daonde 4.00E-02 
BEHP 2.706-03 A I I H I — n 4206-01 
Oafofofbns 2906-03 

3 20B-03 
AneoK 
Sanaa 

1-206-02 
2846-02 twwowiuc IMW in utuiawe 

2906-03 
3 20B-03 

AneoK 
Sanaa 

1-206-02 
2846-02 

l.l-dicaloroetaaae 1.206-02 baa 9406-01 
ca-12-dkUototAcmt. 280B-02 Maapaeae 4006-01 
1.4-dnuae 6506-04 Ziac 48SE-02 
Di a batjl pWaaaK 5 506-04 Tulnwiaia 99 6 506+01 

^ ^ l e 
I60C-OI 

2J06-03 
TncMoroetheae 1106-0! 
ViayicMon* 4006-02 
Xyleae 1506-03 

1.006+00 
Aneak 7306-02 
Banam 3506-01 
Cadmnm 9006-03 
Cjkiuia 2 706*01 
Cnronaani 9006-03 
Cobak 2806-02 
Copper 3606-02 
Fluonde 1206400 
BOa 9 406-01 I 
Lead 3706-02 I 
Magnesium 1806+01 1 
Manganese 4006-01 I 
Mctcwy 1806-03 I 
Nkkd 5506-02 1 
Sodium ton 5.006+01 I 
Tin 6506-02 1 
Vanadium 7 20e-02 1 
Zinc 2 206-01 1 
Technecium-99 6806*01 I 
Ur»»um-2}S 2436-02 1 
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TABLE 
im mttkt 

mfOrgmme, Iimsaak, sad Jtaffwrgftfe Cst 
lmg^g(/9rckmkmk)ttpCykt(fmri )1 

Average 

Aceojptheiic 
Accnapthyteae 
Acetone 

Aroctor 1260 
BcuoUtaadnccnc 
Bcuoialpyreac 

Bcsoo<gJu)peryteM 
BeaztXktfhmaBtfaeae 
Beuoicacid 
BEHP 
BrotDOtonii 
2-bataaone 
Qrboa disulfide 
2-chlorophenol 
Chryceae 
Dibenzofaran 
DibcnzMaJikanthracene 
1.2-dichVorobenzene 

l.l-dichloroeinfe 
cis-1 ̂ HfachJoroeilKae 
inns-1.2-diduoroethene 
4.4-DOT 
Dieldrin 
Diethyl portable 
2.4-<Jimethylpnenol 
Di-n-buryt phthalate 
Di-n-octylphdulace 
FluoraMhene 
Fluorene 
indeiKrt I .2.3-cd)pyrene 
Mcttwxychlor 
Methylene chloride 
2-mcthylnafMhykac 
4-methylphenol 
Napthaiene 
PnCIMfltnPCIIC 
Pyrene 
Toluene 
I .2.4-aichlorobenzene 
Trichlorocthcne 
Xylene 
Aluminum 
Arsenic 
Banum 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Fluoride 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 

3906*01 
* 506-01 
9706-01 
1806*01 
8.306*03 
2.606*01 
2.106*01 
2.106*01 
920C*00 
1906*01 
1.106*02 
5606*00 
7.106-04 
7006-03 
6006-03 
1.506-02 
2906*01 
5306*04 
2.906+00 
2406-01 
2406-01 
4206-03 
1906+00 
4806-03 
3406-02 
I 106+01 
5706-02 
3806-02 
8.80E-03 
1606-01 
7.406*01 
3.626*02 
1006*01 
1006-01 
1.706-02 
5906*03 
2.906*02 
1646*00 
5 806*01 
4206*01 
2.906-03 
2406-01 
4006*00 
I 606-03 
1.506*04 
1086*02 
4006*02 
9906-01 
3806*00 
4406*04 
4966*03 
3906*01 
7 706*01 
1206*01 
7606*04 
5506*01 
1.506*04 
1406*03 
1906*00 
1006*02 
1806*03 
3506*00 

Amdart260 

Beuo(a)pyrcae 

B6HP 

Barium 

1-226*01 
1136*00 
3.896*02 
5.236*00 
4756*00 
1.336-01 
3.116*00 
9 836*00 
9 706*00 
4436*03 
5 896*00 
1966*02 
2.046*00 
4.186*01 
1346*01 
4 286*00 
2.946*04 
2.116*01 
3 606*03 
4866*02 
9716-01 
1306*02 
1026*03 
7 606*00 
8206*01 
3 346*01 
3606*02 
1506*05 
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Tabk 9-4 (coa't) 

2J0E*O2 

SlOtfOI 
830E+O2 
**IE*15 
200E+O4 

"5K5 
Sotjiani ion 

Ziac 
Tcchncowo-99 
UfWum-238 
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HGURE9-2. REPRESENTATION OF THE TERRESTR.AL FOOD WEB OF THE 
PORTSMOUTH RESERVATION 



AlMredge 1979). The soil ingestion rates for die 
cow and mouse are 7% and 2% of the dry-matter 
intake, respectively (Mayland etai. 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 die 
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 allomethc 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. 

Because information on the specific habits and 
behaviors of most of the receptor wildlife species 
at Portsmoudi is not well known, it is assumed 
that all species spend 100% of their time on the 
reservation. Therefore, die fraction of 
contaminated vegetation, fruit, prey. soil, and 
water consumed (Fl,. Fl,. Fl„. FI,, and FV 
respectively) is set at 100% (table 9-5). 

Contaminant concentrations in vegetation, die 
First level in the foodchain. are estimated from 
source-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 die 
vegetative and fruiting parts of plants (Baes et al. 
1984); however, die transfer factors for organks 
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 concern are 
applied to predict concentrations in the tissues of 
terrestrial man-malian receptors from 
consumption of vegetation, soil, and water 
(collectively termed BJ (Baes et al. 1984; Travis 
and Arms 1988) (table 9-6). Data on transfer 
factors from vegetation or soil to insects and 
earthworms are very limited in die literature. 

Therefore, the coocentxation in insects was 
derived from vegetaboo concentrations, and a 
default, conservative one-to-one transfer between 
vegetation and insects was assumed. The 
rationale and limitations for applying these 
transfer factors are discussed in appendix B. 

The consumption rates and die benchmark limit 
or no-observabie-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 die vegetative 
parts of plants at Portsmouth was assumed to be 
0.32 (the average for meadow fescue. Kentucky 
bluegrass, wild btumegtass. 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 19S9). 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 die base-line assessment of Portsmouth, die 
concentrations of radionuclides in animal tissues 
and die resulting doses were not decay-corrected. 
The doses are estimated for die current situation 
and not for some point in die future. The' 
primary radionuclides of concern. 2*U and T c , 
have long half-lives (4.5 x !0» and 2.12 x 105, 
respectively) so this assumption is reasonable. 
The radionuclide concentrations in die 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 bendiic macroinvertebrates and a 
generic fish species. For radiological analyses, 
emergent vegetation (i.e.. cattails) and muskrau 
were included as well. All aquatic organisms, 
except for benthic macroinvertebrates, are 
exposed to corns minants in surface water. 
Bendiic macroinvet ebrates are assumed to be 
exposed only to die sediment pore water for 
calculation of internal radiation dose and 
exposure to chemicals. The external radiation 
dose from exposure to surface water wo 
calculated for all organisms. 
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Z T A B L £ 9-5—Botfy Wrights and Consumption Knits' for Ttmstrml Ktctotor Smocks' on At Portsmouth 
Mtstnmtion 

r,,,.,,,,, 
WWa^d baton 

CaMaaaa* rafeMl Daw Caw * * * * > 
mtmmost •atTaiMHawi 

tod Fee 

•say aaata). aW ft*) 2 40£-02' 1 i9E*au* *6SE*01* 40OE«O2> 7.SOK-02' 7 we-oi» i m*af 600fc*tt>* 

War* awake me. Q. (LM) 640fc-0J 1 I4K-0I 2 6)r-*OU I2 )E*0 I 1416-02 MOfc-Ol I4H-.-0I 4 5lH-iH 

Want lagwina Itacaoa, H . 100E*OU I0l*-.«U> lOOrUOO lOOrXJO lOUritU) i;x*too iu * : t«> lOOtUOO 

