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EXECUTIVE SUMMARY

This report provides the 1alitative risk assessment (QRA) for the 100-FR-3 groundwater operable
unit at the U.S. Department of Energy’s (DOE) Hanford Site in south-central Washington State. The
extent of the groundwater beneath the 100-F Area is defined in the Remedial Investigation/Feasibility
Study Work Plan for the 100-FR-3 Operable Unit, Hanford Site, Richland, Washington (DOE-I
1992a). This QRA is an evaluation of risk using a limited amount of data and a predefined set of
human and environmental exposure scenarios and is not intended to replace or be a substitute for a
baseline risk assessment.

BACKGROUM

The Washington Department of Ecology (Ecology), the U.S. Environmental Protection Agency
(EPA), and DOE, signatories to the Hanford Federal Facility Agreement and Consent Order (Tri-
Iy Agreement) (Ecology et al. 1990), developed the Hanford Past-Practice Strategy (DOE-RL
1991) to emphasize initiating and completing waste site cleanups with a bias for action. This strategy
relies, in part, on the use of a QRA to assist in decision making. This QRA was performed using the
Hanford Site Baseline Risk Assessment Methodology (DOE-RL 1993) as guidance. The results will be
used in the limited ..:ld investigation (LFI) report, along with other considerations, to make a recom-
mendation regarding the need for interim remedial measures (IRMs).

This QRA was streamlined to consider only two human health exposure scenarios (frequent and
occasional use) with two pathways (groundwater ingestion ar inhalation of volatile organics from
groundwater use), and a limite ecological evaluation, based on agreements by the 100 Area Tri-Party
Agreement unit mana; s (December 21, 1992 and February 8, 1993). The exposure factors for the
residential and recreational scenarios in HSBRAM were used in evaluating the frequent and occasional
use scenarios, respectively. For humans, risks that might occur under frequent and occasional use
were included to provide bounding estimates of risk. The inhalation pathway was only evaluated in
the frequent-use scenario because it was assumed that exposures to volatile organics would o r
during domestic water use within the confines of a residence, which would not be expected to occur
in an occasional-use setting. The ecological evaluation concentrated on the hypothetical effects of
contaminants on selected aquatic organisms present in or near the Columbia River. The limited sc¢i 3
of the evaluation and the lack of environmental transport modeling make the analysis qualitative.

The data for the 100-FR-3 groundwater operable unit QRA were from three rounds of data collected
during recent LFI sampling. The data were evaluated as recommended in the risk assessment
methodology (DOE-RL 1993). Maximum representative detected concentrations of inorganic analytes
were screened by comparison with background lev . for groundwater established in Hanford Site
Groundwater Background (DOE-RL 1992c) consistent with agreements for ¢ er operable units made
by 100 Area Tri-Party Agreement unit managers (February 8, 1993). No organic and radionuclide
analytes, with the exception of the uranium isotopes, were screened by comparison to background
because there were no background values agreed on. Human health risks were calculated for the
maximum representative concentrations of the organic and radionuclide analytes using the appropriate
methodology (e.g., hazard quotient [HQ], incremental cancer risk [ICR]). The ecological evaluation
compared the maximum representative concentrations to risk-based benchmark concentrations (e.g.,
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ie ecological evaluation, the radionuclide doses (and hence the

I ) for : anium isotopes exceeded the range of the uncertainty analyses.

In nmary, it can be reasonably asst :d that the actual human and ecological risks are le
th  the risks | as part of this Q . These estim s of risk, with their associated uncer-
tainties, are st ) suppo  an initial decision for the 100-FR-3 g indv  r operable unit.

ES






iv

BHI-00114
Rev. 00









CONTEN S (Cont.)

TABLES (Co1 ):
3-2d  Human Health Risk Calculations for Noncarcinogenic Effects of

Ingestion of Inorganics: 100-FR-3 . . ... ....................

3-2¢e  Human Health Risk Calculations for Carcinogenic Effects of

Ingestion of Inorganics: 100-FR-3 . .. ......... ... ... .......

3-2f Hu n Health Risk Cali ations for Carcinogenic Tfects of

Ingestion of Radionuclides: 100-FR-3 . ... .......... ... ... ...

4-1 Environmental Hazard Quotients for adionuclides in the

Ilwater Wells: 100-FR-3 . . ... ............ .

4-2 ] td Quotients for Nonradio: lides in the

Iy Wells: 100-FR-3 e
5-1 ] immary--Noncarcinogenic ...fects ... ..........
5-2 Human Health Risk Summary--Carcinogenic Effects . ..............

5-3 Comparison of Concentrations for Contaminants of Potential Concern
5-4 Ecological Summary for Rad wcl s Organism: Fish-Eating Duck

5-5 Ecol¢ cal Summary for Nonradionuclides . . ...................

vii

41-00114
Rev. 00




BHI-00114
Rev. 00

1.0 INTRODUCTION

This report documents the qualitative risk assessment (QRA) performed for the 100-FR-3 groundwater
operable unit. This unit is located in the 100-F Area of the Hanford Site (Figure 1-1). he 100 Area
of the Hanford Site was included on the U.S. Environmental Protection Agency’s (EPA’s) National
Priorities st (NPL) under the Comprehensive Environmental Response, Compensation, a  Liability
Act of 1980 (CERCLA).

The Washington Department of Ecology (Ecology), EPA, and the U.S. Department of Energy (DOE)

are signatories to the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement)
:ology et al. 1990). The signatories have developed a strategy to emphasize initiating and

completing waste site cleanups in the Hanford Site Past-Practice Strategy (DOE-RL 1991). The

st gy identified th | hs to support this as for action. The paths are expedit > 2

actions (ERAs) and interim remedial measures (IR ) with or without a limited field investigation

(LFT). '

This QRA provides information, along with other considerations in the LFI report, to justify
conducting or not conducting an IRM, though it y be used to support the other paths when agreed
on by the ..i-Party Agreement signatories. An ___J, as defined in the past-practice strategy, is an
onsite response conducted pursuant to CERCLA 40 CFR 300.430 involving interim remedial actions
that are conducted at a CERCLA past-practice operable unit at any time prior to initiation of final
remedial action.

This report documents the QRA performed for the 100-FR-3 groundwater operable unit. The
application of the past-practice strategy at the 100-FR-3 groundwater operable unit is discussed in
detail in the Remedial Investigation/Feasibility Study Work Plan for the 100-FR-3 Operable Unit,
Hanford Site, Richland, Washington (DOE-RL 1992a).

1.1 SCOPE

The scope of this QRA for the 100-FR-3 groundwater operable unit focuses on a limited set of human

health and ecological exposure scenarios to provide sufficient information to assist the Tri-Party
Agreement signatories in making defensible decisions on the necessity of IRMs. Residential and
recreational scenarios, though they do not reflect current land uses in the 100-FR-3 groundwater
operable unit, are evaluated on the basis of agreements by the 100 Area Tri-Party Agreement unit
managers. Ecological scenarios are evaluated using biological endpoints appropriate for : size and
the nature of the operable unit. Land use recommended by the Hanford Future Site Uses Working
Group (HFSUWG) for the 100 Area is unrestricted with four options (HFSUWG 1992): (1) Native
American uses, (2) limited recreation and recreation-related commercial uses, (3) B Reactor as a
museum/visitor center, and (4) wildlife and recreation.

This QRA for the 100-FR-3 groundwater operable unit is based primarily on the nature and extent of
contaminated groundwater and the risk posed by discharge of this groundwater to the Columbia

ver. This QRA was ¢ lucted using the Hanford Site Baseline Risk Assessment Methodology
(DOE-RL 1993) as guidance. Further, this QRA provides estimates of risk that might occur under
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2.2 DATA EVALUATION SCREENING

The representative values detected in the groundwater well sampling were subjected to several
screening procedures in accordance with the Contaminant Identification P___:ss: Phase 1 presented in
DOE-RL (1993, Figure 2-1A). The methodology directs the use of screening procedures as recom-
mended in the Risk Assessment Guidance for Superfund: Volume 1, Human Health Evaluation Manual
(EPA 1989). These data screening procedures include data validation, consistency checks,
comparison to blank concentrations, comparison to background concentrations, el ination of non-
toxic substances, and elimination of infrequently occurring analytes and risk-based screening. The
following is a summary of the results of these procedures.