M l awake rate Q. Ike/*) 4 ML-OS" 1 2M--0J" SHK--0.V' ia6fc-0l" .1I7H-04" 000 000 000 

Sod aweana k a m a . H. lOOtvtOO IOOr.«U) 100fc»U) I00E*U) IU0t«00 000 (100 000 

Veaauaoa awake raw. Q. <k«M> 000 j ^ j e - o i " 7.91E-0I" 747E«O0 000 000 000 000 

Yiaaaina laatwoa Iran ia. 1-1. 000 l00k«OD iuoe+oo lOOIUU) 0W> 000 000 000 

fiaa/a—a aaake nae. Q, U yd) JJ6fc-OJ" 17U--02 7 9M--OI OOU SaOK-OJ" 000 000 000 

T i — f a a i i i | n n i hacuca, H, IO0E«O0 iaoe«a> lUOts«00 000 iut**n 000 000 000 

Pity 1 - lata rata. Qh. (k»«> 1 40E-0) (aaacta) 000 0.00 000 2 JOE-01 (uu*ci») 1 WK-OI tuwavto) 7»2G-02"(nat:c) 1 UK- t i l " ( M i l 

hay 1 arjiaiia trataoa. i y lOOEMB 000 ooo 000 lOOritOD I00F.4OD IfkavHU lOOfcXJO 

hay 2 awake ma. Qu (ka/d) 000 000 000 000 000 000 1 Wt:-U2 (rabbrli) a 066-02 (rabbit) 

Flay 2 m f i m hataoa. H , 000 000 000 000 000 000 lOOtUOO IOOE*00 

hey J awake rale. Q * (k*M) 000 000 000 000 0U0 000 0.00 000 

hay ) aweauoa fracaoa. Fl j , 000 0.00 000 000 ooo 000 000 000 

' A l atin n a i M anajhi bans Far aaa. a * wet dry raao a 090 (Clark «ad Maucl 1977). hm vegetato* the tauo u 0 ) 2 aad for fruaiAeedt. the rami t» 0 17 (Momtua 1959) 
1 Waat Mai faod c w a n n a ram wot c w a m i by aathudi a (US tfA IVUMTabk ») uafeu otterwuc auMd 
' Lackey a al 1*65 
* f a apnea at al IM0. " The eaatm couoatal rabba u auamed to eat SO* fro* aad need* ',• % vetMauuo (WraUker I9ie.) 
> SaaUi 1*91 " The ahac-uslad daer a ataaaed to e* SO* vegetaiua aad SO* few* aad aaaa (Whilakcf I9W) 
* US EPA I9M. " The awate u n w t t J to eat 7 0 * fan aid awrb aad .10* uuecu (lackey « al ISejJ) 
' Taaca I960. " The robui a anaawd to ea 7 0 * fry* aad a*d» aad JO* taaecM (Terte» I960) 
' T > i m m m •Thaiad-uatedltaa* u a»a«»ad t o t a 4 0 * mice and 2 0 * rabbtu(Tenek I990) 
' eavaa aad Aeaadea 196*. " The red ha a auamed to ea TO* mice aad 3 0 * rabba* (Waaaker I9M) 
•OaaaaoaadSJaaw l»«2 
" Maaat aal I I I I I I I laat a 2 * of diy veaelauua aaatc (aVyet a al 1991) 
u The caoem coaaaual a anaaril to have ac uaac MHI awjoltoa lae at the Mciiabbil (6 1*1 (Anhw ami Gaei I9M ) 
" The ahat aai aa» a •aaaad to have a sod ataeaaai raw of I I S * of dry mauer taaac (Arthur aad AMndae 1979) 
" Caahc ta l i a. ] n r oat u awaa 7 * of dry nana a*aVe (htarybad a al 1971) 
" The waa) aaai laanmai rtac a aaaaifd to be 10* of dry earner leuke 



TABLE 9~6—Seilto Vegetation, Sod to Fndt, ami Plan to Beef Transfer Factors, ami Fuk Bkomttmw&n 
Factors for Coasmaem ofCeacerm m me rortummm tteunatiea 

Sal la Sai l* Fran "- t—Uni -| 
Fiaa Btonactatractaa Vegetate Traaafcr BtcfTraaafltr 

Coarttatat Factor Traaafcr Fader Fadar Fader 
Acenapthene 6.466+02 2.I6E-0I 2.166-01 2.006-04 
Acenapthylcne 3.016+02 2.166-01 2.166-01 2.006-04 
Acetone 3 896-01 5J3E+OI 5J3E+OI 1.44E-0* 
Anthracene 1.426+03 9.7IE-02 9.7IE-02 7946-04 
Aroclor 1254 2J0E+04 2.24E-02 2.24E-02 1006-02 
Aroclor 1260 1.606+03 2J4E-02 2.24E-C2 1.006-02 
Benzene 2.41E+01 2.37E+00 2J76+00 3166-06 
BeazoUlaiHhracene 1 17E+04 I.97E-02 1.976-02 1266-02 
Bcazo(a)pyrene 2.38E+04 IJ2E-02 1.326-02 151E-02 
BenzotbrfuoraMheoe 2.38E+04 1.19E-02 1.196-02 3.026-02 
Benzol fju)perylene NA 6096-03 9J5E-02 6.706+04 
BeazoOOfluoraMhene 2.38E+04 1 196-02 3.026-02 2.38E+04 
Benzoic acid I.55E+0I 3096+00 3096+00 2.006-06 

I BEHP I.I9E+07 4.37E-02 ;:TE-02 3 166-03 
I Bromodicliioroinedune 2.97E+01 2.37E+O0 2J7E+00 3.166-06 
9 2-buunone 9.5IE-0I 2636+01 2.63E+0I 4 906-08 
1 Butyl benzyl phthalate 3 54E+03 5.70E-02 5.706-02 2006-03 
1 Carbon disulfide 1956+01 NA NA NA 
1 Chkxobeiuene 6.45E+02 9 32E-01 932E-0I 1586-03 
1 Chloroform 1 85E+OI 2.70E+00 2.706+00 2.516-06 
| Chtoromtthane 3 10E+00 1.156+01 '•136+01 2.046-07 
| +-chloro-3-methylphenol NA 6.25E-01 6:56-01 3.166-05 
• 2-chiorophenot 6.40E+00 2076+00 2.07E+00 398E-06 
• Chrysene 108E+O4 I.97E-02 1.97E-02 1266-02 
9 Dibenzo(aJi)aiithracene I.13E+05 6.78E-03 6.786-03 7946-02 
[ Dibromochloromethane NA 2.07E+00 2.07E+00 3.986-06 
| 1.2-dichtorobeniene 8906+01 4 20E-O1 4.206-01 6.316-05 

1,4-iiichlorobenzene 6006*01 4 206-01 4 206-01 6 316-05 
t.l-dehloroethane 1356+01 3336+00 3.336+00 1586-06 
l.l-dichioroethene I.47E+0I 2 376+00 2.376+00 3166-06 
1.1-dKhloroethylene 1.47E+01 3.35E+00 335E+00 1736-06 
2-trans-dichloroethylene NA 2.37E+O0 2.37E+00 3 166-06 
2.4-dichlorophenol 3 406+01 4 796-01 4.79E-0I 5 0IE-05 
4.4-DDT 2.98E+04 7.74E-03 7.74E-03 6 316-02 
2.4-diniirotoluene I.95E+0I 2.706+00 2.706+00 2 516-06 
1.4-dk>xanc 598E-0I 5 556+01 5.55rv+OI 1356-08 
Dieldrin 4.87E+03 8.50E-O2 8 506-02 1006-03 
Diethyl phthalate 436E+0I 5 48E-01 5.48E-OI 3 986-05 
2.4-dimethylphenoi i.50t+o: 1396+00 1396+00 7946-06 
Dimethyl phthalate 57 2.37E+O0 2.37E+00 3.I6E-06 
Di-n-butyl phthalate I07E+04 3 82E-02 3 826-02 3 986-03 