2.2.1 Data Validation

Samples from the LFI for the 100-. -3 groundwater operable unit were analyzed for volatile,
semivolatile, pesticide/polychlorinated biphenyls (PCBs), inorganic, radionuclide, and wet chemistry
parameters according to Roberts (1992a) and DOE-RL (1992a). Laboratories performing the analysis
were Weston Laboratory of Lionville, Pennsylvania, and TMA-Norcal Laboratory of Richmond,
California.

...e LFI data collected for non-radionuclides were analyzed using methods specified in Quality
Criteria for Water 1986 (EPA 1986b) with contract laboratory program (CLP) deliverables.

R: ologic data were obtained by analyses performed using methods specified in V. 'C contact
laboratory program deliverables. Based on the validation activities, data rest s were assigned
qualifiers in accordance with criteria specified in Data Validation Procedures for Chemical Analyses
(Bechtold 1992). Data that are termed "usable" (detected compounds or estimated "J" values) can be
used in the QRA. Examyj s of data that are not considered usable are data that were rejected
(qualified with an "R") by the data validator. However, if on review of the rejected data, e reason
for rejection was due to administrative concerns (e.g., missing data sheets) and not because of other
quality assurance/quality control (QA/QC) issues (e.g., technical concerns), the rejected data were
used in this QRA.

2.2.2 Data Screening in the LFI

Several screening processes were applied to the data in the LFI evaluation. The results of these
processes are presented in Appendix A of the LFI. These screening processes are:

Elimination of inconsistent data
° limination of infrequently-occurring analytes

o Comparison to blank concentrations.

In addition, two more screens are applied in the LFI whose results are shown in Tables 2-1 and 2-2.
These screens are: -

Comparison to background concentrations
. Elimination of nontoxic substances.

All LFI screening processes are described in Section 2.5.1 of the LFI.
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The toxicity values and supporting information for both noncarcinogenic and carcinogenic substances
carried through the risk assessment are included in the risk-based screening calculation tables (see
Tables 2.4a through 2.4d). A brief discussion of the primary toxic effects for each COPC is provided
in Ap) dix A.

3.3 RISK CHAT ' CTERIZATION

The risk characterization for the human health evaluation is conducted in accordance with DOE-RL

(1993, Section 2.4), based on the information from the data evaluation, the exposure assessment, and

the toxicity assessment. It forms the basis for characterizing risks and human health hazards from
stential exposures to COPC detected at the 100-FR-3 groundwater operable unit.

™ ' racterization process is divided into discussions of carcinogenic and noncarcinogenic

1 is de h e ¢ rsfc '

icl | ydes, the calculated intakes and toxicity infi s

quantify the potential for human health effects.

For a carcinogenic contaminant, the projected intake is multiplied by the contaminant-specific SF to
estimate the incremental probability of an individual developing cancer over a lifetime above the
background cancer rate in the general population as a result of exposure to that carcinogen. This risk
is called the lifetime ICR. Calculated ICRs are compared to an ICR of 1E-06. For noncarcinogenic
contaminants, potential human health hazards are estimated through a conf™ " ~ant-specific auantity
known as HQ, which is the intake divided by the contaminant-specific chronic RfD. Calc ited HQs
are compared to an HQ of unity.

3.3.1 Human Health Risk Calculations

Human health risk is quantified for noncarcinogens by the HQ. The basic equation for determining
the HQ for the ingestion and inhalation exposure pathways is:

HQ = I/RfD 3-3
where:
"HQ = hazard quotient (unitless)
I = intake (mg/kg-d)
RfD = contaminant-specific chronic reference dose (mg/kg-d).

The basic equation for determining the ICR for the ingestion and inhalation pathways is:

ICR =1x SF 3-4

3-3
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APPENDIX A

TOXICOLOGICAL INFORMATION
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IN RODUCTION

Appendix A presents toxicological information for contaminants of potential concern identified at the
100-FR-3 groundwater operable unit. The categories of information include:

general background information
exposure route
chronic toxicity
carcinogenicity.

Data sources for the information provided in this appendix include U.S. Environmental Protection
Agency (EPA) documents and standard reference texts. These sources are:

EPA Health Effects Assessment Summary Tables (HEAST; EPA 1992b)
Toxicological Profiles for Individu Compounds, Agency for Toxic Substances and
Diseases Registry

e Casarett and Doull’s Toxicology, the Basic Science of Poisons (Amdur et al. 1991).