1 Di-n-octylphthalate 1.876+07 1866-04 1866-04 3 986+01 
1 Ettiylbenzene 146 5 486-01 5.48E-0I 3 986-05 

Ruorant.iene 3I2E+03 5706-02 3.706-02 2006-03 
Fluorem; 7I3E+02 1446-01 1.446-01 4 026-04 i 
•ndeiKX .2.3-cd)pyrene 5.136+04 6 696-03 6.696-03 8.13E-02 | 

| liobupl alcohol 2.23 NA NA NA 1 
| Me'Jioxychior 8 30E+03 6.316-02 0 516-02 158E-03 
1 Methylene chloride 574B+O0 6.866+00 6.866+00 5.0IE-O7 
I 2-methylnapthylene 5 05E+02 NA NA NA 
1 2-methylpnenoi 1 85E+OI NA NA NA 

NA | 1 4-'«thylpiieiioi I.72E+OI NA NA 
NA 
NA | 

9-15 



TABLE 9-6 (contiMed) 

Son to Soil to Fruit Vegetattoato 1 
Fba Btocoacentntioa Vefotaooii TraMftr BecfTraactcr 1 

Coastitacot Factor TraMfcr Factor Factor Factor 1 
Saptiukne I.68E+02 322E-01 3.22E-OI I00E-04 V 
4-iiurophenol 1.26E+02 3.09E+O0 3 09E+O0 2.00E-06 1 
Phefianthrene I44E+03 9.7IE-02 9.71E-02 7.94E-04 
Phenol 7.57E+O0 5 26E+0& 5 26E+00 7.94E-07 

I Pyret!e 2.80E+03 3.35E-02 3 35E-02 5.0IE-O3 
I Tetnchloroethene 557E+0I 4 206-01 4.20E-OI 6JIE-05 
1 Tetrachloroethylene 5.57E+0! NA NA NA 
1 Toluene 6.99E+01 1.C7E+00 1.07E+00 1.26E-05 
1 12.4-tnchlorobenzene I.09E+03 1.27E-01 I.27E-01 5.01E-04 
1 I l.l-tnchloroethane 900E+00 139E+00 I.39E+O0 7.94E-06 
j l.I.2-tnchloroeth-ne 3906+01 2.07E+00 2.07E+O0 3 98E-06 
J Tnchloroethene 3.79E+0I 1.59E+O0 [596+00 6.31E-06 
1 Vinyl chloride 659E+00 60IE+00 6.0IE+O0 6JIE-07 B 
I Xylene I77E+02 5.48E-01 548E-0I 3.98E-05 1 
9 Aluminum IOOE+00 4.00E-03 6.50E-04 1J0E-03 
I Antimony I.OOE+OO 2.006-01 3.00E-02 l.OOE-03 

Arsenic IOOE+00 4.00E-02 6.00E-O3 2.00E-03 
Banum 4OOE+O0 1.50E-0I 1.506-02 1.50E-O4 
Beryllium 1906+01 1.00E-02 1J0E-O3 I.00E-O3 
Cadmium 2.0OE+O2 5.50E-OI I.5PE-01 5.50E-04 
Calcium 0.00 3.50E+00 3.30E-OI 7.00E-04 
Chromium 2.00E+01 7J0E-O3 4.50E-03 5JOE-03 
Cobalt 5O0E+0I 2.0OE-02 7.00E-03 2.00E-02 
Copper 5.00E+OI 4.006-01 2.J0E-0I 1.006-02 
Cyanide ion 3.79E-OI 5 42E+01 5 60E-01 1.4IE-08 
Fluoride l.OOE+01 NA NA NA 
Iron I.OOE+02 4.00E-03 1.00E-O3 2.00E-02 
i_ead I.OOE+02 4.50E-02 900E-03 3.006-04 1 
Magnesium 5.006+01 1006+00 5.50E-OI 5.00E-03 | 
Manganese 40OE+O2 2.50E-0I 5.00E-O2 4.00E-04 | 

Mercur) 200E+05 9006-01 2.00E-O1 2.50E-0I 
Nickel I.OOE+02 6.00E-O2 6.00E-02 6.00E-O3 
Potassium IOOE+03 iooe+oo 5.50E-OI 2.00E-02 
Selenium I70E+O2 2.50E-O2 2.50E-O2 I.50E-O2 
Silver 2.30E+O0 4006-01 I.OOE-OI 300E-03 
Sodium ion IOOE+02 750E-02 5.50E-02 5.50E-02 
Thallium I00E+O4 4.00E-03 4.00E-04 4.00E-O2 

Tin 3.00E+O3 3 006-02 600E-03 8.00E-02 

Vanadium I.00E+0I 5.50E-03 2.50E-O3 2.50E-03 
Zinc 2 00E+03 I.30E+O0 I.OOE-OI I.0OE-0I 
Technecium-99 250E+O1 5.50E-03 3.0OE-O2 3 506-06 

Uranium-238 IOOE+00 | 1006-02 | 4.0OE-O3 7.50tW ,4 j 

NA » Transfer factor could not be calculated. 

Sown: For organics. the transfer factors were calculated from equations in Travis and Arms (1988) using K_ values from the Supirfund Chtnucal Data 
Matrix (1991). For inorganic* and radionuclides, the transfer factors were taken from Baes « al. (1984). The K_ for cyanide wu taken from MEPAS and 
the transfer factors were calculated from equations in Travis and Arms (1988). 



9.4 C O N T A M I N A N T E F F E C T S A S S E S S M E N T 

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 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 to the NOAEL 
benchmark (mg/kg/d). Ratios greater than 1 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 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 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 Suler 
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 report, wildlife species that weigh 
less than 70 kg would have a higher benchmark 

than humans, and die opposite would be true for 
wi!d?ife species wt»ghin» more than 70 | r «. 

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 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 (internal) 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 concentration by the external 
radionuclide-specific dose conversion factor. 
Combined internal and external 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. 



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). Sniall 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 receptors. 

1. Burrowing 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. It is assumed that species with home 
ranges of less than 10 ha (25 acres) 
(table 9-8 could 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 die 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 die 
concentrations are negligible 
compared with the amounts and 
concentrations in die waste sites. 
Exposures could be higher if, for 
instance, die 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 risk to the population, it 
is assumed other endpoints are at 
risk only at die 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 die average exposure to 
contaminants if diey 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 Btmckimarks for Ttrrtstriml' mnd Aeumtic1 Receptor Sptciti at Ik* Portsmouth Reservation 
(NOAEU listed in mg/kg/dfor terrestrial benchmarks or mg/Lfor mquetk benchmarks) 

C " - " - W k M M M M w v EaUcni ConoMaa Rabbit ynhnTSSoSr M h M > i l Robta iMMalMHawh kJ^<w V « « H a d « i .K^mnt 

AccMpfccae NA NA NA NA NA NA NA NA l.lti&M I97E-0I 
Aoaaf«k)kae NA NA NA NA NA NA NA NA 1 28E+02 NA 
AcCfcMC 2 44E+0I 6 65E+00 I84E+00 9.56E-0I 3.63E+01 I67E+0I 6 3IE+O0 3 88E+O0 NA 2 37E+OI 
Aa*nccac NA NA NA NA NA NA NA NA I28E+02 1 2 0 6 - 0 ) 
Aioctaf 1254 1 41E-0I 4 34E-02 1 73E-02 222E-OI 2 I 0 E - 0 I 3 I9E+00 l.20E*00 J WE-02 I0OE+OI 5 20E-O4 

Arocte 1260 I46E+00 292E-03 80&E-04 420E-04 2I7E+O0 9.96E-OI 277E-03 I.70E-O3 NA 2 I 0 E - 0 3 
B t a m e 6 I I E + 0 0 IbbE+OO 4S9E-01 239E-OI 908E+O0 4I8E+O0 IS8E+00 970E-OI NA 2 I 0 E - 0 2 
bt*u**)m*nrt* NA NA NA NA NA NA NA NA I24E+02 6 *06 -04 
BeauoUJpyicac 2 44E-02 6 6SE-03 I84E-03 956E-04 363E-02 I67E-02 6 3IE-03 VR8E-03 1 2SE+02 2 996-03 
Bcam(k)awn«keae NA NA NA NA NA NA NA NA 1 28E+02 NA 
B n i u t i n l NA NA NA NA NA NA NA NA NA 1 266+00 
M H T NA NA NA NA NA NA NA NA 140E+OI 3 00E-O4 
T t w i i i i i 2 2SE+OI 6 I2E+00 I69E+00 8 80E-OI 334E+OI I54E+OI S8IE+O0 3 37E+O0 NA NA 
CMorobcMime NA NA NA NA NA NA NA NA NA I 6 J E - 0 I 
CMorafcon 2 20E+OI Y99E+00 7 84E-01 4 08E-OI 327E+OI I.SOE+OI 568E+O0 I66E+O0 NA I40E+00 

( k y m NA NA NA NA NA NA NA NA I28E<02 NA 
1.1-dKMoraokMC NA NA NA NA NA NA NA NA 860E-OI IJ9E+00 

l . l - feMonetteae 22OE+0O 599E-0 I 16SE-OI 8 6 IE -02 3 27E+0O ISOE+00 568E-OI 3 49E-0 I NA 4 47E-0I 
l.l-4bcMoNC*yieac 2 20E+00 S99E-0I I65E-01 8 6 IE -02 327E+O0 1306+00 S6SE-0I 349E-OI NA NA 

PWfcyt p > * i l T NA NA NA NA NA NA NA NA NA IOOE+00 
P > « » m y l | > i * i l n i 4S6E+0I 1 24E+01 343E+00 809E-04 678E+0I I 4 I E - 0 2 334E-03 7 23E+O0 I48E+04 270E-OI 

D»-*octyfcM»fe* NA NA NA NA NA NA NA NA NA 3IWJ-0I 
r » M M * i n i . NA NA NA NA NA NA NA NA 1 28E+02 3206-02 

I43E+0I 3 89E+00 I07E+00 560E-OI 2I3E+OI 9 78E+00 J69E+00 2 27E+00 360E+O0 4 I 0 E - C I 
I V M t e v . NA NA NA NA NA NA NA NA I . 2 I E 4 U 1 IOE-01 

f i n a l NA NA NA NA NA NA NA NA NA 2 30E-04 

Pyvcsc NA NA NA NA NA NA NA NA i 28E+02 NA 
TcmbMoroafcaoe I 5 I E + 0 0 4 I I E - 0 1 1 I3E-OI 3.90E-O2 2246+00 I03E+00 J90E-0 I 2 39E-OI 1 37E«OI SIOE-OI 
T < * » o_ 5 4SE+OI I48E+0I 4 106*00 2.I3E+00 S106+01 3 73E+OI I4 IE+OI 8 65E+O0 9 70E+00 2606-02 T < * » o_ 

S53E+OI 233E+OI 643E+00 3 35E+O0 I.27E+02 S8JE+0I 2 2IE+OI I36E+OI 6I0E+O0 2 3 IE -0 I 
l.l.2-«iiMniiM^—1 NA NA NA NA NA NA NA NA NA 1 306+01 

T h c W o n a t a a 162E+02 4 99E+01 138E+0I 717E+00 24OE+02 I.IIE+02 4 74E+OI 29IE+OI 6 70E-0I S76E+00 
Vaylc t tan^f * 3 I8E-OI 863E-02 2 39E-02 I24E-02 472E-OI 2.I7E-OI 8.2IE-02 504E-O2 NA 9306-04 
Xyfcw I22E+03 3 33E+02 9 I8E+0 I 4 78E+0I I82E+03 I.ME+02 3I6E+02 I94E+02 2 40E+OI 26IE+00 
" i i NA NA NA NA NA NA NA NA • 00E«OO 1706-02 
* » » T « J I2 IE+04 33IE+03 9I3E+02 475E+02 I8 IE+04 8 3IE+03 3.I4E403 I93E+03 500E+00 1906+00 

A O M C I02E-OI I62E+O0 760E-O1 3.966-01 I52E-OI 7006-02 l.54E*O0 ItOGfOO 1506*01 9 ) 3 6 - 0 1 
h a s I2SE+00 3 39E-01 9.37E-02 4 M E - 0 2 I85E+00 8 52E-0I 3.22E-OI I 9 8 E - 0 I 50OE+O2 203E+OI 
l l j l t o l I32E+00 3S9E-01 9.92E-02 S166-02 I.96E+00 902E-OI 34 IE-OI 2.09E-0I 1006+01 3IOE-03 
~ v 1 2 35E-02 I 26E-02 177E-03 3 39E-04 3 50E-02 I 6 I E - 0 2 5 44E-02 I 3 I E - 0 3 300E+00 1 IOE-03 

C M a i 5 86E+0O 160E+00 4 4IE-OI 2.30E-OI 8 72E+O0 40 IE+00 I52E+O0 9.3IE-OI 7 50E+01 1 IOE-02 

C o b * NA NA NA NA NA NA NA NA 2J0E+0I 4 40E-03 

C " W » I83E-01 221E+0I 257E-OI 317E+00 2.72E-OI 1 25E-0I 260E+OI I29E+OI 6006+01 1206-02 1 

Cyaatteioa 264E+0I 7I8E+0O 2.63E-02 I37E-02 3 92E+OI 180E+0I 682E+O0 5.55E-02 NA 3 206-03 | 

1 The source for all terrestrial benchmarks except those for vegetation is Opresko el al. 1991. 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 His 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 (His) 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 
concern, the two-stage screening process using 
maximum and then average contanv.iant values 
yielded 26 contaminants producing His equal to 
or greater than I (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 Endangered 
Species 

As shown in table 9-13a, four inorganic 
contaminants pose moderate risk to Indiana bats 
that may forage near die 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 die 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. 

9J.L2 Wetlands 

Risks to wetlands receptors (e.g., bendiic 
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 IS inorganic contaminants 
(probably mostly from die 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 His for terrestrial species (i.e., 
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 %%—Home Rages' of ad Htzard Imdex (HI) Comctio* Fmcton (CFfft 
Ttrrsstnsi Receptor Sptcia w && Forismemih Gmseoms Djffusiem Fiamt 

Hone Range (ha) 

Receptor Specks < 10 > 10 but < 400 CorrectJow Factor 

White-footed mouse X (0.2-0.6) 1.0 

Eastern cottontail rabbit X (1.0-2.8) 1.0 

Indiana bat X (13-4.5) 1.0 

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 (130-420) 0.1 
Vegetation X(<0.1) 1.0 

'Burt and Crossenhckter 1976: Chapman et al. 1980: Smith 1991: Schoener 1966. 
JA CF of 1.0 was applied 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.e., 40 ha (100 acres)) to the total area of the waste complex [i.e.. 400 ha (1000 acres)). 

9-22 



TABLE ' nazarw iMmicts fat Ttfrtttnm Offnunu M tht Pwttmtttth Resttvtnm 

ftaari U t a C . l o M U k | A n n j i 

Maawt Kakkft Dwr Ctw ROWB lad. Bat BTHawk Bed VcfetBtlM 

AceatMkeae NA NA NA NA NA NA NA NA I.46E-04 

Aaffcnceae NA NA NA NA NA NA NA NA 464E-04 

Atodor 1260 2.67E-04 6 74E-02 4 606-02 I97E-0I 7 806-04 8.86E-0S 1406-03 2.02E-05 NA 

Beajotajarthnccae NA NA NA NA NA NA NA NA I.07E-03 

DcatfuCaipymai 1036-02 20IE-02 1 I4E-02 S.93E-02 3J8E-02 2.36E-03 I04E-05 1 JOE-OS 802E-04 

BEHP NA NA NA NA NA NA NA NA 3.346-03 

H m M h r n NA NA NA NA NA NA NA NA I.75E-03 

Pkemdrae NA NA NA NA NA NA NA NA 1.266-03 

— .. _. I74E-04 

755E-0I 

2.07E-04 

1016*00 

325E-04 

1.636*00 

56IE-04 

2.716*00 

I56E-04 

6.42E-0I 

I53E-04 

673E-0I 

2JME-II 

5 006-02 

403E-I! 