EPA Integrated Risk Information System (IRIS; ElsA 1992a)
|
\

CONTAMINANTS OF POTENTIAL CONC....N

IM RGANIC COMPOUNDS (NONRADIOACTIVE)

Aluminum

Aluminum comprises approximately 8% of the Earth’s crust in combination with oxygen, fluorine,
silicon, and other constituents. Aluminum metal has a wide variety of uses (e.g., structural material
in the construction, automotive, electrical, and aircraft industries). Although it is widely used for
medicinal purposes, aluminum is not thought to be toxic to humans. However, excess exposure to
this metal may be harmfi to sensitive subpopulations. including pregnant women and Alzheimer’s
patients. ..1e inhalation and dermal exposures of he hy individuals to aluminum are not associated
with significant adverse health effects, but inhalation of aluminum dust may ¢ e respiratory
problems, while the ingestion of water containing high levels of this metal may ress inneuw og |,
teratogenic, and skeletal oblems.

An interim oral reference dose (RfD) of 1.0 mg/kg-d has been recommended for aluminum by the
EPA. The critical effects associated with exposure to this metal are decreased body weight and
neurotoxicity.

Arsenic

Measurable concentrations of arsenic are commonly found in the western United States (Fetter 1993).
The background concentration of arsenic at the Hanford Site has been determined to be 10 pug/L
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of lead come from gasoline additives, various metal products, ammunitions, paint, and storage
batteries. The largest source of lead in air is from automobile exhaust. Children and pregnant
women are the most sensitive subpopulations to ch lic effects from lead exposure. The effects of
lead exposure in chil en are reported as a decrease in intelligence quotient, neurological effects,
including changes in brain function (encephalopathy) that may progress to coma. Transplacental
transfer of lead from mother to fetus, resulting in nervous system damage or changes, has also been
reported in humans. Exposure to lead has also been linked to carcinogenic effects in laboratory
animals.

The EPA has classified lead as a Group B2 carcinogen (i.e., probable human carcinogen). Although
the EPA has not derived a toxicity factor for lead, a range of 500 to 1,000 mg/kg of lead in soil has
been determined as being protective of sensitive populations.

] m

The background manganese groundwater concentration is 24.5 ug/L at the Hanford Site (DOE-RL
19* ). Manganese is an essential human nutrient; however, toxic effects have been observed from
exposures to high levels of manganese.

The EPA oral RfD for manganese is SE-03 mg/kg-d, based on total dietary uptake. A separate RfD
for-oral groundwater exposure is being considered by the EPA. Muscle tonus, tremors, lethargy, and
men! disturbances have been reported in humans exposed to high manganese levels. The EPA has
given manganese the weight of evidence Group D classification (EPA 1992a). Group D is not
classified as to carcinogeneity.

—.nc

Zinc is a ubiquitous metal detected in the Earth’s crust. The Hanférd Site’s background groundwater
concentration for zinc is 50 ug/L (DOE-RL 1992¢). Zinc may be encountered in a number of
manufacturing processes.

The .oral RfD for zinc is 3E-01 mg/kg-d. The primary observed adverse effect is a reduction of blood
erythrocyte superoxide dismutase (ESOD) levels, which alters metal metabolism in humans. The
EPA considers zinc as Group D; not classifiable as to human carcinogeneity for oral exposures. (EPA
1992a).

'RGANIC COMPO __ DS (NONRADIOAC VE)
Chloroform
Chloroform is a colorless, volatile liquid at room temperature with a sweet taste and a characteristic
odor. It is used as an industrial solvent and chemical intermediate in the manufacture of other
compounds. The primary route of chloroform exposure is via inhalation and ingestion of contami-

nated drinking water. Target organs for chloroform toxicity are the liver, kidney, and central nervi s
system.
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RA IOACTIVE ELEMENTS
Carbon-14

Carbon-14 (Z = 6) is a naturally occurring, as well as manmade, neutron activation product. .
Carbon-14 is ubiquitous because carbon distributes itself quickly among the major environmental
compartments (the stratosphere, troposphere, biosphere, and surface ocean waters) and has a long
half-life (5730 yr). The carbon-14 content of the atmosphere is believed to exist as (gaseous) carbon
dioxide; therefore, it is not assigned a lung class. Carbon is assigned a gastrointestinal absorption
factor of 100%. The carbon-14 body burden from natural sources is on the order of 0.1 uCi,
providing an estimated equivalent whole body dose of 1 mrem/yr. Carbon-14 is a low-energy beta
emitter, making it a relatively low-hazard radionuclide via the ingestion and inhalation pathways. ..ie
EPA has derived an SF of 9.0E-13 for oral exposures. Carbon-14 is not an external exposure hazard
it:"  not it 1a Or X-rays. .