5966-02 

546E-OI 

NA VMyicUoride 

I74E-04 

755E-0I 

2.07E-04 

1016*00 

325E-04 

1.636*00 

56IE-04 

2.716*00 

I56E-04 

6.42E-0I 

I53E-04 

673E-0I 

2JME-II 

5 006-02 

403E-I! 

5966-02 

546E-OI 

NA 

A h * * * - NA NA NA NA NA NA NA NA IJ0E+O3 

A * * * , 3 3IE-06 626E-06 76SE-06 2.24E-05 S70E-06 4I7E-06 I29E-I0 I87E-I0 1.196*00 

Aneaic 86IE-0I 297E-02 I.34E-02 S66E-02 2-506*00 5.27E-0I 8006-04 5636-04 2016*00 

BlflMD 275E-OI 5 33E-OI 6I2E-OI 1.908*00 S34E-0I 327E-0I 904E-03 I.08E-02 I26E-0I 

CdBinuun 7I0E-0I 6 26E-OI 1.786*00 1.186*01 838E-OI 967E-0I I.5SE-06 5.53E-05 324E-0I 

QvofiBBro 433E-03 899E-03 4I9E-03 2.7IE-02 1606-02 6.59E-04 I.0IE-06 I.47E-06 16IE-0I 

Cobak NA NA NA NA NA NA NA NA 570E-OI 

Copper 1.706400 5 92E-03 2006-01 I83E-02 2016*00 1.736*00 1.026-06 1806-06 3I0E-OI 

Cyanide ton I25E-OI 2.44E-0I 2.na*oi 7.596*01 I05E-0I 2.52E-OI 7.07E-II 7 75E-09 NA 

Iron NA NA NA NA NA NA NA NA 3.09E*O0 

Lead 1.446*01 2J«E*0I 2.256*01 I.54E-02 1.256*01 9206*00 2.9 IE-08 2.57E-04 3 406-01 

Magnesium 1.056*00 1.616*00 2.476*00 5.156*00 1.046*00 1.216*00 I.72E-04 2466-04 NA 

Manganese I27E+00 1296*00 3.006*00 8.066*00 \<XZ*C0 1.596*00 7.946-02 9476-02 1946-01 

Mercury 277E-03 2.746*00 3 6SE-OI I.I4E-0I 9066-03 4 126-03 7.796-05 2066-02 3.146*00 

Nickd 406E-O3 6 72E-03 65IE-03 I86E-0I 831E-02 223E-03 8216-06 I22E-06 5 146-01 

Selenium 3 44E-0I 63IE-OI 4 47E-0I 3 09E-0I I63E-01 I22E-0I 3296-05 2 84E-04 1406*00 

Silver NA NA NA NA NA NA NA NA 2.936*00 

Thallium 9I9E-02 I97E-OI 79IE-02 6 0IE-OI 365E-OI * 166-03 1606-04 2.346-04 1.176*00 

Vanadium 3 09E-OI 6 S2E-0I 2 8IE-01 1.976*00 i.ite*oo 3.6IE-02 3326-05 4.836-05 7.096-01 
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Haiaie] IMMSV O J C B I B M tMag Amagt CoataaiBa 

U l i a t Kabkit D w O w RaMa l a * Bat KTHawk Fox VHHaUw 

Zac 6-5IE-02 123E-01 I9IE-0I 4.S5E-0I 6-53E-02 I.I6E-01 I07E-O3 1 346-03 6I5E-0I 

N/AzBcadMHric tot available, therefore hazard index coaM MM be nawliard 
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TABLE 9-11 BmstHm Hard Inlets for Aomotk Orfomams on the Portsmouth Rrstrvotiom 

Average 
Sar in Water WitfcU 

CUMIIIMUI HI (Oak) Macrefemrteocatt iO 

Acetupthciie NA 7.82E-OI 

AftoVacene NA 8.23E-01 

Arodorl260 NA 4MB*0l 
Benzo(a)aafhraccAe NA !J61B*00 

Benzo(a)pyreac NA 1.59E-C1 
BEHP 9.006+00 S.23BtOO 
Ftuorantheae NA 3-87E-OI 
• H C B M B D V C O C NA 2.79E-0I 
Viayl chloride 4.21E+OI NA 
Aluminum 4JT3E+00 3J9E+01 
Arsenic IJ9E-02 3.16E-02 
Barium IJ9E-03 I61E-01 
CadmiL NA 2J5Bf02 
Chromi NA 4.48B+00 
Cobalt NA 6.78B+01 
Copper NA 1.02B+01 
Iron 9.40E-01 1.18E+03 
Lead NA 7J4B*O0 
Magnesium NA SJOQEMK 

Manganese 3.64E-0I 6J0B+00 

Mercury NA 7.47Et01 

Nickel NA 5.43ETO0 

Potassium NA 1.42E+06 

Silver NA 8.44E+02 

Sodium ion NA l£3E*0l 
Vanadium NA 8.I5E-OI 

Zinc 443E-OI 8.I8E+01 

N7A = Benchmark not available, therefore hazard index could not be calculated. 

TABLE 9-12—Btutliitt Mmxtmmm KmOohfical Dons foe TernttrU Ortaoitmt cm oW Porttmomlk KnmoHm 

Radtoiogfral Dowes (radVd) Cakalatad Ustag Maxfanaaa Coatas 

Maast RafcM Datr Cow ••Ma latfaaalat RT-Bawfc I M t a ViaHatloa 

Technecium-99 I.93E-03 1 93E-03 I98E-03 2.35E-03 I93E-03 I93E-03 I93E-03 I93E-03 *45E-03 

Uranium- 23S 1 IOE-03 1 IOE-03 1 IOE-03 1 IOE-03 1. IOE-03 1 IOE-03 1. IOE-03 1 IOE-03 I.I3E-03 

Total doae 3 03E-03 303E-03 308E-03 345E-03 303E-O3 303E-03 303E-O3 303E-03 9 58E-03 

Radiological HI 303E-02 303E-02 308E-02 345E-02 303E-O2 303E-O2 303E-O2 303E-02 95SE-02 | 
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TABLE 9-13—Bmulwe Average Radiological Dottt for Terrestrial Organisms om the Fortsotomtk ttesenotkm 

DMT C— RaMa Ia«MalM KT-Hawk M F « 

Tectaecram-99 I.13E-06 1.I3E-06 1 I7E-06 I.4IE-06 I.I3E-06 1 13E-06 3-36E-07 

Tool Awe ! I3E-06 1 I3E-06 1 I7E-0S I4IE-06 1 I3E-06 I.I3E-06 3.36E-07 

Rad»to|>al HI I I3E-05 I.13E-05 UTE-05 I41E-05 1.I3E-G5 1.13E-05 3 36E-06 

3.37E-07 496E-06 

3.37E-07 4WE-06 

3.37E-06 4 96E-05 



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) reported 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 extremely 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 directions from the Portsmouth 
Reservution. 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 contaminants on the reservation, as 
indicated in table 9-13e (see, also, tables 9-13a, 
b, c, and d). The mouse, robin, and bat incur 
moderate risks 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 arrival of 
Europeans have given way to managed 
agriculture and timber production and residential 
and industrial development. Although th<* 
reservation and environs are substantially altered 
ecosystems, they nevertheless support fairly rich 
plant and animal communities that are typical of 
much of rural Ohio and Kentucky today. 

9.6.1 Baseline 

About 400 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 tloes 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 

Based on the assumptions and calculations used 
in this assessment, the base-line alternative 
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 : ese 
contaminants, four pose potential risks to 
federally listed threatened, endangered, or 
candidate species (table 9-13a); 19 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 
(table9-13e). 

9.7.2 Off-Site 

Determining cumulative risks to endpoints 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 arc 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 Species2 that Occupy Waste Sites on the Portsmouth Reservation 

I Receptor g 

B Contaminant Indiana Bat2 | 

| Copper 
| Lead 
| Magnesium 
| Manganese 

M I 
M | 
M 1 

'Potential :.sk based on assumptions described in Section 9.4. Risks to individuals that do not occupy waste sites are negligibie. 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 equal to or greater than 1.0. but less than 10; S = se rre risk, where HI is equal to or greater than 10. 

TABLE 9-13B—Baseline Potential Risks' to Wetlands Associated With Waste Sites2 

on the Portsmouth Reservation 

Contaminant 
Receptor \ 

Contaminant Fish BenthJc Invertebrates 1 
Aroclor 1260 S 
Benzo( a)anthracene M 
BEHP M3 M 
Vinyl chloride S 
Aluminum M S 
Cadmuim S 
Chromuim M 
Cobalt S 
Copper S 
Iron S 
Lead M 
Magnesium S 
Manganese M 
Mercury S 
Nickel M 
Potassium S 
Silver S 
Sodium ion s 
Zinc s 

'Potential risk based on assumptions described in Section 9,4 
'For purposes of (his 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 lo or greater than 10. 
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TABLE 9-13C—Scseline Potential Risks' to Recreational Wildlife That Occupy Waste Sites 
on the Portxnumtk Rextrvatin* 

Receptor 

j Contaminant Eastern Cottontail Rabbit White-tailed Deer 

I Vinyl chloride 

1 Cyanide ion 

Lead 

Magnesium 

Manganese 

Mercury " 

M1 

S 

M 

M 

M 

M 

M 

M 

M 

'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 Portsmouth 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 RISKS1 TO VEGETATION2 ON THE PORTSMOUTH RESERVATION 

Contaminant 
Receptor I 

Contaminant Vegetation 1 
Aluminum S> 
Antimony M 
Arsenic M 
Iron M 
Mercury M 
Selenium M 
Silver M 
Thallium M 

'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. 

'Vegetation 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 Reservation 

Contaminant 

Receptors 

Contaminant Mouse American Robin Bats Red-tailed1 Hawk Red Fox2 

Arsenic 

Copper 

Lead 

Magnesium 

Manganese 

Vanadium 

M 

S 

M 

M 

M 3 

M 

S 

M 

M 

M 

M 

M 

M 

M 

'Potential risk based on assumptions described in Section 9.4. Risks to individuals dial do not occupy waste sites and risks to populations are negligible. 
Waste sites account for about 2.5% if the surface area of the Portsmouth Reservation. 

'Baseline average hazard indices for (he red-tailed hawk and the red fox are all below I indicating negligible risk to 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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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 
areas 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.. 
macroinvertebrates) or use the wetlands (e.g., 
waterfowl in ponds), contaminant exposure may 
be substantial. Exposure of benthk 
macroinvertebrates to average sediment pore-
water concentrations resulted in His over one for 
IS inorganic contaminants. Risk to receptors 
was greatest from inorganic contaminants (21 
with His greater than 1). Organic contaminants 
(4 with His greater than I) posed a risk mainly 
to receptors in wetlands. Risks from 
radionuclides were negligible (all His less than 
I). An alternative that involves closure of the 

Portsmouth facility without restoration might 
result in inoccupation of the waste sites by plants 
and animals: risks similar to those indicated in 
tables 9-13a, b. c, d, and e 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 (i.e.. 
organics, inorganics, and radionuclides), die 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 considered 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. 

%J 



TABLE 9-14—Comparative Summary of Alternatives for Onsut Risks' to Ecological Endpoatis* 
on the Portsmomth Reservation 

Source of Risk 

Endpoints4 

Source of Risk BascBne ARARS 

Construction3 

I 
Aroclor 1260 

W 

Benzo(a)anthracene W 

BEHP W 

Vinyl chloride W. R 

Aluminum W. F 

Antimony F 

Arsenic F.B 

Cadmium W 

Chromium W 

Cobalt W 

1 Copper E.W, B 

1 Cyanide ion R 

I Iron W, F 

Lead E, W. R, B 

| Magnesium E, W. R, B 

| Manganese E, W, R, B 

Mercury W, R, F 

Nickel W 

Potassium W 

Selenium F 

Silver W, F 

Sodium ion W 

Thallium F 

Vanadium B 

Zinc W 

'Only (hose contaminants are listed which our analyses showed could pose severe or moderate risks to 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 
*Ecc logical endpoints: E » threatened, endangered and candidate species: W * wetlands; R * recreational fish and wildlife: F * agricultural or timber 

production: P * parks and other public lands, and B • biodiversity. 
'Source terms for alternatives were unavailable for this ecological risk assessment. 
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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 alternative, DOE would undertake 
no further remedial actions at ER sites. 
Although this alternative is not consistent either 
with DOE policy or with CERCLA, it provides 
a baseline of potential impacts for comparison to 
other alternatives. Alternative 1, 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 unrealistic assumptions about 
future land use and also fails to account for risks 
to remedial action workers and risks related to 
transportation of contaminated material. 

Under 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 (groundwater 
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 ''e.g., 
hazardous waste management facilities, military 
test facilities) would be permitted. 

Under Alternative 3, remedial and waste 
management worker and remedial waste 
transportation risks would be equ&lly 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 ? and 3 would 
be combined to emphasize both early evaluation 
of likely future land uses and minimization of 
worker and transportation risks. 

Estimates of (I) degrees of reduction in human 
health risk 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 each alternative at INEL. 
Fernald, Rocky Rats, 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 risk 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 results of these analyses. It 
is apparent from this table that most of the above 
alternatives are quite similar with respect to 
ecological risk reductions and disturbance 
impacts. The No Action alternative and the 
Totally Restsricted Land Use alternative involve 
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little or no contaminant risk reduction and also 
little Of no hahitat disturbance All of the cither 
alternatives involve large (2-4 orders of 
magnitude or more) reductions in contaminant 
risks and similar degrees of habitat disturbance. 
With the exception of Rocky 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 alternatives 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, (e.g.. Rocky Flats and Femald), 
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-oriented 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 Restricted Land Use 
alternative to 26% for the ARAR alternative. 
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 (i.e., 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 

are available, the technical approach employed in 
this rennrt can he riireetlv annlierl fr» farilirv-b>vrl 

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 
estimates for the various alternatives does not 
permit direct calculation of ecological exposures. 
Reductions in exposures to farmers earing 
vegetables grown on 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 natural 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 alternatives and so for 
those sites the difference between surface-water 
exposure to farmers vs. wildlife is unimportant. 

Radionuclides were used 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. 
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TABLE 10-1—Ecological Risks and Benefits of ER Alternatives 

r acuity local Area 
(acres) 

ReMuresat 
Ufa* 

AiKiaainrr "WmW 
RednctfcMr' 

ACKa OaanBTMO 
(%«f 

INEL' 57O.00O Soil: none 

Water (waste ponds): 
wikUife, endangered 
species 

No Action Soil: NR4 

Water 0 
0(0%) 

ARAR Soil: 99.94% 
Water 0 

188 (0.03%) 

Unrestricted land 
use 

Soil:99.94% 
Water 0 

188(0.03%) 

Sf.ni-restricted 
land use 

Soil:99.94% 
Water 0 

188(0.03%) 

Totally restricted 
land use 

Soil: NR 
Water 0 

n " f<0.0t%) 

Health-risk 
driven 

Soil:9994% 
WaterNA' 

188(0.03%) 1 

Combination Soil: Not 
available 
WaterNA 

188(0.03%) 

Harford* 365.700 Soil, none 

Water (waste ponds): 
wildlife, endangered 
species 

No Action Soil. NR 
Water: 0 

0 | 

ARAR Soil: NR 
Water: 98% 

453(0.1%) 1 

Unrestricted land 
use 

Soil: NR 
Water 98% 

453(0.1%) 1 

Semi-restricted 
land use 

Soil: NR 
Water 0 

234 (0.06%) 

Health-risk 
driven 

Soil: NR 
Water: 98% 

597(0.16%) | 

Combination Soil: NR 
Water:98% 

596(0.16%) 
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TABLE 10-1 (continued) 

Femakf 1050 Soil: wildlife, endangered 
species, biodiversity 

Water fish 

No action Soi!:0 
Water 0 

0 

A\AR Soil: 99.95% 
WatenWt 

201 (19*) 

Unrestricted land use Soil: 99.95* 
Water 0 

201 (19*) 

Semi-restricted land use Soil: >99.9* 
Water 0 

201 (19*) 

Totally restricted land use SoilO 
Water 0 

200(19*) 

Health-risk driven Soil: >99.9* 
Water: 0 

201 (19*) 