Strontium-90

This fission product (Z = 38), along with its daughter, yttrium-90, is only an internal hazard because
both radionuclides have negligible gamma emissions. Strontium-90 is a relatively important ingestion
hazard (ingestion SF = 3.6E-11 pCi'). Strontium-90 has a physical half-life of 28.8 years. Yttrium-
90 has a short half-life (64 hr) and, therefore, exists in equilibrium with its parent. Being chemically
similar to calcium, this element deposits in the bone and is removed very slowly. Bone cancer is the
primary health effect of concern from intakes of radioactive isotopes of strontium. Strontium-90 is
assigned a lung Class D and a gastrointestinal absorption factor of 30%.

Tritium

Tritium (Z = 1) exists.in the environment in the form of tritiated water and is, therefore, very
mobile. Tritium is readily absorbed, and is distributed uniformly throughout body tissues, providing
a whole body dose. It is a pure, low-energy beta emitter and, therefore, represents only an internal
hazard. Although tritium has a physical half-life of 12.3 yr, the biological half-life of water is
approximately 10 days, significantly limiting the impact of intake. The EPA has derived an SF of
5.4E-14 for oral exposures. ‘

Uranium 8

anium-238 (Z = 92) is naturally occurring, as well as manmade. Uranium-238 (half-life
of 4.5E-09 yr) is naturally present at 99.27 wt% with respect to the other uranium isotopes.
Uranium-238 is the parent of a long decay chain, one daughter of which is uranium-234 (half-life of
2.4E+05 yr). Because uranium is an alpha emitter, it is of greatest concern via the ingestion and
inhalation pathways. In addition, daughters of uranium-238 are high-energy gamma emitters and can
make the decay chains important external hazards. Following ingestion or inhalation, uranium con-
centrates in the kidneys and bone. Uranium is assigned a lung Class Y and a gastrointestinal absorp-
tion factor of 5%. The proposed national primary drinking water standard for uranium of 30 pCi/L is
based on kidney toxicity.
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APPENDIX B

ECOLOGICAL EVALUATION AND RADIOLOGICAL DOSE CALCULATIONS
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INTROl C7 )JN

This appendix discusses the organisms (e.g., plants, animals) ving in the Columbia River and its
watershed that could be affected by radionuclide contamination from the 100-FR-3 groundwater
operable unit and supplements the assumptions and analyses provided in the ecological qualitative risk
assessment. This appendix identifies the organisms and provides the dose-response calculations for
the ecological evaluation.

ORG: ISMS

PLANTS

Three groups of plants constitute the primary producer level of the aquatic ecosystem: phytoplankton,
periphyton, and macrophytes. Two of the groups are classified as algae. The algae are (1)

phyto] nkton--floating, free-living algae drifting with the current in the water column and

(2) periphyton--algae colonizing solid substrata, su as rocks. ¢ hough the dominant phytoplankton
species in the Columbia River are true lentic (lake) forms, many species in the water column are
detached periphytic forms that have been washed off of rocks. The periphyton mat commonly found
on solid substrata is made up of algae and other organisms; these include microcrustaceans, rotifers,
fungi, bacteria, and detritus. These communities are restricted to the margins of the river in the
vicinity of the 100 Area where conditions are suitable. Phytoplankton and periphyton are present
year round in the Columbia River; populations are highest in spring and summer and lowest in
winter.

Macrophytes can be found rooted to the bottom of the river, where the current slackens and fine
sediments accumulate in sufficient amounts. Macrophytes are sparse in the Columbia River because
of the strong currents, rocky bottom, and frequently fluctuating water levels. Rushes and sedges
occur along the shorelines of the slack-water areas, such as the White Bluffs Slough below the 100-K
Area, the slough area downstream of the 100-F Area, and the Hanford Slough. Macrophytes are also
pres t along gently sloping shorelines that are subject to flooding during the spring freshet and daily
fluctuating river levels. Macrophytes are present during the warmer months and usually die in the
winter.

Commonly found macrophytes include lemna, potamogeton, elodea, and myriophyllum, and they have
considerable ecological value. Macrophytes are most important as food after they die and decompose
into fine particulate detritus. These macrophytes provide food and shelter for juvenile fish and
spawning areas for some species of warm-water game fish. However, if some of the exotic
macrophytes increase to nuisance levels, they may encourage increased sedimentation of fine
particulate matter. This could negatively affect the spawning of salmonids but could increase the
range for Alosa sapidissima (American shad) by providing more suitable spawning habitat. These
changes could significantly impact the trophic relationships of the Columbia River.
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Gray and Dauble (1977) list 43 species of fish in the Hanford :ach of the Columbia River.
Collection of the Ictalurus nebulosus (brown bullhead) began after 1977, bringing the total number of
fish species identified in the Hanford Reach to 44 (Table B-1). Of these species, the Oncorhynchus
tshawytscha (Chinook salmon), Oncorhynchus nerka (sockeye salmon), Oncorhynchus kisutch (coho
salmon), and steelhead trout use the river as a migration route to and from upstream spawning areas
and are of great economic importance. The fall Chinook salmon and steelhead trout spawn in the
Hanford Reach. The relative contribution of upper river bright stocks to fall Chinook salmon runs in
the Columbia River increased from approximately 24 % of the total in the early 1980s to 50% to 60%
of the total by 1988 (Dauble and Watson 1990). The destruction of other mainstem Columbia River
ng unds by dams has incr  :d the importan of the inford Re .spax ~ 3 (Wat |
970; V 1973). ‘

The upper estimates of t annual average Hanford Reach steelhead trout spawning population,-ba |
on dam counts from 1962 to 1971, were approximately 10,000 fish. The estimated annual sport catch
from 1963 to 1968 in the reach of the river from Ringold to the mouth of the Snake River was
approximately 2,700 fish (Watson 1973).

The American shad, an anadromous species, may also spawn in the Hanford Reach.  1e upstream
range of the shad has been increasing since 1956, when fewer than 10 adult shad ascended McNary
Dam. Since then, the number ascending Priest Rapids Dam, immediately upstream from the Hanford
Reach, has risen to many thousands per year and the young-of-the-year have been collected in the
Hanford Reach. The shad is not dependent on specific current and bottom conditions required by the
salmonids for spawning and has apparently found favorable conditions for reproduction throughout
much of the Columbia and Snake rivers.

Other fish of importance to sport fisherman are the whitefish, Acipenser transmontanus (white
sturgeon), smallmouth bass, Pomoxis annularis and nigromaculatus (white and black crappie),
Ictalurus punctatus (channel catfish), Stizostedion vitreum vitreum (walleye), and Perca flavescens
(yellow perch). Large populations of rough fish, including Cyprinus carpio (carp), Richardsonius
balteatus (redside shiners), suckers, and Ptychocheilus oregonensis (northern squawfish), are also
present.

DOSE - RESPONSE CALCULATIONS

DOSE OF CONSTITUENTS OF CONCERN TO AQUATIC RECEPTORS.

This section describes the methods used to estimate radiological dose to aquatic organisms. The
general response of aquatic organisms to ionizing radiation occurs at both the cellular and biochemical
levels. The level of response is also controlled to some extent by environmental factors. Stressor-
response relationships developed in a report by the National Council of Radiation Protection (NCRP)
were based on Effects of Ionizing Radiation on Aquatic Organisms (NCRP 1991).

For ionizing radiation, the sensitivities of aquatic organisms to acute exposure during early
developmental stages has a threshold of approximately 3 rad for the one-cell stage of development.
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E;. = ¢.(MeV/dis) x 3.70E+ 10 (dis/s-Ci)
x 86,400 (s/day) x 1.602E-11 (kg-rad/MeV) = 5.12EO4xe;
where ¢ = effective absorbed energy for radionuclide i in organism c.
For a primary organism,
b, =C B xCF (B-2)

where C;. = concentration of radior lide i in water to which organism c is exposed (Ci/L)

B,. = bioaccumulation factor for radionuclide i and organism ¢ (m*/kg).