Combination Soil:NA 
Watet: NA 

201 (19*) 

Oak Ridge 
Reservation10 

37.500 Soil: wildlife, endangered 
species, biodiversity 

Water: fish, wetlands 

No action Soil.O 
Water. 0 

0 1 

ARAR Soil: 99.99* 
Water 99.5* 

421 (I.I*) | 

Unrestricted land use Soil:99.9* 
Water. 99 5 * 

421 (1.1*) 

Semi-restricted land use Soil.99.9* 
Water: 99 5 * 

421 (1.1*) 

Totally restricted land use Soil: 0 
Water: 0 

314 (0.8*) 

Health-risk driven Soil: 99 9% 
Water 99.5* 

420 (1.1 %) 

Combination Soil: NA 
Water NA 

421 (1.1 *) 
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TABLE 10-1 (cootimed) 

Rocky Rats" 6550 Sol. wildlife, 
endangered species, 
biodiversity 

Water wetlands 

No action Soil:0 
Water 0 

ARAf. St»l^9.99% 
Water.>99.99% 

1695 (26%) 

Unrestricted land use Soil: 99.9% 
Water >99.9% 

Semi-restricted land use Soil: 99.9% 
Water >99.9% 

1694(26%) 

Restricted land use Soil:0 
Water 0 

373 (6%) 

Health-risk driven Soil: >99.9% 
Water >99.9% 

NA 

Combination Soil: NA 
Water NA 

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 
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. 

'% 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 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 to be at risk for purposes of (he PEIS. None of the remediation 
alternatives for INEL include 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 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 to contaminated areas: aquatic resources at risk include waste ponds and statutory wetlands. None 
of the remediation alternatives for Kemald 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 to some contaminated areas. Small wetlands are widely dispersed over (he site 
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Additional uncertainties limiting this 
assessment include (I) the validity of 
source-term estimates, (2) the actual 
distribution of receptor species on die 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 
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 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.l EXPOSURE ASSESSMENT 

The baseiine (no-action) exposure assessment 
focuses on chemical stresses and any existing 
physical stresses to the endpoints as a result of 
preremediation activities. Baseiine 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 involves 
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 
alternatives involves (I) reassessment of residual 
contaminant exposures, and (2) evaluation of 
habitat disturbance (Appendix B). 

Exposure scenarios 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. Inhalation 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 terrestrial 
ecosystems, a food web was formulated for each 
reservation and used to assess contaminant 
ingestion by terrestrial 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 used to translate 
MEPAS-derived soil concentrations into 
food-chain exposures to terrestrial receptors. 

The primary exposure routes for terrestrial 
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 octanol-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„ = 

weight). 

concentration in water (mg/L), 

C v = C s * TF . (A.l) 

where 

C v = 

C $ = 

TF = 

concentration in vegetation (vegetative 
or fruits) (mg/kg; pCi/kg dry weight), 

concentration in soils (mg/kg; pCi/kg 
dry weight). 

soil to plant transfer factor (vegetative or 
fruits) = concentration in vegetation 
(unitiess). 

The primary exposure routes for terrestrial 
wildlife species are ingestion of food, external 
exposure to radionuclides, and drinking water. 
The incidental 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 = [(C v * Q v)FI y + (C s * QS)FI, + (C w * 
QW)FI. -HC, * Qf)FI, + (CH * Q„)FIJ/BW . 

(A.2) 

where 

intake = 

C v = 

C s = 

daily intake of contaminated source 
(mg kg•' day'), 

concentration in vegetation 
(vegetative parts of plants) (mg/kg 
wet weight). 

concentration in soils (mg/kg wet 

C„ = concentration in (prey) (mg/kg wet 
weight), 

C, = concentration in fruits, nuts, or seeds 
(mg/kg wet weight), 

Q v = consumption rate of vegetation by 
animal (kg/day), 

Q, = consumption rate of fruits, nuts, or 
seeds (kg/day) 

Q s = consumption rate of soils by animal 
(kg/day). 

Q w = consumption rate of water by 
animal (L/day), 

Q H = consumption rate of prey by animal 
(kg/day). 

FT j w j l i = fraction of source ingested or 
inhaled that is contaminated 
(unitiess), 

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: 
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C A = B B [(C v * Qv)FI, + (C s * Q^FI, + ( C w * 
QW)FI. + (C, * Q,)FI, + (C„ * Q„)FU 

(A.3) 

where 

C A = concentration in animal tissue (pCi/kg or 
mg/kg wet weight), 

B 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 
pCi/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 directly 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 (IAEA 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 when 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 corresponding 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; Turner 1986): 

dose (rad/year) = 0.01867 (EJ ( Q ) , (A.4) 

where 

E, = average energy of decay (Me V) for 
isotope 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 Eq. (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 
macroinvertebrates, 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 primarily 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/tK^XF) (A.5) 

where 

P = pore-water concentration (mg/L) 
S = sediment concentration (mg/L) 

KQ W = octanol-water partition coefficient, 

F =0.01, the assumed organic fraction of the 
sediments. 

It was assumed that equilibrium partitioning 
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 N values are not 
generally available. The organic fraction of the 
sediments was conservatively assumed to be \%, 
unless otherwise known. For radionuclides and 
inorganic chemicals, the K,, can be substituted 
for the r\,w and the organic fraction of the 
sediments in the denominator can be omitted. 

Internal and external 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. 

and gamma energies of a radionuclide are 
estimated by the following equation: 

internal radiation dose (mrad/year) = exposure 
concentration (pCi/L) x internal dose conversion 
factor (mrad/year per pCi/L). 

(A.6) 

The external dose from exposure to gamma rays, 
or both gamma rays and beta particles in water, 
were calculated in the same way, except that the 
external dose conversion factor is used. 

The estimated daily rates of food and water 
consumption (Qv 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-l) are based on the combined 
measurements for laboratory animals, livestock, 
and selected wildlife and bird species. 

A.l. l 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 
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TABLE A-l—AUometric 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 

c Animal Group Alkmetrk Eqution 

Water Coamnptioa Rata 

All species combined 

Primates 

Laboratory mammals 

Chickens 

C = 0.11 W07*72 

C = 0.09 W*7*" 

CsO.lOW 0 7 1 7 7 

C = 0.I3W°7'5' 

0.93 

0.95 

0.88 

0.74 

Food CoosaaiptJoa Rates 

All species combined 

Laboratory mammals 

Rabbits 

Chickens 

F = 0.065 W07*" 

F = 0.056 W04*" 

F = 0.041 W07** 

F = 0.075 W01*" 

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 
possible values), the models can be used to 
identify contaminants that clearly pose negligible 
risks to exposed organisms. 

There are additional uncertainties concerning the 
fate and effects of radionuclides and toxic 
contaminants that are curtesy 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 alternatives 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 concentration, 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 His 
may be less than 1 and individually would not be 
expected to pose any adverse effects, the sum of 
the His could be greater than one, potentially 
posing cumulative adverse effects. (The media 
concentrations considered are at or above 
background concentrations, so the sum of His 
greater than 1 would not include exposures to 
natural trace elements 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 die maximally exposed 
individuals in a population would not measurably 
affect aquatic populations (NCRP 1991). For 
terrestrial 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 risk 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 chosen 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) Environmental Protection 
Agency (EPA) National Ambient Water Quality 
C.iteria for Protection of Aquatic Life 
(NAWQC), where available; or (3) the lowest 
effective concentration (ECM) test results for fish 

i ». 
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and invertebrates repotted in the literature (Suter 
et al. 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 HI is determined by comparing the 
benchmark NOAEL with the daily intake of a 
contaminant per unit body weight of the animal. 
The infonnation on the toxicoiogical effects of 
chemicals on wildlife is limited; most toxicity 
studies are conducted on laboratory animals and 
may only report the acute L D W (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 animal data or other wildlife species 
within the same phylogenetic class (Opresko et 
al. 1994). If a NOAEL is available for a 
laboratory test species (NOAELJ, the NOAEL 
for a receptor species (NOAEL,) can be 
calculated according to the following equation 
(Opresko et al. 1994): 

NOAEL, = NOAEL, • (BW/ BW,)"3. (A.7) 

If the body weight of the test species is not 
reported, 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 0.0S 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 phytotoxically excessive effects was 
chosen from the database. 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 
(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 ]%, (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 postremediai assessments, 
habitat 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-l). 
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 alternatives 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 rats 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 
His. 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 contaminant were 
identified, the average percentage reductions 
were applied to the environmental 
concentrations. 
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HOME RANGE ESTIMATES, EXPOSURE 
CORRECTION FACTORS, AND HABITAT 

DISTURBANCE ESTIMATES 

B.l 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 source terms is explained. 
Section B.4 discusses determination of home 
ranges for potentially exposed organisms. 
Section B.5 explains the habitat disturbance 
calculations. 

B.2 INITIAL HAZARD SCREENING 

B.2.1 ER PEIS Data Eases 

Source terms used for the ecological risk 
assessment were derived from the ER PEIS 
source term data base developcH by Pacific 
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 rj-e 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/iced surface water quality. 
The initial stage of source term generation, then, 
is one of determining which data are appropriate 
for the ecological risk assessment. Table B-l 
lists assumptions made during source term 
development. 

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 exposure is 
attempted. This task presents several difficulties, 
some of which will be discussed later. Figure B-
1 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, 2 3 8U 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 for each 
combination of contaminant 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 extremely 
conservative assumptions are eliminated from 
further assessment. Remaining contaminants are 
analyzed using the methods described in the next 
section. 

B.3 AREA-AVERAGED HAZARD 
SCREENING 

B.3.1 Concentration Averaging Scheme 

Source terms 
representative 
sites of eontam 
of reservation-

lorted by PNL are generally 
samples collected at known 

uon and are not representative 
,de levels of contamination. 

Knowledge of the areas occupied by burial 
grounds or other contamination sources was used 
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contaminant exposures within these contaminated 
areas. Where possible, based on knowledge of 
the local ecosystems, surface water used solely 
for drinking was treated separately from surface 
water that provides aquatic 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 applies 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 H O M E 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 territories which range from 

Suioii ic .g . , Ofic :icCuuc \auOiii 2 .5 aCirrS) Ol l ess 
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 must 
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 
horne ranges, ?nd 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 [i.e., Y = -1.16 + 
I.19X, where Y = log,0 area (acres) and X = 
Iog,0 body weight (grams); r2 = .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 range data were used 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. 

B.4.1 Theoretical Basis for Estimating 
Correction Factors 

The following discusses the theoretical basis for 
applying correction factors to the calculated risks 
(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., burial grounds, 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—ASSUK prions Mad* in the FLnt Stage of Scares Tsrm CsssraHon 

- • When isotopes are not specifically stated, uranium is assumed to | 
be m\J, plutonium is assumed to be "'Pu, and strontium is E 
assumed to be *"Sr. fi 

• 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 
surrounding the solid waste storage areas have become 
contaminated. 

Contaminated Soil • Only contamination in the top 2 ft of surface soil will be used, 
becuise it is assumed that deeper soils do not contribute to 
contaminant exposure to biota. 

Liquid Containment Structures • Liquid containment structures (LCS) will be considered only if 
biota cou'd 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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T A B L E B-2—Home Range Data and References for Bird and mammal Receptor Species ai ike Six 
DOE Reservations' 

Receptor Species 

American robin 
(large generic songbird) 

Bald eagle 

Canada goose 

Cooper's hawk 

Ferruginous hawk 

Loggerhead shrike 

Mallard duck 

Osprey 

Peregrine falcon 

Sage grouse 

Small generic songbird 

Red-tailed hawk 

Western meadowlark 

Home Range 
hectares (acres) 

0.24 (0.6) HN 
0.1-0.24 (0.2-0.6) RF 
4 (10) IN, OR 

5500 (14,000) HN 
520-940 (1300-2300) RF 
1200 (3000) IN 

980 (2400) HN 
500 (1200) OR 

230 (560) OR 

7200 (18,000) HN 
210 (520)IN 

8 (20) HN 
2 (5)IN 

4(10) RF 
170(410) IN 

200 (500) OR 

2600 (C-»00) HN 
65-31,000(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 

References 

Terres 1980; based on 
regression of home range size 
as a function of body weight 
(Schoener 1968) 

Based on regression of home 
range size as a function of body 
weight (Schoener 1968); Terres 
1980 

Fitzner and Gray 1991: based 
on regression of home range 
size as a function of body 
weight (Schoener 1968) 

Schoener 1968 

Fitzner and Gray 1991; based 
on regression of home range 
size as a function of body 
weight (Schoener 1968) 

Schoener 1968; based on 
regression of home range size 
as a function of body weight 
(Schoener 1968) 

Based on regression of home 
range size as a body weight 
(Schoener 1968) 

Based on regression of home 
range size as a function of body 
weight (Schoener 1968) 

Brown and Amadon 1968; 
based on regression of home 
range size as a function of body 
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 
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I ABLE B-2 (continued) 

r 
Receptor Species 

Home Range 
hectares (acres) References I 

Black-tailed jackrabbit 20 (49) HN 
7.3-160 (18.0-400) RF 
16-20 (40-50) IN 

Chapman and Feldhamer 1982; 
Chapman et al. 1980; Lint 1987 

Coyote 8800 (22.000) HN 
2100-8000 (5100-20.000) RF 
4100 (10,000) IN 
1000-6800 (2500-16.800) OR 

Filzner and Gray 1991; Bekoff 
1977; Bekoff 1982; ORR staff 
observation j 

Eastern cottontail rabbit 1.0-2.8 (2.5-6.9) FN 
2-6 (5-15) OR 

Chapman et al. 1980; McNabb 1 1963 1 
Generic mouse (as in various species 
of Peromyscus) 

0.12-2.4 (0.3-6) IN, OR McNabb 1963 1 

Great Basin pocket mouse 0.2 (0.5) HN Nowak and Paradiso 1983 | 

Indiana bat 1.5-4.5(3.7-11)0.82 km linear 
stream distance FN OR 

Thomson 1982; Humphrey et | 
al. 1977 

Mink 8-20 (20-49) OR 
2-5 km linear stream distance 

Chapman and Feldhamer 1982; 
Linscombe et al. 1982; ORR 
staff observation 

Mule deer 3000 (7400) HN 
36-240 (90-600) RF 

Anderson and Wallmo 1984; 
Bun and Grossenheider 1976 

Pallid bat 196.000 (485.000); 25 km 
foraging distance HN 

Hermanson and O'Shea 1983 

Prairie dog 2.4-2.8 (5.9-6.9) RF Clark et al. 1971 

Preble's meadow jumping mouse 0.08-1.1 (0.19-2.7) RF Whitaker 1972 

Pronghorn antelope 300-2300 (740-5700) IN O'Gara 1978 

Pygmy rabbit 2 (5) IN Green and Flinders 1980 

Red fox 260-520 (640-1300) RF Burt and Grossenheider 1976 

Townsend's big-eared bat 2-14.000 (5-35.000); 64 km 
foraging distance IN 

Kunz and Martin 1982 

White-footed mouse 0.2-06 (0.5-1.5) OR RF Burt and Jrossenheider 1976 

White-tailed deer 60-520 (150-1300) RF Burt and Grossenheider 1976; 
Smith 1991 

1 HN = Hanford Reservation: FN = Femaid Environmental Management Project: IN =< Idaho National Engineering 
Laboratory; OR = Oak Ridge Reservation; RF = Rocky Flats Plant; PM = Portimouth Reservation. 
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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 relationships 
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 risks 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 sites 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 individual 
waste sites divided by the total are? 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.5 H A B I T A T DISTURBANCE 

Remedial activities can cause adverse impacts on 
plant and animal communities through (I) the 

removal and treatment of soil 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 1-2-3 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 die source term 
data base. 

It is unlikely mat the entire area of each site will 
be disturbed. For example, a 100-nr 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 rones, 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 soil 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 
tern '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 
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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 ;s 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 having 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 output. In mosi cases, die sites included 
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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ORNL-DWG 94M-1047 

n Waste complex (Y acres) 
• 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 than Y); CF = sum X Y 

home range 