CF = conversion factor [0.001 (L/m?)].

Combining equations (B-1) and (B-2) yields the dose rate (rad/day) to the rimary organism.

N
R, -Y C.B,e (B-3)
i=1

e i

For the secondary organism, such as herbivores and carnivores, an expression can be written
for a single radionuclide, equating the change in body burden to the uptake and removal of the
radionuclide.

db® _ P yps (B-4)
dt M .

where b* = specific body burden of the secondary organism (Ci/kg)

M = mass of secondary organism (kg)

P = rate of uptake of radionuclide by body of organism (Ci/d)

N = (\, + \) effective decay constant in secondary organism (d)
where A, = In(2)/T, is the biological removal rate constant for the radionuclide in the
secondary organism

A, = In(2)/T, is the radiological decay constant for the radionuclide.

The secondary organism uptake rate is given by

P,=bUf, (B-5)
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where b = body burden of ror,  ism (Ci/kg)
U = intake rate of pr rrganism by predator (kg/d)
f, = fraction of radionuclide initially retained in total t y of secondary organism
(unitless).
Solving equation (B-4) with b* = 0 when t = 0 yields
P. _ AT N
bs = (1-p )_ (B-6)
ivl N,

1

where T, = period of exposure (d).

7T ', for a second: _ organi c, the dose rate in te of the body burden of the primary
organism or prey for N radionuclide is

N ob, U £, (1-e ™"
R, =3 e e (1-e )E.‘ (B-7)

where U, = intake rate of primary organism by secondary organism c (} d)
M, = mass of secondary o0 1 nc (kg)
A effective decay constant of radionuclide i in secondary organism ¢ (d').

i.c

In the absence of specific data, the removal constants, A;., and uptake fractions, f, ;, are taken to be
that of standard man as derived from Publication 2 of the International Commission on Radiological
Protection (ICRP 1959). The values of effective energy, ¢, ., were determined knowing the effective
radius of the organism. The exposure time, T., is usually assumed to be 1 year for regulatory
purposes, and the concentration is averaged over | year.
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Table B-1. Fish Species in the Hanford Reach of the Columbia River.

Common Name

White sturgeon
Brid¢ ip sucker
Largescale sucker
Mountain sucker
Pumpkinseed
Bluegill
Smallmouth bass
Largemouth bass
White crappie
Black crappie
American shad
Prickly sculpin
Mattled sculpin

- Piute sculpin
Reticulate sculpin
Torrent sculpin
Chiselmouth
Carp
Peamouth
Northem Squawfish
Longnose dace
Leopard dace
Speckled dace
Redside shiner
Tench
Burbot
Threespine stickieback
Black builhead
Yellow bullhead
Brown bu  ad
Channel catfisn
Yellow perch
Walleye
Sand roller
Pacific lamprey
River lamprey
Lake whitefish
Coho salmon
Sockeye saimon
Chincok salmon
Mountain whitefish
Cutthroat trout
Rainbow trout (steelhead)
Dolly Varden

B-11

Seiantifice Name

Acipenser transmontanus
Catostomus columbianus
Catostomus macrocheilus
Catostomus platyrhiynchus
Lepomis gibbosus
Lapomis macrochirus
Micropterus colamieui
Micropterus salmoides

. Jmoxis annularis
Pomoxis nigromaculatus
Alosa sapidissima

Cottus asper

Cottus bairdi

Cottus beldingi

Cattus perplexus

Cottus rotheus
Acrocheilus alutaceus
Cyprinus carpio
Mylocheilus caurinus
Ptychocheilus oregonensis
Rhinichthys cataractae
Rhinichthys falcatus
Rhinichthys osculus
Richardsonius balteatus
Tinca tinca

Lota lota

Gasterosteus acufeatus
Ictalurus melas

Ietalurus natalis

icalurus nebulosus
Icialurus punctatus

Perca flavescens
Stzostedion vitreur vitreur
Percopsis transmot 13
Entosphenus tridentatus:
Lampetra ayresi
Caregonus clupeafarmis
Oncarhynchus kisutch
Cncaorhynchius nerka
QOncorhynchus tshawytscha
Proesopiumn williamsoni
Cncortiynchus clarki
Oncorhynchus mykiss
Salvefinus malma
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